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Editorial

Needed: A New Fusion Program

Despite a burst of ground-breaking results in 1975,
we will not get fusion when we need it without a new
fusion development policy. The essentials of that
policy have now been spelled out in the U.S. Labor
Party’s Fusion Energy Research and Development
Act of 1976 which is reproduced in this issue.

The bill, which specifies organizational innovations
needed to stimulate basic research, comes at a crucial
juncture for fusion. On one hand, there has never been
greater uncertainty about the future of fusion develop-
ment: ERDA — The U.S. Energy Research and De-
velopment Administration’'s CTR Director Robert
Hirsch, after moving up his timetable for fusion to the
1980s, has been replaced by Ed Kintner, whose pre-
vious experience was largely confined to the fast
breeder program; and ERDA continues to push the
breeder as the medium-term ‘‘solution’: the co-
operative European program, centered in the Joint
European Torus (JET), has been pushed back six
months due to the political quagmire over where to
site the test device; and budget cuts or limitations
threaten back-up and main-line devices such as
Seyllac and Alcator in the U.S. and the Garching
Stellarator in West Germany. Exploratory and basic
research limps along with minimal support.

On the other hand, there continues to be significant
progress in the most well known fusion device, the
Tokamak — especially with the spectacular recent re-
sults of the Soviet T-10 and Oak Ridge Ormak. Several
high density approaches, particularly electron beam,
which received little or insufficient funding in the
U.S., but major support in the Soviet Union, give evi-
dence of near-term breakthrough.

It is particularly this latter group of device Lypes
which brings to the fore the theoretical problems
which must be subjected to exhaustive study at the
National Fundamental Research Centers proposed in
the Labor Party legislation. Pending more detailed
discussion of these basic theoretical questions in our
next issue, we begin their examination in this issue by
reposting on recent progress in a class of related de-
vices: plasma focus, electron beam, and imploding
liner.

In brief, what theoretical and experimental results
for each of these devices indicates is that the most im-
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po*’lant characteristic of the plasma state of matter is
its' tendency to form itself into micro-and macro-
stlixctures that involve well defined relationship be-
tween current and field geometries. Unless that is
req:ognized. and its implications explored as we begin
here, it is pure verbiage to call plasma the fourth state
of matter — much research will continue to be mis-
directed, or at least insufficient in conceptual clarity.
More generally, plasma, as the characteristic state of
matter in the universe, provides the medium not only
for%investigations leading to controlled fusion, but also
for beginning the theoretical unification of the par-
ticle-field duality which underlines the disjuncture be-
tween general relativity and quantum mechanics.

Jur message in this issue can therefore be sum-

marized: while technological and applied scientific ad-

vaﬁ.ces may lead to energy breakeven, and justify an
immediate maximum effort, open-ended fusion
development necessitates going to the frontiers of
physics — and beyond. With adequate levels of fund-
ing for research and training it is possible to stimulate
both ingenuity in synthesis and improvement of
redcmr prototypes and devices as well as necessary
funédamental theoretical advances.

This may seem utopian to those who think realism
means staying one step ahead of the next budget cut.
It is therefore timely to repeat the two basic realities
that inform our efforts. First, all energy policies other
than the most rapid possible transition to a fusion
based economy either accept or ignore the billions of
livés which will be lost — lives necessary to im-
plementing a fusion-based world economy — through
an inadequate rate of development. Second, the eco-
logical timetable for bringing a healthy humanity to a
new resource base is so stringent, and the scientific
and technological problems so demanding, than
notﬁwing less than a total effort will do.

If you think clearly about the actual deterioration of
the§ human population over particularly the last four
years in contrast to the gains in fusion made with rela-
tively paltry inputs, then you will be realistic enough
to know that half measures or capitulation to zero
gro:wzh nostrums are rationalizations for disaster.

Humanity survives by inventing new resources
whén it has to. If you are a practical person, you will
sup*mrt the required effort in fusion research.
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Whn‘e Pdper On World Ehergy Pollcy
Fusion Econé;bmy By

INTRODUCTION

The energy policy of the U.S. Labor
Party and International Caucus of
Labor Committees is directly deter-
mined by the technological program
necessary to avert the threat of eco-
logical holocaust. The immediate form
of this threat is manifest in the deci-
mated areas of the so-called Fourth
World, and in the rapid collapse of the
advanced sector. Continued imple-
mentation of the policy of triage which
has caused this devastation will irre-
versibly destroy the productive
capacities of the human species — and
therefore the human species itself.

To prevent ecological collapse in the
longer term, humanity faces the chal-
lenge of realizing a new energy and
resource base well before the finite re-
sources on which present production is
hased are exhausted.

This conjuncture necessitates the
most rapid possible rise in the standard
of living in the world’s population so
humanity can develop and produce the
technologies required for survival and
progress.

That program can be initiated now
with existing energy resources and
power generators, but can be continued
at a more advanced level after the
depletion of fossil fuels only through the
development of controlled thermo-

.nuclear fusion power.

Our program therefore consists of
two development stages. In the first,
transitional period, the per capita
energy consumption globally will be
raised to approximately the level which
now characterizes the skilled American
workers. A massive effort must simul-
taneously be launched to expand fusion
research and development. The second
stage is the onset of a fusion-based
economy, the only way to accelerate
technological development further and
to continually raise the material and
cultural level of the world’s population.

I. Criterion for Energy Growth

The necessary condition for the
survival and advance of humanity,
which depends on the advance of indus-
trial civilization, is the maximization of
the future cognitive capacities of the
waork force and the energy available for
ever more advanced modes of technolo-
gical transformation. The aim of our
policy is therefore to do everything pos-
sible to ensure the transition of humani-
ty to the qualitatively new modes of

resources. The

production associH\ed with fusion tecih-
nology.
In order to get tp|that transition pomt
we must make optimal use of exisuhg
ate of change lof
energy input required in the imme-
diate future period is determined by
setting on a worlld scale consumption
levels at which human beings can sur-
vive and reproduce themselves, and
below which consumption cannot be
allowed to fall. In'arder to achieve these
levels necessary| for human survival,
the Labor Party's Research and Devel-
opment staff has estimated year-to-
year maximum outputs of food, housing

and other esseh*iais which can be.

produced by fully utilizing the ad-
vanced sector’s present capacities for
capital goods production and the ca
cities of the available skilled and semi-
skilled workers. These categories and
associated productivity parameters
will themselves be expanded over time
by suitable re-investment policies| in
capital goods and by strong emphasis
on education and training to upgréde
workers' cognitive powers. Studies on
these categories will be publis ed
shortly.

The determined growth rates of
production and consumption can &1_150
be expressed in terms of the energy
inputs required at the points of produc-
tion and in households. When all these
factors are quantified, the overall
growth rate in energy use to optimize
development, starting from preqent
conditions, is dhout 25 per cent per
year.

With the onsat of fusion reactors in
about 1985, the overall rate of energy
consumption will shift sharply upward,
both because of expanded available
cnergy resources and because| of
society’s increased ability to ab90rh
and transform free energy into new
production processes.

I1. The Long-Term Solution

|

A. Fusion Power: The transitional
period indicates that fossil fuels will be
used at a sufficiently high rate by thes
mid-1980s that 4iEqificant replacement
of those fuels by another primnary
source — which can increase growth
rates further ~F must occur at about
that time. That replacement, ‘n fact is
our objective from that outset.

That source must be primarily fusion
for two related reasons. Only fusion,
through a wide variety of fuel and
reaction configurations, offers  es-
i,
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sentially open ended quantitative
growth and qualitative development.
These features are essential, since at
the end of the first transitional period
huge amounts of environmentally
acceptable energy and completely new
technologies of resource extraction and
processing will both be required for
continued progress. Fusion provides
unique capacities because of the high
concentration and temperature of the
fusion reaction region and the varied
forms of high efficiency energy output.

Basically what is necessary to obtain
controlled fusion is to achieve in an
ionized bit of matter the appropriate
state so that collisions between its
nuclej are energetic enough to make the
nuclei fuse together, forming heavier
units and releasing energy. This state is
called the thermonuclear plasma state
and is characterized by extremely high
temperatures, of the order of tens of
millions of degrees centigrade. The
second criterion that must be met is to
keep the fusion process going for a
sufficiently long time so that the overall
energy output is more than the amount
of energy expended in starting the
process. This is expressed by the so-
called Lawson criterion: the product nt,
of plasma density and confinement
time must exceed a specific magnitude
for each reaction10' sec/cm? for deu-
terium-tritium.)

The total amount of energy available
from fusion is, as a result of the huge
inventory of deuterium (used in fusion)
in the oceans, essentially unlimited.
The two significant issues to be
resolved are therefore the speed of
implementation of fusion and the
technological modalties of the fusion
process. These aspects are related.

Once one has grasped the signi-
ficance of the increased effectiveness of
human labor power, through cognitive
development, as the most important
result of the transitional period; and
therefore understands the necessity of
what at first might seem like an
astounding growth rate, it is only a
small step to solving the problem of

- achieving fusion on schedule. Once one

realizes that there are in principle an
unlimited number of modes for forming
plasmas and dynamically injecting
energy in all sorts of forms, and that
man-made H-bombs (hydrogen bomb)
produce fusion, then it follows that
there must also be a large number of
configurations that will produce signi-
ficant net energy output. The amount of
time required to invent and-develop




such a configuration is then a function .

of how much organized intellectual
effort is devoted to that objective. A
breakthrough is likely to result only as
a byproduct of systematically
broadened research throughout basic
scientific areas.

B. Fission: These criteria imme-

diately render irrelevant the present

debates about fission reactors. This is
fortunate, since the central issues in
that debate are presently not suscep-
tible to definitive scientific appraisal.
For example, the biological hazard
posed by the low-dose leakage of radio-
active materials from fission reactors
cannot at present be specified. The data
and conclusions from a number of
sources are either based on isolated
particular cases or unverified assump-
tions about statistical correlations
between radiation levels and health
problems.  Also, the computed
‘‘probabilities” for particular types of
disasters fall within such wide bounds
as to be meaningless.

One property that can be effectively
assessed is that of total radioactivity
and its decay time. The comparison of
typical fusion and fission reactors
demonstrates the clear superiority of
fusion in this respect.

However, these questions are
eclipsed by the criteria posed by the
necessary development program.
From that standpoint, in quantitative
and qualitative terms, fission cannot do
the job. The total energy available from
fission processes is, in the final analy-
sis, limited by the total amount of
material which can be used directly as
fission fuel, or can bhe readily trans-
muted into fission fuel. The amount of
energy available from uranium-235 (U-
235) — 70 Q (one Q is a million trillion
BTU) — is small compared with the
total available from fusion. The
suggestion to remedy this by producing
more high-grade fission fuel in the form
of plutonium (from U-238) in the
breeder reactor, could provide an
additional 0.5 million Q, but net at
anywhere near the rate required by an
optimal development program because
of the long breeding time (presently
about 50 years for doubiing of fuel) of
the present devices. It may never be
possible to build breeders which
operate more efficiently and also
deliver significant power. For these
reasons, present fission-produced
energy. even if biologically acceptable,
could not cover or keep pace with more
than a small portion of the required
exponential growth rate in the post-
fossil period.

Moreover, fission power is essentially
restricted to traditional production of
steam-turbine-generated electricity, in
contrast with the numerous technolo-
gical spinoffs from fusion. Its relatively
low temperature core (compared with
fusion) is neither accessible nor suit-

able for a new industrial relvolution.

C. Solar: According to the U.S.
Atomic Energy Commission’s Sub-
Panel IX study of solar }nergy. con-
ducted by the National Science Founda-
tion, large-scale solar power stations of
100 megawatts (MW) elecj;ical (this is
small compared even to present fossil
and fission plants), based on heat
conversion of collected sunlight, would
require enormous material inputs of
construction materials such as steel,
aluminum, and concrete. Without even
adding fabrication and transportation
costs in terms of energy, it would take
approximately 10 years repay the
energy inputs if all the solar output
were devoted to replacement. This
means that at least 10 years’ worth of
fossil fuels, at present rates of con-
sumption, would be required to build an
all-solar system which simply produced
the present total yearly energy output
of about 0.20 Q. This would also require
covering about one-twentieth of the
U.S. with solar hardware: One 1,000-
MW solar plant would occupy 10 to 20
square miles.

Sub-Panel I1X estimatec‘ that solar.
plants would have about a 25-year life-
time. Thus, a solar-based energy
system has a definite upper limit on
how much total energy it ¢an produce
and it does not add anything to the total
stock of energy resources while moving
toward that limit. In fact, the energy re-
quired to build a 0.20-Q solar system
would represent a waste of a full one-
fourth of the remaining oil and gas re-
serves — estimating reserves to be 40
years'
levels.

(%)
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worth at present production
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'Don’t Be Fuelish

If a hypothetical all-solar system
were built, ecological conditions would
necessarily be worse than they are now.
There would be less skilled labor, less
transport, less agriculture, less produc-
tion. Even assuming the materials
were still available, a 25-year replace-
ment cycle would dictate that 40 per
cent of total output be fed back into pri-
mary needs of the system.

This reality properly locates one of
the limpest rejoinders offered to pro-
ponents of fusion development: that we
already have it free of charge from the
sun. This argument serves for the bil-
lions of years of evolutionary devel-
opment on earth, including the last

- several millenia, using indirectly solar-
derived fuels such as wood, coal, and"

oil. But humanity has now reachedja
stage of real and potential progress for
which the sunlight reaching the earth’s
surface is too diffuse to promote — by
itself — further economic and eco-
logical progress. (Progress is defined
here as the capacity for increasing free-
dom from disease and hunger, increas-
ing creative leisure and work, and

expanding the biomass and humanity to

further develop and use new forms of
energy.) What the solar advocates
cannot understand is that con-
centrating on this diffuse energy source
(about 1.4 kw/i?) requires exactly the
advanced industrial base which a solar
energy economy would destroy.

There will be a significant role for
solar energy later when increased
global productivity makes possible the
capital expenditures necessary to
collect solar energy in space, closer to
the sun.

L4
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BE IT ENACTED BY THE SENATE
AND THE HOUSE OF REPRESEN-
TATIVES OF THE UNITED STATES
OF AMERICA ASSEMBLED IN
CONGRESS; that this Act may be cited
as the Federal Fusion Energy
Research and Development Act of 1976.

TITLEI

The Congress hereby finds that:

(a) The immediate development of
controlled fusion is of priority concern
to the Nation and World.

(h) The major reason for the nation’s
past failure to develop controlled fusion
has been the lack of an aggressive
rescarch and development strategy
designed to bring the necessary
resources to bear on the problem.

(¢) The neglect of potential controlled
fusion resources had led to deficiencies
in the nation's array of available
malterial resources.

(d) The nation's energy and resouce
requirements can be met if a national
commitment is made now to dedicate
the necessary financial resources, to
enlist our scientific and technological
capabilities, and to accord the proper
priority to developing controlled fusion
to serve national needs, conserve vital
resources, and protect the en-
vironment.

(e) The urgency of the nation's and
world’'s resource problems requires a
commitment similar to those un-
dertaken in the crash developmnet
Manhattan and Apollo projects: it
requires that the nation undertake a
long-range, top-priority research and
development program in cooperation
with all interested nations of the world.

(f) In order to guarantee the integrity
of such a crash development fusion
program, Congress will initiate an
immediate public inquiry into the
possibility that criminal neglect and
sahotage are responsible for the failure
of the nation to have previously
developed controlled fusion. The
Congressional investigation will run
concurrently with the implementation
of the crash development fusion
program.

TITLEII:
General Policy

Section 2

The Congress hereby declares as

policy:

(a) A Natiohal Department  for
Development of Controlled Fusion will
be immediately|established to carry out
a national crash program of basic and
applied resea ::r and development,
including demg strations of practical
applications, with respect to all jap-
plications of controlled fusion.

(h) The Department for Development
of Controlled 1si'on (DDCF) will be
directly responsible to Congress as a
whole and will provide monthly public

reports on progress of the cﬂlash

program. ! | |

(¢) The DDCH shall promptly make
all records available for public |in-
spection and copying at reasonable

rates.
TU['LE 11
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Section 3 i

The Congress AI\IIHGNZ{ZS and directs
that. to the fullest extent possible, the
Department for Development of Con-
trolled Fusion Authorized by this Act
shall design and |exccute its activities
according to the following principles?

(a) All patent and proprietary rights
which bear upon controlled fusion ar its
development o I‘Tappliculions will | be
held in abeyance. | ;

(h) The DDCF will cooperate with all
other national and international efforts
directed toward |development of con-
trolled fusion. 5|

TITLE IV !
SH;tiun 1 |

The Congress further authorizes tihe
Department for|Development of Con-
trolled Fusion t01 ‘

(a) Review the current status of all
U.S. and other efforts into controlled fu-
sion and furnish a full report to the
Congress and 1t t nation within two
months after the enactment of this bill.

(b) Form a committec to the nation’s
leading scientists and enginecers |to
review current Hnd projected fusion
research efforts ind develop a detailed
report on implementation of the crash
program budgeted herein. The com-
mittee will furlhj’ submit proposals for
initiation and 1ovcrnnncc of the
rescarch centers hudgeted hercin. This
report will be reported to Congress
within two months of the enactment of
this bill. W ‘
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and Developmei:;nf:Ac’r of 1976

(c) Obtain under the authority of t.ie
Congress all classified scientific infor-
mation and other materials which
relate to the development of controlled
fusion (particularly laser and electrical
beam fusion) and make this in-
formation public.

(d) Take possession of all existing
governmental facilities (and in parti-
cular those of the Energy Research and
Development  Administration and
Department of Defense) which could
contribute to fusion research.

(e) Report all of its activities to the
Congress and the nation on a monthly
basis.

(f) Set up a national communications
and translation network to transmit
scientific data and reports as rapidly as
possible.

TITLEV:
The Department for Development
Of Controlled Fusion

Section 5
The Congress hereby declares that:

(a) The Department for Development
of Controlled Fusion will replace the
Energy Research and Development Ad-
ministration (ERDA) and function
under the same lesislaive authorization
as ERDA until Congress completes its
investigation of fusion sabotage. The
President will temporarily appoint with
the consent of Congress an eleven
mancommittee to take possession of the
ERDA and implement this bill. Their
term will end within six months.

(b) All facilities currently engaged in
the United States in research on fast
breeder nuclear fission reactor re-
search shall be transferred to fusion re-
search under the control of the DDCF.

TITLE VI:
Appropriate Authorization

Section 6

The Congress hereby authorizes the
following appropriations for the crash
development of nuclear controlled fu-
sion:

(a) In the fiscal year of 1977, §5 billion
will be appropriated to the Department
for Development of Controlled Fusion.
The FY 77 budget of $5 billion (see
Table I of Appendix I) would provide







