
The demise of a full-scale ITER, a giant experimental reactor project, and the promise of alternative 
approaches prompt a congressional call for a divided field to set its priorities 

Competition Heats Up on 
the Road to Fusion 

Dividing your forces during battle is a risky 
maneuver. Yet that is what U.S. researchers 
and their government funders have long 
been doing in one of the most daunting sci- 
entific and technical campaigns ever: trying 
to replicate on Earth the power that fuels 
the sun. One arm of this effort aims at pro- 
viding safe, clean, and cheap electric power 
sometime in the next century by caging a 
hot ionized gas in a magnetic field. The 
other arm focuses on the physics of nucle- 
ar weapons by creating tiny explosions in 
pellets of fuel crushed by lasers 
br other methods.   hat two- 
pronged effort paid off for a 
generation in the form of break- 
through science. But with the 
demise of a project to build a 
vast magnetic fusion reactor 
and a surge of activity in the 
military fusion effort, there is a 
push for the two approaches to 
fight for supremacy. 

Last month the U.S. Con- 
gress asked the Department of 
Energy (DOE) and the fusion 
community to review the gov- 
ernment's entire $650 million 
fusion research program and set 
priorities. The results could 
shape the direction of fusion re- 
search for decades to come, and 
it could ultimately lead to a uni- 
fied strategy for fusion power 
that would test, compare, and 
perhaps even combine tech- 
nologies from both arms of the 
current effort. 

The review strikes fear in 
the hearts of some fusion re- 

think fusion-we're all in this together. In 
the long run we are all better off figuring 
out a way to make a credible demonstration 
of fusion power." 

The review will reexamine a division 
blessed by a 1990 blue-ribbon panel that 
identified distinct goals for magnetic fusion 
and inertial confinement fusion, which re- 
lies on lasers, particle beams, or pulses of 
current. Magnetic fusion, funded as part of 
DOE's civilian energy research effort, is 
meant to work toward a commercial power 

ject, and many scientists have also turned 
away from it. At a recent meeting in Madi- 
son, Wisconsin, magnetic fusion researchers 
discussed the prospects for a cheaper ver- 
sion called "ITER Lite," now being studied 
by the international partners. The researchers 
also considered an alternative approach 
based on a series of smaller machines that 
could be hosted by several nations and 
called for a sweeping review of magnetic 
fusion science. At the same time, technical 
breakthroughs in pulsed power at Sandia 

and construction of a massive _ 
$1.2 billion new laser facility at g 
Lawrence Livermore National g 
Laboratory in California have 
raised the profile of inertial con- n 
finement research. g 

9 
These developments prompt- 2 

ed lawmakers like Senator Pete g 
Domenici (R-NM), who chairs 9 
the Senate DOE spending panel, 5 
to take another look at the diverse 
fusion program. With each ap- :: 
proach clamoring for more dol- $ 
lars to fund research and build 2 
expensive facilities, some law- Fj - 
makers see the split between mil- 
itary and civilian programs as an ; 
unwanted relic of the Cold War. 
"Fusion is divided into separate $ 
areas, but to politicians the dol- 2 
lars are going toward the same 5 
goal," says one congressional 4 
staffer. Domenici's bill calls for a 
review of both civilian and de- 5 

P 
The faces of fusion. DOE's fusion research budget is divided among (clock- fense technologies "prior to rnak- ;. 
wise from upper left): construction of NIF and other projects, tokamaks Like ing decisions about next steps to- 5 
Princeton's, ion-driver work at Lawrence Berkeley, Sandia's Z-machine, and ward fusion energy" The House 3 
lasers Like Nova at Livermore. version echoes that reauest. 2 

%' 

searchers, who expect it to in- 5 r 
tensify competition for limited funds. But plant. Inertial confinement fusion, funded Burning desire E 
others welcome the effort, which both the mainly by the department's nuclear weapons The magnetic fusion community's troubles 
House and Senate backed in the 1999 DOE program, is designed to support national se- were highlighted last month when Repre- 
spending bill. "I think we basically need a curity objectives. sentative John McDade (R-PA), who chairs 
physical-a complete checkup:' says Dale NOW, however, the centerpiece of the the House panel that funds DOE, asked the 
Meade, head of advanced fusion concepts magnetic fusion program, a $10 billion in- department not to sign an international 
at the Princeton Plasma Physics ~ a b o r a t h .  teiational called the International agreement extending the ITER collabora- 
Adds Gerold Yonas, vice president for Thermonuclear Experimental Reactor tion. His panel also refused to provide the 
pulsed-power technologies at Sandia Na- (ITER), appears to be dead (Science, 2 Jan- $1 1 million the Administration had request- 
tional Laboratories in Albuquerque, New uary, p. 20). Political and technical problems ed in 1999 to continue U.S. work on the 
Mexico, "It's time for us to review and re- drained congressional support fkom the pro- project, which includes Japanese, Euro- 
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pean, and Russian participation. ITER, would cage plasma in a doughnut- ITER Lite--a roughly half-price version of 
Now the community is scrambling to lay shaped chamber called a tokamak. But the original with suitably reduced goals 

out a long-term plan for the future. At while ITER was meant to be closer to a (Science, 8 May, p. 818)-and he found some 
Madison, Michael Mauel of Columbia Uni- complete fusion reactor, the main goal of allies among the international contingent. 
versity, president of the University Fusion the smaller machines would be to study the Mitsuru Kikuchi of the Japan Atomic 
Association, which represents academic re- physics of a short fusion burn-perhaps Energy Research Institute told a reporter 
searchers, outlined a proposal-which he 10 seconds during which a plasma would that "we would not be interested" in a glob- 
said has been encouraged by DOE-to em- produce much more power than was used to al, modular program of many modest de- 
ulate astrophysics and particle physics and heat it. Such a plasma might even ignite, vices. Although the U.S. and European pro- 
hold intensive retreats to hash out fieldwide meaning the burn would continue when the grams are focused primarily on plasma 
priorities. Such an approach "leaves a lot of heating source is turned off. "Better, cheap- science, Japanese researchers are generally 
blood on the floor," warned Robert Rosner, er, faster fusio+that7s a theme I think we more interested in technology-technology 
a University of Chicago astrophysicist who ought to get behind," said Richard Siemon not addressed by the smaller ignition de- 
was invited to explain the process. But once of Los Alamos National Laboratory in New vices. On the other hand, a source within the 
the arguments are over, he said, the field Mexico, summing up a widespread feeling. European fusion program expressed support 
"heals itself" and presents a unified voice But the reaction from those who still fa- for "lower cost versions of ITER" as well as 
to lawmakers. vor large projects was harsh. "The stupid "alternative solutions." 

A series of technical presentations of- man's approach to ignition" was how By the end of the weeklong meeting, the 
fered a preview of battles to come. A large Charles Baker, the U.S. ITER Home Team multiple-machine option had emerged as the 
contingent favored breaking the ITER mis- Leader, characterized the smaller-is-better favorite. "Most of the people were surprised 
sion into smaller, less costly experiments philosophy. Baker, an engineering professor that the community could come together as 
that could be scattered around the globe (see at the University of California, San Diego, it did," says Columbia University plasma 
sidebars). One cluster would study technol- said that only lengthy burns of hundreds of physicist Gerald Navratil, who summarized 
ogy. The second would explore innovative seconds could illuminate the way a real pow- reports from several breakout groups. Most 
and relatively diminutive machines that, like er plant would work. Baker now supports resounding of all, said Navratil, was a con- 

atures of millions of degree-nd minimizing the turbulence that 
robs a tokamak of its ability to confine heat. The plasma, which is 

inductive plasma current to apply a necessary 
twist to the magnetic fields. Building these mag- 

the knowledge gained to a 

amount of shielding needed to protect users from 

try has the ability to manufacture advanced research devices. 20% from the $300 million cost of the basdine machine. 
KSTAR is designed to focus on techniques that "aUow tokamaks At that price, Korean otlkiak think M A R  is worth it"Thems a ace 

to operate continually and at high performance," says PPPL1s George time window" in W i  KSTAR wiU be the only major advanced super- 
$ Neilson, physicr coordinator for the U.S. team that has been work- conducting tokamak of its End, says Leendi*For d money compared to 
f ing for the past 3 years on the KSTAR design. It "is getting at a set what [others] spent, can suddenty leap into major nation fusion te- 
$ of issues [that will] make the tokamak a better product." search [stahts].We can be in equal partnership." -MKHAEL lMKLR 

The key to achieving that steady-state goal lies in understanding 
the behavior of superheated plasmas-ionized particles at temper- Michael l k e r  is a free-lance writer in ScwL 

<< 
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sensus that the next step should feature 
burning plasmas-which could include 
ITER Lite or the smaller devices. 

Whichever path is chosen, several scien- 
tists emphasized that ITER and tokamaks 
should not overshadow other innovative 
magnetic concepts that could lead in the 
long run to more attractive reactors. These 
concepts, which include a hybrid approach 
that crushes the plasma, as in inertial con- 
finement, while bottling up the hot particles 

with magnetic fields, "are really exciting 
and are bringing young scientists into the 
field," said Mauel. "These are the things 
we've been doing in the non-ITER part of 
the program for years." 

Real gain 
While the magnetic community stumbles to- 
ward a long-term approach, newer types of 
fusion are striding ahead with bold plans. 
Construction is well under way at Liver- 

more's National Ignition Facility (NIF), 
which will focus nearly 200 laser beams on 
a single target and will serve as a key facili- 
ty for DOE'S stockpile stewardship effort to 
maintain nuclear weapons without under- 
ground testing. Lab laser chief Mike Camp- 
bell already has an extensive wish list; on 
top of the $90 million the lab now spends on 
laser hsion, he says that some $35 million 
to $40 million annually will be needed 
through 2003 to prepare experiments on NIF. 

-- ~ - . - ~ . & . ~ - - ~ - ~ . - - - ~ & . > . ~ = - - -  -- 

make it," he frets. "In 
10 to 20 years we'll be 

somewhat lower fie1 
but would be based 

tempt to mate many of the same "di 
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That figure would rise to $80 million to 
$100 million annually through 201 0, he esti- 
mates, followed by a couple of billion dol- 
lars for a next-generation NIF. 

Even if NLF reaches its goal of igniting a 
h i o n  target, no one argues that the approach 
could lead directly to a commercial fusion 
power plant. NIF's glass lasers, for example, 
are acceptable for defense purposes but im- 
practical for a power plant because of their 
cost and low efficiencv. While NIF would 
demonstrate controlled ignition, another tech- 
nology, heavy-ion drivers, could take the place 
of the lasers in a future machine. These parti- 
cle accelerators, which could prove far more 
efficient and flexible than lasers, are under de- 
velopment at Lawrence Berkeley National 
Laboratory in California as part of the depart- 
ment's civilian fusion effort. The funding, 
however, is modest-about $7 million a year. 

Meanwhile, pulsed-power advocates at 
Sandia hope to advance their own long- 
term plan in light of recent breakthroughs 
in that technology. The method, whose en- 
ergy applications are just starting to be ex- 
plored, would crush fuel pellets with x-rays 
emitted from a plasma imploding after an 
array of wires is vaporized by a jolt of cur- 
rent. Although the concept has received 
much less study and funding than Liver- 
more's approach, Sandia officials say 
pulsed power could prove far cheaper than 
lasers or ions, and they want to build a 

8 $400 million facility called the X-1 to 
prove it. "We have a reasonable prospect to 

5 produce real energy gain," says Yonas. 
2 But Campbell and Yonas will have trou- 
$ ble squeezing additional money out of the 
2 stockpile stewardship program, despite its 
" massive $4-billion-a-year budget. Vic Reis, 

who heads DOE's defense programs, warns 
that any fusion efforts funded by his office 
must also help to keep the nuclear stock- 
pile safe: "We can't do science for sci- 
ence's sake." Adds David Crandall, who 
heads DOE's inertial confinement pro- 
gram: "The budget process over here is at 
least as fierce as it is on the [civilian] fu- 
sion energy side. Finding a few million 
dollars more over here is no easier." 

Some magnetic fusion researchers wor- 
ry that behind the congressional request for 
a review is a move to shift money into iner- 
tial confinement programs at their expense. 
And civilian fusion program officials are 
quick to note that there's no money to spare 
in magnetic fusion. Given her tight budget, 
savs Anne Davies. head of DOE's civilian 
fusion program, "they don't ujant to be over 
here." Congressional aides deny such an in- 
tent. The idea, says one, is "to keep doing 
basic research on each technology until we 
are confident enough to choose one direc- 
tion." And inertial confinement researchers 
insist that greater cooperation among the 

various technologies would benefit all 
sides. "My goal is not to erode the pro- 
gram-it already has been eroded-but to 
build it up," says Campbell. Adds Yonas: 
"You don't compete to kill each other, but 
for the better idea." 

DOE officials are now making plans for 
the review, which likely would be conduct- 
ed by a panel of researchers from within 
and outside the fusion community. They 
hope to have it ready by December, in time 
to offer guidance to Congress as it consid- 
ers the 2000 budget. "I'm not going to pre- 
judge where we will come down," says out- 
going DOE Secretary Federico Peiia. But 

one outcome could be a single fusion of- 
fice, speculate some congressional aides 
and researchers, adding that such a change 
would not be easy given the long-standing 
separation between fusion researchers. 

What seems certain is that the very pro- 
cess of a review will force all the players 
in the fusion drama-laser, pulsed-power, 
ion-driver, and magnetic researchers alike- 
to interact more closely. Both Davies and 
Crandall say there has been progress in 
building bridges between the cultures. But 
a great deal more blood may be shed be- 
fore the fusion communities can become 
one. -ANDREW LAWLER AND JAMES CLAN2 

Arms Control Enters 
the Biology Lab 

An enforcement protocol of the bioweapons convention, now under ne- 
gotiation, could affect some biotech firms and academic microbiologists 

Some biotechnology companies and aca- the BTWC by the end of this year. And in a 
demic biology labs could soon find them- speech last month, U.S. Secretary of State 
selves caught in the highly charged world of Madeleine Albright underlined the message: 
arms control. Facilities and labs that handle "The [biological weapons convention] needs 
potentially worrisome types of biological enforcement teeth if we are to have confidence 
agents could be required 
to file reports detailing 
the materials they possess 
and submit to regular in- 
spections. The reason: 
Negotiations that re- 
sumed last week in Gene- 
va may finally put some 
teeth into the Biological 
and Toxin Weapons Con- 
vention (BTWC), an arms 
control agreement that is 
currently based entirely 
on trust; it has no mecha- 
nism to check whether 

it is being respected 
around the world." Tibor 
Toth, the Hungarian am- 
bassador chairing the talks 
in Geneva, told a meeting 
of industrialists, diplomats, 
and academics in Vienna 
in May, "It is not now a 
question of whether but of 
when and how." 

That prospect has come 
as a wake-up call to bio- 
tech industry and rnicrobi- 
ology researchers world- 
wide. Industrv trade oRa- - 

signatories are complying. nizations, particularly in 
~ l t h o u g h  the conven- "The lconventionl the United States, have 

tion was negotiated in 1972, 
- - 

long been aware of the is- 
verification was not consid- needs enforcement sue. but individual compa- 
ered a high priority until re- nies and institutions are 
cently, largely because few teeth if we are to only now realizing they 
military experts considered soon may become in- 
biological weapons to be a have confidence it is vol,d ..until - 
major threat. But revela- being says Brad Roberts from 
tions about the extent of the the Institute of Defense 
former Soviet Union's bio- -4adeleineALbrikt Analysis in Washington, 
logical weapons program, D.C., "the U.S. [biotech 
and recent discoveries by and pharmaceutical] in- 
United Nations inspectors of Iraq's widespread dustry hoped this issue would just go away." 
efforts, have injected a sense of urgency into The negotiations that reopened last week 
the discussions. Both the European Union and in Geneva will determine how extensive and 
the Clinton Administration are now pushmg intrusive the verification provisions are likely 
for a compliance protocol to be negotiated for to be. Some of the 158 countries that have 
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