
Chapter 3

Fusion Research



CONTENTS

Page
Research Beginnings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

Nuclear Physics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Plasma Physics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Early Fusion Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

The U.S. Fusion Program Through the Decades . . . . . . . . . . . . . . . . . . . . . . . . . . 40
The 1950s: Era of Optimism and Disillusionment. . . . . . . . . . . . . . . . . . . . . . . . 40
The 1960s:A Plateau . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
The 1970s: Rapid Growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
The 1980s: Leveling Off . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

Figures
Figure No. Page

3-1. Historical Magnetic Fusion R&D Funding, 1951-87 (in 1986 dollars) . . . . . . 41
3-2. Historical Magnetic Fusion R&D Funding, 1951-87 (in current dollars) .,.. 42



Chapter 3

History of Fusion Research

RESEARCH BEGINNINGS

Fusion research draws on two independent
branches of physics–nuclear physics and plasma
physics. Studying the fusion reaction itself is the
domain of nuclear physics. Studying the behavior
of matter u rider conditions necessary for fusion
reactions to take place is the focus of plasma
physics.

Nuclear Physics

Early in this century, the search for the causes
of radioactivity revealed that vast amounts of
energy were stored in an atom’s nucleus. As early
as 1920, this energy was hypothesized to be the
heat source that powered the sun and other stars.
With the discovery of the neutron in 1932 these
nuclear processes began to be understood, and
by the time efforts to control fusion reactions in
the laboratory began in the 195os, the nuclear
physics underlying laboratory fusion reactions
were well known. “Then, as now, ” noted a re-
cent National Academy of Sciences panel review-
ing physics research, “the obstacles to achiev-
ing controlled fusion lay not in our ignorance of
nuclear physics, but of plasma physics. ”2

I Most of the historical material in this chapter is based on Fu-
sion:  Science, Politics, and the Invention of a New Energy Source
(Cambridge, MA: MIT Press, 1982), a comprehensive and exten-
sively documented history of the U.S. fusion program written by
Joan Lisa Bromberg  under contract with the U.S. Department of
Energy. The book is restricted almost entirely to magnetic confine-
ment fusion and covers a period ending in 1978. While Bromberg
was given access to unclassified and declassified DOE and national
laboratory records, the book does not represent the official posi-
tion of DOE.

A more popularized history of the fusion program, covering in-
ertial fusion as well as magnetic fusion and extending until 1983,
is found i n T.A. Heppenheimer, The Man-Made Sun: Hre Quest
for Fusion Power (Boston, MA: Little, Brown & Co., 1984),

2Natlonal  Research Council, Panel on the Physics of Plasmas and

Fluids, Physics Survey Committee, Physics Through the 1990s:
P/asrnas and F/uids (Washington, DC: National Academy Press,
1986), p. 4,

Plasma Physics

Plasma physics, according to the same National
Academy review panel, is “the only major branch
of physics to come largely into being in the past
generation.”3 Its development drew upon a num-
ber of previously distinct and independent dis-
ciplines, pulling them together into a unified
methodology for the study of the plasma state.

Explaining plasmas could not begin until the
discovery of the electron in 1895 and the devel-
opment of the atomic theory of matter. Between
1930 and 1950,  the foundations of plasma physics
were laid, largely as a byproduct of investigations
on topics such as the earth’s outer atmosphere,
the sun, and various astrophysical phenomena.
The advent of space exploration and controlled
fusion research–the two major experimental
arenas for modern plasma physics—firmly estab-
lished the field.

Early Fusion Research

The first probe into harnessing fusion power
took place during the Manhattan Project, the ef-
fort during World War II dedicated to develop-
ing an atomic bomb. Some physicists working on
the Manhattan Project in Los Alamos,  New Mex-
ico, began to consider whether the fusion proc-
ess could be utilized in nuclear weapons. Such
investigations were not a high priority during the
war, however, because the national effort was
focused on developing weapons that utilized the
more immediately promising fission process.

In 1949,  largely in response to the first Soviet
nuclear detonation, senior U.S. scientists and pol-
icymakers  conducted an extensive, classified
(secret) debate about whether hydrogen bombs–
weapons that use the fusion process instead of
the fission process—could and should be devel-
oped. In 19s0, the debate ended when president
Truman approved a crash program to build such

jlbid., p, 6.
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a weapon. The United States detonated its first
H-bomb in 1952.4

In the beginning, most research in thermo-
nuclear fusion was weapons-related and classi-
fied. This research fell under the constraints of
the Atomic Energy Act of 1954, which mandated
that data concerning the “design, manufacture,
or utilization of atomic weapons, ” as well as “the
production of special nuclear material” and the

4Herbert York, “The Debate Over the Hydrogen Bomb, ” Scien-
tific American, October 1975. There are many names for bombs
that use the fusion process: hydrogen bombs, H-bombs, and ther-
monuclear or hydrogen weapons. Such weapons can have many
times the explosive power of fission weapons.

“use of special nuclear material in the produc-
tion of energy,” remain classified indefinitely un-
less specific action was taken to declassify its

Over the years, some of the emphasis in fusion
research shifted from weapons to reactors. Fu-
sion reactors were sought not only to produce
“special nuclear materials’’—tritium and pluto-
nium—needed for nuclear weapons, but also to
produce electricity. At the time, both energy pro-
duction and materials production fell under the
restrictions of the Atomic Energy Act that man-
dated continued classification.

“’Special nuclear material,” as defined in the Atomic Energy Act
of 1954, is material capable of undergoing nuclear explosions.

THE U.S. FUSION PROGRAM THROUGH THE DECADES

The nature of the U.S. fusion research program
through each decade from its conception to the
present is summarized below. The funding pro-
file for U.S. fusion research, both in constant and
current dollars, is shown in figures 3-1 and 3-2.
Data for these figures is provided in appendix C;
for more information on funding for magnetic fu-
sion research, see chapter 6.

The U.S. Atomic Energy Commission (AEC) was
responsible for magnetic fusion research from
1951, when the program was formally under-
taken, until 1974, when the AEC was disbanded
and replaced by the Energy Research and Devel-
opment Administration (ERDA). In 1977, ERDA
in turn was disbanded and its responsibilities
transferred to the new Department of Energy
(DOE). Since 1977, DOE has managed the mag-
netic fusion research program.

The 1950s: Era of Optimism
and Disillusionment

Project Sherwood

From 1951 until 1958, fusion research was clas-
sified; during these years, the program was con-
ducted under the code name “Project Sherwood.”
At the outset of Project Sherwood, both field sci-
entists and program managers at the AEC believed
that fusion could yield an important technology

to supply future electricity needs. In pursuing fu-
sion, scientists and AEC commissioners sought to
maintain U.S. scientific supremacy; there could
be significant political and economic advantage
should fusion lead to a commercially competi-
tive new energy technology. Fusion research
would also support the U.S. weapons program.
The potential use of fusion reactors for generat-
ing weapons materials, as well as the possibility
of other military applications, was important to
the AEC; thus, during the early 1950s, fusion re-
search grew along with military atomic research.

project Sherwood began optimistically in 1951.
At that time, it was estimated that spending about
$1 million over a period of 3 to 4 years would
be sufficient to learn whether a high-temperature
plasma could be confined by a magnetic field.
About that amount was budgeted for fusion re-
search from 1951 to 1953. However, the prob-
lem proved harder than originally anticipated,
and in 1953 the fusion research program ex-
panded. The personnel level increased from 8 in
1952 to 110 in 1955 and rose to over 200 peo-
ple in 1956. Annual budgets increased from under
$1 million to $7 million over the same period.6

The United States established several fusion re-
search centers. Federally funded efforts were con-

6Bromberg, Fusion,  Op. Cit., P. 30.
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Figure 3-1 .—Historical Magnetic Fusion R&D Funding, 1951-87 (in 1988 dollars)
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ducted at Oak Ridge National Laboratory in Ten-
nessee, Los Alamos Scientific Laboratory in New
Mexico, Lawrence Livermore Laboratory in Cali-
fornia, and a number of universities, including
a major plasma physics laboratory at Princeton
University in New Jersey established primarily to
conduct fusion research. Private or corporate-
sponsored research began in 1956 at the Gen-
eral Electric Co. (GE) in New York and at the
newly created General Atomic Corp. in Califor-
nia. Several other companies dedicated a few staff
members to monitor the field.

Many different confinement schemes were ex-
plored during the early 1950s. Although propo-
nents of the various schemes were careful to note
that practical applications lay at least 10 or 20
years in the future, the devices under study were
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SOURCE: U.S. Department of Energy, Office of Energy Research, letter to OTA project staff, Aug. 15, 1986.

thought to be capable of leading, in a straight-
forward process of extrapolation, to a commer-
cial reactor. One report concluded in 1958:

With ingenuity, hard work, and a sprinkling of
good luck, it even seems reasonable to hope that
a full-scale power-producing thermonuclear de-
vice may be built within the next decade or two.7

In reality, very little was known about the be-
havior of matter under the conditions being stud-
ied, much less under reactor-like conditions. Ex-
periments were trial-and-error operations, and
each one charted new ground. Results were often

7Amasa S. Bishop, Project Sherwood.” The U.S. Program  
  (Reading, MA: Addison-Wesley Publishing Co., Inc.,

1958), p. 170. Bishop managed the AEC fusion program from 1953
to 1956 and again from 1965 to 1970.



     

42 . Starpower: The U.S. and the International Quest for Fusion Energy

Figure 3-2.—Historical Magnetic Fusion R&D Funding, 1951-87 (in currant dollars)
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SOURCE: U.S. Department of Energy, Office of Energy Research, letter to OTA project staff, Aug. 15, 1986.

ambiguous or misinterpreted, and the theoreti-
cal underpinnings of the research were not well
established. All devices investigated showed evi-
dence of “instabilities,” or disturbances that grew
to the point where the plasma escaped confine-
ment faster than expected. The devices studied
in the 1950s could not attain Lawson parameters
higher than about 1010 second-particles per cu-
bic centimeter, a factor of about 10,000 less than
the minimum required to make net fusion power.8

‘The Lawson parameter is the product of density and confine-
ment time (see  2, note 4). The units in which the Lawson pa-
rameter is expressed represent a density (particles per cubic centi-
meter) multiplied by a time (seconds), and have no immediate
physical significance. A product of 3 X  second-particles per
cubic centimeter is considered the minimum for ignition in a D-T
reaction. (See discussion of “energy gain” in  4, pp. 67-68. )

Temperatures attained were about 100 electron
volts, in comparison to the minimum requirement
of 10,000 electron volts.9

Declassification

By the mid to late 1950s, the advantages of
declassifying Project Sherwood were recognized,
both within the AEC and among scientists in the
field. Some U.S. scientists had sought to delay
declassification of fusion research because they
were optimistic about harnessing controlled fu-
sion reactions in the near future, and they rea-

9An electron volt is a unit of energy. It is also used as a measure
of temperature, representing that temperature at which the aver-
age energy of plasma particles is roughly  electron volt. (See 
2, note 3.)
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sense to classify fusion research, whose applica-
tion in producing weapons material was still
hypothetical, after fission technology that was ac-
tually being used for that purpose was declassi-
fied.11

U.S. magnetic fusion research was declassified
in 1958 at the Second Geneva Conference on the
Peaceful Uses of Atomic Energy. Following declas-
sification, it was apparent that the American, Brit-
ish, and Soviet programs were at more or less the
same level and were pursuing similar approaches
toward confining plasmas. Declassification opened
the door to widespread international cooperation
in fusion.

The 1960s: A Plateau

Fusion research in the United States proceeded
at a steady pace throughout the 1960s. The theo-
retical framework advanced, but discrepancies
between theoretical predictions and experimental
results were common. By the mid-1960s, Con-
gress became impatient. In the late 1950s, mem-
bers of Congress had believed that the Federal
program would beat the reactor prototype level
in 5 or 6 years. Since that time, fusion research-
ers realized that they had seriously underesti-
mated the complexity of the problem. Therefore,
the researchers concentrated on studying plasma
behavior rather than on building reactor proto-
types. Congress, however, worried that the re-
searchers were building an array of different ex-
periments that did not appear to be leading to
an attractive reactor.12 Thus, in 1963, the House
Appropriations Committee recommended a 16
percent cut in the program’s operating budget.
Much of the cut was restored, but the program
ended up with a budget of 7 percent less than
requested.

Enthusiasm for the fusion program cooled out-
side of Congress as well. While remaining sup-
portive of fusion, AEC commissioners were more
interested in expanding the fission breeder re-
actor program .13 GE reviewed its corporate in-
volvement in fusion in 1965 and concluded that
“the likelihood of an economically successful fu-

1 I Ibid., pp. 69, 72-73.
Izlbid.,  pp. 118-119.
IJlbid.,  p. 136.

sion electricity station being developed in the
foreseeable future is small.”14 GE proposed that
the AEC finance its research through a joint ef-
fort, but the AEC refused and GE phased out its
fusion program. While GE was reconsidering its
fusion program, the consortium of Texas utilities
that funded fusion research at General Atomic
in California withdrew its support.15 The AEC re-
sponded to this decision by funding much of
General Atomic’s fusion research itself in order
to preserve the expertise assembled there. In ef-
fect, this response created an additional national
laboratory.

In 1965, a prestigious outside review commit-
tee evaluated the fusion program. The commit-
tee found that the magnetic fusion program had
made significant progress, that the United States
needed to support research in order to develop
the technology, and that the program produced
“spin-off” technologies that could benefit the
economy. Moreover, the committee stated that
the United States would suffer a great loss of in-
ternational stature if another country demon-
strated the feasibility of fusion first. The commit-
tee recommended that the fusion budget increase
by 15 percent annually and that a new genera-
tion of experiments be funded to replace obso-
lete ones.16 After considerable deliberation within
the AEC and the Bureau of the Budget, an in-
crease in funding was recommended, though not
of the magnitude suggested by the committee.

The Tokamak

By 1968, the highest temperatures that had
been achieved in a magnetic confinement fusion
device were only about 100 electron volts–not
appreciably higher than they were in the 1950s.
The quality of confinement, as measured by the
Lawson parameter, had increased by an order of
magnitude (factor of 10) to about 1011 second-
particles per cubic centimeter. In 1968, however,
Soviet scientists announced that they had ex-
ceeded the previous best values of each of these
parameters by an additional order of magnitude.

“1bid., p. 137.
I tThis consortium has continued to fund a modest level of fu-

sion research at the University of Texas.
lbBromberg,  Fusion, op. cit., pp. 138-139.



   

Ch. 3.—History of Fusion Research w 45

Photo credit: Princeton Plasma Physics Laboratory

Model C Stellarator at Princeton Plasma Physics Laboratory. Designed and built in the late 1950s, the Model C was
converted into the United States’ first tokamak in 1970.

Using a device named the “tokamak,” a Russian
acronym taken from the words for “toroidal
chamber with magnetic coil,” the Soviets claimed
to have generated ion temperatures of 500 elec-
tron volts, electron temperatures of twice that,
and a Lawson parameter of 1012 second-particles
per cubic centimeter.

The Soviet announcement both excited and
troubled the U.S. fusion community. U.S. pro-
gram administrators worried that the Soviet
Union would beat the United States to demon-

strating fusion’s feasibility. Some U.S. scientists
submitted proposals to build tokamaks in the
United States, while others argued that previous
plans to upgrade existing devices were more im-
portant. Many scientists were skeptical of Soviet
data, contending that it was ambiguous and not
sufficiently compelling to change the emphasis
of the U.S. program.

Early in 1969, the director of the Soviet fusion
effort invited a British team of scientists to bring
its own diagnostic equipment to Moscow to verify
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Soviet research results. During the summer of
1969, the British team in Moscow announced its
preliminary findings: the Soviet results were gen-
uine, and, in fact, the tokamak performed even
better than the Soviets had claimed. This announce-
ment came shortly after the American scientific
community had decided to convert the premier
Princeton machine, the Model C stellarator, into
a tokamak. In addition, funds had been allocated
for the development of another tokamak at Oak
Ridge National Laboratory. After publication
the British findings, the U.S. program Iaunc
three more experimental tokamaks.

The 1970s: Rapid Growth

With the identification of the tokamak as

 of
ed

the
confinement concept most likely to reach reactor-
Ievel conditions, the U.S. fusion program grew
rapidly. Between 1972 and 1979, the fusion pro-
gram’s budget increased more than tenfold.
Three forces spurred this growth. First, uncer-
tainty over long-range energy supply mobilized
public concern for finding new energy technol-
ogies. Second, fusion energy, with its potentially
inexhaustible fuel supply, looked especially at-
tractive. Third, the growth of the environmental
movement and increasing opposition to nuclear
fission technology drew public attention to fusion
as an energy technology that might prove more
environmentally acceptable. The fusion program
capitalized on this public support; program leader-
ship placed a very high priority on developing
a research plan that could lead to a demonstra-
tion reactor.

From Research to Development?

The emphasis on building a demonstration re-
actor dramatically changed the fusion program.
Previous fusion program plans had called for
“breakeven-equivalent” to be demonstrated in
a device containing only deuterium, to avoid the
complications introduced by use of tritium.17 The
new plans called for an experiment fueled with
deuterium and tritium (D-T), which would reach
breakeven by actually generating fusion power.

1 ~ritiu m is radioactive and difficu It to work with. More signifi-
cantly, its use in fusion experiments generates neutrons that make
materials in the device radioactive.

During much of the 1970s, the director of the
fusion program was largely responsible for re-
orienting the program toward the use of tritium
in an experimental device. He sought to attain
breakeven with tritium for a number of reasons:18

●

●

●

●

Physics. The energy released in actual fusion
reactions involving tritium introduced a new
complication in device operation that could
significantly affect experimental behavior.
The director thought it was essential to study
the physical consequences of releasing fu-
sion energy in a plasma.
Psychology. He also believed that too many
fusion scientists were interested in plasma
physics as a research enterprise, not as an
energy technology. Burning D-T, he thought,
wouId force them to come to grips with the
realities of fusion power instead of the ab-
stractions of plasma physics.
Engineering. A D-T experiment would in-
crease the amount of attention given to the
engineering aspects of a fusion reactor, de-
parting from the near-total emphasis on
plasma physics in fusion research to date.
Politics. A D-T experiment would generate
actual fusion power for the first time. This
demonstration would dramatize to the pub-
lic the capabilities of fusion in a more direct
way than simply achieving “breakeven-equiv-
alent” conditions.19 Moreover, this demon-
stration had to take place soon enough so
that the fission breeder reactor would not be-
come established as the long-run energy op-
tion of choice.

Many members of the fusion community op-
posed a D-T machine. They questioned whether
the scientific principles underlying tokamak oper-
ation were sufficiently known to take such a ma-
jor step. Moreover, many felt that it was not nec-
essary to construct an experiment at this point
in the research program that would involve radio-
activity and thus more complications and more
expense.

18 Bromberg,  Fusion, op. cit., PP.  204-205.

19’’Breakeven-equivaIent” is the attainment of plasma conditions
in a deuterium-only plasma equivalent to those that, in a D-T
plasma, would produce breakeven.  Breakeven-equivalent does not
require use of radioactive tritium and does not produce the neu-
tron radiation generated in a breakeven  D-T plasma.
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Photo credit: Princeton Plasma Physics Laboratory

The Tokamak Fusion Test Reactor at Princeton Plasma Physics Laboratory.

In mid-1 973, senior fusion researchers, fusion
program managers, and outside observers evalu-
ated the plans to accelerate building a D-T ma-
chine. They concluded: 1 ) that scientific questions
should be answered in deuterium experiments,
which would be simpler and cheaper to build
than machines using tritium, but 2) that a 
burning experiment should be conducted on an
accelerated schedule.

During this period, congressional and public
concern about energy supply was increasing,
and, in June 1973, president Nixon announced
his intention to nearly double the budget pro-
posed for energy research over the next 5 years.
By June 1974, the funding increases necessary to
pursue accelerated development of fusion were
appropriated. Planning began for a D-T burning

breakeven experiment, the Tokamak Fusion Test
Reactor (TFTR), to be constructed at the Prince-
ton Plasma Physics Laboratory.

program organization also changed when Con-
gress abolished the AEC in 1974 and transferred
its energy research programs to the Energy Re-
search and Development Administration. ERDA
was a new agency with a broad mission in energy
research. It assumed management of AEC’s nu-
clear fission and fusion programs, as well as pro-
grams in solar and renewable technologies, fos-
sil fuels, and conservation.

Concept Competition

The expansion of the tokamak program in-
creased competition for funds among proponents
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of alternate confinement concepts. Most fusion
community leaders believed that the fusion pro-
gram could not command the budget required
to construct more than one additional TFTR-class
experiment. Thus, there was some concern about
the role of the three remaining major fusion lab-
oratories. Oak Ridge National Laboratory, which
had competed unsuccessfully with Princeton to
construct the tokamak breakeven experiment,
had tokamak experience that would be needed
to support the Princeton experiment. The future
was more uncertain for the non-tokamak re-
search programs at Los Alamos and Lawrence
Livermore national laboratories.

Between the major concepts investigated at
these two labs, the “magnetic mirror” at Liver-
more was selected over the “theta pinch” at Los
Alamos to become the principal alternative to the
tokamak. Livermore had constructed a series of
mirror devices during the 1960s and 1970s, and,
in 1976, its proposal to build a greatly scaled-up
Mirror Fusion Test Facility (MFTF) was approved.
After design and construction of MFTF were
underway, researchers developed a design inno-
vation that could improve the performance of the
mirror concept. This idea was tested by building
the Tandem Mirror Experiment (TMX) and found
to be valid. Even so, the improvement was too
small to justify changing the MFTF design, so con-
struction proceeded as originally planned.

Livermore scientists then proposed another in-
novation that seemed to have the potential to
make a mirror reactor a viable competitor to a
tokamak reactor. This time, the gain appeared
to be sufficiently great to warrant modifying the
MFTF design, more than tripling its size. More-
over, Livermore scientists had so much confi-
dence in the theory that they proposed to start
modifications to MFTF before testing the new
concept experimentally. In 1979, they proposed
to modify both TMX and MFTF in parallel, with
the smaller TMX-Upgrade (TMX-U) to be com-
pleted and operated to verify the new concept
at a time when substantial work still remained to
be done on the revised MFTF (now called MFTF-
B). In this way, any changes found to be neces-
sary as a result of tests on TMX-U could be in-
corporated directly into MFTF-B during its con-
struction. Construction of MFTF-B began in 1981.

Systems Studies

In addition to experiments on confinement
concepts, fusion program managers in the 1970s
began to consider design attributes of fusion re-
actors in a systematic way. Scientists and engi-
neers began to address the engineering problems
that various confinement methods posed for re-
actor design, and “reactor relevance” soon be-
came a driving force for additional research. Sus-
tained and serious interest in these design studies,
also called systems studies, attracted the atten-
tion of people outside the fusion community.
Several individuals in electric utilities began to
follow fusion closely, and the utility research con-
sortium, the Electric Power Research Institute
(EPRI), established a Fusion Advisory Committee.

World Effort

During the 1970s, the U.S. fusion program led
the world. It had the greatest breadth and depth
of confinement concepts under investigation, and
its attention to fusion systems and technology was
unmatched. However, programs in the Soviet
Union, Japan, and Western Europe grew during
the 1970s. Each program made plans to build a
TFTR-class tokamak to reach breakeven-equiva-
Ient conditions: the Joint European Torus (JET) in
Europe, JT-60 in Japan, and the T-15 tokamak in
the Soviet Union. All of these machines except
the T-1 5 are now operational. The international
aspects of fusion research are discussed more
fully in chapter 7.

Program Reorientation

In 1977, president Carter incorporated the func-
tions of ERDA, including the fusion program, into
a new agency, the Department of Energy. DOE
reemphasized support for nuclear fission, primar-
ily due to concern over the proliferation aspects
of breeder reactors, and it increased support for
solar energy, conversion from oil and gas to coal,
and conservation .*0

The first director of the DOE Office of Energy
Research believed that the budget for the fusion
program was too large for fusion’s uncertain pros-
pects. In his capacity as scientific advisor to the

2oBrom&rg,  Fusion, op. cit., P. 235.
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Photo credit: Lawrence Livermore National Laboratory

Installation of one of the end cell magnets for MFTF-B. Another view of this magnet is shown on p. 87.

Secretary of Energy, he commissioned a high-
Ievel outside review of the program, a review that
he expected would recommend cutting the bud-
get and relaxing the program’s emphasis on an
early demonstration reactor.21 On the contrary,
the review panel praised the management and
scientific achievements of the fusion program and
did not recommend budget cuts. Mostly as a re-

Z’ Ibid., p. 236.

suit of the panel’s findings, the Secretary of Energy
subsequently reaffirmed the near-term planning
of the fusion program. With few modifications,
DOE management supported maintaining current
budget levels, pushing towards early completion
and operation of TFTR, maintaining ongoing fu-
sion system studies, and accelerating fusion tech-
nology development.

Although the short-term fusion program plans
continued much as before, the long-term strat-
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egy under DOE in the late 1970s differed from
the ERDA strategy earlier in the decade. The re-
view panel stated in its report that “the first ob-
jective of the program must be to determine the
highest potential of fusion as a practical source
of energy.” This meant not proceeding with con-
struction of a tokamak device to succeed TFTR
until “a convincing case should be made that
Tokamaks can be engineered into attractive energy
producers.” 22 In effect, the committee recom-
mended that the tokamak program be held up
at the TFTR stage until other devices, such as the
mirror, could be compared to it at relatively
equivalent stages of development.

Under DOE, the fusion program did not have
the sense of urgency that was so important earlier
in the decade. Fusion could not mitigate the
short-term oil and gas crisis facing the United
States. Furthermore, as a potentially inexhausti-
ble long-range energy source (along with solar
energy and the fission breeder reactor), fusion
was not thought needed until well into the next
century. Therefore, there appeared to be no com-
pelling reasons to develop a fusion demonstra-
tion plant rapidly .23

The 1980s: Leveling Off

The fusion program has continued to make
substantial technical progress during the 1980s.
Several world machines have the potential to
achieve breakeven, or breakeven-equivalent con-
ditions, within the decade; in addition, significant
advances in plasma physics and fusion technol-
ogy continue.24

ERAB Review of the Fusion Program,
1980

In 1980, the Energy Research Advisory Board
(ERAB), a standing committee that advises the
Secretary of Energy, established a committee to
review DOE’s fusion program. The committee’s
report evaluated technical progress in the fusion

zzFOster  Committee, Final Report (DOE/ER-OO08, June 1978).

Quoted in T,A.  Heppenheimer, The Man-Made Sun, op. cit., pp.
201-202.

zjBromberg,  Fusion, op. cit., p. 247.
24ManY  of the technica[  accomplishments in the fusion program

and the tasks still to be done are discussed in ch. 4 of this assessment.

program over the previous few years and found
many accomplishments that justified the panel’s
confidence that breakeven was near. The panel
concluded that:

. . . the United States is now ready to embark on
the next step toward the goal of achieving eco-
nomic fusion power: Exploration of the engineer-
ing feasibility of fusion .25

The panel proposed that the program begin
planning a Fusion Engineering Device (FED),
which would provide a focus for development
of reactor-relevant technologies and components,
enable researchers to evaluate safety issues asso-
ciated with fusion power, and facilitate investi-
gation of additional plasma physics issues. This
device would be built and operated as part of a
broad program of engineering experimentation
and analysis to be conducted by a new fusion
engineering center. The ERAB panel recognized
that planning and constructing FED would require
a doubling of the fusion budget over the next 5
to 7 years, and it recommended this budget in-
crease.

The Magnetic Fusion Energy
Engineering Act, 1980

Many of the recommendations of the ERAB
panel were incorporated into the Magnetic Fu-
sion Energy Engineering Act (MFEE Act), passed
by Congress in September 1980.26 Passage of the
MFEE Act was largely a result of Representative
Mike McCormack’s (D-Washington) efforts. It
urged acceleration of the national effort in mag-
netic fusion research, development, and demon-
stration activities. Like the ERAB report, the act
recommended creation of a Magnetic Fusion
Engineering Center to coordinate major magnetic
fusion engineering devices.

The MFEE Act recommended that funding lev-
els for magnetic fusion be doubled (in constant
dollars) within 7 years. However, it did not ap-

2t’’Report  on the Department of Energy’s Magnetic Fusion Pro-
gram,” prepared by the Fusion Review Panel of the Energy Research
Advisory Board, August 1980, as quoted in Fusion Energy: An Over-
view of the Magnetic Confinement Approach, /ts Objectives, and
Pace, a report prepared for the Subcommittee on Energy Research
and Production, House Committee on Science and Technology,
96th Cong., 2d sess., Serial GGG, December 1980, p. 133.

Zbpublic Law 96-386, signed into law on OCt. 7, 1980.
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propriate these increases, and there was no fol-
low-up. in effect, the act indicated that Congress
considered the fusion program worthwhile and
deserving of support but was unable or unwilling
to make a long-term commitment to substantially
increase expenditures. Actual appropriations in
the 1980s did not grow at the level specified in
the act and in fact continued the drop in con-
stant dollar funding that began in 1977.

Reagan Administration Budgets
and Philosophy

Energy R&D budgets underwent radical cuts in
1981 at the beginning of the Reagan Administra-
tion. The Reagan Administration stated that de-
velopment activity belonged in the private sec-
tor and that the government could encourage this
activity most effectively by staying out of it. Ac-
cordingly, DOE research budgets for solar energy,
fossil fuel technology, fission technology, and
energy conservation—those energy areas most
heavily weighted towards development or dem-
onstration, as opposed to research—were sub-
stantially reduced. In contrast, the Reagan Ad-
ministration continued to support government
funding for long-term, high-risk programs–e.g.,
fusion research–that would not attract private
investment. Therefore, although the fusion re-
search budget has decreased in the 1980s, it has
not been cut as severely as some of DOE’s other
energy R&D programs.

With annual budget appropriations falling, the
ambitious plans of the 1970s, which culminated
in the MFEE Act of 1980, could not be imple-
mented. Thus, the fusion program has had to
modify its program strategy; subsequent plans at-
tempted to identify the most important aspects
of the fusion program to pursue.

The Comprehensive Program
Management Plan, 1983

The MFEE Act required that the Secretary of
Energy prepare a Comprehensive Program Man-
agement Plan (CPMP) outlining the fusion pro-
gram’s strategy and schedule. This plan was com-
pleted by DOE and transmitted to Congress in
1983.27 The CPMP attempted to satisfy the em-

phases of the MFEE Act within the fiscal con-
straints imposed by the Reagan Administration.
The plan also sought to preserve the role of in-
ternational leadership in fusion for the United
States.

The CPMP had a clear reactor emphasis, but
it was also consistent with Reagan Administration
philosophy towards development. The plan ex-
plicitly ruled out government construction of a
demonstration reactor, stating that:

The primary objectives of the [fusion] program
are designed to provide a technical basis for de-
cisions by the private sector on whether to pro-
ceed with the commercial development of fusion
energy. Proceeding with a Federally funded dem-
onstration plant is not part of this plan .28

The CPMP stated that within the next decade,
the fusion program would select a plasma con-
finement concept to undergo further develop-
ment as a power reactor core. The plan defined
two stages that would permit a decision to be
made to build a demonstration reactor by the
year 2000.

ERAB Review of the Fusion Program,
1983

An additional provision of the MFEE Act estab-
lished a technical panel on magnetic fusion as
an ERAB subcommittee. The subcommittee was
mandated to conduct a triennial review of the
fusion program, with the first such review to be
conducted in 1983.

The subcommittee’s report29 recognized that
budgetary constraints had made it impossible to
accomplish the goals of the MFEE Act on the time-
scale envisioned. The panel recommended that
DOE abandon the CPMP, stating that it would
force the program to make a choice between tan-

z7Compreben5;ve  Program Management Plan (CPMP) for Mag-
netic Fusion Energy, June 1983. Submitted to the House Science
and Technology Committee by the Secretary of Energy pursuant
to the Magnetic Fusion Energy Engineering Act.

Zslbid., p. 2.
29 Energy Research Advisory Board, Magnetic Fusion Energy  Re-

search and ~eve/opment, Final Report prepared by the Technical
Panel on Magnetic Fusion of the Energy Research Advisory Board,
DOE/S-0026, January 1984.
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dem mirror and tokamak confinement concepts
before constructing another major device, a choice
that in turn would require delaying progress on
the tokamak. The paneI also noted that the CPMP’s
schedule called for construction of a next-gen-
eration engineering test reactor—a major facility
intended to explore engineering aspects of fusion
–before necessary technology development
could be completed.

As a revised program strategy, the ERAB panel
recommended that a tokamak follow-up device
to TFTR be built to study scientific issues. The
panel recommended that the reactor engineer-
ing efforts be postponed until additional resources
were available, and that a strong and innovative
base program be maintained in plasma physics,
technology development, and alternative con-
finement concepts.

The Magnetic Fusion Program Plan, 1985

DOE revised its program plan in response to
the criticisms of the ERAB subcommittee. In 1985,
DOE issued the Magnetic Fusion Program Plan
(MFPP), which stated that “the goal of the mag-
netic fusion program is to establish the scientific
and technological base required for fusion
energy. ”3° Unlike the CPMP, however, the MFPP
lessened the reactor emphasis, concentrated
more on the science and engineering require-
ments, and relaxed the schedule for fusion de-
velopment:

The schedule for completing magnetic fusion
development is directly related to the technical,
economic, and political uncertainties associated
with energy supply, which are likely to exist for
several decades. The Magnetic Fusion Program
Plan is a strategy for solving fusion’s technical
problems within a time frame keyed to resolution
of other areas of energy development.31

Like the CPMP, the MFPP did not extend to
construction of a fusion demonstration reactor.
The plan laid out key technical issues that must
be resolved by the fusion program and set out
a goal of international collaboration, rather than

30U.  S. Department of Energy, Office of Energy Research, A4ag-
rretic  Fusion  Program Han,  DOE/ER-0214, February 1985, Execu-
tive Summary.

311 bid .

international leadership, for the U.S. fusion
program.

ERAB Review of the Fusion Program,
1986

The second triennial review of the magnetic fu-
sion program was completed by the ERAB sub-
committee on magnetic fusion in November
1986. 32 The subcommittee endorsed the fusion
program’s direction, strategy, and plan and re-
affirmed the need to investigate fusion energy as
“an attractive energy source of great potential for
the future.” The panel specifically considered two
issues of great importance to the future direction
of the program: 1 ) the construction of a Compact
Ignition Tokamak (CIT) as an experiment that
would extend scientific understanding beyond
that obtainable in TFTR; and 2) the role of inter-
national collaboration in an engineering test re-
actor project.

The Compact Ignition Tokamak.–Several
years of TFTR operation have shown continued
progress both in understanding and in achieving
confinement. TFTR has attained Lawson param-
eters above 1014 second-particles per cubic centi-
meter (a factor of 10,000 improvement over
1950’s results) and ion temperatures of 20,000
electron volts (a factor of 200 improvement). At-
tainment of actual breakeven when tritium is in-
troduced seems highly probable, and the fusion
community has been actively exploring options
for a next step beyond TFTR. This has led to DOE
recommendations for CIT construction.

CIT will explore the physics associated with ig-
nited plasmas. The ERAB subcommittee concluded
that CIT is “an essential and timely project,”33

both because it will address a fundamental physics
issue and because it will provide technical infor-
mation and experience valuable to the engineer-
ing test reactor. ERAB recommended providing
an increment to the magnetic fusion program
budget to prevent funding for CIT from being
taken from other program areas. The construc-
tion cost of CIT, in 1986 dollars, has been esti-

32 Energy Research Advisory  Board, Repofl of the Technical pane/
on Magnetic Fusion of the Energy Research Advisory Board, pre-
pared for the U.S. Department of Energy, November 1986.

JJlbid,,  p. 1.
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mated at $300 million for the facility, plus about
$60 million for diagnostic equipment and asso-
ciated R&D. This estimate assumes that the fa-
cility will be located at Princeton Plasma Physics
Laboratory, where, according to DOE, site credits
will save about $200 million.34

The Role of International Collaboration.–The
subcommittee endorsed current DOE efforts in
international collaboration. In particular, the
panel supported the idea of constructing an inter-
national engineering test reactor. As envisioned,
this device—called the International Thermonu-
clear Experimental Reactor (lTER)—will be a large

ldlbid., p. 11, site  credits  refer to the savings that result from con-

structing the project at a location that already has some of the
needed equipment in place. By constructing CIT at Princeton, the
experiment will be able to take advantage of the existing T~R power
supplles  and other equipment.

experimental facility designed to explore engi-
neering and technological issues relevant to fu-
sion reactors. The ERAB subcommittee stated that
“the United States should consider reaching out
to other nations to establish a multinational struc-
ture for fusion relationships. ”35 However, ERAB
also recognized the inherent complexity and un-
certainty of major international collaborations,
pointing out that “some realistic consideration
must be given to the possibility that international
collaboration on a large scale may not come
about.” 36 At present, DOE is investigating the po-
tential of undertaking a joint planning activity
with the other major fusion powers on a concep-
tual design for ITER, along with supporting R&D.

Jslbid.,  p. 14.
JGlbid,, p. 1 T. A detailed  discussion of international collabora-

tion on ITER and other projects can be found in ch. 7 of this
assessment.


