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Editorial

Putting the Energy Crisis into Perspective

he Twelfth World Energy

Congress held in September in
India presented a contrast to
previous sessions of the nearly sixty-
year-old Congress, not merely be-
cause it was hosted for the first time
by a developing nation. The energy
experts from many countries assem-
bled in New Delhi put into proper
perspective the nature of the energy
crisis, and the limitations of the much-
touted alternate energy sources in
particular.

The speakers, mostly representing
utilities and industry, made it clear to
the 3000 delegates—including
twenty or more ministers, mostly
from developing countries—that
until such time as thermonuclear
fusion becomes available, electricity
generation via nuclear fission, hydro-
power and fossil fuel will have to carry
the brunt of energy demand. Solar,
wind, geothermal and the rest might
be transitionally important in parti-
cular, limited circumstances but will
remain minor and strictly non-com-
mercial energy sources overall. It is a
welcome relief that a rudimentary
understanding of physics did finally
prevail after several years of specu-
lation on the “alternates.”

This conclusion was presented
from a number of standpoints in a
host of guality presentations. There
were more than 160 papers prepared
by authors from some 50 countries,
Their contents were discussed at a
series of technical sessions, round
tables, working group meetings and
“poster sessions’’ running concur-
rently throughout the week. Repre-
sentation was broad, though South
and Southeast Asian ranks were thin.
Since the delegates were overwhel-
mingly professionals, businessmen
and energy officials the environmen-
talist litany one has come to expect at
a conference on energy was refresh-
ing by its absence.

Discussion on the prospects for
solar power, the brightest star in the
“alternate” galaxy, centered on capi-
tal costs and basic logistics. M.
Durand, French delegate and Assis-
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tant Secretary General in NATO's
Scientific Division, outlined clearly
why an energy programme based on
solar power development would be
suicidal for developing nations. Spe-
aking from personal experience of
intimate contact with photovoltaics
manufacturers, Durand said that the
cost of electricity generation via solar
cannot be brought below three times
the capital cost of nuclear power
generation, He also pointed out that
to build a 1000 MW solar thermal
power plant requires 50 square kilo-
metres of land area, whereas a
nuclear power plant of the same
capacity takes up a mere 0.25 square
kilometres. For developing nations
with large populations, few cities, and

The world does not face
an energy crisis, but rather
an economic crisis that has
been a major barrier to
energy development pro-
grammes of most nations.

—WEC Sec. Gen. Eric Ruttley
Concluding 12th Congress

a large land area required for indus-
trialisation and agricultural develop-
ment, it is not a trivial point.

Besides spotlighting the shortcom-
ings of the low energy flux density
alternates, there was serious discus-
sion of the necessity of nuclear power
development. France, India and the
U.S. stood out here. American reports
emphasised the excellent record of
nuclear power with regard to compe-
titive costs, efficiency and pollution.
The French were not only bragging
about their excellent nuclear-based
electricity development programme,
a model of “self-reliance.” They were
also heralding the age of the fast
breeder reactor, urging those who
have developed nuclear fuel cycles
for their first generation reactors to
move quickly for breeder develop-
ment. In this the French were in
league with the Indians, who have
long since chalked out their breeder
programme in detail.

This is a welcome initiative for
“energy independence.” Both France
and India offer important models to
developing nations. Qurinternational
news section features a detailed
report on the construction of the
1200 MWe SuperPhenix fast breeder
reactor in France, and we are looking
forward to reporting on the early
startup of India’s 15 MW test breeder
reactor.

The present constraints and enor-
mous potentials for nuclear energy in
the developing sector was discussed
at length, International Atomic Ener-
gy Agency (IAEA) officials pointed
first to the fact that while most deve-
loping nations have small and frag-
mented transmission grids, nuclear
power plants below 600 MWe capa-
city are not generally available, Accor-
dingto IAEA there are some 15 count-
ries, all developing, which could use
unitsin the 200 to 600 MWe range—a
clear indication of the potential mar-
ket for small reactors, provided they
were economically viable and availa-
ble without political preconditions.

On the former point there were
some interesting discussions. H. Hir-
schmann, Executive Vice President of
the West German reactor manufac-
turer Kraftwerke Union, described
the ongoing work in this field, and
demonstrated that the small reactors
do compare favorably with coal and
oil-based plants.

The big question remained, how-
ever, as to how the logjam created by
the developed nations to prevent
nuclear power development in the
developing sector can be overcome.
An obvious and promising suggestion
came from the floorregional co-
operation among the developing na-
tions themselves could overcome the
difficulties presently faced by small
nations in adopting nuclear energy
technology. The South Asia region is a
prime example. Since India has deve-
loped the entire nuclear fuel cycle, it
would be entirely appropriate to
India’s leadership of the region to
help the neighbouring nations deve-
lop nuclear power for peaceful use.




We expect this debate to rage and
look forward to early steps toward
such regional cooperation.

On the need for electrification for
industrialisation and economic ad-
vance, a few excellent papers were
presented. The most far-reaching was
undoubtedly that of Fremont Felix, a
consultant with the American firm
Gibbs and Hill. Felix stressed the
need to dispense with the practice of
equating electricity use and raw ener-
gy consumption.

Especially thought-provoking was
Felix’s analysis of the way in which

electrification  fosters  economic
development, bringing forth more

and more sophisticated products and
extending labour resources. Electri-
city promoted the shift toward small
manufacturing units, he said, encour-
aging decentralisation—an important
issue in developing nations with large
rural populations. After all, as Felix
told an Indian reporter, “What can be
more decentralised than a wall plug?”

Happily, fusion was on the agenda
at this conference, albeit sandwiched
in among the “alternates.” Dr. R.S.
Pease, Fusion Programme Director for
the UK Atomic Energy Authority and
Chairman of the IAEA's International
Fusion Research Council, gave a
thorough and lively status report on
fusion development. He emphasised
that fusion is one of the major areas of
international collaboration today
with significant long-range impact.

While these and other papers
inspired delegates, and gave them
ideas as to the direction in which to
proceed, a survey presented by the
World Energy Congress authorities
was void of imagination if not down-
right counterproductive. Based on
linear extrapolations of historical
data, without paying any attention to
the increased efficiency caused by
advancing technologies and the new
and better technologies which will
emerge in the near future, the survey
concluded that by the year 2020 sub-
Saharan countries will rely on wood to
meet their fuel needs, the South
Asian nations would be consuming
animal wastes as their main energy
source, and the Latin American na-
tions would be totally dependent on
hydro-electric power.

The report is absurb and mislea-
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ding. Inasmuch as this type of fore
cast, once put into the policymakin|
pipeline of individual nation
becomes a basis for making energy
policy decisions, the exercise is if-
responsible. The simple fact of the
matter is that the developing natiors
are desperately trying to increage
their energy production. It is
secret that they are looking for capji-
tal and advanced technology, both ¢f
which they lack, to do it. If the
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requirements are not met, either by
the developed nations or through
regional cooperation within the deve-
loping sector, then these countries
will not only be dependent on dung
and firewood but their very existence
as sovereign nations will be in jeo-
pardy. The pretention that the poor
and developing nations of the world
can survive in 2020 by depending on
fuelwood and animal wastes is a
misanthropic hoax, B
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News Briefs

IRAS SURPRISES THE SCIENTISTS

The Infrared Astronomy Satellite (IRAS), launched on 25 )January by the
United States National Aeronautics and Space Administration, has reported a
number of significant discoveries which have puzzled scientists. The series of
new findings started with the IRAS detecting five new comets and a
“miniplanet” only 1.2 miles in diameter circling within the orbit of Mercury.
The most spectacular discoveries, which were reported recently by the IRAS,
include a shell of dusty material around Vega and at last 50 new stars with
possible planetary systems. IRAS has also found a giant husk of material around
Betalguese, a red supergiant star in the Orion constellation.

The latest findings, sentin early November, include a view revealing swirling
“cirrus clouds” of dust and a distinct dust ring beyond the orbit of Mars. The
ring, which resembles a triple structure, includes a thick central ring flanked on
either side by thin rings. The rings are tilted at about nine degrees to the
ecliptic, the central plane of the solar system.

The infrared radiation that IRAS is measuring from the far-away galaxies is
registered as heat in the telescope. To make sure that any heat they are
measuring is the heat of the galaxies, and not inside the telescope, the
telescope is kept at about 2 degrees above absolute zero. The satellite carries
154 pounds of liquid helium, enough to keep the IRAS cool for ten months.
IRAS has so far identified more than 180,000 small dusty sources, most of
which are too cool to radiate light and to be visible from Earth.

Scientists have been totally intrigued by the IRAS’ findings. According to
scientists, it will take two to three years to analyse the “photographs” IRAS has
sent. But one thing that the scientists have acknowledged is that the Universe
appears to be far more “dusty” than had earlier been assumed. Since such dust
clouds mark the beginning of new stars, the rate of star formation in the gala-
xies is much greater than the scientists had earlier thought. This also suggests ‘
The IRAS, a sketch. that the birth of stars like the Sun is a relatively more common phenomenon in

the galaxy. ‘

CHINA JOINS THE 1AEA

Last October the People’s Republic of China (PRC) formally became a
member of the International Atomic Energy Agency (IAEA) at the Agency’s
Annual General Conference in Vienna. Since China is now actively pursuing
development of nuclear power for energy generation, its admission into the
IAEA has been welcomed by all. One of the major roles of the IAEA is toimpose
nonproliferation safeguards on the reactors of member nations.

The immediate beneficiaries of China’s move will be those reactor
manufacturers in the West who were not previously allowed to supply reactors
to China because the country was not a member of the IAEA. In early 1983
Framatome, the French reactor manufacturer, was reportedly the front-runner
to receive an order for two 900 MWe Pressurised Water Reactors scheduled to
be installed.at Xian Dakeng in China.

During the summer, prior to IAEA Director General Hans Blix’s visit to China,
negotiations between the United States and China on nuclear technology
transfer were stepped up. China's admission to the IAEA will now free
Westinghouse, Inc., the American reactor manufacturer which had also been
negotiating for the supply of the Xian Dakeng reactors, albeit through a British
company, to enter the bidding for the reactors as well as the turbines in its
turbines in its own right.

ANOTHER SETBACK FOR SOLAR ENERGY -

The lack of future prospects for solar energy as a viable commercial energy
source is causing financial problem to its promoters. RCA Caorporation of the
United States, the leading researchers of photovoltaics in the world, have
decided to sell their technology lock, stock and barrel to a Maryland-based
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firm and get out of the solar cell business completely. RCA reportedly decide
about a year and a half ago that it would not risk the large amounts of capita
estimated to be as high as $100 million, needed to pursue photovoltai§s
development. The investment decision centered on plans to set up productian
facilities for making amorphous silicon cells.
RCA's decision to get out of photovoltaicsisa reflection of what the solar cdl
experts are now discussing openly. At the last World Energy Conference held
New Delhi in September, experts from around the world made it clear th
they donot foresee any miracle in overcoming the problems thatare houndir]
solar energy development.
Meanwhile, the multinational oil companies, who wield a lot of palitical and
economic power, are funding solar energy development heavily. The purpoge
is to keep nuclear power out so that oil continues to be the chiefindustrial fugl.
Y

e

bar

aa e~

Standard Oil of Ohio (SOHIO) and Standard Oil of Indiana are current]
helping to bankroll amorphous silicon photovoltaic cell manufacturing in th
United States.

INDIA INSTALLS LARGEST TELESCOPE IN ASIA

In January 1984 Indian scientists will complete installation of the largept
optical telescope in Asia. The telescope, designed and fabricated by the
scientists of the Indian Institute of Astrophysics in Bangalore, will be mountdd
at the Kavalur Observatory in Tamil Nadu.

Dr. ).C. Bhattacharya, Director of the Indian Institute of Astrophysics and|a
noted astrophysicist, has said that the telescope will help scientists to obta|n
valuable data from the galaxies and provide a better understanding of tHe
stellar origins and skies. India will be the first developing country to embark qn
such a venture,

The new telescope has a mirror that is 2.34 metres in diameter and weighs
3.5tons. The entire telescope arrangement weighs close to 100 tons. The mirrpr
also possesses a high level of accuracy: no two points in the mirror have a levgel
difference of more than 0.01 micron in the theoretical parabola. The
telescope will be supported by a computer for storing and analysing data. The
computer will also control the telescope for automatically pointing it to|a
given star or galaxy.

The Kavalur Observatory has been picked for installation of the $5 millign
telescope because at Kavalur the telescope can operate in a latitude range
where few large telescopes are now in operation. It is also suited for the studly
of the relatively unexplored southern Milky Way.

JET REACHES A NEW MILESTONE

Joint European Torus (JET), the largest project in the European nuclepr
fusion programme, produced discharge currents of one million, three hundrgd
thousand amperes on 27 October, with a duration of more than one secongd.
This has been considered by the scientists as an early milestone in the driye
towards the achievement of full performance parameters (four million eight
hundred thousand amperes).

As the | ET project continues the plasma current will gradually be increasgd
to 4.8 MA and additional heating equipment (25 MW) will be added to the
machine with the aim of raising the hydrogen plasmato atemperature of abojt
50 million degrees for periods of about 10 seconds. If this is successful, thén
towards the end of the project deuterium and tritium gas instead of hydrogen
will be introduced into the machine to produce fusion reactions. At that tim¢ it
is hoped that the self-heating effect will raise the temperature further to the
required 100 million degrees centigrade, releasing bursts of high energy
neutrons. Inafuture fusion reactor these neutrons will be the source of heat flor
oroducing electricity.

Solar panels.

{hter goioadal fid caily

JET Annual Report. 1982

The JET reactor, a schematic.
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International News

U.S. Program Makes Important Advances
In Magnetic and Inertial Confinement

Over the past three months both the
low-density, continuous operation
magnetic approach to fusion as well as
the high-density, pulsed method of in-
ertial confinement have made major
progress. These results, reported in
recent international fusion meetings,
continue the steady, often dramatic,
advances in fusion research over the
past five years.

At the Los Angeles meeting of the
American Physical Society’s Plasma
Physics Division Nov. 7, Dr. Ronald
Parker of the Fusion Center at the Mas-
sachusetts Institute of Technology an-
nounced that the Alcator C tokamak
had approached the confinement pa-
rameters needed for energy break-
even in electric power reactors based
on magnetic fusion energy. The con-
finement parameter achieved on Al-
cator C approached a value of 100 tril-
lion seconds-nuclei per cubic centi-
meter.

This parameter has long been one of
the major goals of the world effort to
harness the virtually unlimited energy
potentials of nuclear fusion. The other
major element needed to demonstrate
scientific feasibility of magnetic fusion
energy production was attained on the
PLT tokamak at the Princeton Plasma
Physics Laboratory in 1978, when it was
shown that a stably confined magnetic
plasma could be heated to more than
80 million degrees Celsius—the tem-
perature needed to ignite nuclear fu-
sion in power reactors.

All previous fusion reactor studies
have come in with projected costs 25
to 100 percent greater than fossil and
fission. As Nuckolls concludes in his
report: “This is a remarkable and ex-
ceedingly important result. . . . This
low cost economic potential would
provide strong commercial incentives
to accelerate the pace of fusion devel-
opmentin the near term, and to install
a fusion energy system in the long
term.”
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The Alcator C at MIT recently approached the density-confinement time param-

MIT

eters needed for breakeven, at 100 trillion seconds-nuclei per cubic centimeter.

Although Nuckolls primarily focus-
es on inertial confinement fusion, the
type of fusion that he helped pioneer,
he notes that, “These remarks about
the economic potential of fusion apply
to all of fusion not just inertial fusion.”
Nuckolls also points out that develop-
ment of both general approaches to
fusion to should be accelerated.

In detailing the scientific prospects
for inertial confinement Nuckolls notes
the crucial benefits of polarizing fu-
sion hydrogen tuel. This can lead to a
threefold decrease in the required las-
er energy needed to achieve inertial
confinement and in developing entire-
ly new approaches to inertial confine-
ment target design. Fusion magazine

International




was the first to point out the unique
applications of polarized fusion for in-
ertial confinement in the analysis that
was published in a special issue in Sep-
tember 1982.

In his economic analysis Nuckolls
uses a cost-benefit argument to show
that spending a few billion dollars
needed to accelerate the development
of fusion now, will pay off in the tens
of trillions of dollars in 21st century in
the world energy market and guaran-
tee the technological preeminence of
U.S. industry. Nuckolls concludes that
because of this tremendous payoff, the
“United States has strong incentive to
accelerate fusion research—other na-
tions have similar incentives.”

Although the Alcator C reached a
temperature of only 16 to 17 million
degrees, its achievement of the con-
finement parameter leaves little doubt
that the Princeton Tokamak Fusion Test
Reactor (TFTR) and Joint European To-
kamak (JET), both of which became
operational over the last year, will
achieve both the temperature and
confinement parameters needed for
operation of tokamak magnetic fusion
reactors.

French SuperPhenix

Largest Fast Reactor Comes

Less than six months from now,
France will emerge as the nation with
the most advanced nuclear tech-
nology. In 1984 the French will start
operating the new 1200 MW plant,
SuperPhenix at  Creys-Malville.
SuperPhenix will be the largest proto-
type fast reactor in the world in
operation.

The decision to build a fast reactor
plant at Creys-Malville was taken by
the Board of NERSA (Centrale
Nucleaire a Neutrons Rapides S.A)
on 20 December, 1976. Civil engi-
neering work started in 1977, and in
seven vyears the plant will be
completed. While the Clinch River
Breeder Reactor in the United States
has been under construction for
almost a decade and still no final
completion date has been pinned
down, the French effort can be
regarded as satisfactory if not
spectacular.

International

The Alcator C reached higher d
sity operation by utilizing pellet inj

ties were 2,000 trillion nuclei per
With a peak energy confinement ti

reached the goal of the Lawson pr
uct, 10" particles per cc per second.

More significantly, the recent expgr-
iments on the Alcator C and the TFfR
indicate that confinement time is
function of the product of the plasiha
density and the cube of the plasma cpl-
umn radius. This is far better than what
had been predicted by the most ofti-
mistic theoretical projections of the
1950s. Furthermore, experiments
Princeton’s PLT and PDX and the West
German ASDEX tokamak indicate that
confinement can indeed imprave with
increasing temerature.

Also, experiments on the Alcatoq C
and the PLT utilizing microwaves show
that tokamaks could be made into what
are effectively steady-state devices.
Using microwaves, tokamaks can
kept running for up to aday at a ti
It was previously feared that pul
operation inherent in the tokamak

How did France do it? And why are
the other advanced nations lagg|ng
behind? The answer to both questigns
can be seen from the current scopdq of
the French programme and [i
political history,

Behind SuperPhenix

In 1953, the French started dofng
fundamental research work into xhe
physical properties of neutrgns
initiated at the Saclay and Fontenes-
aux-Roses centres,

In 1960, the French Atomic Eneygy
Commission (CEA) established fhe
first test facility for sodium technolggy
at Cadarache, The test facility provi-
ded nuclear scientists and enginders
the facilities to investigate the spefial
technological features of sodigm-
cooled fast reactors.

Seven years later, the CEA instaljed
the first  experimental reaclor,
Rapsodie, with a capacity of 40 MW,
This experimental reactor (which gro-

=t
wn

would incur serious economic and en-
gineering drawbacks in power plant
design.

Fusion’s Economic Potential

Dr. John H. Nuckolls, associate di-
rector for physics at the Lawrence Liv-
ermore National Laboratory's Inertial
Confinement Division, presented a
new, revolutionary analysis of the eco-
nomic prospects for nuclear fusion at
the European Laser-Matter Interaction
Conference held the first week of Oc-
tober in London, England. Using re-
sults from recently completed "ad-
vanced reactor designs, Nuckolls
demonstrated that fusion has the ulti-
mate economic potential of generat-
ing electricity for half the cost of the
currently cheapest methods—nuclear
fission and coal.

Nuckolls states: “Relative cost es-
calation would increase this advan-
tage. Fusion’s potential economic ad-
vantage derives from two fundamental
properties: negligible fuel costs and
high quality energy (which makes pos-
sible more efficient generation of elec-
tricity).”

On Line

vided the basic design for the first
Indian experimental fast reactor (FB-
TR), due to be commissioned by the
end of this year) has now been under
operation for almost sixteen years. It
has provided French nuclear engi-
neers a wealth of data regarding per-
formance of the major components of
the system, together with a high
quality nuclear fuel suitable for large
capacity fast reactors.

However the dirigist French
approach in developing nuclear
energy goes back to the pre-Second
World War days when lrene Curie and
her husband, Frederic |oliot, joined
Marie Curie’s laboratory at the Ecole
de Physique et de Chimie in Paris. It
was their work that Ilaid the
foundation of France’s rapid develop-
ment in the field of atomic energy
before the war broke out. In 1934,
Frederic Joliot and lrene Curie won
the Nobel Prize. In his acceptance

January 1984  FUSION ASIA 7

|




—T1
fazs
a1 N

.o
i

Main vessel
baffles —

——

Main vessel g 21000

B

Control rod
mechanisms

[ Core

Inner rotelmng plug 1

Outer rotating plug

—Transfer machine

Core
support
structure

Cooling
) ' Circuits

Roof slab
| J cooling
93164(_30 I & : ] circuits
 p24100 | w6200 [I| _ 2| | -
Lt L =2 Top view
Safety Concal I > =
——vyessel structure J E
_Inner '__d:-
vessel B, )
P e p A
|- ofl [ fobers
| =1 1 Mes|
| u;'ll i | :9 |
= =
2| @ a2
= 21l
1 £ 0
3i 6? ; +Toroidal structure
glo] Core_|
>[T | diagrid

\X;; &
T

o

=
_ E G
_Jlg.

Core diagnid

h

support

Arrangement of the main primary circuit components in the SuperPhenix fast reactor.

speech, Joliot predicted the next
phase of their discoveries—the fission
of uranium nuclei, which took place in
1938-39—and the enormous poten-
tial it would unleash for humanity.
CNRS : a Landmark
Joliot-Curie and their circle of

8 FUSION ASIA  January 1984

collaborators established the Centre
National de la Recherche Scien-
tifique (CNRS), a government body
whose responsibility was to develop,
direct, and coordinate all French
scientific work. The establishment of
CNRS is considered a landmark for

Nuclear Engineering International

developing scientific work in France.
Immediately at the war's end, the de
Gaulle provisional government made
Joliot director of the CNRS. During
his involvement with the CNRS joliot
corresponded with General Charles
de Gaulle on the importance of

International

=




keeping the lead France had attained
in the field of atomic energy.

Soon after, de Caulle made the
decision to set up the French Atomic
Energy Commission (CEA) with Joliot
as director. CEA became the world’s
first postwar civilian institution dedi-
cated to the development of nuclear
technology. Jdliot took the oppor-
tunity to gather around him virtually all
his former scientific collaborators who
had returned from the war effort
abroad having acquired considerable
experience. This experience soon
proved to be of immense value: on
December 15, 1948, France's first
atomic pile, “ZOE"”, went critical.

The CEA'S role has been increased
over the years, but the agency's areas
of responsibility are still the three
areas originally assigned to it: pros-
pecting, extraction and enrichment of
uranium ore, overall planning of the
national nuclear industry and
research and development. In the late
1950s, the CEA was also assigned
responsibilities in the military field,
which now include the task of
developing nuclear warheads for
French atomic weapons as well as the
reactors for atomic submarines.

In the case of SuperPhenix, pooling
of research and development know-
how was made available to the
constructors by means of a system
license granted by the CEA through
the European System Company
(SERENA). In March 1977, NERSA
placed the order for the turnkey
supply of the nuclear boiler for
SuperPhenjx with the French firm
NOVATOME and the Italian firm
NIRA, acting jointly. The contracting
parties are entirely responsible for
the design, construction and turnkey
supply of the boiler.

Complete Nuclear Cycle

During the period leading up to the
decision to install fast reactors France
had developed a complete nuclear
fuel cycle. In 1973 France began buil-
ding Western Europe’s first civilian
uranium enrichment plantin Tricastin,
setting up a consortium called
EURODIF. The EURODIF plant, built
at a cost of U.5.$3 billion, drew its
technology from France's military
uranium  enrichment plant at
Pierrelatte, which produced its first
usable quantities of fissionable U-235

International

TECHNICAL AND GENEHAL CHARACTERISTICS OF
THE SUPERPHENIX PLANT

Reactor type

Nominal thermal capacity of boiler
Gross electrical capacity

Fuel composition

Mass enrichment with Pu 239
equivalent

Breeding ratio

Maximum bum up rate (planned
figure)

Inteigrated type. sodium-
cooled, fast reactor

3000 MW
1240 MWe
mixed oxide sintered UOZ-PUOZ

15.12%
0.183

70,000 - 100,000 MWd/t

No. of fuel assemblies in core 364

No. of pins per assembly 271

Cladding material stainless steet -

Nominal maximum cam temperatuJE 620° C

No. of radial blanket assemblies

in core 233

No. of pins per assembly 91

Cladding material stainless steel

Shape of reactor vessel cylindrical with torispherical
bottom

Inside diameter 21000 mm

Height 19500 mm

Metal stainless steel

Heat-transfer fluid in primary loops sodium

Total mass of sodium in primary

loops 3500 t

Temperature at core inlet 395° C

Temperature at core outlet 545° C

Heat transfer fluid in secondary

loops sodium

Total mass of sodium in secondanJ

loops 1500 t

Temperature at outlet from steam

generators 345° C

Temperature at inlet to steam

generators §25° C

Temperature of water at inlet to

steam generators 235° C

Temperature of steam at turbine

intake 487° C

Courtesy: Bulletin d'Inford

nations Scientifigue et Techniques
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in March 1979. With the completion
of the EURODIF plant last year,
France is now capable of producing
10.8 million separation work units, or
about 25 to 30 percent of the world's
capacity.

With the future construction of fast
reactors in mind, the French also
started building their fuel reprocessing
facility. Now France has two repro-
cessing facilities which can recover
96 percent of the low enriched
uranium and one percent of the
plutonium from spent fuel. The low
enriched uranium can be reused as
fuel and plutonium can be used to
start up the breeder reactors and fuel
them until the new plutonium is bred
by the fast reactors.

Following the oil embargo in 1973,
France started to move fast with the
installation of pressurized water
reactors (PWRs). Presently the PWR
installations are well under way. At
the end ‘of the seventies, nuclear
energy accounted foronly 11 percent
of France's total energy consumption.
With 23 reactor units now connected
to the grid, the nuclear plants
accounted in 1981 for almost 40
percent of French electricity produc-
tion or nearly 100 Terrawatt hours. By
1990, it is estimated that nuclear
power will supply 70 percent of
France's total electricity use.

France's long-term energy planning
group has recently suggested that
two units of plant be ordered peryear
until the year 2000. They say that at
an ordering rate of two units per year
the French nuclear industry can be
maintained in its present form,
although it will still be necessary to
reduce the research and develop-
ment effort and to increase exports.

Energy Independence

But French planners are also con-
cerned about the vulnerability of
uranium. In the ten years since the oil
embargo was imposed, the French
have partially substituted uranium for
oil as the energy generating source.
The planners are, however, also
aware that the PWRs, which use
uranium as the feedstock, may cause
the same difficulties as those encoun-
tered with oil during the past ten
years. Oil blackmail, which took the
form of supply embargoes, price
hikes and so on, was very vivid in their
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memory when they planned for
building fast reactors. Even with
proven uranium reserves of 12,000
tons, France has a deficitin relation to
her projected nuclear development,
which requires reserves or more than
150,000 tons up to the year 2000,

It is the determination to be
independent that led France to move
toward the fast breeders from the
well-established pressurized water
reactor technology. In essence,
France’s nuclear programme serves
as a model for the completion of the
nuclear fuel cycle—from fuel
enrichment,  reprocessing  and
breeding, to storage of waste.

Phenix

In 1974, tHe 250 MW Phenix fast
reactor was commissioned. The
entire construction of Phenix, from
design board to the tightening of nuts
and bolts, took the French less than
six years, The performance of Phenix
has proven the fact that the French
pool-type concept of fast reactor
designisavalid one. Inthisdesignthe
complete primary circuit of the
reactor is contained within a single
vessel, from which only secondary,
non-active, sodium in released. This
means that loading and maintenance
crews are subjected to much lower
exposure to radiation than that which
is commonly recorded in PWR plants.

Although Phenix was an extremely
successful facility, it was not entirely
trouble-free. In 1982, the plant was
shut down due to a sodium-water
contact—the first such incident to
occur in eight years of operation. The
plant, after proper inspection of the
faulty steam generator and replace-
ment of the damaged component,
was restarted two months later. But it
was a process of learning, and the
lesson that the French taught others is
the fact that the sodium-water
reaction can be contained and the
plant can be restarted without a long
delay.

In the “pool” type Liquid Metal
Fast Breeder Reactors (LMFBRs) not
only the core—which is a compact
arrangement of fuel assemblies
similar to those used in the light-
water reactors except that the fuel
material is more highly enriched and
the cladding is stainless steel rather
than Zircaloy—but also a number of

other components are contained in
the reactor vessel, The vessel is filled
with sodium at roughly an atmosphe-
ric pressure, in which the core,
refueling machines, the primary
coolant pump and the intermediate
heat exchangers are immersed, so
that the entire primary sodium loop is
contained in the same vessel. This
assembly significantly reduces the
amount of external piping.

In essence, the reactor block is
comprised of the main vessel and
inner structures, the upper closures
consisting of the roof slab and the
rotating plugs, the safety vessel and
the emergency circuit, the control rod
mechanisms and the control rods
forming the main shutdown system
(SAP) and the supplementary
shutdown system (SAC), the instru-
mentation of the reactor block, the
dome which forms a containment in
the event of leaks of contaminated
argon, the reactor block preheating
unit and the core cover and the
corresponding plug (BCC) which
forms part of the upper closures. (See
Figure 1 page 8))

SuperPhenix

The SuperPhenix is such a “pool”
type LMFBR. As in all breeder
reactors, the core of SuperPhenix will
be made a mixture of oxides of pluto-
nium and uranium. Surrounding the
core will be a blanket of uranium.
Fission will occur primarily in the core
region and conversion of plutonium
will occur in both regions.

Power generation in both the
regions with heavy fissile loading,
U-238 and Pu-239, will be quite
intense. Sodium, a metal that is liquid
over a large range of temperature, is
used as the coolant since it can
successfully cool the very compact
core, with high power density. The
basic advantage of using sodium is
that it can be used at essentially
atmospheric  pressure, thereby
making design easier. And since
sodium can operate at such high tem-
peratures, the sodium-cooled reactor
permits_higher plant efficiency than
the water-cooled reactors can
achieve.

In SuperPhenix, as in all LMFBR
designs, the sodium that cools the
core is not used to raise the steam
that drives the turbogenerators.
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Instead, there is an intermediate
sodium loop which avoids the possi-
bility of releasing radioactive sodium
during any steam generator problem.
Thus the type of malfunction
experienced in the Phenix steam
generator in 1982 is impossible. The
intermediate heat exchanger will
interface between the primary and
secondary loops. It will effectively
isolate the primary sodium, and thus
the sodium-filled reactor, from any
water.
Fuel Lifetime

An important question for fast
breeders is that of fuel lifetime. In
thermal reactors, only a small percen-
tage of the fuel atoms fission before
the fuel is removed for storage or
reprocessing. in fact, in the case of
thermal reactors the fuel "burnup’ is
only 2 to 3 percent, But the breeder
has a fissile loading of more than 15
percent or more, and the power
density (and, correspondingly, the
per volume rate at which nuclear
fission takes place) is much greater
than in water-cooled reactors.

For the fuel assemblies to have a
sensibly long lifetime in the reactor,
the burnup that they can tolerate
must be higher, around ten percent.
The relatively compact SuperPhenix
core will imply a greater neutron flux
through the core structure than
typically occurs in thermal reactors.
SuperPhenix will use uranium with 50
to 60 times the efficiency of conven-
tional nuclear reactors. One kilogram
of natural uranium will produce
30,000 kilowatt-hours of energy in a
graphite gas reactor, and 45,000
kilowatt-hours in a water-cooled
reactor; but the same amount can
produce between 1.5 million to 3.0
million kilowatt-hours in a fast
breeder.

The French have the advantage of
learning about the fast reactors
because of their well-planned step-
by-step  approach to breeder
development: the Rapsodie test
reactor, leading to Phenix, leading to
SuperPhenix. They have also kept up
high profile research and develop-
ment programmes in critical tech-
nologies such as steam generators,
sodium-water reactions, sodium
pumps.

The study of sodium-water react-
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Installation of the Superphenix main
Malville site.

ions was concentrated primarily or
the occurrence and evolution of J
leak and its effects on other tubes
The research and developmen
programme focussed on developing
quick monitoring devices as well a
methods for repairing a damaged
steam generator and returning it tg
service. Another interesting study
concerning the generation of pres
sure waves because of the sudder
rupture of pipes has also provided thq
basis for determining the wall thick
ness for the steam generator's oute
shell.

Continuation of the development
programme for heat exchangers wil
remain important for developing
more reliable and cheaper assem
blies,

Environmentalists Defeated
SuperPhenix construction,
ever, had its share of environmentalist

terrorist threats.

The June 1979 planned environ}

mentalist armed assault against thd
fast reactor at Creys-Malville, how
ever, was turned into the environmen
talists" Waterloo as the result of actiVJ

howt

s

> Dt ik Lt e,

vessel into the safety vessel at the Creys-

intervention by the French govern-
and nuclear industry.

Responding to the planned assasult,
the nuclear industry reversed its
hands-off stance on the issue and
began to mobilise the French Commu-
nist Party’s affiliated labour union,
CCT, for nuclear power. The industry
took out advertisements in the labour
union’s national paper explaining why
nuclear development was essential.
The leadership of the CGT, mostly
skilled workers whose economic well
being is tied to an aggressive energy
development programme, got the
message, and refused to support the
assault plan. The Creys-Malville show-
down flopped unceremoniously.

The environmentalist effort in
fFrance is steered by groups running
the anti-nuclear movement in the
West, specifically the Natural
Resources Defence Council (created
by the Ford Foundation) and the
British-run Friends on the Earth. Other
input has come from European
Malthusian fronts such as ECORQPA,
based in Geneva. @

January 1984  FUSION ASIA 11




Egypt
Goes

Nuclear!

After years of planning Egyptseems
at last ready to move ahead with its
nuclear power development. In
November tenders for Egypt's first
two nuclear power plants were
opened. The tenders are in the
process of being assessed and evalu-
ated and if everything goes according
to schedule, by the end of May the
supplier of the first two plants will be
named.

international bids were requested
4n April 1983 for two 1000 MWe units
to be built at a site at El-Dabaa on the
Mediterranean  coast west of
Alexandria. Originally, the final date
for submission of tenders for the two
units was September 26. But at the
request of the bidders, who have
found it difficult to mobilise finan-
cing forthe $3.0 billion project which
includes a seaport, roads and other
civil construction, the date was
pushed back to November 26.

Ambitious programme

Egypt's nuclear power- develop-
ment programme is the cutting edge
of an ambitious energy programme
(see Table 1). In 1982 Egypt's total
energy generation reached 23.35
TWh. Peak load of the unified power
system was 3.9 GW, and per capita
energy consumption 500 KWh. The
new programme, as unfolded by
Minister of Electricity and Energy
Mohammad Maher Abaza at the IAEA
general conference in Vienna in
1982, calls for increasing energy
generation more than fourfold, to 101
TWh, and boosting the peak load to
18.2 GW. The per capita annual con-
sumption is to rise to 1485 KWh. Nu-
clear power will contribute 8.0 GW of
installed capacity to the unified
system, making it the largest energy
generating source in Egypt, by the
year 2000.

Egypt has set up an ad-hoc
committee under the chairmanship
of the Nuclear Power Plants Autho-
rity (NPPA) to formulate plans for
training Egyptian personnel for ope-
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Power station control r

rating the proposed nuclear stations.
The NPPA will be responsible for the
following:

(a) establishment of the organi-
sational structure for the
execution of the strategy;

(b) development requirements in
the relevant fields of nuclear
technology such as safety,
quality assurance and quality
control, project management,
skilled  technicians and
labour for construction, ope-
ration and maintenance of
nuclear power plants;

(c) development of adequate
infrastructure for domestic

participation;
(d) conclusion of  necessary
bilateral and international

agreements to secure reliable
sources of supply for nuclear
equipment and fuel;

(e) securingadequate financing to
cover the required intensive
capital investments; and,

(f) assurance of safety and public
acceptance of nuclear power.

According to the Ministry of Elec-

tricity and Energy, the pattern of
energy in the eighties will be charac-
terised by the utilisation of natural gas

(.:-oh at Kafr El-Dawar,

State Information Service, Egypt

and local and imported coal, together
with the operation in 1990 of the first
nuclear power station of 2000 MW at
El-Dabba, in addition to full-scale
renewable energy (solar, wind, bio-
mass-garbage, solar ponds, etc)
applications.

The programme of the nineties
envisages the construction of 6000
MW of nuclear power plants, together
with pumped storage and mini-
hydro, solar, and other power plants.
An extensive programme of desalina-
tion of salty and brackish water as
well as the electrification of trans-
port and industrial system s
included.

Lack of funds

Over the years Egypt’'s nuclear
power programme had been bogged
down because of a lack of funds. With
the sharp drop in oil prices world-
wide, Egypt's financial situation has
turned for the worse. As late as 1981
Egypt had been talking in terms of
financing some 20 per cent of the
$3.0 billion cost for building the two
units at El-Dabaa; but now it has
become clear that Egypt will be
seeking all of the financing from
abroad.

Bid tender

specifications and
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specifications were requested by four
groups led by Framatome (France),
Westinghouse and C.E. (U.S.A.) and
KWU (West Germany). According to
Egyptian authorities, the contractor
firm will be responsible for complete
construction of the plant, installation
of all machinery, commissioning of
the plantand even the housing for the
construction workers. Maher Abaza
explained the lack of participation by
local industry: “The local industry and
construction companies can only
participate in the nuclear programme
if their standard of quality is raised to
the nuclear standard. That is why we
realise that the local participation
should be phased in slowly and
progressively with the progress of the
nuclear programme in limited steps.
Each step should be carefully eva-
luated.”

The Egyptian authorities appointed
the Swiss consultants Motor
Columbus under a two-year consul-
tancy contract in 1982 to prepare bid
contracts and specifications. Motor
Columbus will also be responsible,
along with NPPA, for evaluating the
tenders. The French company
Sofratome had performed the task
of site investigation,

‘ The El-Dabaa plant will be licensed
by the Egyptian Atomic Energy esta-
blishment but the government is

committee to prepare new laws f
the licensing and regulation.

With the severe dearth of react
exports worldwide, reactor exportd
from the West are trying hard to gpt
the El-Dabaa contract. However, the
reactor manufacturing firms afe
finding it difficult to mobilise enough
funds to bid for a turnkey contragt.
Recentinformation indicates that the
French, who had earlier planned fof a
government-to-government sale wikh
full French financing, have been tdld
by the Egyptian government that
Egypt would rather not depend or a
single source for the complete supgly
but would welcome an internatioral
consortium. The French are report¢d
to be discussing such arrangemerjts
with Italian, Belgian, Swiss and South
Korean firms, amongst others, while
KWU is reported to be discussipg
collaboration with various Wgst
European and Brazilian Companiep.

A government initiative

Egypt's decision to move ahepd|
with nuclear power came from t
government. The Higher Council
Nuclear Energy was established
1975 consisting of the President, the
Vice-President, the Prime Minister,
the Foreign Minister, the Minister|of
Defence, the Minister of Energy ahd
Electricity and the head of the
General Intelligence Agency. In 1981,

Treaty (NPT) and has since established
cooperation agreements with France,
the United States, the Federal Re-
public of Germany and Canada.

Egypt also signed an agreement
with Australia for the transfer of
nuclear materials in February, and in
April, an agreement was reached with
the Belgian government which would
enable Belgian industry to participate
in the Egyptian nuclear programme.
Memoranda of understanding have
also been signed with the United
Kingdom and Sweden on safety and
training matters, but not on the sale of
nuclear power plants. In 1974 Egypt
also signed an agreement for the
supply of enrichment services for four
nuclear plants with the United States
Department of Energy.

In planning for nuclear power
development Egyptian authorities
have laid special emphasis in the cost
advantage that nuclear power
provides. A recent study by the
Ministry of Energy and Electricity has
shown that for base-load operation a
nuclear power station could provide
an eleven percent cost advantage
over coal, and that with peak demand
expected to continue to rise by about
14 percent a year the first two nuclear
units at El-Dabaa would be needed
by 1991/92.

already planning to set up a Egypt ratified the Non-Proliferatipn

‘ ) Table 1

| EGYPT'S ELECTRICAL ENERGY GENERATION PROGRAMME

l 1952 1962 1972 1982 1990/1991 2000/2001
Population of Eqypt (Millions) 21.4 27.3 349 44 54 68
Electricity Energy Generation (TWHh) 0.423 3.163 7.384 |23.350 52.0 101.0
Peak Load (MW) 125 548 1176 3900 9260 18220
Installed Capacity
Hydro-electric Power! (MW) — 345 2445 2445 3267 5950
Qil/gas Steam (MW) 154 593 1302 1815 5800 4968
Coal Steam (MW) 1800 4800
Qil/gas Gas Turbine (MW) 28 462 1360 757
Nuclear (MW) 2000 8000
Total (MW) 154 938 3775 4722 12427 24475

Courtesy: WEC 1983
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Unloading the core component of Bangladesh’s first research reactor.

Bangladesh Installs First Research Reactor

In early November Bangladesh
Atomic Energy Commission (BAEC)
officials enthusiastically received the
first major consignment of compo-
nents for the research reactor being
built by BAEC at the installation site at
Savar, about 25 miles outside of
Dhaka. A 3 MW Triga Mark-I11, the
research reactor is this nation’s first
and will constitute one of the central
facilities of the BAEC's Atomic Energy
Research Establishment.

While the reactor and its accesso-
ries are being supplied by the
American firm, G.A. Technologies,
Inc., BAEC officials point to the rela-
tively high local content in the over-
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all project in the form of civil, elec-
trical, air-conditioning and ven-
tilation and shielding works. A subs-
tantial part of the erection and instal-
lation are being carried out by local
expertise. Moreover, BAEC is using
heavy sand from its project at Cox’s
Bazar for shield construction, resul-
ting in significant import substitution
and further enhancement of local
participation in the project.

BAEC's own level of development
of in-house capability is demons-
trated in the agency's handling of
overall project management, coordi-
nation of supplies and services, safety
analysis review, etc,

The reactor is expected to be
critical by August, 1984, BAEC is now
finalising programmes for the utilisa-
tion of the research reactor. Various
research and development works on
the peaceful utilisation of atomic
energy, including production of isoto-
pes and training of manpower for
future nuclear power plant develop-
ment, is envisaged.

In a future issue, Fusion Asia will
report on Bangladesh’s powerreactor
programme as well as implemen-
tation and utilisation of the research
reactor.

Asia




With 20 Years of Reactor Training

Thailand Still Awaits a Nuclear Power Plan

In 1962 when the Thai Research
Reactor (TRR-1) went critical, Thai-
land became the first Southeast Asian
nation to initiate the process of
nuclear power development.In 1977
the TRICA Mark 1l light water cooled
reactor, installed in the original TRR-1
pool, went critical. Yet, inspite of 21
vears of research and operational
experience in the field of nuclear
technology, the Thai government has
not yet developed a comprehensive
plan for utilising nuclear power to
generate electricity.

The seed for nuclear technology
development in Thailand can be
traced back to the early fifties, Then-
LS. President Dwight Fisenhower, in
a speech to the United Nations
Ceneral Assembly in 1953, proposed
an “Atoms for Peace” programme in
which both the superpowers would
participate. Less than a year later, in
1954, the Thai Atomic Energy Com-
mission  for Peace established a
national committee to deliberate on
atomic energy development and
advise the government accordingly.
In the same year a L.5. "Atoms for
Peace” mission visited Thailand to
discuss future cooperation between
the two nations.

TRR-1

The first “Agreement for Coopera-
tion Between the Government of the
United States of America and the
GCovernment of the Kingdom of
Thailand Concerning Civil Use of
Atomic  Energy’ was signed at
Bangkok on March 13, 1956. When
the International Atomic Energy
Agency (IAEA) was established in
Vienna in 1957 to devote its activities
exclusively to the peaceful uses of
atomic energy as proposed by
President  Eisenhower,  Thailand
became a member.

Once Thailand joined the IAEA, the
development of atomic energy took
on momentum in the country. In
1958 the Thai AEC awarded a con-
tract to a U.S. company to design and
install a T MW swimming pool-type
research reactor. In January 1961

Asia

groundbreaking and site develgp-
ment for the research reactor, which
later came to be known as TRR}1,
began in earnest. At that time the
project was handled as a-“natiopal
project” by an ad hoc committee
under the supervision of the Thai
AEC,
Two years later the constructipn
phase of the reactor project was
completed. In 1962 TRR-1, located at
the Bangkhen campus ol Kasetsgrt
University in Bangkok, went critidal.
Although the reactor was desigred
and installed by an American cam-
pany, Thai participation in projgct
management, construction  dnd
installation,  testing and  cgm-
missioning of the reactor and
ancillary systems was as high as [90
percent.
OAEP Established
In 1961, a few months befare {he
TRR-1  commissioning, the Thai
government established the Officg of
Atomic Energy for Peace (OAEP) as
the functioning arm of the AEC unfier
the Office of the Prime Minister,
OAEP was subsequently transferted
to the Ministry of National Develpp-
ment, then to the Ministry | of
Industry, and finally-in 1979 to the

ot f
: ;s bt
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Thailand's Office of Atomic Energy for Peace in Bangkok.

Ministry of Science, Technology and
Energy where it is now located.
OAEP’s responsibilities include regu-
latory enforcement pursuant to the
Atomic Energy for Peace Act; co-
ordinating functions with regard to
nuclear affairs including foreign rela-
tions; support of research and
development in nuclear technology;
and operation of a national research
reactor centre. Although one of its
main objectives is development of
Thailand’'s Nuclear Energy Master
Plan, the OAEP has received little
encouragement in this. At the present
time there is no distinct plan te go for
nuclear power development for
electricity generation, although some
officials in the OAEP believe that
Thailand's first nuclear power plant
may get built by 1995,
No Nuclear Power Plan

The Thai government’s smugness
on the development of nuclea
power is perhaps understandable
from the point of view that Thailand
now has surplus energy generating
capacity and is in fact in a position to
sell its surplus power to the govern-
ment of Laos across the border. But
this energy surplus has been attained
by meeting total energy demand with
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The Thai research reactor, TRR-2, is a swimming pool type.

purchases of high-priced imported
fuel oil. More than 75 percent of the
generation cost is the cost of fuel oil.
In order to deal with the resulting
high price of electricity that now
exists, the Thai government is
wrongly pushing energy conservation
schemes. The price of electricity has
been increased substantially during
1982 to cut down on consumption.

Enforcing energy conservation in a
country which has a very low energy
generation capacity overall can be
disastrous for Thailand’s future indus-
trial development plans. While
Thailand's economy is growing at an
annual rate of almost 10 percent,
energy growth during the last two
fiscal years was a meagre 3.5 percent,
What that means is that Thailand,
instead of becoming an industrial
nation in the near future, will have to
continue to rely more heavily on a
manual labour-based raw commaodity
supply. By rejecting advanced tech-
nology which can be the motor for its
industrial development, the Thai
government has adopted a policy
which is inefficient and cost
ineffective.

Today Thailand's installed power
capacity is close to 4000 MW. By
1988, according to the Electricity
Generation Authority of Thailand
(EGAT), this figure will rise to 7700
MW. In 1982 the per capita installed
power capacity is 0.8 KW. While the
Thai government is showing a lot of
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Thailand. OAEP

concern about the environment and
ecology in general, it is making exten-
sive plans to burn natural gas to meet
future energy needs instead of
developing the least-polluting energy
source, nuclear power.

Developed Radiation Technology

Although Thailand’s nuclear power "’

development policy is less than
adequate, the Thai OAEP has done
significant work in the use of its
research reactor for radioisotope
production and radiation technology
work, Fusion Asia discussed this
programme during a recent visit to
Bangkok with OAEP Deputy Secre-
tary General Ratana Pumlek.. Dr. C.
Banditsingh of OAEP’s Biological
Sciences Division joined the discus-
sion to elaborate on the progress
being made in the use of isotopes in
agriculture, food preservation, and
other areas.

OAEP’s Cobalt-60 Irradiation Faci-
lity, which was completed at the end
of 1971, is used to irradiate seafood
and packaged products. The irradia-
tion power of this facility was increa-
sed t0 48,980 Curies in 1981 and this
extendéd the research work by utili
sing gamma rays in other areas.
Gamma ray radiation is used to
enhance the shelf-life of meat, poultry
and seafood, to siow down the
ripening process of perishable fruits,
and to stop the germinating process
in spuds such as onions and potatoes.

Substantial work has been done

through activation analysis of soil.
The method, which was adopted
about a decade ago, is widely used to
help pick the type of crop rotation
that would be suitable for different
kinds of soils. Radioactive tracking
techniques have also helped in study-
ing plant absorption of minerals and
fertilizers. lrradiation of seeds in
mutation techniques or seed selec-
tion helped Thailand to develop a
new glutinous rice variety five years
ago. This variety of rice gives a much
higheryield than the traditional seeds
and is much more disease resistant,
Radiation techniques are also being
used for insect control.

In the past six years more than
50,000 patients per year have been
either diagnosed or have received
treatment by irradiation. The number
of patients treated was limited by lack
of equipment and qualified doctors.
In the irradiation facility, lodine-131
is widely used for diagnostic pur-
poses as well as for thyroid treatment,
lodine-131 is also used in analysing
kidney disorders and problems in the
blood circulatory system.

* The OAEP also provides industrial

radiography to various industries
such as oil refineries, cement plants,
and paper mills on a regular basis.
OAEP provides neutron activation
and x-ray fluorescence. in mineral
research work. Gauging equipment
using a radiation source is also widely
used in the quality control sections of
large industries, The most modern
such system is now used in the Siam
Kraft Paper Mill, DAEPis also involved
in a joint project with the Japan
Atomic Industrial Forum and IAEA on
the use of nucleonic control systems
in paper manufacture.
Manpower Development

OAEP has a total staff of about 300
scientists, engineers and technicians
in eleven divisions, organised into
three broad groups according to
major task areas. The research staff is
concentrated in  the Radiation
Measurement Division, Waste Dis-
posal, Isotope Production and other
divisions connected with direct
applications and environmental
issues. The small Physics Division has
a staff of 10, including four PhDs. To
take best advantage of the limited
resources of well-trained manpower,
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OAFP personnel function for the
most part in project teams that over-
lap divisional boundarnes. Current

special projects being worked on are
the pilot-scale production of yellow
cake. nuclear-grade wranium  and
thoriom  oxides from  local ores;
improvement of sotope production
capabilities with spacial emphasis on
Ffechnitinm-99m:; and nuclear site
selections  studies (undertaken in

conjunction with CESEN of Italy).

The research reactor is run by 44
operators and supervisors, generally
nuclear engineers who have unddr-
gone IAEA and other training as wall
as a one-year programme at OAfP
covering both theory and operatign
of the reactor. As Deputy Secretaly
General Ratana Pumlek emphasisqd
ta Fusion Asia, the operators must

know every aspect of the reactof’s

functioning and make-up in detail.
OAEP in turn offers Ltraining to
persornel outside OAEP in such areas
as radiation safety, nuclear instru-
ments maintenance, industrial radio-
graphy, and the application of nu-
clear-based technigues—carbon
dating and so on—in fine arts and
archeology.

South Korea : A Second Nuglear Plant

in Record Time

Wuorking round the clock the
Korean Electric Power (_mp()ra!ion
(KEPCO), in conjunction with Ato-
mic Fnergy at Canada Ltd., com-
pleted the Waolsung Unit 1
Heavy Water Power Reactor in less
thansix years. The 628 MWe CANDLI
tvpe Heavy Water Reactorwent into
operation last March; the second
nuclear power reactorin South Korea
10 goerftical

South Karea's success in comple-
ting the pawer plant in record timeis
testimony to Lhe effectiveness of the
rountry's manpower development
programmes—in  areas of nuclear
plant operation in addition to well
known capabilities in construction
and. engineering. 1t also testifies to

the foresight of Karean leaders in

launching a nuoclear research and
development programme more than
twenty yvears befare their first power
reactor was commissioned,

South  Kaorea's nuclear power
development programme, perhaps
the most ambijtious among the
developing nations in  Asia, wpgs
formed in the early fifties. Korpa
joined the [nternational  Atonfic
Energy Agency (IAEA) on August |8,
1957. The first "Preliminary Feapi-
hility Study of Nuclear Power Gerje-
ration’ was undertaken by the Offige
of Atomic Energy— the government
agency responsible for all peaceful

uses of atomic energy, since renamgd
the Korean Enemgy
Commission—followine its establidh-
mentin 1959

Atamit

The Kori | nuclear power plant in South Korea.
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In 1975 South Korea ratified the
Treaty on the Non-Proliferation of
Nuclear Weapons, and in the same
yvear reached an agreement with the
International. Atomic Energy Agency
for the application of safeguards in
connection with the Non-Prolife-
ration Treaty. Since then, South Korea
has signed agreements with the
United States, Japan, France, Canada,
Spain and Australia concerning co-
operation in peaceful uses of nuclear
energy and the transter of nuclear
material,

Choosing Nuclear

Korea's nuclear power
development palicy was maotivated
by two basic tenets: first, the uncer-
tainty concerning Arab oil supplies
and lack of energy generation sources
in Korea itself. In Korea, as in many
developing nations which do not
poassess an abundant supply of oil and
coal, nuclear power heécame the
obvious  choice  for
energy needs. [l became even more
relevant to South Korea as the
planners realised that nuclear power
is the most versatile and reliable
energy source capable of meeting the
soaring energy demand associated
with Korea's economic development
plans.

The second consideration in
Korea's bid for nuclear power
development was the nation's
increasing energy consumption as a
result of the rapid pace of indus-
trialisation that has been taking place
over the last decades. Figures
supplied by the South Korean govern-
ment indicate that various forms of
energy consumed in 1981 totalled

South
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the equivalent of 45.9 million metric
tons of oil, compared to 20,9 millian
metric tons in 1971—more than a
doubling of energy consumption in
ten years. Over 75 percent of the
energy consumed in 1981 was
imported, mostly in the form of crude
oil and some in coal and nuclear fuel.

To lessen such a high dependence
on oil imports, Korea decided to
move quickly in developing new
alternative sources of energy—
principally nuclear—to facilitate
future industrial growth. A long-term
programme is now being imple-
mented to rapidly boost the share of
nuclear power—which is consi-
derably cheaper than generating
electricity by burning oil—in the total
electricity generated. The country has
in fact stopped building any more oil-
fired power stations.

The overall power generating capa-
city in South Korea stands at 9.8
gigawatts. By 1986, conservative esti-
mates suggest, the installed power
generating capacity will rise to 17.6
gigawatts and by 1991 this figure is
expected to be as high as 27 giga-
watts—an almost threefold rise in ten
years. By 1991, according to present
plans, nuclear power will be contri-
buting 41 percent of South Korea's
total electricity generation.

Nuclear Planning

The first nuclear reactor, Kori |, a
587 MWe Pressurized Water
Reactor, was commissioned in 1978.
The second unit of the cluster atKori,
a 650 MWe PWR, is scheduled to be
commissioned in 1984. The nuclear
programme indicates that by 1986 at
least nine nuclear reactors, with a
total generating capacity of 6.5 giga-
watts, will have been commissioned
by the KEPCO. By 1986 the contri-
bution of nuclear power to South
Korea's power grid is expected to be
31 percent.

Well before Kari | was com-
missioned in 1978 the OAE had
constructed a 100 kilowatt Triga Mark
Il Research Reactor which went
critical in 1962. Only four years after
the research reactor went critical, the
South Koreans set up a Radiological
Research Institute (RRI) and Radia-
tion Research Institute for Agricul-
ture (RRIA). Basic research was
carried out in radioisotope tech-
niques, in radiosterilisation of medical
products,  radiation curing  of
plywood, and textileimprovement by
radiation graft. Special emphasis was
also placed on the application of
radioisotopes in the production and
development of radiation sources
and radioisotopes and radiation

Table 1:

STANDARD PLANNINGAND COMMISSIONING DURATIONS COMPARLD
WITH WOLSUNG TARGETS AND ACTUAL DATTS.

PERIOD STANDARD WOLSUNG 1 ACTUAL
Phase A 24 months 18 months 18 months
Phase B 1 month 2 weeks 9 days
Phase C 3 months 1 month 4 months
Phase D 9 months 1 month 1 month
Total 37 months 21 months 23 months

|Phase definilio_ns
Phase A:

(except turbine generator)

Phase B: Low Power physics tests

commercial operation.

Turnover of switchvard and high voltage electrical systems to
completion of placing all plant systems and equipment into service

Phase C: Integrated plant start-up to full power

Phase D: Completion of tests at full powerand demonstration of capability for|
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mutation research.

The Triga Mark Il Research Reactor
also became the neutron source for
neutron physics research. Simulta-
neously work in radiochemistry on
the use of radioactive tracers for
radiochemical research and flux and
thermal neutron use for radioche-
mical analysis were carried out. South
Korea also used the research reactor
in developing its nuclear medicinal
research with special emphasis on
RNA metabolism, anticancer action
mechanisms and an epidemiological
study of cancer.

High Efficiency

South Korea's siiccess at Wolsung
in completing the plant in six years
can be attributed to the highly indus-
trious and skilled Korean staff.
Although the design and construction
of Wolsung Unit 1 were primarily
controlled by the AECL, the highly
skilled South Korean construction
capability played a major role in the
plant's speedy completion. In com-
missioning the Heavy Water Reactor,
KEPCO workers played a major role.
In 1978 KEPCO had selected 43
persons, many who had gone through
CANDU reactor training pro-
grammes, The Canadian commission-
ing staff arrived at the plant site in
1982 to establish work protection
procedures to ensure the safety of the
personnel and equipment and to
agree with the construction and engi-
neering divisions on the criteria for
the turn-over of systems and equip-
ment to the commissioning division,

Another factor which led to timely
completion of the project was the co-
ordination of design, procurement,
construction and commissioning
groups into a fully integrated
planning schedule. Task forces were
established to avoid disruption of
completed or ongoing site work
caused by late design changes.
Only those changes which were
deemed essential to plant safety or
operation or which were required for
licensing by  the  regulatory
committee, were allowed to be
made,

Since the Wolsung Unit 1 was the
fourth 600 MWe CANDU reactor
built, the AECL had the benefit of
experience gained over the years to
apply to the Wolsung project. B
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lECHNOLOGY

Biotechnolog],r is a term that has been coined only
recently to gncompass the wide range of existing and
imagined techrjologies based on biological, as opposed to
mechanical, processes. While in this sense the thousand-
year-old practite of making alcohol is as much a part of
" as modern-day gene cloning, it is the
erly characterises the field. Biotechnology
is defined by|the ability to intervene into biological
processes to qualitatively speed them up or otherwise
transform thenj to conform to Man’s needs. It draws on a
wide range of fisciplines and has already demonstrated
great potentidl for major applications in medicine,
industry and agriculture. Together with ongoing work in
high energy physics, itis forthcoming breakthroughs in the
context of biptechnology that will transform human
knowledge ang existence in the next century.

The emergefice of biotechnology in the past several
years is based| on two major discoveries: first, the dis-
covery that gefetic material of one species could be iso-
lated, cut out, feintegrated and transferred into a second
species and then function in a normal way, i.e., the
technique of rdqcombinant DNA; and, second, discovery of
the technique|of cell fusion. Suddenly genetic manipu-
lation across both the “time barrier’—traditional methods
of breeding ahd selection took years to fashion a new
variety or organism—and the “species barrier” was
possible. Entigely new organisms could be created to
specification, yirtually overnight.

The most ilnmediate applications have been in the
medical field—+in terms of both diagnostics and therapy,
and including|the production of drugs and pharmaceu-
ticals. Monoclonal antibodies are one major new tool
made possibleé by the ability to carry out somatic cell
fusion.

Recombinant DNA technology has opened the way for
mass productipn in pure form of a variety of therapeutic
proteins such &s insulin, growth hormones, interferon and
vaccines—which have hitherto been either non-existent
or inefficiently produced.

Even more flundamental, the new techniques make it
possible to mgunt a new effort to fathom the processes
involved in suth qualitative biological change as accom-
pany aging and cancer. Together with the development of
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x-ray laser probe capability in the near future, these
techniques will permit “nondestructive testing” with
living tissue, giving further enormous impetus to this
critical research.

The breakthroughs in genetic engineering have given a
boost to industrial microbiology, where protein engi-
neering and the development of newer and better
catalysts promise more efficient production of chemicals
and pharmaceuticals, the development of entirely new
products via bioconversion, and the possible transfor-
mation of the chemical industry.

The use of microorganisms in waste treatment, pollu-
tion control and in metallurgical processes have new
vistas opened by the ability to engineer new, more
efficient and hardier microbes to carry out specific
operations—from degrading highly specific toxic che-
mical compounds to the extraction of particular metals
from low-grade ores.

Because biotechnology was boosted into public favour
in the late 1970s as the answer to the energy crisis, many
view the developments in industrial microbiology—
where indeed the most intense activity is now centered—
as heralding a new industrial revolution based on a shift
from energy-‘intensive processes to “natural,” energy-
conserving biological processes. Industrial microbiologists
will certainly continue to “fine tune” microbial processes,
and develop new ones with important, useful and surpris-
ing applications. But as far as an industrial revolution is
concerned, these developments are likely to be swept
aside by the truly revolutionary impact that emerging laser
and plasma technologies—with their much higher energy
densities—will have in effecting a total transformation of
industrial processes as we know them.

Beyond the Green Revolution

In fact, it is in agriculture that biotechnology's poten-
tially most significant impact lies. Yet, while the appli-
cation of the new genetic engineering techniques in agri-
culture is theoretically possible, it is not an immediate
practical prospect at this time. The genetic feats that
produced the high-yielding varieties of grains and the
“green revolution” they made possible were based on
standard, if deliberately and intensively pursued tech-
nigues of breeding and selection. Inspite of the invaluable
practical result of these achievements, they were not
accompanied, by a comparable advance in knowledge of
the molecular genetics of plant growth.

At issue is the fact that plants are relatively higher
organisms. The genetic determination of those aspects of
plant growth that are the obvious targets for improve-
ment—e.g., disease resistance, stress tolerance, nitrogen
fixing capability, and photosynthetic capacity—is not well
understood. In each of these cases, complex systems are
involved which depend on many genes of unknown
identity interacting in ways whose physiology, bioche-
mistry and regulation remain largely unknown. Assump-
tions of straightforward expression of a discrete function
by a single gene, such as enhanced protein content, have
been repeatedly belied in experimentation with plants.
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Efforts to genetically engineer one aspect of plant growth,
say nitrogen fixation, repeatedly run into problems which
beg the question of the overall metabolism of plant
growth. Work now proceeding in the application of re-
combinant DNA technology to yeast, like plants a eukar-
yote but of lower order, may help to bridge the gap from the
now virtually routine recombinant DNA work with bacteria
and other prokaryotes to its application in the eukaryotes
and higher organisms such as plants,

Tissue culture and protoplast fusion have great po-
tential. The individual plant cell can be isolated, bred and
selected for specific traits and fine-tuned to respond to
specific environments. New plant varieties could concei-
vably be developed in this way.

In the meantime, agriculture will be richly benefitted by
the application of genetic engineering techniques to the
improvement of microorganisms beneficial to plant
growth, such as the Rhizobium bacteria that fix nitrogen in
symbiotic relationship with legume plants.

Policy Issues

Since by contrast with space research or even atomic
energy in its earlier phase, biotechnaology is largely in the
hands of the private sector in the developed nations
where it is most advanced, certain specific problems are
posed, in particular for developing nations. One problem
is the scewing of research efforts toward the most readily
marketable areas. In the Unitéd States, forinstance, this is
most strikingly demonstrated in the fact that federal
investment in medical research is fully twenty times
greater than that in agriculture—inspite of the obvious
urgency and enormous potential of the latter.

For developing nations a broader problem is that of
scientific collaboration and technology transfer. Here it is
widely acknowledged that vigorous national programs to
build up capabilities in the component fields of biotech-
nology must be supplemented by a serious international
undertaking where the most advanced work can be
facilitated in an ongoing and centralised manner such that
both the results and the techniques are available free of
charge to participating nations.

The most serious challenge developing nations face is
that of designing national biotechnology programmes and
strategies which are optimal from the standpoint of both
practical results and enhancement of the nation’s overall
scientific and economic capability. The temptation will be
to capitalise on industrial microbiological applications to the
possible detriment of longer-range requirements for
fundamental biological research and basic research work
inagriculture. The overall biotechnology programme must
at tle same time be conceived properly within the
framework of the country’s industrial-economic deve-
lopment, making sure that the apparent immediate gains
of the various biotechndlogies are realistically evaluated
over the longer term and in light of the full range of
advanced technologies. Under no circumstance should
the notion be entertained that biotechnology represents
an alternative, even temporarily, for basic infrastructural
and heavy industrial development. Similarly, there should




n 1981 a meeting of scientists convened by UN|DO
Irnr'u luded that establishment of an international
centre for research and training in biotechnology
geared toward the requirements of developing nations
in building up their own national programmes was
essential. The group, including several scientists from
developing nations currently working in biotechnology

to discuss the proposal.

The expert’s report summarised the thinkingof those
consulted and spelled out what the centre might look
like. It is conceived as an independent institution
financed by contributions from both developed and
developing countries, whose operating budget would
be equivalent to what a large chemical company might
invest in a single American university for research. The
centre would be staffed by about 50 scientists, 26
postdoctoral fellows and 100 visiting trainees.

The staff, it is proposed, should consist of teams of
molecular geneticists, biochemists, microbiologists,
protein and nucleic acid chemists, bioengineers, com-
puter specialists and others organised in five interac-
ting units,

It was further recommended that priority in the R&D
plan be given to: tertiary oil recovery from petroleum
wells; energy and fertilizer from biomass; improve-
ment of fermentation techniques; development of
improved human and animal vaccines; improved agri-
cultural products using phytochrome genes; and drugs
and pharmaceuticals for tropical diseases.

Choosing a location for the centre has proved diffi-
cult. At a December 1982 meeting in Yugoslavia
representatives of 35 nations set up a second team of
experts to visit and evaluate each of the six proposed
locations—Belgium, Cuba, India, Italy, Pakistan and
Thailand. In its 60-page report presented in May 19¢ 3,
the team concluded that only Belgium,, Italy and
Thailand could provide the “range and combination of
qualities” to support a centre of “high excellence,” a
conclusion that did not find unanimous acceptance, At
a third meeting in Madrid in September 1983, repre-
sentatives of 44 nations still could not come to an
agreement. As it stands at thiswriting UNIDO is to have
reviewed the deliberations and consulted all concer-
ned by 31 January 1984 anda ministerial meeting in
April will take a final decision.

Meanwhile the OECD countries, with France and
Great Britain in the lead, have moved to set up an
International Technology Network. By contrast with
the UNIDO proposal, the ITN will not involve itself in
areas of applied research, where these nations are
anxious to protect lucrative trade secrets, The brain-
child of a working group established by the 1982
economic summit of OECD nations at Versailles, the
ITN was officially inaugurated in September by French
Industry and Research Minister Laurent Fabius.

—Internat’l Centre Proposed—
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The Qhallenge to Prevailing Theory
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pages provide a glimpse into the work of
Qur aim is neither a comprehensive, nor

necessarily authoritative presentation of this broad field.
Rather we warlt to introduce some aspects of the revo-
lution whose Jprogress will be a continuing focus of
attention 'in Flision Asia. Two pieces, one on photo-
synthesis and gnother on the unique characteristics of a
special family of enzymes, review work in two specific
areas, Both prdceed from the standpoint of the evolution
of living procefses, presenting their material in terms of
the insights prpvided in that larger framework.

We also warlted to look at biotechnology through the
eyes of those who are engaged in it. Dr. Subba Rao of the
Indian Agriculjural Research Institute and Dr. Pornchai
Matangkasombut of Mahidol University in Bangkok were
kind enough fo discuss their work, in agriculture and
medicine respdctively, and their view of the field as awhole
with Fusion Aﬂia, and those interviews are included. Dr,
Ananda Chakrgbarty of the University of (llinois granted us
permission tao] print excerpts of a report on his work
delivered to a Paris audience recently.

—The Editor
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Photosynthesis was the first great technological revolution, comparable in its effects
only to the potential of man-made fusion energy to transform the planet today.

Photosynthesis From an
Evolutionary Standpoint

by Delia Araujo de Lozano

THE FIRST ENERGY CRISIS that confronted life on Earth
occurred some 2 billion years ago, when the earliest living
organisms, fermentative ones, had nearly exhausted their
organic energy sources. Life overcame that crisis by evolv-
ing a revolutionary new technology—photosynthesis—
which, by allowing the capture of the Sun’s energy, totally
redefined the then existing resource base and produced an
exponential increase in the energy throughput of the bio-
sphere.

In that respect, photosynthesis is the model for the fron-
tier technologies that must be developed to solve today’s
so-called energy and resource crisis, such as the fusion
torch, which has the potential to economically transform
low-grade ores and even garbage into usable resources,
and fusion power itself, which will produce a limitless sup-
ply of low-entropy energy from the deuterium in ordinary
sea water.

What was the evolutionary crisis that preceded the ap-
pearance of photosynthesis?

In the beginning of life, there was no free oxygen in the
atmosphere; oxygen existed only in water vapor and other
compounds. The early organisms produced energy without
oxygen by the process of fermentation, breaking down or-
ganic nutrients such as sugar by means of oxidation-reduc-
tion reactions into energy, CO,, and various acids. How-
ever, fermentation was a very inefficient process..

First, the fermentation arganisms depended on a nonre-
newable energy resource—the organic nutrients. These or-
ganic substances were formed by inorganic means, such as
electrical storms and magnetic discharges, over a long pe-
riod of time. It took approximately 2 or 3 billion years to
form the sugars, proteins, and other substances used as
nutrients by the fermentative organisms.

The primitive organisms consumed these organic nu-
trients much faster than they were formed by inorganic
means; and the expansion on the number of fermentative
organisms used up the organic nutrients at-an increasing
rate. Clearly, this technology was not able to support life
indefinitely.

The second limitation concerned the technology of fer-
mentation itself. All living organisms, in the same form that
society does, need (1) a mechanism for transporting energy
within the cell without loss; this is adenosine triphosphate
(ATP), the “energy transport molecule,” and (2) a mecha-
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nism for carrying hydrogen for reducing substances within
the metabolism—for example, for transforming nutrients

.into amino acids; this is reduced nicotinamide adenine din-

ucleotide phosphate (NADPH,), the “reducing power mol-
ecule.”

The fermentative organisms produced ATP by breaking
down organic nutrients, However, they were not able to
produce reducing power, essential for the growth of the
cell, by fermentation. To produce the reducing power mol-
ecule, the fermentative organisms used a second metabolic
pathway, expending additional energy in the process. The
fermentative organisms had to work, in‘effect, twice as hard
to grow. Fermentation by itself was not efficient enough to
support more complex life on Earth.

The Photosynthetic Revolution

Fermentative organisms produced tremendous amounts
of CO, and excreted simple substances such as ethanol and
acetic acid, thus transforming the primordial atmosphere.
The fatal paradox was that as the growing population of
fermentative organisms increased the energy throughput
of the biosphere, their growing numbers were depleting
their own nonrenewable resource base (the organic nu-
trients). For life to continue to evolve, there had to be a
technological jump, and the higher technology was pho-
tosynthesis.

In response to the first energy crisis, the metabolisms of
existing organisms changed into new technological mani-
folds. Some organisms continued with the same functions.
Others changed into simpler organisms such as bacterial
spores. Still others changed into photosynthetic ones.

The early photosynthetic organisms may have been types
of the photo-organotrophic bacteria that still exist today.’
These bacteria are able to capture light through a mecha-
nism known as Photosystem | (PS I); the energy captured
by this pigment complex is then transformed into ATP. This
more advanced technology could, thus, overcome the first
deficiency of fermentation: Organisms equipped with PS |
had access to a new, unlimited energy source for ATP pro-
duction.

As sources of reducing power, these primitive bacteria
used ethanol, acetic acid, and other semi-oxidized sub-
stances—the waste products of fermentation; which oth-
erwise were toxic for the nonphotosynthetical organisms.
But although these early photosynthetic bacteria could




change the primitive environment, redefining the fermen-
tation process and increasing the energy throughput of the
biosphere by capturing sunlight, the same deficiency re-
mained as had existed with fermentation: namely, the in-
ability to produce reducing power from the same energy
source as ATP and the continued dependence of reducing
power production on a nonrenewable resource—organic
waste.

A second type of bacteria, photolithotrophic bacteria,
may also have been an early photosynthetic organism. These
bacteria use the same machinery to capture light as the
photo-organotrophic bacteria, but they use a different re-
ducing power source: inorganic materials such as hydro-
gen, H,, and sulfuric aicd, H,S—which were present in the
primordial atmosphere that existed when the first energy
crisis occurred. This group of bacteria suffered from the
same kind of deficiency as the other photosynthetic bacte-
ria: They depended on nonrenewable sources of reducing
power, which they expended additional energy to pro-
duce.?

The early photosynthetic organisms had the further lim-
itation that as they multiplied, they could not support the
growth of fermentative organisms (on whose waste prod-
ucts they were dependent); their production of carbohy-
drates from sunlight was sufficient only for their own de-
velopment.

Photosytem Il

When the organic material used by the earliest photosyn-
thetic bacteria as a source of reducing power began to de-
crease, the utilization of light as an energy source evolved
into a more efficient process, maintaining the increased
energy flow into the biosphere. Photosytem Il (PS 1) was
the more advanced machinery for light capture. Although
the pigment complex of PS Il had the same chemical com-
position as that of PS |, the complex had a higher order
structural organization. Photosynthetic cells equipped with
this additional machinery could produce reducing power
from the same energy source that they used to produce
ATP. Thus, the photosynthetic organisms that acquired PS 11
were able to take the more oxidized excretion product of
fermentation—CO,—and make carbohydrates from this
substance, using ATP and reducing power produced from
sunlight. These new photosynthetic organisms diminished
the time in which the organic substances like carbohydrates
were formed from billions of years by inorganic means to
hours, in our era, by means of green plant cells.

Photosynthesis with both PS | and PS Il—as exists in green
sulfur bacteria, blue-green algae, and today in more ad-
vanced, green plants— was more efficient than with PS |
alone; in fact, PS |l redefined PS | as its “collaborator” in
producing more energy more efficiently for the cell.

Furthermore, photosynthesis with PS | and PS |l extended
the life of the more primitive organisms—the fermentative
organisms and photosynthetic organisms with only PS |—
because it produced carbohydrates (organic nutrients) for
these organisms. Photosynthesis with PS | and PS 1l also
produced a tremendous increase in the energy throughput
of the biosphere, introducing an at that time unknown and
noxious substance—free oxygen.

When the content of the atmosphere changed, a new
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Figure 1

CELLL]LAR GROWTH WITH RESPIRATION

AND FERMENTATION

This graph dompares cellular growth (grams of cellular
mass per mpl of glucose) over time for the same mi-
croorganism (S. Faecalis) undergoing respiration and
fermentatign. Respiration produces much greater cel-
lular growtH than fermentation because of the greater
energy production (36 molecules of ATP) per glucose
molecule.

kind of organigm evolved—the respiratory organisms. These
organisms usefl the same energy source as the fermentative
organisms, but they used it more efficiently, because they
were able to Hreak down carbohydrates more completely
to produce ATP and the reducing power molecule. Respi-
ration was thg next “technological leap” able to extract
more energy fer carbohydrate molecule than the previous
technologies. [Respiration, in turn, produced CO,, which
was used by ghotosynthetic organisms for forming maore
carbohydrategwith sunlight (Figure 1).

Today, all tHe bread in the world and all the meat in the
world are profuced by photosynthesis, through the pro-
duction of cergal, grain, and foliage. All of the oxygen pres-
entinthe atmgsphere is produced by photosynthesis. Non-
photosynthetig living organisms are completely dependent
for their carbgn and energy requirements on organic nu-
trients formed by photosynthesis. The interaction between
and nonphotosynthetic organisms main-
tains the biospheric concentrations of CO,, O,, and H,O.
Photosynthesis is the process that allowed and continues
to allow the ex|stence of higher organismsin the biosphere.
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How the Technology Works

Photosynthesis in green plant cells consists of two inter-
connected phases. The first is light capture and the trans-
formation of light energy into chemical energy in the form
of ATP (the energy transport molecule) and NADPH, (the
reducing power carrier). The second phase is the capture
of CO, and its transformation into carbohydrates (such as
sugar), using ATP and reducing power.

The machinery in charge of light capture consists of a
complex of pigments, of which chlorophyll is the main one.
The pigments are grouped geometrically in functional units,
with photochemical conversion centers and other catalysts
located in membrane-bounded, flattened sacs known as
thylakoids. In higher plants, these structures are concen-
trated in special organelles—the chloroplasts; in bacteria,
they are located in the bacterial membrane itself.

There are two main kinds of chlorophyll in plant cells, a
and b, which have the same chemical properties and only a
few structural differences. Chlorophyll a, the main func-
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ARNON’S CYCLIC (ANOXYGENIC)
PHOTOSYSTEM SCHEME

In this cyclic scheme proposed by Daniel Arnon and
his cowarkers, Phatosystem [ takes the energy of sun-
light and, through an electron transfet chain (P,,—
A—Fe-S—Fd—PQ—P,, ), converts it into ATP, the en-
ergy transport molecule in the cell. As the figure in-
dicates, electron transfer produces a hydrogen gra-
dient across the chloroplast membrane (mediated by
the electron and hydrogen ion carrier plastoqui-
none—PQ). The potential energy is used by the en-
zyme ATPase (CF,—CF,) in ATP formation.

tional pigment in green higher plants, contributes to light
capture, along with a number of "accessory” pigments.
Chlorophy\l b is present in about one-third the concentra-
tion of chlorophyll a in green plants. In brown algae, we
find a third kind of chlorophyll, chlorophyll c. In addition,
there are some nonchlorophyllous short-wavelength ab-
sorbing accessory pigments such as the carotenoids (alpha
and beta carotene) and lutein among others.

Photosystems | and Il have somewhat different compo-
sitions of pigment complex. Chlorophyll a is the main con-
stituent of both, but PS Il has a greater concentration of
accessory pigments than PS |. The photosystems respond
to different frequencies of light: PS | can be excited by
sunlight wavelengths of more than 680 nanometers and less
than 700 nm, whereas PS [l can be excited by wavelengths
of less than 680 nm. There are also geometrical differences
between the two photosystems: PS 11 is located inside the
thicker part of the chloroplast membrane, whereas PS | is
located in the thinner, connective portions of the mem-
branes.’

The Capture of Light

Daniel Arnon and his coworkers first discovered how
lightis transformed into chemical energy by chloroplasts in
green plant cells through a cyclic process similar to that
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Figure 3
THE Z-SCHEME
The so-called Z-scheme proposes that Photosystems
l and Il perform complementary functions: The light
energy captured by Photosystem Il is transferred, by
means of quinone and plastoquinone (Q and PQ) to
Photosystem |. Photasystem [ then transfers the en-
ergy to NADPH,, the reducing power molecule, by
means of other electron carriers (X, Fd [ferrodoxin],
etc.) ATP is formed during this electron transference.
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found in photosynthetic bacteria (Figure 2)*. They showed
that when PS 1 is excited by light, it gives an electron to an
acceptor-donaor chain by which the energy transport mol-
ecule, ATP, is produced; and at the end of the chain, PS I's
electron returns to the pigment molecule (hence, it is a
cyclic process).

Arnon and his colleagues subsequently found other non-
cyclic electron chains that are able to produce ATP and
oxygen.” These experiments showed that there is one
mechanism that is able to break down water (H,0), taking
the electrons and transferring them to an acceptor sub-
stance (NADP*) in order to produce reducing power
(NADPH,). Through this process, free oxygen (0,) is also
produced.

In an attempt to relate the different properties of both

photosystems, other scientists proposed the Z-scheme,
which hypothesized that PS | and PS Il have complementary
functions in producing free oxygen and reducing power
from sunlight and water (Figure 3). As noted above, the two
photosystems capture light with different wavelengths. The
Z-scheme proposed that PS Il is able to take an electron
from water and give it to an acceptor substance (known as
Q), which, by means of an electron transport chain, gives
the electron to PS |. PS | is excited by light energy of a
different wavelength, and it ejects an electron into another
acceptor substance (known as X), giving the electron—also
by means of an electron transport chain—to an electron
and proton-capturing enzyme, which produces reducing
power.
- The Z-scheme appears to be very coherent and is popular
in scientific circles. However, it assumes several condi-
tions. First, the two photosystems are assumed to exist in
approximately the same proportion in the cell. Second, the
two photosystems must be nearby spatially. And third, the
Z-scheme proposes that ferrodoxin (Fd), an important elec-
tron carrier in this scheme, will not be reduced if the elec-
tron flow is cut.

A growing body of experimental evidence is at odds with
these assumptions. For example, last year, Arnon showed
that ferrodoxin can, in fact, be reduced in a way different
from that proposed by the Z-scheme.® When he inhibited
the electron carrier plastoquinone (PQ), cutting the elec-
tron flow with the intention of stopping ferrodoxin reduc-
tion, the ferrodoxin was reduced anyway.

Anastasio Melis and his colleagues had already shown
that the proportions of PS | and PS Il in the cell vary.” On
average, there is three and a half times more PS Il than PS I,
Jan Andersson and Bertil Anderson have also shown that
the two photosystems are located relatively far apart within
the chloroplast, such that electron transport would appear
to be impossible between the two photosystems.®

In 1981, Arnon proposed a noncyclic scheme for photo-
phosphorylation (the production of ATP by means of light
energy capture) that suggests an alternative hypothesis
about the relationship between the two photosystems.? In
experiments with chloroplasts he showed that PS Il can
capture an electron from water and give the electron di-
rectly to ferrodoxin without the mediation of PS 1. Thus, if
there is a relationship between PS | and PS Il, it does not
appear to be the complementary one hypothesized by the
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ARNON'§ OXYGENIC PHOTOSYSTEM SCHEME

In the photpsystem scheme depicted here, Arnon
proposes two roles for Photosystem 11 (P,,) alone.
One is cyclif (P ,—Q—PQ—P,): Hydrogen is trans-
ferred through the chloroplast membrane by means
of plastoguifione (PQ) to produce ATP by the enzyme
ATPase (CF4-CF,). The second s linear (P,,,—Fd—fp—
NADPH.): Water is broken down into hydrogen ions
and oxygen gas. In the latter, oxygen is produced by
Photosystemy [l alone.

Z-scheme.

According td Arnon, PS Il can be excited into different
states, having |different oxidation reduction potentials.™
When PS Il is Highly excited (with a —0.6 oxidation reduc-
tion potential)| it gives its electrons to the acceptor sub-
stance ferredogine (which has a — 0.4 reduction potential).
In the other refluction state, PS Il performs only the cyclic
transference of its electron through plastoquinone (in oth-
er words, the electron is returned to PS [1).

Scientists haye yet to explain how PS Il arrives at the two
different statep indicated in Arnon’s noncyclic scheme;
however, the gnswer to this question will explain a great
deal about phtosynthesis. Arnon's evidence strongly in-
dicated that fefrodoxin can not be reduced by a different
electron donof than PS II. PS | cannot permanently give its
electron to fefrodoxin because it is not able to take an
electron from gnother donor.

In his latest work, Arnon explains that the presence of
PS Il redefines|PS |. He shows that there does exist a certain
relationship bgtween PS | and PS Il, whose principal role is
probably regulgitory. The shared substances of PS | and PS 11
are key ones for the light capture machineries of both;
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however, these substances play a more efficient role in the
more efficient photosystem—PS Il.

Most likely, the two photosystems operate not collabo-
ratively in series, as was proposed in the Z-scheme, but
synchronously in parallel. Arnon’s approach of viewing the
two photosystems as basically autonomous, except for pos-
sible regulatory connections, excludes the need for a one-
to-one stoichiometry between them, as is assumed by the
Z-scheme. In Arnon'’s perspective, the structure and func-
tions of chloroplasts are entirely coherent.

Perhaps the most interesting point about Arnon’s new
proposal is that it has brought to light the importance of
geometrical relations in the chloroplast and also the topol-
ogical ordering of the pigments critical for photosynthesis.

The Antenna Effect

It has long been recognized that chlorophyll molecules,
the light capture pigments of green-plant cells, are not ran-
domly distributed but topologically arranged in the cell.
The chloroplast, the specialized organellum in which the
chlorophyll is located, has two membranes. The inner
membrane is folded farming closely spaced stacks of thy-
lakoid membranes, called grana, which are the principal
site of Photosystem 11. The grana are connected to one
another by single thylakoid membranes, or filaments; and

it is within these filaments that PS | is principally located.
The chemical substances for light capture in both photo-
systems are located in the thylakoid membranes. The en-
zymatic complex for CO, capture, and for transforming CO,
into carbohydrates, is located in the spaces between thyla-
koid membranes.

The geometrical distribution of pigments was demon-
strated many years ago by Emerson and Arnold, in an ex-
periment with a culture of Chlorella, a green algae.” “The
scientists measured the oxygen yield from photosynthesis
when Chlorella cells were exposed to light flashes lasting a
few microseconds. They expected to find that the yield per
flash would increase up to the point that each chlorophyll
molecule absorbed a photon (which was used to produce
ATP and NADPH,). However, they instead found that the
maximum oxygen yield occurred when one out of 2,500
chlorophyll molecules had absorbed a light quantum dur-
ing the flash. These 2,500 molecules were named a photo-
synthetic unit and the phenomenon the Antenna Effect, an
allusion to the electromagnetic wave concentration effect
on one molecule by all the others.

The Antenna Effect is significant in that it reflects the
topological ordering process at work in photosynthesis.
There are no chemical differences between the chlorophyll
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THE PS I-PS Il RELATIONSHIP: ARNON'S NEW HYPOTHESIS
Arnon's latest work indicates that there is a certain relationship between Photosystems | and Il, whose principal role
is probably regulatory. This regulatary function may be performed by the electron transporters that are shared by
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Figure 6
THE CHLOROPLAST
MEMBRANE
The distribution of the light-cap-
turing pigments of green-plant
cells is not random but topologi-
cal. The thick stacks of thylakoid
membranes (a), called grana, are
the main site of Photosystem |I.
It is here that light capture is car-
ried out by chlorophyll and other
pigment complexes. Photosys-
tem | is located principally in the
thinner part of the membrane (b).

molecule that is excited and all the rest in the photosystem;
the only difference is its geometric position in the photo-
synthetic unit. Students of photosynthesis have still to an-
swer many remaining questions about the observed ef-
fect—for example, what is the position of the chlorophyll
molecule that is excited? What causes the phenomenon?
Does it make photosynthesis more efficient?

The most widely accepted hypothesis about the Antenna
Effect is that light is absorbed by hundreds of chlorophyll
molecules in a photosynthetic unit, which then transfer
their excitation energy to the site, known as the reaction
center, at which the chemical reactions involved in ATP and
NADPH, formation occur.” This hypothesis has given rise
to important experimental work on the question of energy
transfer between pigments—even if the hypothesis leaves
unanswered many questions about the effect, such as the
difference between the hundreds of chlorophyll molecules
in the chloroplast and the one in the reaction center.

Quantum Transfer Between Pigments

One observed feature of the light-collecting systems of
photosynthesis is the transference of quanta of light from
pigment to pigment (this property was discovered through
fluorescence measurements—the emission of light in the
ultraviolet range when an atom or molecule has been excit-
ed by energy). It has been shown experimentally that a
quantum of light can pass from one molecule to a neigh-
boring molecule, as long as the partners are sufficiently
close to one another—as is the case in the thylakoid mem-
brane in the chloroplast. Such transference by inductive
resonance allows the quanta to “visit” several hundreds of
molecules in the photosynthetic unit during a very short
time (5 % 10-° seconds)."

Transference of this sort has been found not only be-

tween similar
For instance, v
neighboring p
the neighbori

molecules but between different pigments.
hen a pigment is excited it emits light; if the
igment can absorb light at this wavelength,
hg pigment will also be excited. In experi-

ments in whichhlorophyll aand b are in solution, and the

solution is irr.
chlorophyll b,
rophyll b, has
ly lower excit
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The energy
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iated with a wavelength that excites mainly
the fluorescence of chlorophyll a, not chlo-
peen observed. Chlorophyll a, with its slight-

#ion level, takes the energy from chlorophyll

from sunlight is deposited in the reaction
hen the chlorophyll molecule is excited it

gives its election to an acceptor. The transport of this elec-

tron across an
hydrogen ion
plast, creating

electron transport chain allows the entry of
into the thylakoid membrane of the chloro-
a hydrogen ion gradient across the chloro-
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lectrical potential on the two sides of the
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transformed into chemical energy by means
 ATPase, which is held within the chemical
The ATP molecule performsits “energy trans-

port” role, relpasing its energy wherever it is needed in the
cell.”

As we have seen, ATP is present not only in photosyn-
thetic cells, bt in all cells—the only difference being the
energy sourcg from which itis produced. The fermentative
organisms prgduce the ATP molecule by means of breaking
down organicnutrients; respiratory organisms produce ATP
by oxidizing grganic nutrients, with a much higher yield of
ATP produced per organic nutrient consumed than fermen-
tative organispms.

The electrgn transported by the electron carrier chain is
taken by an g¢nzyme and put together with the hydrogen
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ions (H") and NADP~. The resulting compound, NADPH,,
is able to give its hydrogen atoms wherever the cell needs
them to reduce substances in its metabolism. Thus, NADPH,
is the reducing power molecule of the cell. The efficiency
of the technology depends on the amount of net energy
produced. Hence, photosynthesis, which is able to pro-
duce both ATP and reducing power from the same energy
source—sunlight—is a more efficient technology than fer-
mentation or photosynthesis in bacteria.
Biochemical Control of Photosynthesis

We have reviewed the process of light capture and its
transformation into the stable energetic compounds ATP
and NADPH,. How can the cell use this energy to form
carbohydrates from CO,?

Unlike the light capture process, the carbohydrates are
manufactured by means of an enzyme complex. Although
enzyme activity is still only partially understood, we can
characterize an enzyme as a protein that allows the forma-
tion of a cellular compound using less energy than would
be required to form the same compound by inorganic
means—without life.

CO, capture is accomplished through the enzyme com-
plex RuDP, which takes the CO, molecule and a five-carbon
molecule, forming an intermediary compound that imme-
diately breaks down into two small molecules of three car-
bon atoms each (phosphoglyceric acid). The latter are pre-
cursors of glucose. The oxidized CO, molecule is reduced
through an enzymatic reaction chain—the Calvin cycle—
using ATP and NADPH.,. For every six molecules of CO, that
enter the Calvin cycle, one glucose molecule is formed.

When the concentration of CO, is high, the enzyme per-
forms the Calvin cycle activity, and glucose is produced.
However, in high concentrations of oxygen, which exist
when the light capture process is activated, the enzyme
changes its function: It takes the above-mentioned five-
carbon molecule (rubulose diphosphate) and breaks this
type of molecule into two small ones. One of them goes
into the Calvin cycle; the other crosses the chloroplast
membrane and is oxidized, forming water and CO,, and
producing ATP. This process is known as photorespira-
tion.™

The proportion of photosynthetic to photorespiratory ac-
tivity is a key factor in the net incorporation of CO, and
hence in the efficiency of photosynthesis in plants. When
light capture is proceeding very fast, producing a large
amount of oxygen, the key enzyme, RuDP, performs more
photorespiration than photosynthesis; therefore, the rate
of CO, capture is slowed down and, as a consequence, so
is carbohydrate synthesis. :

Among higher plants, there are some that photosynthe-
size more efficiently than others; these are the angiosperm
plants, which include sugar cane, most tropical grasses,
and maize. More advanced evolutionarily, these plants have
a special tissue whose cells capture CO, in a different way
using athree-carbon molecule (phosphoenol pyruvicacid).
This molecule forms a four-carbon compound with the cap-
tured CO,; hence, the plants are known as C, plants. The
four-carbon molecule crosses the membrane of this special
tissue cell and enters the neighboring cell, which is equipped
with the Calvin cycle enzyme.
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Because of the topological disposition of the tissue in the
angiosperm plants, the regulatory Calvin cycle enzyme does
not come in contact with oxygen production. And for this
reason, its almost exclusive activity is photosynthesis, and
it therefore synthesizes carbohydrates more rapidly. The
enzyme of the specialized tissue of the angiosperm plants
has no regulatory activity to perform (photorespiration/
photosynthesis), and its affinity for CO, is high. The addi-
tional mechanism found in the angiosperms, the three-
carbon-molecule way known as the Hatch-Slack pathway,
makes CO, capture more efficient in C, plants than in C,
plants.

Genetic Control of Photosynthesis

The history of plant life has been characterized by the
evolution toward more photosynthetically efficient plants.
Now, with genetic engineering, man has the capability to
improve the photosynthesis of the less efficient existing
plants, for example, by modifying the enzyme in the Calvin
cycleto perform photosynthesis alone—as in C, plants. This
opens up the prospect of improving the photosynthetic
mechanism of cereals, vegetables, and other food plants
(which are C, plants) and greatly increasing their yields.

Over the long term, genetic engineering may be able to
be used to improve the light-capture process, enabling plant
cells to capture light of different wavelengths than at pres-
ent. This application of genetic engineering holds great
promise for enabling plants to grow and to evolve in the
environment of space.

Delia Arujo de Lozano, a biochemical engineer who works
with the Fusion Energy Foundation in New York, formerly
taught the biochemistry of microorganisms at the National
Polytechnical Institute in Mexico City.
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It is likely that the P-450 detoxification enzymes, which arp present in all living organisms
including bacteria, evolved very early as a crucial step in gvolution.

Detoxification
and Evolution

by Ned Rosinsky, M.D.

AN ESSENTIAL FEATURE of evolution is the ability of or-
ganisms to protect themselves and thrive within an im-
mensely diverse chemical environment. There are some
100,000 small and medium-size chemicals in varying con-
centrations presentin nature, asignificant portion of which
are poisonous to living cells and must be eliminated from
cells if they are to survive. The environmentalists who see
chemical pollution from industry everywhere threatening
living organisms are ignorant not only of the natural con-
dition of the biosphere—chemical diverity and toxicity—
but of this basic capacity of living arganisms to cope with
toxic chemicals.

A group of enzymes known as the P-450 series, which are
present even in primitive bacteria, plays a crucial role in
this process. Possibly numbering in the hundreds or thou-
sands, these enzymes protect the organism against the tox-
ic chemicals by converting them to harmless substances.
The P-450 enzymes thus allow organisms to exist in awidely
diverse environment; the organisms are stabilized. At the
same time, these enzymes allow organisms greater free-
dom to exist in a variety of environmental conditions that
would otherwise_be too chemically hazardous: The en-
zymes open up new ecological areas and lay the basis for
evolution or change. As in many aspects of biology, stability
and change are closely linked; for example, DNA must be
understood as crucial for both stable inheritance and evo-
lutionary development.

The P-450 enzymes also allow for increased population
densities by enabling organisms to tolerate better the wastes
produced by other organisms. These waste products and
the breakdown products of dead organisms become, in
fact, a major source of toxic chemicals in the environment
as evolution advances and the biosphere becomes more
populous. The enzymes also improve the efficiency of ecol-
ogies since they allow some toxic chemicals to be converted
to nutrients, again serving to increase the population den-
sity potential.- The P-450 group and similar enzymes may
ultimately have allowed the evolution of multicellular
ogranisms as the extreme form of the single-cell popula-
tion-dense condition. The evolution of the P-450 group it-
self is an interesting question in genetics, as advanced or-
ganisms may have the genetic capacity to produce hundreds
or thousands of forms of this enzyme group.

In the last two decades, the P-450 enzyme group has

Enzymes

attracted clinichl interest because it also appears to be re-
lated to cancer} a disease characterized by a dedifferentia-
tion of cell typg, as well as a breakdown in the control of
cell growth. Both high and low rates of P-450 production
have been assdciated with individual differences in suscep-
tibility to cherpical carcinogens. Thus, further investiga-
tions of the dypamics of the P-450 enzyme system may pro-
vide some insight in this area.

What Is a Poison?

To understafd the work done by the P-450 enzymes we
must first examine what a toxic chemical is. Generally
speaking, toxidchemicals are those chemicals thatinterfere
with the normpl functioning of the organism in any way.
For instance, spme substances dissolve in and accumulate
in the cell membrane and interfere with its functioning as
the regulator df what comes into and goes out of the cell.
Other substanges combine with enzymes and interfere with
their normal f§nctioning, disrupting metabolism or other
cellular activitips. In the latter case, the toxic chemical fre-
quently resemples chemically the metabolite that the en-
zyme acts on. [These toxic substances are often the waste
products of other living organisms or the breakdown prod-
ucts of dead ofganisms.

For the mos} part, however, since most of the medium
and small-size{chemicals exist in relatively low concentra-
tions in the erjvironment, they do not cause problems,-as
long as they dp not accumulate in the cells. An important
factor determing if a substance will accumulate or not is
whether it is|fat- or water-soluble. Water-soluble sub-
stances can erjter the cell easily, but they are also washed

cific chemical| property of the substance: the degree of
imbalance of fthe electrical charge within the molecule,
known as the golarity of the molecule. Water molecules are
polar, each mplecule having a positive end and a negative
end. Since opposite charges attract, the molecules tend to
interact strongjy with one another. If a polar chemical comes
in contact with water—which comprises most of the bio-
sphere, including the oceans, lakes, soils, and even humid
atmosphere, 4s well as 90 percent of cell cytoplasm—it is
attracted to thg liquid and dissolves in it. .
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Oil, by contrast, is made of organic molecules composed
of carbon and hydrogen in which the electrical charge is
more symmetrically arranged in the molecule; there is no
positive or negative end. Nonpolar molecules do not inter-
act with water, although they can dissolve in oil because of
the weaker interactions among the nonpolar oil molecules,

Living cells consist of both water and oil-type compo-
nents. The water phase consists mostly of the cytoplasm,
the liquid portion of the cell contained by the cell mem-
brane. The cytoplasm is more than 90 percent water, also
containing dissolved minerals such as potassium, sodium,
and calcium, many small and medium-size chemicals, and
many proteins that serve as catalysts (enzymes) for meta-
bolic chemical reactions.

The cell membrane and other important membranes
within the cell are composed primarily of lipid molecules.
These are long molecules that are almost completely non.
- polar except at one end, thus combining both nonpolar
and polar qualities in different parts of the molecule (Figure
1). A familiar example of this type of substance is soap,
which removes oily dirt by acting as a “go between,” inter-
acting with both the oil and water to allow the dirt to mix
with water so that it can be washed away. In the cell mem-
brane, the lipid molecules are oriented so that the nonpolar
portion is directed into the membrane, while the polar por-
tion is directed toward the surface of the membrane (Figure
2.

The cell membrane must have developed very, very early
in the origin of life to prevent the loss of polar substances
from the cell by inhibiting their passage through the lipid
layer. But because of its oil-type components, it has from
the beginning presented a problem as an avid “sponge” for
various organic chemicals in the environment. Keeping the
membrane “clean” must have been one of the earliest
hurdles in the evolution of primitive life forms.

Today even the most primitive organisms have an en-
zyme system for this function, the P-450 enzymes. In addi-
tion to handling external poisons, the P-450 group is in-
volved in the metabolism and elimination of some of the
cell’s own waste products.

The P-450 Enzymes

Enzymes are specialized proteins that catalyze, or enor-
mously speed up, chemical reactions in living cells. Each
cell has thousands of different enzymes, and each type of
enzyme is specific to one or at most several chemical reac-
tions. The enzymes perform such functions as breaking
down nutrient molecules; transferring energy from these
nutrients to ATP (adenosine triphosphate), the “energy cur-
- rency” molecules of the cell; and using ATP and the break-
down products of nutrients to build up normal components
of the cell such as proteins, DNA, and membrane lipids.

The P-450 group of enzymes are oxidizers, or monooxy-
genases; that is, they function by inserting one atom of
oxygen into a molecule, thus oxidizing it. Unlike those en-
zymes that oxidize nuitrients such as sugar to produce en-
ergy for the cell, the P-450 enzymes aid the organism in
eliminating toxic chemicals by transforming fat-soluble
substances, those that tend to accumulate in the cells, into
water-soluble substances. As noted above, water-soluble
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molecules, because of their polarity, or imbalance of elec-
trical charge, are easily dissolved and eliminated from the
cell.

The P-450 enzymes attack oil-soluble substances and par-
tially oxidize them as the first step in making them water
soluble. After the oxygen atom is added to the molecule, a
second enzyme uses the oxygen as a target to add a polar
molecule. The newly synthesized molecule is now polar
enough to be easily eliminated from the cell.

The P-450 enzymes were first discovered in the 1950s by
biochemists investigating monooxygenase activity. A dec-
ade later, pharmacologists investigating the breakdown and
elimination of the drug phenobarbital discovered that
phenobarbital induces a more than 10-fold increase in an
enzyme produced by the liver that oxidizes the drug mole-
cule and sets the stage for a second reaction, resulting in
the increased water solubility of the molecule and its elim-
ination in the urine through the kidneys. In fact, treatment
with pharmaceuticals depends on the existence of such
enzymes, which break down the drug molecule usually
within several hours, and thus allow the physician to con-
trol the therapy by the rate he administers the drug.

During the same period, another potent stimulator of
liver P-450 enzyme activity was discovered, benzopyrene, a
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Figure 1
SCHEMATIC OF A LIPID MOLECULE
The lipid molecules found in the cell membrane are
for the most part electrically neutral—that is, their po-
sitive and negative charges are evenly balanced for
the molecule as a whole. At the right end, however,
there is alocalimbalance 6f charge, one portion being
positive and another nearby area being negative. This
area of imbalance interacts strongly with water, since
water molecules are themselves strongly electrically
imbalanced, or polarized. In the schematic, C stands
for carbon atoms, H for hydrogen, and O for oxygen.




strongly carcinogenic polycyclic hydrocarbon (a carbon-
hydrogen compound in which the carbon is arranged in
closed rings). The enzyme it induced was found to be dif-
ferent from the phenobarbital-induced P-450 enzyme.

Since that time, dozens of other inducers of monooxy-
genase activity have been found, which induce yet other
enzymes of the same class. These inducers include caf-
feine, ethanol, methadone, volatile deodorants, camphar,
styrene, wood terpenes, estrogens, and many pharmaceut-
icals such as the antibiotic rifampin.

Although there appear to be many forms of P-450 en-
zymes, there are also numerous cases of overlap in speci-
ficity of chemical reaction. For example, the enzyme in-
@ duced by phenobarbital can also act in the metabolism of

vitamin D. The total list of substances now known to be
oxidized by the P-450 group is enormous. It includes most
drugs; soap and deodorant ingredients; polycyclic hydro-
carbons found in smog, charcoal-cooked foods, and ciga-
rette smoke; naturally occurring and synthetic steroids (in-
cluding the body’s own sex hormones); strong mutagens
such as N-methyl-N'-nitro-N-nitrosoguanidine; and many
endogenous substances such as thyroid hormone and fatty
acids. Red wine has at least 300 to 400 chemicals that are
synthesized and broken down by P-450 enzymes.
Some researchers in the field now believe that there are
- probably hundreds if not thousands of kinds of P-450 en-
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CROSS SECTION OF A CELL MEMBRANE SEGMENT

Figure 2

The cell membrane is composed of a double layer of
lipid molecules, which are perpendicular to the sur-
faces of the membrane. In this schematic, the inside
of the cell is at the top of the diagram and the outside
of the cell is at the bottom; the polar ends of the
molecules face out of the membrane in both cases.
These polar ends are strongly attracted by the water
molecules outside and inside the cell, while the non-
polar ends of both layers of the membrane create an
area in which fat-soluble substances can dissolve. It
is in this area that many of the fat-soluble toxic chem-
icals accumulate and cannot be easily washed out. It
is also in this area that the P-450 enzymes act to chem-
ically change the fat soluble toxins into water-soluble
substances that can be eliminated from the cell,
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zyme, each with specific, though possibly overlapping,
chemical specifjcity. The enormity of this class seems to be
eclipsed only by the immune system, which is capable of
producing several million different antibodies in response
to different forgign proteins, frequently in the context of
an invading midgroorganism.

The Genetics of the P-450 Group

The possibilify of such diversity raises interesting ques-
tions about thg genetic coding of the P-450 enzymes. Dr.
Daniel W. Nebgrt of the National Institutes of Health for
more than 15 ypars has been investigating P-450 genetics,
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body response. The T-lymphocytes have a surface protein
that combines with the foreign protein, and the message is
then transmitted to the plasma cells. The plasma cells then
start to produce the correct antibody.

Many investigators think that the plasma cells differen-
tiate during embryology so that by birth there are several
thousands with the potential to produce each of the mil-
lions of possible antibodies, and thereafter each plasma cell
is committed to producing only one antibody. This hypoth-
esis suggests that the T-lymphocyte receptor molecule is,
in fact, the antibody itself. After combination with the for-
eign protein, the T-lymphocyte is activated. It seeks out
those plasma cells that are producing its unique antibody
and induces them to proliferate vastly and in turn to pro-
duce large amounts of their antibody.

Antibodies also have overlapping specificities. Frequent-
ly, the initial response to an invading organism involves
several antibodies with partial specificity. This is followed
by progressively more specific responses over a several day
period.

The hypothesis outlined here explaining antibody activi-
ty, that millions of typés of antibodies are produced in ad-
vance and are merely awaiting stimulation by foreign sub-
stances, may seem reductionist, but it is still plausible. The
situation with the P-450 enzymes is even more demanding,
however, involving a more active genetic response to unique
new foreign substances, possibly chemicals that no organ-
ism has yet encountered. Nearly all the P-450 enzymes are
produced by the same liver cells, although every cell type
in the body can produce some of the P-450 enzymes. Thus,
the specificity for producing a particular P-450 enzyme can-
not lie in some random commitment of a particular liver
cell at birth, but must be actively induced again each time a
new substance enters the liver cell.

Further Research

The major problem in approaching the genetics of the
P-450 group is that genetic regulation in advanced organ-
isms is not at all understood at present. For example, prob-
ably 90 percent of the DNA in chromosomes does not code
for proteins but has some other unknown function. Many
of the DNA sequences that do code for proteins are inter-
rupted part way through by extending noncoding DNA,
whose function is unknown. The actual geometry of the
double-stranded DNA in the chromosome, its tertiary fold-
ings, and so on, is all unknown, though it is likely that this
higher-order geometry is involved in genetic expression.

These areas are poorly understood for several reasons.
First, the major techniques for investigation currently avail-
able are biochemical: the extraction of chemicals such as
DNA or proteins, followed by purification, and then char-
acterization by chemical or physical means, such as by
X-ray diffraction of crystals of the substance. These tech-
niques are not possible if what is being studied is too large.
A chromosome cannot be crystalized, and if the DNA is
extracted from it, its higher-order structure is changed.

The analysis of the P-450 enzymes involves similar prob-
lems. These enzymes are themselves oil soluble and lie
deep within the membranes of the cell. If they are removed
by disrupting the membrane with detergents, they are
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Dr. Daniel W. Nebert in his laboratory at the National
Institute of Health. The abnormal mouse strain that he is
investigating lacks a protein acceptor molecule.

changed so profoundly that it is impossible to determine
their original structure,

What is needed is a better diagnostic probe, a more pow-
erful microscope with which to examine these substances.
The government laboratories are now developing an X-ray
microscope that may be able to take a “picture” of one
chromosome with resolution at the atomic level.?

A second kind of probe will be produced by another new
technology: the production of pure forms of a single gene
by recombinant DNA. If one pure form of a P-450 is ob-
tained, the gene can then be used to cross-react or hybri-
dize in other organisms to see if they have that specific form
of P-450 gene. The gene for one kind of P-450 could also be
used to separate out that kind from a mixture of P-450 genes,
whose proteins are currently inseparable by ordinary
chemical means since they are so similar to one another.

Aside from new technologies, what is needed is an en-

Airely new conceptual approach to unravel the mystery of
genetic expression. The developing embyro proceeds
through an orderly series of unfolding geometries whose
boundaries and other geometric aspects determine the on-
going developmental patterns. This geometric approach
has so far been the only one that has explained anything at
all about how differentiation of form takes place, in partic-
ular in the nervous system and in the growth of limbs.*

The metabolic pathways likewise consist of an intercon-
nected network that “hangs together” much like a network
in an actual physical continuum, and is subject to the same
kinds of instabilities and wave propagation as a compres-
sible fluid. It is in this higher-order context that the genes
operate, and it may well be that they operate along similar
principles, particularly with regard to expression, but also
possibly with regard to actual DNA code changes, especial-
ly in the case of the great variability of theimmune and P-450
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systems. An important line of research is the investigation
of permanent effects on organisms’ P-450 enzymes of ex-
posure to toxic chemicals before birth, as this may shed
light on how genes are irreversibly activated or deactivated
in the course of embryological development.®

Any major decrease in the functioning of the immune
system, such as poisoning with certain drugs, results in a
general increase in cancer rates. Similarly, individual differ-
ences in inducibility of P-450 are also associated with changes
in cancer potential. For example, animals that have high
rates of P-450 induction in response to certain polycyclic
hydrocarbons are more susceptible to cancer when ex-
posed to these substances. Presumably, the enzyme cre-
ates large amounts of the oxidized chemical, and before
the second step reaction takes place, this chemical can
readily react with many other cell molecules, including DNA.
The oxidized molecule is actually much more reactive than
the original molecule, and this may explain many of the
individual differences in response to carcinogens.

This geometric approach to embryology and differentia-
tion could be especially relevant to the P-450 and immune
systems since both are involved in cancer, which is char-
acterized by cell dedifferentiation, orloss of specialization;
for example , cancers of muscle cells, skin cells, gland cells,
and other specialized cells progressively lose their special
attributes such as contraction and secretion.

If embryological geometries are crucial to differentiation,
then cancer involves an undoing of what these geometries
set up; in cancer there is a loss of control of cell division
and a dedifferentiation of cell type, as well as a breakdown
in the cell-to-cell cohesion essential for tissue formation
(whose absence is involved in the process of metastasis of
cancer). Thus, an understanding of the role of these geo-
metries is central to understanding cancer. Granted, the
geometries may in turn affect genetic regulation through
certain chemical mediators, and intervention to prevent or
cure cancer may involve these mediators. Yet to identify
these mediators in the first place would involve under-
standing the differentiation-related geometries as sign-
posts for where to look.

P-450 and Evolution

The P-450 system includes many enzymes that are in-
volved in normal metabolism, such as the elimination by
oxjdation of steroid harmones, thyroid hormones, and fat-
ty acids. This raises the guestion of whether the current
large number of P-450 enzymes, which are involved in elim-
ination of foreign as well as endogenous substances, is
derived evolutionarily from original enzymes that were in-
volved in normal metabolism; or whether the reverse is
possibly the case—the enzymes for detoxifying endoge-
nous substances are derived from enzymes for foreign sub-
stances.

On the basis of general characteristics, itis currently pre-
sumed that the P-450 enzymes are all fairly similar mole-
cules, differing, as do the antibodies, at the so-called active
site of chemical reaction. There are many known enzyme
families that basically do the same thing, such as “add X,"”
but the different members of a family act on different mol-
ecules. It is presumed that because there are strong struc-

tural similaritieqwithin such families of enzymes, each fam-
ily is derived by small genetic changes from one ancestral
enzyme.

A second evolutionary aspect is that some metabolites of
the P-450 enzynjes, such as the fatty acids, not only can be
eliminated afteq the second step reaction, but also can be
further oxidized and used as a nutrient source.* Thus the
detoxification of a noxious substance may eventually lead,
though evolutidn, to the use of that substance as a nutrient,
What is harmfu| and what is beneficial to an organism be-
come flexible cdtegories, with enzyme evolution mediating
the shift. Likew|se, more metabolic pathways (in more ad-
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BNF: The Prospect for Biofertilizers

An Interview with Dr. N.S. Subba Rao

Biotechnology is a term coined only recently. How
would you define it, and how would you situate the work
you do as a microbiologist within this framework?

Biotechnology can be defined as'the ways and means of
generating man’s increasing needs by genetically altered
microorganisms and living cells at a rate much faster than
what is being done today. Qualitatively as well as quan-
titatively, biotechnology encompasses all aspects of
human endeavour—industry, agriculture, human welfare,
environment and so on.

When the Romans were intoxicated in 6000 B.C. with a
broth fermented out of a concoction of grains, the art and
science of microbial fermentation began. In a sense the
seeds of biotechnology were then sown. The sudden
realization of the value of biotechnology as a potential
tool to meet human necessities was the result of the
“energy crunch” which is being currently experienced by
both the “haves” and “have nots.” The realization that
fossil fuels are being depleted at a very fast pace has made
us pay more attention to renewable resources of en-
ergy. The emergence of biotechnology is a part of this
major energy problem, and the solution is to speed up
the normal processes of producing the end products from
nature such as food, feed, plant nutrients and protectants,
pharmaceuticals and super drugs through less energy
consuming processes,

Agriculture is the mainstay of developing countries like
India. The magic seeds of high yielding wheat and rice
produced by plant breeding techniques can perform well
at high levels of NPK fertilizers. Whe' they were deve-
loped and used, the pressure on fossil fuel, the raw
material needed for nitrogenous fertilizer production, was
not great. Bountiful harvests were realized which helped
to overcome food deficits and shortages. Today the situa-
tion has changed because fertilizer production is insuffi-
cient and more factories cannot be installed overnight to
meet the demands of increased acreage on the farm. The
greater availability of irrigation has also created a demand
for more fertilizers. It is in this context that nature’s vast
reservoir of elemental nitrogen (75 percent volume)
serves as an inexpensive, less energy consuming and
renewable resouce for partially meeting the N-require-
ments of crops.

There are several nitrogen fixing microorganisms which
live freely in nature as well as inside the plant cells in
specialized structures called “root nodules.” They
possess an enzyme syst_.n called “nitrogenase” which is
controlled by a cluster of 17 genes known as “nif” genes.
The enzyme combines nitrogen and hydrogen to form
ammonia. Today, the estimates are that legumes convert
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atmospheric nitrogen in root nodules at the rate of 20-35 x
10° tons/year and legume fixation is at least one half that
of industrial fixation.

The global figure for population was 4374 million in
1980 and will probably reach 6253 million by 2000 AD.
We would then require 2600 million tons of cereals and
520 million tons of grain legumes as human food, for
which the consumption of factory made NPK mineral
fertilizer has to increase from 113 million tons in 1980 to
307 million tons in 2000 AD. The world’'s demand for
nitrogen alone wiltrise from 56 million tons in 1980to 140
million tons by about 2000 AD, a production increase of
about 90 million tons.

To meet this challenge, resources from developing
nations are not sufficient. To partially meet the plant’s
nitrogen needs, biological fixation of nitrogen is an alter-
native way. It is not expensive. It does not contribute to
environment pollution. The work on agricultural micro-
biology with reference to Biological Nitrogen Fixation
(BNF) is not only challenging but worthwhile for nations
with small budgets for research.

Biological Nitrogen Fixation is a natural phenomenonin
legume root nodules caused by Rhizobium bacteria
helping grain legumes and fodder; in paddy fields where
free-living blue-green algae and Azolla can be used with
profit; in the root region of all plants where non-symbiotic
bacteria are present, notably Azotobacter chroococcum;
in forest ecosystems, e.g., Alder trees and Casuarina spp
which have root nodules caused by Frankia spp; in
graminaceous plants (e.g., sorghum, millets) where Azos-
pirillum bacteria live in the cartical cells and xylem vessels
helping in nitrogen fixation through “associative
symbiosis.”

What are the economics of biological methods
compared to chemicals?

Response of plants to chemical fertilizers such as urea
is dramatic, but the basic problem is that not all the
chemical fertilizer applied is taken up by the plants. For
instance, in the paddy ecosystem, 50 percent is lost by
denitrification and runoff. In legumes, the application of
chemical N fertilizers beyond 20 kg N/ha as starter doses
is wasteful and in fact hinders biological fixation.
Biological fertilizers are inexpensive (Rs. 10 per hectare)
and their effectis not as spectacularas urea but it does not
contribute to environmental pollution and is slow and
steady in effect. One kg of urea contains approximately
2.5 kg N and is available in India at a subsidised price of
Rs.2.75.Onanaverage, biofertilizers would save about 30
kg N/ha which is equivalent to approximately 75 kg of
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urea costing around Rs. 200. Therefore, by the application
of biofertilizers a farmer can save Rs. 200/ha by way of
nitrogen. This saving is all the more important in crops
where no fertilizer is generally applied as in the case of
course millets.

Don't the prerequisiies for infrastructure and delivery
systems on the one hand, and the sensitivity of the
biological agents to specific conditions of temperature,
rainfall, etc. on the other, tend to outweigh the benefits in
economic ferr. -

As a matter of fact, chemical fertilizers are more prone

to denitrification and losses than biological fertilizers. The
@ffectiveness of biological fertilizers is minimized by anti-
biotic producing soil microorganisms, predators, high soil
temperature and drought. Some of these limiting factors
are also operative in crops fertilized with mineral fertili-
zers because 75 percent of the crops in India are rain fed
where limitations of water availability creates problems
for fertilizer utilization. In fact biological fertilizers
operate better under rainfed conditions because of the
copious polysaccharides produced by nitrogen fixers
which act as soil conditioners.

The delivery of biofertilizers at the farmers level is one
of the toughest problems faced by the biofertilizer
industry. The biological products are also vulnerable to
environmental hazards. There is, therefore, a case to
decentralize biofertilizer factories to meet the rural needs
of people. It is here that one has to differentiate between
chemical fertilizers and biofertilizers. That is, you cannot
produce chemical fertilizers on a small-scale decentra-
lized basis. In fodder sorghum, coarse millets, barley and
fodder oats and leguminous crops such as bengal gram,
cowpea, pigeon pea, etc. there is no organized or planned
input of mineral fertilizers. Probably it is in these crops,
under Indian conditions, that biofertilizers can play a vital
role.

Can biological methods ever replace chemical
altogether?

The answer is an emphatic “No.” Biological methods
can at best provide limited amounts (up to 30 kg N/ha)
and can only work in conjunction with chemical fertilizers
unless one finds super bacteria or super plants possessing

artifically transplanted "nif’ genes.

Are biological methods of enhancing plant growth
simply a “low cost’” way to achieve urgent but limited
progress, or are they most efficient or otherwise optimal
from a technical-scientific standpoint?

These low cost biological methods are not certainly, as
matters stand at present, the most efficient way of
harnessing nutrients to crop plants, but it has to be borne
in mind that the continuous application of chemical fertili-
zers to soil damages the soil structure and the soil is ren-
dered useless for the future generation. Probably, it is in
this context that biological methods have an edge over
chemical methods.
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principle in Ti plasmid genes is transferred from a bac-
terium to a higher plant. Here is an instance of how nature
has overcome genetic barriers between a lower plant
(prokaryote) and a higher plant (eukaryote). It has been
envisaged that nif genes could be'transferred to a Ti plas-
mid by molecular cloring, and the latter used as a vehicle
to implant nif genes into higher plants.

Other possible vehicles for molecular cloning of nif
genes are plant viruses like cauliflower mosaic virus DNA
and chloroplast DNA, Of the two, the chloroplast
approach is likély to offer least resistance. The strategy is
to construct bacterial plasmids carrying nif genes and inte-
grate them into chloroplasts. Later, the nif chloroplast
plasmid is introduced into isolated chloroplasts. This is
followed by the introduction of “transformed” chloro-
plasts into isolated plant protoplasts.

Uptake of nitrogen fixing bacteria and blue-green algae
into higher plant protoplasts has been attempted as a
possible method of modifying higher plants cells to fix
nitrogen. In a similar way, cells and tissues of plants have
been shown to take up nitrogen fixing bacteria. Regenera-
tion of such calluses into intact plants capable of fixing
nitrogen is a distinct possibility, although not seriously
attempted up to the seedling stage in recent years.
Recently cells of Azotobacter vinelandii have been farced
into the mycelium of Rhizopogon, a mycorrhizal fungus
on the roots of pine. If this approach is successful, then we
can have nitrogen fixing mycorrhizal roots. Nif genes from
Klebsiella pneumoniae have been cloned into yeast cells
(Saccharomyces cerevisiae), but there has been ex-
pression of nitrogen fixation character in the recombined
yeast.

Where do you foresee the next breakthroughs in your
area, and in “biotechnology’”” most broadly?

From the agricultural point of view, biotechnology holds
promise to the poorer nations as f llows:

1) creation of new bacteria and fungi by DNA recombi-
nation which can act as biopesticides. We have already
with us Bacillus thuringiensis which acts against lepidop-
terous insects. We must transplant genes governing the
production of biopesticides to other quickly growing bac-
teria on the same lines as E. coli mediated insulin pro-
duction to fight diabetes. By growing reconstituted cells in
large fermentors or bioreactors, we can make large quan-
tities of biopesticides.

2) to cultivate plants or clones from reconstituted
protoplasts which have incorporated genes for guick
vegetative growth for fuel and fodder (e.g, Leucaena), i.e.
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quick biomass yielding plants.

3) by combining phosphate solubilizing and nitrogen
fixation capacity in one organism, we can have plants
independent of chemical N and P fertilizers.

4) by artifically growing mycorrhizal fungi, the root
systems of many plants can be inoculated to form bene-
ficial new root associations.

5) in the area of bioconversion, the direct conversion
of lignocelluloses to power alcohol by a one-step enzyma-
tic process. If this is done we can convert, for example,
sugarcane juice as well as baggasse into alcohol. Even
major unused biomass could be generated to yield
alcohol.

6) generation of methane gas from agricultural wastes
by “super microorganisms” through genetic engineering.

7) to generate plants resistant to pests and diseases.

What, in your view, are the implications of the rapidly
developing “biotechnology revolution” for developing
nations? How should they prepare themselves to adopt
and use these technologies, and help push them further?

The implications of biotechnology cannot be under-
stood clearly at the moment. Nevertheless, considering
the spectacular achievements in the DNA recombinant
technology, it is clear that we are on the verge of major
breakthroughs in industry, medicine and agriculture,

Developing nations are eager to derive the benefits of
biotechnology. The scientists and students have been
excited by hopes of a bright future. Biotechnology needs
expertise, material supplies, training, monetary input and,
above all, constant touch with advanced nations where
most of the current thinking on the subject is being
generated. Abroad, biotechnology researchisinthe hands
of private enterprise and experienced professors are
being wooed into companies. The research results are
being patented and may not be available easily for poor
nations.

There is, therefore, in India a national biotechnology
board which has been entrusted with the task of identifi-
cation and implementation of national projects in bio-
technology. The Council for Scientific and Industrial
Research has already located a Microbiology Institute at
Chandigarh and the Department of Science and Tech-
nology, the University Grants Commission and Indian
Council for Agricultural Research have similar plans to
upgrade teaching and research in DNA recombinant tech-
nology. Above all, a close link with internationally reputed
industries is envisaged. We hope we are in the right
direction.

Dr. N.S. Subba Rao is Head of the Division of Microbiology of the Indian Agricultural Research Institute, New
Delhi, and Project Coordinator of the All-India Project on Biological Nitrogen Fixation, the first such orga-
nised effort in the world. Dr. Subba Rao has served as a Visiting Professor at the Institute Pasteur in Paris,
Nagoya University in Japan and Macdonald College in Quebeq, and has been associated with FAO, UNDP
andthe International Institute of Tropical Agriculture. He is the author of several books and the editor of two
reference volumes. For his contributions to soil microbiology, Dr. Subba Rao was awarded the P.B. Sarkar
Endowment Prize by the Indian Council of Agricultural Research in 1981. He has been elected as a Fellow of
the Indian National Science Academy. Most recently Dr. Subba Rao received the Borlaug Award for his
outstanding contributions in the field of biological nitrogen fixation and bio-fertilizer technologies.




Revolutionising Medical Pr

An Interview with Dr. Pornchai Matangkasombut

What do you consider to have been the major recent
contributions in biotechnology, and where do you think
the next breakthroughs will be?

If you start from the traditional area of biotechnology
that has been productive for decades and in some areas
for hundreds of years, fermentation technology and more
recently enzyme technology, they will all have the limita-
tion of the slow process of strain selection and improve-
ment by the traditional methods. The advent of gene spli-
cing, recombinant DNA, and so on, really made the whole
game different. You can design the organism as you wish.
This has been made use of rather rapidly, with a very short
lag time petween the time you were able to cut genes and
piece them back together the way you wanted, and
produce new products such as interferon, insulin, and
growth hormones.

But there are still limitations here. Even now it's much
easier to put genes from one so-called prokaryotic cell
into another one. But manipulating genes from eukaryo-
tic cells—yeast, protozoa and many other cells—is still
limited in as far as our ability to get them to express is con-
cerned.

Another new technology, cell fusions, gave another big
boost to this whole game; this is particularly useful in the
case of yeast, plant cells and mammalian cells. We were
able to make hybridomas of antibody-producing cells
with myeloma so that they would be immortalised and
grow to do one thing, make one single kind of antibody.
This is an important tool too in analysis, in characterising
relevant macromolecules, and also in diagnosis of
diseases.

The next breakthrough will come exactly in this area of
manipulation of mammalian cells, and it is not far away.
We might be able to change genes right in our own cells.
Forthose who have genetic defects, it might be possible to
pul those properties back into the person so that the
defect is no longer there.

What does this breakthrough hinge upon? Is it a techni-
cal problem at this stage, or are there certain fundamental
questions about our understanding of the process that
have to be solved?

Both really, but there are areas in which we already
know a great deal about the genetic basis of the defect, for
example, in thyrocemia and other hemoglobinopathy.
Interestingly, we know a great deal about genes that
regulate the immune response. And of course the abnor-
mality of immunoregulation contributes to a great variety
of diseases. In most circumstances we still cannot pin
down what specific defect in what specific genes or gene
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To what eytent is the swift forward motion in biotech-
nology forcing fundamental changes in our theory of the
origins and nature of life?
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we make use of naturally occurring enzymes. It's not Roy
Gilbert or someone else who made these enzymes. They
simply discovered a natural process in which genes are
being cut,and intervened into it to make use of it. The best
known example now is how the structural genes forimmu-
noglobulin are organised.

Immunoglobulin, as you know, are the molecules that
make up antibodies, thatare antibodies. In fact the genes
forthe light chain, for example, of immunoglobulin do not
existin asingle structural gene for the whole chain. Rather
it'’s made up of at least three different parts, and organised
into a big stretch of chromosome. The part that accounts
for antibody specificity, the so-called variable part, is
represented by a number of copies, such that depending
on what copy you join with the other part, you have a diffe-
rent amino acid sequence and therefore different specifi-
city. In the process of the lymphocyte differentiating into
making antibodies, these genes are being relocated and
parts in between are cut off so that the proper variable
portion genes join with the adjoining portion and the
constant part.

So a cutting and throwing away is a regular event, but
the part that is being thrown away happened to be not so
much if you consider the totality of the genetic material,
sowe were not able to detect it before. Now we know that
it's being thrown away like mad, and a well differentiated
plasma cell is making a single kind of antibody. In fact, it
may have thrown away all of the other genes for making
other kinds of antibodies.

So the question is what triggers or motivates those
activities...

What regulates this? Part of the answeris already known.
Because we know that for frequent differentiation of B
lymphocytes into making antibodies, for example, you
require interaction by other cells, so-called helper T lym-
phocytes, to give a message to the B lymphocytes: “Hey,
this is something that you should think about, making
antibodies...” The symptomology we know. In fact, we
know the structure and part of the sequence, and we also
know what gene this signal molecule comes from. The
immune system happens to be a model that attracted a lot
of interest from the beginning. It happened to be a model
with characteristics that make the analysis of how cells
talk to one another an important aspect. Therefore we
keep on trying to find out how the cells talk to one another,
what is the molecular basis of this language, and what
genes determine who can say what to whom.

This alone can lead to a lot of future breakthroughs.
When people talk about hybridomas, they are thinking of
B cell hybridoma, monoclonal antibodies. But in the last
two years the T cell hybridoma, the cell that regulates the
immune response are now available. So you can have
hybrid clones of these different cells such that each of
them has a specific message to give—and these are now
being characterised—and it might be possible to putthem
on the shelf, There could be a shelf of suppressor T cell
messages for various kinds of antigens, so if the lady is
allergic to ragweed, then we pull out one tube containing
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suppressor cell for ragweed IgE production, and that's the
end of that.

So regulatory genes in mammalian cells will be the next
breakthrough, and the first, | would guess, would be regu-
latory genes for immune response, because we already
know quite abitaboutit. And we already have the tool, the
T cell hybridoma. This is a lot of fun.

Very recently a new government decision was taken in
Thailand to promote a concentrated programme in bio-
technology.

Yes. This can be considered to be the first of the major
financial inputs into a given area of science, and it could
also be considered to be the prototype of other goal-
oriented approaches in defined areas.

For biotechnology, it's very simple. It's not difficult for
the government—politicians, technocrats, economists—
to recognise that a country like Thailand that is rich in
biomass, producing an abundant amount of foodstuff and
other agricultural products, would be particularly bene-
fitted by biotechnology, which is really whatever tech-
nology that can use biological processes of microorga-
nisms to convert things around according to what we
need. If you consider that our export of agricultural raw
materials each year amounts to several billions of US
dollars; and if we were to export a little bit less of that and
convert it into value-added products, to replace importa-
tion of similar products, or even to export the finished
products rather than the cassava pellet, for example, we
might increase the value of such exports to 1000-fold. The
impact on the whole economy is no small matter. From
that standpoint, investing US$ 15-20 million into this par-
ticular area is not that much money, really.

More important, it's the first time that a substantial
amount of money is being put into one key area, one
target area.

Could you describe the current work going on in bio-
technology in Thailand?
The work in biotechnology is very wide-ranging. A num-
ber of institutions have keen interest, and have ongoing
programmes. The work can be divided into three group-
ings: one with potential industrial applications, one with
an agriculture-oriented approach and application, and
then applications in health and sciences.

As faras industrial application is concerned, much of the
waork for medium and large-scale industry is still quite pre-




liminary. In fact, most of the medium-scale and large-scale
industries import their technologies en bloc, turnkey
processes. In small scale industry, on the other hand, the
number of things that have been done and put into actual
applications, including new processes and new microbial
strains, is significant. For home industry—like soy sauce
factories that traditionally in Thailand are carried on in
cottage-type of industrial settings, and with mixed cultu-
res or undefined cultures—for example, our scientists
now are able to characterise the key properties of certain
cultures, improve on them and devise a pure culture, such
that the impact of these for the cottage industry is very
significant. In fact, as a result many of them grew into a
mechanised level of industry and are now expanding.

For larger-scale industries, there are a few examples of
innovative work. Our scientists at Kasetsart University, a
university that was originally an agricultural university, in
collabaration with a |apanese colleague, have been able
to use protoplast fusion techniques and to select hybrids
of fusion strains that combine the properties of high-yield
alcohol and also flocculant.

S %
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As far as agriculture is concerned, a great deal of work
has been done on plant strain selection, breeding and so
on, including tissue culture and protoplast fusion tech-
niques in several areas. Rice, of course, is one of our main
crops and a great deal of work has been put into that.
Orchids of course should be mentioned. And various
tropical fruits have been improved by using traditional as
well as modern methodology, like in vitro culture and
fusions.

Then another area in which we have grown rather
intensively and extensively has to do with nitrogen fixa-
tion, using Rhizobium. The Agriculture Department is al-
ready producing one hundred tons of Rhizobium for dis-
tribution to legume-growing farmers. This is just simply for
seed inoculation, and then from field testing they improve
the yield considerably.

In nitrogen fixation, work is being done on microorga-
nisms that may live symbiotically with rice and that can fix
nitrogen. This will be quite important. As far as phospho-
rous is concerned, mycorrhizais being worked on, but itis
still quite preliminary.

Of course there is a great deal of work done on Candida
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attractive to younger people. So we had a problem of
people going into this area more than into basic sciences.

The Faculty of Science of Mahidol University was
created only 25 years ago. The first dean, Professor Stang
Mongkolsuk, was a very far-sighted person, and he recog-
nised this problem. So he devised a scheme to “siphon
off” the top students from the pre-medical school class,
who happened to be the top students of the country, to go
into basic sciences by offering them scholarships to go to
Harvard, or Oxford, or Cambridge, or Berkeley, Wis-
consin—wherever they wanted to go. He was able to
recruit more than 100 top students from the pre-medical
school class and put them into physics, chemistry, biology
and life sciences,

This resulted in an infusion of higher-calibre young
people into basic, fundamental research. This is a critical
point in that the strength of life sciences gathered critical
mass within at least some institutions, and with otherinsti-
tutions. In the last 15-20 years this has been strengthened,
and the critical mass—once you get it in certain key areas
and they begin to grow, then the momentum is there—
was extended into more areas of competence.

The next phase is really to organise this into more
systematic kind of task forces, which would be able to
perform goal-oriented research and development. Many
people in developing countries keep on arguing, particu-
larly among those so-called science policy experts, that
why should developing countries do basic science; we
must have “appropriate technology”; and so on and so
forth. To me this argument is all a bunch of nonsense.
There is no work that you can say, “This is basic, that is
applied,” and “This is appropriate and that's not.” If you
look at the whole thing from the point of view of goal-
orientation, then you have to consider what we have so far
and what is needed. In most areas you cannot help but go
back to the most fundamental and build from it. You may
say, “Oh, this is too fundamental”—but if you want to
reach that goal, you have to have it.

Dr. Pornchai Matangkasombut is Chairman of the
Department of Microbiology, a position he has held since
1973, and Director of the Biotechnology Programme in the
Faculty of Science at Mahidol University in Bangkok,
Thailand. The Faculty of Science is the principle centre in
Thailand for training medical students in basic science at
the undergraduate level as well as the most important
centre in research and graduate training in the life
sciences,

Dr. Pornchai was Chairrhan of the National Organizing
Committee for the Fifth International Conference on
Global Impacts of Applied Microbiology, held in Bangkok
in 1977 under UN sponsorship. Dr. Pornchai is part of the
team that formulated Thailand’s bid to host the proposed
new UNIDO-sponsored International Centre for Genetic
Engineering and Biotechnology.

A medical doctor and Ph.D. in Immunology, ODr.
Pornchai is an Editor of the Asian Pacific Journal of Allergy
and Immunology launched by the Allergy and Immuno-
logy Society of Thailand in June 1983.
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Genetic
Engineering Vs.
Pollution

A Status Report
by Dr. A.M. Chakrabarty

he application of a large number of synthetic chemi-

cals, particularly the highly chlorinated aromatics, in
the form of herbicides, pesticides, industrial solvents, die-
lectric fluids, etc. has created major problems of environ-
mental pollution all over the world'....The major reason for
the pollution problem is the persistence of these chemi-
cals, i.e., they remain unchanged in the environment for a
long time, and because most of them are lipophilic, they
tend to enter into the human body through the food chain
and remain stored in the fatty tissues where they exert
their toxic effects. It is clear that insecticides and herbi-
cides such as DDT, 2,4,5-T, etc., whose production and
usage have been curtailed inthe U.S. as well as some other
countries, could have been used for enhanced agricul-
tural productivity or eradication of insect-borne diseases,
if only such compounds could be rendered harmless
through microbiological degradation.

Plasmids in Biodegradation

Although most highly chlorinated compounds are degr-
aded only slowly in nature by cooxidative process® and
others are not degraded at all, many bacteria are known to
degrade simple chlorinated (mono or dichlorinated) com-
pounds rapidly as a sole source of carbon and energy. In
some cases the genes for the dissimilation of these
compounds have been shown to be borne on plasmids.
Interaction of the plasmids appears to be a potent mecha-
nism for the evolution of new capabilities against other,
similar types of compounds. For example, following the
demonstration of Hartmann et at® that inclusion of TOL in
a chemostatic culture is essential for conferring the ability
in a 3-chlorobenzoate degrading pseudomonad to utilize
4-chlorobenzoate or 3,5-dichlorobenzoate, we have
demonstrated that under such conditions, a part of the
TOL plasmid is not only transposed onto the chromosome
to supply aneeded broad substrate benzoate oxygenase
function, but that the plasmid TOL also supplies the repli-
cation functions for the evolution of a new plasmid that
harbors mutationally altered gene segments from the
chlorobenzoate plasmid so as to allow efficient degra-
dation of a dichlorobenzoate such as 3,5-dichloroben-
zoate®.

Since chlorocatechols are common intermediates in the
degradation of chlorinated aromatics compounds,
transfer of plasmid-borne genes encoding degradation of




chlorocatechols to cells capable of utilizing phenol, salicy-
late or aniline (but incapable of utilizing chlorinated
derivatives of these compounds), has allowed the deve-
lopment of microorganisms capable of utilizing ch-
lorophenol, chlorosalicylate’ or mono- or dichloroaniline.
Another interesting feature of genetic selection is the ex-
tended substrate range against other halogenated
compounds....

In addition, different plasmids are known to contribute
different segments of a degradative pathway, so that more
than one plasmid might be necessary for the degradation
of a synthetic chlorinated compound®....

There are other compounds that are found widely in
toxic waste dump sites (2,4,5-T, 2,4,5-trichlorophenol,
pentachlorophenol, etc.) that are quite recalcitrant to
microbial attack when present at high concentrations....
Since new degradative functions have been shown to
evolve through divergence of chromosomal or plasmid-
borne genes, it was of interest to see if bacterial strains,
capable of utilizing a compound such as 2,4,5-T, could be
developed by chemostatic selection in presence of a pool
of plasmid genes. Indeed, such selection allowed the
emergence of a pure culture of Pseudomonas cepacia
AC1100 that could utilize 2,4,5-T as its sole source of
carbon and energy’® while an identical control selection
medium without plasmid gene pools did not produce any
2,4,5-T degrading strain. The strain P. cepacia AC1100
could not only utilize 2,4,5-T, but could also dechlorinate
a variety of other chlorinated compounds such as 2,4-D,
pentachlorophenol, 2,4,5-trichlorophenol, various mono-,
di-, tri- and tetrachlorophenols, and so forth®'?....

AC1100 in an Open Environment

One of the major unanswered questions in the applica-
tion of genetically-engineered microorganisms in an open
environment for pollution cleanup is whether such micro-
organisms would be effective in utilizing the specific
pollutants under conditions where they have not only to
compete with indigenous microorganisms for mineral and
other nutrients, but would also have ample other carbon
sources present as alternate foods. We have demons-
trated that AC1100 is not only very effective in removing
more than 95 percent of 2,4,5-T at moderate concentra-
tion (1000 ppm) from the contaminated soil in about a
week'', but that it can remove more than 90 percent of
the 2,4,5-T when it is present at very high concentration
(20,000 ppm) in about 6 weeks '?. Removal of the 2,4,5-T
allows the soil to support the growth of broad-leaf plants
which are normally very sensitive to low concentrations
(10 to 50 ppm) of 2,4,5-T.

This indicates that microbial removal of 2,4,5-T from
heavily contaminated soil allows a total restoration of the
original soil condition. Once the 2,4,5-T is gone, the titer of
AC1100 drops rapidly and the bacteria become undetec-
table in a few weeks'>. This further indicates that in
absence of 2,4,5-T, laboratory-developed strains such as
AC1100 cannot compete effectively with indigenous
microorganisms and tend to die off rapidly. Such micro-

organisms arg therefore unlikely to cause any major
ecological disturbances, if they are applied in con-
taminated ardas in large amounts.

In Conclusion

It appears that genetic techniques could be very useful
in developing in the laboratory new strains capable of
degrading noyel synthetic compounds. We have recently
demonstrated that the entire 3-chlorobenzoate degra-
dative genes fan be cloned in a broad host range vector
and transferred to various gram negative bacteria'’.
Although prorhoter sequences controlling transcription of
Pseudomonag plasmid-borne degradative genes appear
to be differer]t from those of E. coli, and therefore such
genes often femain unexpressed in enteric and other
bacteria', mdlecular cloning of chromosomal or plasmid-
borne degradative genes as part of broad host range
plasmid vectqdrs will undoubtedly facilitate gene transfer
among the m|crobial community....

We have rgcently developed a mixed culture that can
utilize dibenfothiophene, a major source of sulfur in
various high splfur coal and crude oil, as its sole source of
carbon and dulfur. Undoubtedly, many other bacterial
strains can dnd will be developed, each capable of
utilizing rapidly one or more recalcitrant compounds. It
would be inferesting to see if, similar to the 2,4,5-T
degrading strgin, such cultures will also be able to utilize
the xenobiofic compounds in contaminated soil and
remove the pollutants permanently from the
environment

Dr. A.M. CRakrabarty is Professor of Microbiology at the
University of| lllinois at Chicago. Chakrabarty has done
pioneering wprk in the application of genetic engineering
techniques t¢ problems of environmental pollution. The
above was exferpted from a presentation Dr. Chakrabarty
made to the {nited Nations Environmental Programme in
Paris in July, | 983.
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Fusion Report

New Los Alamos
Breakthroughs Point to
Compact, High Density
Magnetic Fusion

by Charles B. Stevens

Los Alamos National Laboratory scientists have achieved
a series of experimental breakthroughs with their compact
toroid and reversed field types of magnetic fusion systems,
including the zeta pinch. Taken together with similar types
of magnetic fusion research going on in plasma laboratories
throughout the world and, in particular, in Japan, these
results constitute the most significantadvance yet achieved
in fusion technology and science.

The experiments indicate that magnetic fusion devices
such as the spheromak can become self-sustaining at high
densities, thus making possible an ideal fusion reactor that
burns advanced fusion fuels efficiently at an extremely low
capital cost.The impact of the Los Alamos breakthroughs
are threefold:

First, the Los Alamos developments have immediate the-
oretical and practical implications for all the various ap-
proaches to harnessing magnetic fusion energy, for the
development of directed energy (laser, particle, plasma,
and hypervelocity projectile) beams, and for the technolo-
gy of pulsed power, which is essential to both fusion and
directed energy systems.

Second, the Los Alamos experiments demonstrate how
an almost ideal magnetic fusion energy system can be
achieved. This ideal system would be based on self-orga-
nized magnetic plasmas that are capable of continuously
and efficiently generating fusion energy outputs with a min-
imum external supporting technology. In other words, this
system would be a fusion reactor with a minimum capital
cost. Such a fusion system would generate electricity and
other forms of industrially needed energy at costs far below
those of existing technologies and below those projected
for the existing mainline fusion approaches now being re-
searched.
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Third, and most significant, these fusion experiments are
transversing the frontiers of science as defined by Rieman-
nian relativistic physics. For example, the Los Alamos re-
sults have immediate theoretical implications for electro-
dynamics and the definition and evolution of self-orga-
nized structures such as solitons and shock waves. This
advance opens up an extremely fruitful path for the exper-
imental reformulation of quantum electrodynamics as re-
cently specified by Lyndon H. LaRouche.’ The recent theo-
retical applications of self-ordered soliton-type plasma
structures to biology demonstrate that the potential impact
of these Los Alamos results is not limited to physical sci-
ence.’

Fusion and Plasma Science

From an economic standpoint fusion cannot be defined
as just another patential energy resource, and plasma phys-
ics is not just the science upon which the technology for
harnessing fusion is based. The fusion process provides the
basis for defining and developing entirely new families of
resources. For example, fusion transforms simple water
and earth and existing forms of industrial waste into valu-
able resources. And plasma physics, particularly as dem-
onstrated in the fusion torch concept, defines an entirely
new industrial technology that has a potential of infinitely
higher efficiencies and densities of throughput compared
to existing types and has no moving parts.*

This economic potential of fusion, defining the parame-
ters for a new industrial revolution, is foreshadowed by the
role of nuclear fusion and plasma processes in the evolu-
tion of the universe. Fusion is the source for the most active
forms of energy observed in dynamics of the universe. Itis
nuclear fusion energy that makes the stars shine, and it was
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the fusion process that generated the spectrum of chemical
elements (matter), out of which the solar system was formed.

The easiest elements to fuse are the heavy isotopes of
hydrogen, deuterium (D), whose nucleus has one proton
and one neutron, and tritium (T), whose nucleus has one
proton and two neutrons. It has been experimentally de-
termined that when the average energy of the electrons
and heavy hydrogen (with equal quantities of deuterium
and tritium) is the same, the conditions for net-energy-
producing thermonuclear fusion can be stated as an igni-
tion temperature (temperature is a measure of the average
energy, and therefore the velocity, of an ensemble) and a
specific density of reacting nuclei that must be maintained
over a specific period of time. For D-T fusion, the minimum
ignition temperature is 44 million degrees Celsius or 4,000
electron volts (1 electron volt is equivalent to about 11,000
degrees Celsius or 1.6 X 10" joules). And the density in
nuclei per cubic centimeter times the time during which
this temperature and density are maintained must be equal
to 30 trillion seconds-nuclei per cubic centimeter. This en-
ergy confinement time/density product is termed the Law-
son condition for net fusion energy generation.

There are two general approaches to thermonuclear fu-
sion: inertial confinement and magnetic confinement fu-
sion.

In inertial confinement, extremely high power densities
are applied to an ensemble of deuterium-tritium fuel, and
the fuel burns up before it blows up. Thatis, only the inertia
of the fuel is utilized to confine it to a specific density while
it is heated to fusion ignition temperatures.

Magnetic fields are generated by electric currents—a di-
rected relative motion of electrons and ions. For magnetic
confinementfusion, these fields can be generated by either
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From electrodynamics it has been shown that magnetic
field lines must|form closed circuits. Two important fea-
tures of plasma fagnetic confinement follow from this ob-
servation: (1) infernally generated magnetic fields will be
utilized more efficiently than externally generated ones,
and (2) the ideal geometry for magnetic confinement is that
of a torus formeg out of closed magnetic field lines.

The mainline gnagnetic fusion approach, the tokamak, is
indeed a torus, [which derives a significant portion of its
confining magnetic field from a toroidally directed plasma
electric current. In the tokamak, most of the confining mag-
netic field is geperated by external copper field coils. As
noted above, hdwever, the ideal situation would be to ob-
tain the entire cpnfining magnetic field from internal plas-
ma currents. Anfl, indeed, this is the primary characteristic
of the Los Alamps compact tori: the CTX spheromak and
the FRX-C reversed field theta pinch. Both these devices
form closed torilof magnetically confined plasma in which
the confining mdgnetic fields are generated by closed loops
of plasma electr|c current.

The geometry| of these magnetic confinement devices is
shown in Figure{1. In 1 a, a column of plasma is trapped in
an axial magnetic field, where the field lines follow the axis
of the cylinder. When this axial magnetic field is generated
by a plasma cn.E'em, this configuration is called a theta

pinch. The plasfna electrical current flows in an azimuthal
direction, circlihg around the plasma column as shown.
The name thetd refers to the angular coordinate of this
circular path.

In 1 b, the geometry of the magnetic field and plasma
electric currentfhave been reversed. The field lines are cir-
cular—thatis, irf the theta direction—while the plasma elec-
tric current flows along the axial direction, which is gener-
ally given the cqordinate designation of zeta. This configu-
ration is termed a zeta pinch.

The reason fpr the name pinch is that these magnetic
confinement cdnfigurations are dynamic. The inward pres-

sure exerted by
gas pressure d

the magnetic field is greater than the plasma
f expansion. As a result, the column is

“pinched” to a
creases the pl
zeta pinches,

therefore thei

smaller radius. Since this by definition in-

ma current density in both the theta and
e magnetic field intensity increases and
ard magnetic pressure increases.

Both pinches{can be made into closed tori (1c) simply by

taking the end$ of the columns and connecting them. In
this case, the akial or zeta direction becomes the toroidal
direction—the flong way around the torus, while the azi-

- muthal or thetaldirection becomes the poloidal direction—
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the short way around the torus. The Los Alamos FRX-C is a
closed toroidal theta pinch, while the CTX spheromak is
more like a toroidal belt pinch, where the magnetic field
and electric current follow the same spiral paths. The Los
Alamos reversed field ZT-40 zeta pinch is a much more
complex system, which is described below.

The rate at which fusion reactions take place increases
with the fuel density, and therefore the power density of
the fusion energy output also increases with the fuel den-
sity. However, since the plasma gas pressure increases with
increasing density, the confining magnetic fields must be
made more intense.

This brings us to the most crucial observations concern-
ing magnetic plasma structures. Matter that is held together

by ordinary chemical bonds, such as copper wire, is limited
to the energy flux densities—magnetic and electric fields—
that it can withstand given the strength of these chemical
bonds, which are less than a few electron volts per atom.
Self-organized magnetic plasmas—thatis, plasmasin which
the primary confining magnetic fields are generatéd by in-
ternal plasma electric currents—have no energy flux den-
sity limitations. Therefore, self-organized magnetic plas-
mas offer a unique path to both the most efficient and
highest energy flux density fusion plasma configurations.

Theoretical Origins of Self-Organized Magnetic Plasmas
In January 1980, in an article titled “The Zeta Moves into
First Place,” Fusion made a projection for the experimental

a) Theta pinch

Axial magnetic field

z
/
b) Zeta pinch
Trapped plasma particle
Circular magnetic field _Li \ \
\ edP

Electrical current

Plasma
Sy - Coil

N, -

Field lines *

c) Closed system

Figure 1
MAGNETIC CONFINEMENT CONFIGURATIONS
The configuration for a theta pinch is shown in a. An axial magnetic field traps plasma ions and electrons into spiral
orbits along the field lines. A plasma current is induced to flow in a circular fashion, the short way around the
cylinder, known as the theta direction. This generates a magnetic field parallel to the axis of the plasma cylinder. If
the induced plasma current is made to increase rapidly, then the intensity of the magnetic field will increase. This
compresses and heats the plasma, which, in turn, leads to an intensification of the magnetic field. This process of a
plasma current generating self-compression is called the plasma pinch.

The configuration for a zeta or z-pinch is shown in b. A circular magnetic field—the poloidal field—traps plasma
particles in “closed” spiral paths along “closed” magnetic field lines. The induced plasma current flows in a direction
parallel to the central axis of the plasma—the long way down the cylinder, termed the zeta direction.

A combination of the theta and zeta pinch configurations will generate spiral-shaped magnetic field lines and
electrical current paths.

The magnetic field configuration shown in c has been closed by bringing the ends of the cylinder together to form
a toroidal shape—a donut. The field lines now are closed. Also shown is an external coil that generates the magnetic
field within the plasma.
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development of self-organized magnetic fusion systems.*
The recent Los Alamos successes confirm the projections
made in that article as well as the essential aspects of the
earlierwork of Drs. Harold Grad of the New York University
Courant Institute for Mathematical Studies, Dan Wells of
the University of Miami at Coral Gables, and Winston Bos-
tick of the Stevens Institute of Technology and the Kirtland
Air Force Weapons Laboratory.

To briefly summarize this history: During the 1930s, Dr.
Adolf Busemann applied the concept of Riemannian shock
waves to aerodynamics and derived the essential features
of isentropic flow, which made the development of rocket
and jet aircraft possible.® He also applied this concept to
fusion and derived the fundamental features of inertial con-
finement. Later, while working for NASA in the 1950s, Bu-
semann developed the essential features of self-organized
magnetic plasmas.®

The essentia| point is that the evolution of magnetic plas-
mas is dominated by continuum hydrodynamical processes
and their singujarities—vortices. The plasma domain is rep-
resented by a Higher-ordered hydrodynamical continuum,
which is called magnetohydrodynamics or MHD. In this
domain, magngtic fields represent a sort of higher-order
fluid superimppsed and strongly interacting with the plas-
ma fluid (see Kigure 2). These MHD vortices exist in two
distinct families, and Dr. Fred Tappert of the University of
Miami at Cora] Gables has shown that given a magnetic
plasma, such MHD vortices will naturally appear. Further-
more, Dr. Harpld Grad has shown that given the proper
global bound3ry conditions, these MHD structures will
evolve to mor¢ complex topologies—defined by growing
numbers of figld geometry singularities—without dissipa-
tion.” '

In the 1960s | Dan Wells applied the experimental obser-

Figure 2
MAGNETOHYDRODYNAMIC
(MHD) PLASMA
INSTABILITIES
A plasma column in a magnetic field
can become hydrodynamically un-
stable as a result of the interactions
between the plasma, which is mov-
ing like a fluid, and the confining
magnetic field. These motions, or
MHD instabilities, as they are
termed, evolve according to specif-
ic harmonic geometries. The set of
diagrams here shows how these
harmonic motions can be character-

ized.

In the terms used to identify the
various instabilities, m is an integer
in a mathematical function of the
form sin (m®©) that determines the
geometry of the MHD motion. For
example, m =0 means that the plas-
ma column will move onlyin a radial
direction (that is, with differing
thicknesses). In m =1, the plasma
column motion takes the form of a
spiral or simple coil—a kink—and if
this continues to grow, the plasma
will hit the wall of the vacuum
chamber. In m=2, the column spi-
rals and is squeezed at the same
time.

Z
%
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vations of Winston Bostick and extended the theoretical
insights of Busemann to the dynamics of these self-orga-
nized structures.® Wells showed that these MHD structures
represented metastable minimum energy states.

An important point here is that if the global boundary
conditions of the system—the placement of the vacuum
chamber wall in which the magnetic plasma is being formed,
the geometry of the externally induced plasma electric cur-
rents, and so on—are not properly chosen, the evolution
of these MHD structures will appear as instabilities leading
to the destruction of the magnetic plasma. For example, as
shown in Figure 2, MHD motions can cause the plasma to
come in contact with the vacuum chamber wall. As a result,
the plasma would rapidly lose its thermal energy to this wall
and recombine to form an ordinary, un-ionized gas that has
no free electrons.

However, if the boundary conditions provide sufficient
freedom for the plasma to progress to a new, higher-or-
dered minimum energy state, then this apparent MHD in-

Vacuum chamber
[
Circular
magnetic
field — +
Plasma
Transtormer

Figure 3

CUTAWAY VIEW OF A SIMPLE TOROIDAL Z-PINCH
In experimental runs, hydrogen gas is pumped into
the vacuum chamber to fill up the donut at a low
density. Then an electric current is passed through
the transformer. This generates an electrical current
field that ionizes the hydrogen gas in the vacuum
chamber. As the current rises in the transformer, a
plasma electrical current is induced to travel around
the donut. This generates the circular (poloidal) mag-
netic field that pinches and initially heats the plasma.
As the current continues to rise, it too heats the plas-
ma.

In the later, more sophisticated versions of the to-
roidal z-pinch, toroidal field coils were placed around
the vacuum chamber. These generated an axial (to-
roidal) magnetic field that helped to stabilize the
simple z-pinch against MHD instabilities. Also, “ver-
tical” field coils were added that prevented the plas-
ma donut from simply expanding and hitting the vac-
uum wall. The vertical field coils generate a magnetic
field on the outside of the plasma donut in a direction
perpendicular to the plasma column. When the plas-
ma expands outward, it interacts with this vertical field
and is forced inward as a result.
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stability will dissipate once such a higher state is achieved.
In 1974, ).B. Taylor of the Culham Fusion Laboratory in
England utilized Dan Wells’s concepts (without acknowl-
edging him, in fact) to demonstrate that this is precisely
what happened in the case of the British toroidal pinch
experiment called the Zeta.®

The Zeta experiment was basically a toroidal zeta pinch,
as shown in Figure 3, with some toroidal axial magnetic field
added in order to stabilize the z-pinch against the m = 0
MHD mode in Figure 2. Originally, it appeared that the
system became completely unstable. Closer examination
of the experimental data after the Zeta was shut down,
however, showed that the system entered a phase of dy-
namic MHD motions but then settled down into a quiescent
stable phase. To the surprise of the fusion researchers in-
volved, this quiescent phase had an entirely new magnetic
geometry that had been created during the dynamic phase.

What apparently Happened in the Zeta is thatan m = 1
MHD mode developed and moved around the plasma col-
umn, In the process, it disrupted the toroidal magnetic field
lying outside the plasma column and then reconnected the
magnetic field such that the field was now directed in an
opposite direction. That is, the toroidal magnetic field out-
side the plasma column was reversed with respect to the
direction of the toroidal magnetic field originally imposed
on the plasma and the toroidal field remaining within the
plasma column. This phenomenon was termed self-rever-
sal, and the Los Alamos ZT-40 is based on this reversed field
configuration.

The essential point to conclude from this example of the
Zeta device is that if self-organized magnetic plasmas are
given sufficient freedom in terms of their boundary condi-
tions, they will “naturally” proceed in a dynamic fashion to
higher-ordered configurations. It is the exploration of these
boundary conditions, correlated with the dynamic evolu-
tion of these higher-ordered structures, that defines the
most crucial characteristics and limits of magnetic confine-
ment in general.

The unprecedented success of the Los Alamos ZT-40, and
in particular the emergence of the dynamo effect, which is
also now being observed in the CTX-spheromak, categori-
cally demonstrates that this is the case.

A final general point is that both the plasma and its
boundary conditions are dynamic and experimentally ex-
hibit distinct harmonic—resonant—structures in terms of
their interconnection.

The CTX Spheromak

The spheromak configuration is an almost ideal projec-
tion of the fundamental concepts that Wells first initiated.
In the spheromak, all the confining magnetic field is gen-
erated by plasma currents, creating an axisymmetric toro-
idal pinch configuration.

The Los Alamos CTX spheromak is shown in Figure 4, and
Figure 5 shows how the CTX spheromak is dynamically gen-
erated with a coaxial plasma source called a Marshall gun
(only the plasma gun is shown for simplicity). The plasma
gun consists of two cylindrical electrodes that are con-
tained in a vacuum chamber. A low density hydrogen gas
fill is introduced into the chamber and a large voltage drop
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Figure 4
CROSS-SECTIONAL SCHEMATIC VI
OF THE CTX SPHEROMAK

The diagram shows the Los Alamos CTX spheromak experiment and its eldctrical circuit. The gas puff valves provide
an intake of hydrogen gas. Then the two cyindrical source electrodes, which form the coaxial Marshall gun, are
switched on. This then generates a plasma sheath on the left side of the Mdrshall gun near the insulators. The plasma
sheath moves to the right down the gun. When it emerges from the left end of the coaxial gun, the plasma sheath is
transformed into a spheromak and interacts with the poloidal magnetic
The completely formed spheromak continues to move to the right until

EW

ield generated by the poloidal field coil.
it is trapped within the copper shell flux

is applied to the two electrodes. The resulting electric field
between the electrodes causes the hydrogen gas to break
down (ionize) near the left side of the electrode cylinders.
Once a plasma sheath is formed between the electrodes,
electrical current begins to flow through it from one elec-
trode to the other. The flow of current along the surface of
the electrodes—in the axial direction—generates a toroidal
magnetic field.

The current flowing through the plasma sheath interacts
with this toroidal field to generate a force that propels the
plasma sheath toward the right side of the cylinder. When
the sheath reaches the end of the coaxial gun, it encounters
radial magnetic flux generated within the inner cylinder of
the gun. Because of the momentum of the plasma sheath,
the interaction between the plasma sheath and this radial
flux generates a snipping effect that causes the radial lines
to reconnect around the plasma sheath as it emerges from
the gun. As a result, the flat sheath is rolled up into a torus
with both toroidal and poloidal magnetic field compo-
nents. This process is shown schematically in Figure 5.

The plasma continues on its trajectory toward the right
until it enters a flux-conserving cage made out of copper.
The copper cage serves as an external boundary force, which
is needed to maintain stability even though force-free self-
organized plasma structures are primarily confined by their
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Figure 5
MAGNETIC FIELD GEOMETRIES
IN THE STARTUP OF THE CTX SPHEROMAK

These three diagrams show how the CTX spheromak
is formed. In the first stage, a, the coaxial Marshall
gun (represented by the two cylinders) generates a
plasma sheath that carries a large, radially directed
electrical current between the two cylindrical elec-
trodes of the Marshall gun. At the same time, the
current flowing along the cylindrical electrodes gen-
erates a toroidally directed magnetic field.

The interaction between this toroidal magnetic field
and the radial plasma current results in a force on the
plasma directed toward the right, down the cylinder.
The plasma, therefore, accelerates down and out of
the coaxial gun (b). Because of the momentum of the
plasma sheath, the interaction between the plasma
sheath and the radial flux creates a snipping effect
that causes the radial lines to reconnect around the
sheath as it emerges from the gun.

At this point, the flat plasma sheath is rolled up and
becomes a plasma ring or torus. This ring then inter-
acts with the radial magnetic field generated by the
poloidal field coils within the inner cylindrical elec-
trode (shown in Figure 4). This interaction leads to the
formation of a self-contained spheromak configura-
tion (c) whose magnetic field consists of both poloi-
dal and toroidal components. The completely formed
spheromak continues to move to the right until it is
trapped inside the flux conserver (shown in Figure 4).
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rate. If the magnetic plasma can be maintained for a suffi-
cient period of time, these impurities will generally diffuse
outof the plasma in a process termed “burning through the
impurity radiation barrier.”

The CTX achieved success in overcoming this impurity
stage by implementing cleanup routines that removed most
of the impurity sources before the CTX operation and then
by using a porous copper flux conserving cage instead of
the solid one that had been used previously. The porous
nature of the copper wire cage apparently enhances the
migration of impurities out of the CTX plasma region, and
the geometry of the wire permits the development of plas-
ma sheaths around the copper, which, in turn, prevent the
migration of impurities from the copper wire itself.

The key observation demonstrating that the impurity ra-
diation barrier has been superseded is that the CTX plasma
begins to heat up because of the electric currents flowing
in it. This form of plasma heating is called ohmic heating.
Peak electron temperatures of several hundred electron
volts have been measured.

When Los Alamos initiated its compact tori and zeta pinch
reversed field programs in the mid-1970s, it was believed
that extremely high power pulsed electric systems would
be crucial. This proved not to be the case with the ZT-40,
and it is again being shown to not be true in the case of the
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Figure 6
SCHEMATIC OF
STEADY-STATE SPHEROMAK
The diagram shows a cross-section
of the CTX spheromak and its mag-
netic field components. The lines in
the plane of the schematic repre-

I | En*-ance region
Magnetized coaxial plasma
] sourca (Marshall gun)

Canfinemeant region

sent poloidal magnetic field lines, 5

The circular lines coming out of the

diagram represent the toroidal mag-
netic field lines. The closed spher-
omak structure contains both toro-

idal and poloidal magnetic fields, If

the coaxial gun is kept on it will di-
rectly regenerate the toroidal field 1

within the closed CTX. However, the
spheromak structure itself acts on
incident toroidal field to transform
a part of it into poloidal field within
the CTX.

CTX. The original CTX experiments utilized a fast genera-
tion mode with input powers of 10 to 15 gigawatts. Now
much better results are being obtained with much longer
plasma sustainment times at power inputs of 100 to 800
megawatts.

In the fast mode, spheromaks were formed within 3 1o 6
microseconds. In a slower startup mode, with 200 to 800
megawatt electrical current power levels, formation of the
CTX took about 60 microseconds. Both the slow and fast
modes decay in the same manner over 950 microseconds.

The Dynamo Effect

Los Alamos researchers have seen indications of a third
experimental mode for the CTX. If the coaxial gun is left on
at a low power level, it appears that the formed CTX spher-
omak is absorbing the magnetic flux and plasma coming
out of the gun, and some of this incident toroidal flux is
transformed into poloidal flux within the CTX spheromak
(Figure 6). This opens up the prospect of a steady-state
spheromak. The key point here is that while toroidal flux
within the spheromak can be directly regenerated by the
gun, only the apparent action of the plasma dynamo can
provide a source for the essential poloidal flux.

Aithough the question of how and why the ZT-40 and CTX
plasma dynamo action develops is for the most part still
unanswered, it appears that this self-organized phenome-
non is closely related to the Wells concept mentioned above
of metastable minimum energy states. One crucial aspect
of the Wells theory is that magnetic plasmas will tend to
form into force-free vortex configurations. Taylor showed
that this tendency is probably the cause for the dynamic
progression of the toroidal z-pinch to a reversed field con-
figuration. The trajectory toward this more stable state can
be shown in a F-theta diagram (Figure 7), where Fand theta
are ratio measures of the geometry of the magnetic field
structure: F is the ratio of the toroidal magnetic field mea-
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Quartz tube

Figure 8
SCHEMATIC OF THE FRX-C REVERSED FIELD THETA PINCH
In this general configuration of the fully formed FRX-C reversed field theta pinch, the arrows show the direction of
the magnetic fields generated by the electrical current in the implosion coil and the FRX plasma ring. The general
plasma background is separated from the coil by a quartz tube vacuum chamber.

Implosion coil

sured at the vacuum chamber wall to the average toroidal
magnetic field throughout the plasma column. Theta is the
ratio of the poloidal magnetic field at the wall to the average
toroidal magnetic field throughout the plasma column.

The fundamental criterion of minimum energy states de-
mands that all self-organized magnetic plasma structures
conserve their force-free vortical (or helical) geometry. Also
it requires that the dynamic evolution of these minimum
energy states follows a specified trajectory in the phase
space defined by the F-theta diagram since these parame-
ters are a direct measure of the force-free nature of the
geometric structure of the combined magnetic fields. The
most straightforward explanation for this is that the plasma
is generating this dynamo in order to maintain its minimum
energy geometry.™

In fact, ongoing experiments indicate that the CTX could
be sustained by a steady-state gun at power levels suffi-
ciently low to use existing electrical technology. Dr. Thom-
as Jarboe projected such steady-state spheromak operation
based on both the ZT-40 experimental results and the the-
oretical prediction that the spheromak minimum energy
configuration will act to conserve magnetic helicity—that s,
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act as a dynamo to maintain the magnetic field geometry .
The densities achieved in the CTX are several hundred

trillion nuclei per cubic centimeter, comparable to those

found in tokamaks but at much higher plasma betas. Once
these initial results have been corroborated and the plasma
dynamo sustainment mechanism definitively demonstrat-,
ed, plasma heating experiments must be carried out to
demonstrate that the CTX can be stably brought to the 100
million degree temperatures required for fusion.

If funds are available, heating experiments are planned
within the next year or two at Los Alamos. The first heating
method being planned is that of Alfven wave heating, where
microwave generators are utilized to initiate Alfven waves
external to the CTX. These Alfven waves form between the
plasma and the magnetic field, and once within the CTX
spheromak they would rapidly be damped and their energy
would be transformed into thermal motion of the plasma
electrons and ions.

The FRX-C Reversed Field Theta Pinch
While at first glance the FRX-C appears to be of an entirely
different species from the CTX and ZT-40, its development
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has depended on the same general MHD theoretical devel-
opments that are exhibited in the CTX and ZT-40. At the
same time, the FRX-C is sufficiently different from the CTX
and ZT-40 to offer unique insights into that general theory.

The FRX-C is a reversed field toroidal theta pinch formed
in a open-ended linear theta pinch system (Figure 9). This
is accomplished by programing the currents in the theta
pinch coil, as shown in Figure 10. As a result, the theta pinch
plasma bunches up into the center of the cylinder defined
by the coil. In this process, magnetic field lines are broken
and reconnected to form an elongated, closed torus of
poloidal magnetic field and plasma. This field is sustained
by the toroidal plasma currentinduced by the external theta
pinch coil.

The FRX-Cis unstable to the m = 1 MHD mode. However,
aware of the nature of this instability, researchers added
additional magnetic field coils to the experiment to coun-
teract the instability. As a result, stable operation has been
achieved. Experiments indicate that energy confinement
times between 70 to 190 microseconds are being reached
at densities of several thousand trillion nuclei per cubic
centimeter and temperatures of several hundred electron
volts.

Thes. results are extremely significant since the density-
confinement time products attained on the FRX-C are com-
parable to those achieved on the early tokamaks, except
that the FRX-C is operating at high plasma betas. The exper-
iments also indicate that the energy confinement time scales
as theory predicts. That is, the energy confinement time is
a linear function of the radius squared of the overall torus,
divided by the ion gyroradius. The ion gyroradius is pro-
portional to the ratio of the square root of the ion temper-
ature to the strength of the magnetic field. Furthermore,
there are indications that better energy confinement time
scaling can be attained by moving the plasma torus closer
to the external field coil. From a practical standpoint, this
would be best achieved by moving the FRX-C plasma torus
into a new chamber in which a special coil system—not as
complex as the startup coil—could be utilized to achieve
this closer fit.

Construction of such a experimentis currently under way
at Los Alamos.

Near Term Implications

The most dramatic immediate practical implications of
these Los Alamos advances are in the areas defined by pulsed
power technology and directed energy beam generation.
Accordingto the projections by Drs. .H. Hammerand C.W.
Hartman of Lawrence Livermore National Laboratory, the
CTX has already entered the regime of interest for plasmoid
acceleration.™”

To be more specific, self-organized magnetic plasmas are
inherently quite mobile. Once formed, they need only a
minimal boundary force to keep them stable. This can be
supplied by the pressure of the Earth’s atmosphere or a
simple flux conserving cage, as in the CTX case. (Without
an external boundary force the force-free structure will rap-
idly disinegrate.)

Compact tori are also intrinsically easy to accelerate to
high velocities because the ratio of the plasma ring’s mag-
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netic field energy to its plasma mass is quite large, and
potential acceleration of an magnetic dipole, suchas a com-
pact toroid, is a direct function of this ratio. It is the inter-
action between the magnetic field and an external electro-
magnetic force that can be utilized to accelerate the com-
pact toroid.

In a 1980 Livermore Laboratory report, Dr. Hartman shows
that substantial ring velocities and kinetic energies (the en-
ergy represented by the ring's motion) can be achieved in
a magnetic rail gun, similar to that which generates the
spheromak and of a quite reasonable length—several me-
ters. This is particularly true in the case where the ring
plasma is made up of heavy nuclei.

In a more recent series of papers given at the Fifth Sym-
posium on the Physics and Technology of Compact To-
roids, Dr. Hartman and his collaborators propose a two
phase acceleration of plasma rings.™ First, the ring is accel-
erated toward the apex of a conical magnetic rail gun. As a
result, the ring undergoes a self-similar compression (fo-
cusing) during acceleration. And because the allowable ac-
celeration force on the plasma ringisinversely proportional
to the square of its linear size, the accelerating distance for
conical electrodes is considerably shortened over that re-
quired for cylindrical coaxial electrodes. Furthermore,
Hartman et al. note that in either case, “since the acceler-
ating flux can expand as the ring moves, most of the accel-
erating field energy can be converted into kinetic energy of
the ring leading to high efficiency.”

During the second phase, the compressed plasma ring is
accelerated again in a conical-shaped rail gun, but this time
the plasma ring is allowed to expand. As a result, some of
the energy contained in the magnetic field is converted into
kinetic energy—that is, motion of the ring. In their calcu-
lation, the plasma ring attains velocities of 9,300 kilometers
per second with about 50 percent of the input energy to the
rail guns being transformed into the kinetic motion of the
ring. Itis quite probable that the atmosphere would provide
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the essential boundary force to keep the ring together dur-
ing the time it traveled several hundred kilometers, Hart-
man et al. note: “If the ring at the maximum kinetic energy
(4.4 M}) were allowed to strike a target, the deposition pow-
er would be roughly 1.2 x 10" watts (deposition time of
about .3 nanoseconds) with a power density of 5.3 x 10"
watts/sq. cm.” This would kill almost any target.

Hartman et al. note a range of other applications of ac-
celerated plasma rings going from those where the input
energy is comparable to the magnetic energy of the ring, to
those where the input energy is larger than the magnetic
energy, and, finally, to where the input energy is substan-
tially larger. For example, at low energies accelerated plas-
ma rings can be used for plasma current drive and plasma
fueling.

At medium energies, accelerated rings can be focused
radially by conducting cones that cause an increase in the
field intensity and adiabatic heating. If the rings are de-
signed to reach fusion temperatures, they can provide a
high flux pulsed neutron source for simulating fusion re-
actor conditions and simulating nuclear weapons effects.
Along these same lines, utilizing heavier elements in the
plasma ring will cause the compressed rings to become
copious generators of X-rays. By varying the elemental
composition and plasma parameters of the ring, the spec-
trums of the X-ray radiation can be made to range over a
myriad specified values. This is particularly useful in regard
to pumping X-ray lasers and simulating nuclear weapons X-
ray radiation effects. Another medium energy application
is the development of high field moving ring reactors. At
high energies, Hartman et al. point out, accelerated rings
would have applications for fast switching/power amplifi-
cation, as well as an inertial confinement fusion driver. As
Hartman et al. describe, rings moving at about 1,000 kilo-
meters per second with dimensions of less than 1 centi-
meter and kinetic energies of about 10 megajoules would
match the power requirements for inertial fusion. In addi-

Looking down on the Los Alamos ZT-
40 reversed field toroidal z-pinch de-
vice. Technicians are shown making
adjustments to the scientific diagnos-
tics used on the ZT-40 experiments.
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tion to the efficiency, the compactness of the accelerator
(lengths of about 10 meters), they point out, is an advantage
that makes this a reasonable candidate for fusion powered
rocket propulsion.

Still another application is the synthesis of transuranic
elements and the use of accelerated rings as a high flux ion
source, Finally, two additional applications are noted, the
attainment of super high magnetic fields and inertial fusion
by sudden ring deceleration.

A second line of fusion application not mentioned by
Hartman is that of utilizing the spheromak as the input for
metal liner compression systems. A compressed sphero-
mak is almost the ideal magnetic plasma input for such liner
systems. The liner is quite similar in effect to the conical
compression scheme outlined by Hartman, except that the
metal electrodes consist of a cylindrical metal liner that is
either explosively or electromagnetically collapsed. This
causes a “stationary” compression of the spheromak plas-
ma.

Magnetic Fusion Reactors
Because of the flat budget levels of the U.S. fusion re-
search program maintained throughout the Carter admin-
istration and continued by the Reagan administration, re-

search onalterpatives to the mainline tokamak and tandem
mirror magneti confinement systems has been starved for
funds. Hopefully, this situation wili be changed in the near
future, particufarly given the directed energy implications
of the developments described below.

From a theofetical and technological standpoint, there
appear to be no significant barriers to the rapid develop-
ment of the splheromak as a fusion energy system. All exist-
ing magnetic fusion experimental and theoretical knowl-
edge strongly ipdicates that the spheromak should become
more stable as Jt is heated to higher temperatures.

The CTX spReromak opens up the prospects for the de-
velopment of dn almost ideal magnetic fusion energy sys-
tem that consikts of several stages. In the first stage, the
spheromak wquld be generated. The plasma ring would
then be movedl to another location and heated to fusion
ignition tempegratures. It would then be moved to a third
location contajning a simple, low power coaxial coil gun
and flux conseyving chamber needed for maintaining and
fueling the spljeromak. Fusion energy would provide the
spheromak with an internal heat source sufficient to sustain
fusion tempergtures.

More so than any other type of magnetic confinement
system, compgct tori do not appear to be limited to the

Vacuum chamber tank in which the Los Alamos CTX spheromak is formed.

Los Alamos National Laboratory

[he tank is surrounded by external magnetic

field coils. Originally it was thought that external magnetic fields would hafe to be used to stabilize the self-organized
CTX magnetic bottle. However, experiments have demonstrated that extern3/ magnetic fields are not needed.
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ultimate, stable operating temperatures that they can at-
tain. This makes possible the burning of advanced fusion
fuels—elements heavier than hydrogen. With these ad-
vanced fuels, significantly fewer neutrons are generated as
fusion reaction products, thus lessening one of the chief
engineering problems in fusion reactor systems: neutron-
induced materials damage, a primary source for power den-
sity limitations in fusion reactors.

Developments along these lines are particularly bright if
spin polarized fusion is successfully demonstrated and
shown to be practical in the spheromak.™ A neutron-free
fusion plasma is particularly amenable to various MHD and
direct particle methods of converting plasma energy into
electricity. On the speculative side, directed fusion product
effects, which derive from spin polarized fusion, could be
combined with self-organized plasma effects to give the
spheromak system a wide variety of energy output capabil-
ities ranging from X-ray laser beam to microwave, through
to electric and charged particle beam generation.

The economic prospects of compact tori fusion electric
reactor systems can be judged by the above ideal possibil-
ities, which are by no means necessarily remote at this time.
The capital cost of such a system would basically consist of
the cost for the flux conserving chamber, the low power
gun, a control system, the vacuum chamberand pump, and
an MHD coil or a direct particle conversion system. In the
more versatile advanced case noted above, the plasma
would directly generate the desired energy output. Fur-
thermore, the gun could be replaced by a second sphero-
mak. If located in space, of course, there would be no need
for a vacuum chamber and pump. (The initiating system is
an extremely small portion of the cost for an individual
spheromak since it would be capable of generating thou-
sands of such fusion plasmas per second.)

At this point in the description of such a system, it can be
seen that the projected capital costs are being reduced to
basically the control system and fuel. But since only ex-
tremely weak boundary forces are needed to control an
individual spheromak, this means that the capital costs have
been reduced to operating costs. In the case of fusion re-
actors in general, the operating costs, which include fuel-
ing, have already been shown in reactor designs based on
more conventional type power plant designs to be only a
small fraction of those found for all other types of power
plants.

The result is the increasing prospect of perfecting fusion
energy systems that have infinitesimal capital costs com-
pared to existing types of systems. If viewed from the stand-
point of energy payback time—that is, the time it takes the
fusion reactor to generate the equivalent energy utilized in
its construction—the energy payback time decreases from
the several years of operation needed in the case of nuclear
fission and more conventional fusion reactor designs to a
few milliseconds in the case of the spheromak.

Viewed from the standpoint of versatile energy genera-
tion systems, these spheromaks could provide a universal
modular unit for all industrial processes—both materials
processing and forming. And as Hartman notes, the spher-
omak could be utilized as the most efficient form of rocket
propulsion.
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Theoretical Implications

The Los Alamos developments represent a tremendous
advance for magnetic plasma confinement theory in gen-
eral. Many of the immediate consequences of self-orga-
nized plasma theory experimentally realized at Los Alamos
can be immediately applied to all other magnetic confine-
ment schemes to generate significant improvements in their
performance. This in particular applies to achieving higher
beta operation in tokamaks.

At a higher level, these results have immediate implica-
tions for astrophysics, geophysics, and ionosphere physics.
Fundamental questions concerning star structure, the na-
ture of the magnetic dynamo of the Sun and the Earth, solar
system formation, magnetic field line reconnection, and
the dynamics of the ionosphere geomagnetic x point are
just a few of the most obvious examples.

But it is at the level of Riemannian relativistic physics that
these developments have their mostsignificantimpact. The
self-organized plasma experiments reviewed in this article
intrinsically demonstrate precisely the same character of
evolution that Riemann discovered in the case of acoustic
shock waves. The projected natural path of evolution of
these systems—if provided with the proper boundary con-
ditions—is that of negentropic action. Once this is recog-
nized these self-organized plasmas provide a unique ex-
perimental ground for further expanding empirical knowl-
edge of Riemannian relativistic physics. And it is this that
will accelerate the rate of development of self-organized
fusion systems as well as humanity's real scientific knowl-
edge.

Charles B. Stevens is director of fusion engineering for
the Fusion Energy Foundation and well known for his pop-
ular articles on fusion technology and science.
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‘f‘lfthe world has the wisdom to take practicable
measures to escape from the present general
economic depression, projects such as those projected
here, projects ready to be set into motion more or less
immediately, will be essential stimulants for the econo-
mies of the community of nations, both within numerous
of those nations more directly, and as stimulants for
increased volumes of world trade.

“Admittedly, some of these projects and other of the
actions proposed, have been energetically supported by
others during the course of preceding decades. This
record of frustrations does not lessen the practicability of
proposing such measures again today. Times have
changed. The difference between the past and the
presentis chiefly that the enormity of those economicand
other catastrophes past habits have bestowed upon the
world encourages us mightily to consider modifications of
those policy-making habits, and to foster a sympathy for
great undertakings to a degree wanting during earlier
decades.”

So stated one of the featured speakers at a conference
in Bangkak on 26 October 1983 on“Long Term Economic
Development of the Pacific and Indian Oceans Basin”
called to discuss the pivots| role the Asian nations cand
and will play in the world economy in the immediate
future. At the center of discussion was the proposal to
initiate a series of “great infrastructure projects” in the
region that would have the effect of focussing and
quickening Asian economic developmentand at the same
time providing a powerful stimulus to world economic
recovery. The usefulness of such a programme as an
avenue for productively resolving various of the knotty
political problems in the region—many of the suggested
projects are international in character—was also
emphasised.

The conference was sponsored by the Ministry of
Communications of Thailand, the New York-based Fusion
Energy Foundation (FEF) and Executive Intelligence
Review (EIR) magazine. Fusion Asia Editor Ramtanu
Maitra was invited to participate, joining a speakers list
that included Minister of Communications Samak
Sundaravej, former Secretary-General of the Thai Office of
Atomic Energy for Peace Dr. Svasti Srisukh, EIR Chairman
Mr. Lyndon H. La Rouche, and Fusion Energy Foundation
Research Director Uwe Parpart-Henke. More than 200
were in attendance, répresenting all sections of the Thai
political and policy-making spectrum and including
representatives from most every Asian embassy in
Bangkok.

The initiative was that of Mr. Lyndon LaRouche, an
American economist who has compaigned for compre-
hensive international monetary reorganisation and for the
launching of large-scale infrastructure projects in the
developing sector uniquely suited to effect rapid, in-
depth economic growth for the last ten years. The pro-
posal, which LaRouche has elaborated in book form, was
significantly inspired by the 1978 “Global Infrastructure
Fund” proposal of Japan’s Mitsubishi Research Institute.
On the basis of discussions during a recent visit to India,
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Thailand and Japan LaRouche was convinced of the
necessity for reviving such an approach. In September EIR
organised a similar seminar in Washington to bring the
proposal to the attention of policymakers there.

Unique in the proposal under discussion is the
broadened perspective which insists that Indian and
Pacific Oceans basins be considered as a single unit—a
point which seems awkward at first, but which a look at
the map and a review of demographic and trade statistics
quickly proves to be eminently sound. Also unique is the
underlying approach to economic policy-making by
which criteria such ‘great projects” are correctly
understood as the essential motors of economic dev-
elopment they in fact are. Proceeding in such a direction
would imply a sweeping correction of economic
policymaking away from the monetarist, austerity-based
recipes prevailing today. Moreover, as LaRouche
emphasised in his conference address, motion in this
direction in Asia is the surest guarantor of the political-
strategic integrity, stability and independence of
individual nations and the region as a whole,

Thai Communications Minister Mr. Samak Sundarave;j,
who opened the meeting, has had a long-term interest in
the project to supplement the straits of Malacca with a
canal across the isthmus of Thailand, the Kra Canal
project, which is viewed as a centerpiece of the proposed
infrastructure projects and which was central topic of the
Bangkok deliberations. The Kra Canal project was ready to
be implemented in the early 19705 but was derailed ina
change of government, and has been a subject of
controversy ever since. Proponents emphasise the
enormous boost to Thailand’s national development that
would result from creating an entirely new growth area in
the southern part of the country. Opponents list a myriad
of objections, from the alleged opposition of Singapore to
the alleged dangers of using nuclear explosives in
construction—a céentral feature of the most recent project
plan for the canal. Butin many Thai policymakers’ view, as
Mr. Samak stated in opening the session, the question to
be asked about the Kra Canal project is a very simple one:
“lIs it possible? If it is, then go ahead.”

Dr. Uwe Parpart-Henke stressed in his presentation that
the canal was not only feasible, but necessary. “Between
1960 and 1980, imports and exports.of the Pacific and
Indian Ocean nations grew at almost twice the rate of
world trade and intreased sixfold—in some crucial
categories more than tenfold. By 1982 this had brought
the shipping volume through the Malacca Straits up to
40,000 ships a year,” Parpart Henke stated, citing the
results of a recent FEF-EIR study of the canal project.
“Using the most conservative economic growth scenario,
this volume will go up to at least 110,000 ships by the year
2000 and again increase tenfold to over 1 million ships by
2020. There is general agreement among experts that*
even the first of these shipping volumes cannot be
handled safely or rapidly by the Malacca Straits...The Kra
Canal is not just a feasible, but a necessary project.”

In the afternoon panel discussion, which included the
participation of Dr. Chitti Wacharasindhu, deputy
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India’s Bhakra Dam, shown here under construction in 1959, gave a powelful boost to industry and agriculture in the

subcontinent. Prime Minister Jawaharlal Nehru called the huge project India’s “Temple of Progress.” The downstream

view from the top of the dam is shown on page 55.

permanent secretary of the Ministry of Communications,
and Dr, Svasti Srisukh, valuable data on the use of
peaceful nuclear explosives (PNEs) to excavate the
preferred Route 5A for the canal was provided. Dr. Svasti
explained that this route offers the least obstacles and
avoids dense population centers. Of the 102 kilometres of
canal length, the use of PNEs in excavation has been
projected for about 45 km where mountains need to be
moved. In a detailed review of the subject, based on the
feasibility study on the use of PNEs to build the canal
carried out in 1973, Dr. Svasti emphasised that there
would be no danger from the use of nuclear explosives
either in Thailand or in neighbouring countries. Use of
PNEs would save several billion dollars and reduce
construction time by two years, Dr. Svasti said.

The work could of course be done using conventional
explosive, Dr. Svasti explained, if PNEs proved politically
impossible. But it would require a huge quantity of
explosives to do the job. Making fun of the pretense of
nuclear non-proliferation policies which have blocked the
development and use of PNE technology, Dr. Svasti
quipped: “This would be good because we'd have to
collect all the explosives in the world, so people in other
parts of the world couldn’t fight".

The broader implications of a project such as the Kra
Canal was developed by Ramtanu Maitra as he discussed
three other major inland water management projects in
the region proposed as the core of the "great projects”
package—the Grand Canal project in China, the Mekong
River delta development project and the Ganges-
Brahmaputra water management project in the Indian
subcontinent. “Water must be viewed as a resource,”
Maitra said. “It not only provides irrigation to agriculture,
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The General Conditions of Policy
For Economic Development in the
Pacific and Indian Ocean Basins

by Lyndon H. LaRouche, Jr.

The matter of economic development of the basin is sit-
uated, functionally and geographically, within the setting
of a general, worldwide economic recovery, as we have
noted above. That connection is defined in the following
summary framework of reference.

Economic development is, by proper definition, a devel-
opment of the productive powers of labor, which means in
this case that our attention is focused on the rate of growth
of productive powers of labor, relative to pre-existing lev-
els, worldwide; it follows that the sheer mass of growth,
the incremental mass of growth rates, must be concentrat-
ed in those areas of the world in which two conditions are
met. The first, broadest precondition is the sheer size of
the labor force participating in general development. This
must be adjusted to reflect variations in rates of participa-
tion in such development among sectors of the total pop-
ulation.

The dominant feature of the impact of such development
upon world trade is relative increase of trade in capital
goods. These capital goods are purchased by developing
nations (most emphatically) in exchange for commodity
exports plus credit, to the effect that the margins of increas-
es in capital-goods traffic in international trade ought to
more or less determine the rates and levels of changes in
combined credit volumes and commodity exports from
capital-goods-importing nations and regions. In such a pat-
tern of trade between industrialized capital-goods-export-
ing nations and developing economies, the relative vol-
umes of exports from the former shift from present pat-
terns, to emphasis on both the machine-tool and ordinary
categories of capital goods, relatively de-emphasizing con-
sumer goods categories, and increasing the relative weight
of machine tool categories in respect to other capital goods
categories.

This shift increases the premium upon high-speed ocean
freight.

The ABCs of freight policy are the matter of balance be-
tween cost-per-ton-mile of delivery from producer’s ship-
ping-door to consumer’s receiving-door, and the product
of lapsed time for such transport and the value-per-ton of
freight moved. Under projected conditions of general eco-
nomic recovery, several interrelated shifts in composition
of trade must occur, shifts which shift trade toward higher
values per average ton shipped. In respect to raw materials
trade from, for example, developing economies, there is a
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shift toward export of goods in a relatively more advanced
stage of refinement, and from raw materieals, to interme-
diate commodities incorporating such processed mate-
rials. Among imports from industrialized into developing
nations, there is an increase in the ratio of capital goods to
consumer goods. Atthesametime, thereisincreasing capital-
goods trade among developing economies

Applying elementary “center of gravity” calculations to
the rate of growth of value-ton-mile trade among econo-
mies, the importance of the combined basin of the Indian
and Pacific oceans stands out immediately. Here lies the
center of gravity of the highest rates of growth in werld
trade relative to existing levels (over the medium term to
long term, after start-up). Cumulatively, this must emerge
as not only representing the highest rate of growth of such
trade, but as dominant in respect to absolute volumes of
trade.

This obliges us to examine the development of the world's
economy in terms of principal ocean basins: Indian-Pacific,
Mediterranean, North Atlantic/North Sea, South Atlantic,
and Caribbean. We must examine the growth of the econ-
omies of the world in terms of growth of the world trade
within and among the indicated basins. The center of grav-
ity estimates indicated above, focus our attention upon
strategic choke-points. The choke-point from the Mediter-
ranean into the Indian-Pacific basin is the Suez Canal. From
the South Atlanticinto the Indian Ocean basin itis the Cape
of Good Hope. From the North Atlantic and South Atlantic,
through the Caribbean, into the Pacific Ocean, it is the
Panama Canal. Within the combined Indian-Pacific basin,
it is the Straits of Malacca, presently a crippling choke-
point, which could be remedied only by a high-speed, sea-
level canal through the Isthmus of Thailand.

This is the general world map of the required approach
to projected worldwide economic developent, and to eco-
nomic development of the basin itself.

Then, as we focus upon the intenal development of the
basin, we enlarge the scope cf infrastructural develop-
ment, adding to infrastructural projects and programs di-
rectly bearing upon general world trade the major projects
and programs of the relatively greatest, beneficial impact
upon the economies of nations and regionalities of the
basin as a whole. Our adopted approach to this matter of
projects proposed is both scientific and political, in the
spirit expressed by the Mitsubishi Research Institute’s Great
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Asia: Center of Gravity of World

The Indian and Pacific Ocean basin is already the center of gravity of wq
volume for exports and imports, shown here in millions of metric tons, wag
statistics for 7980.

Over the past 20 years, the tonnage of impcrts in this area increased frof
went from 81.8 to 540 million tons. The compounded rate of growth of tw
per year. The per annum growth rate in trade in this period is 80 percent hig
higher than that of the United States, and 150 percent higher than that of

A few more statistics make the-point: 49.9 percent of all iron ore shipped
it to Japan), 44.5 percent of all coal, and 33.9 percent of all grain. In all,
world are going into or out of Asia.

Trade

rld trade, as the map indicates. The trade
compiled from the United Nations country

m 171.6 to 912.9 million tons, while exports
0-way trade for this period was 9.1 percent
bher than the rest of the world’s, 90 percent
Vest Germany.

{ in the world goes to Asia, (42.5 percent of
P out of every 5 metric tons moving in the

Infrastructural Projects proposal. The political policy we
have adopted is that each project proposed in the listing
should stand on its own merits economically, but that the
package of such listed projects, as awhole, should embody
the principle of equity among nations and peoples, that
each part of the basin should gain an important benefitfrom
the package of projects as awhole. . . .
Policy: Social Composition of Labor Force

.. . The goals of development must be stated in terms of
effects broadly reflected in shifting composition of employ-
ment of the total labor force, as we have elaborated the
principled considerations in the preceding chapters. The
accompanying chart indicates the varieties of data which
must be assembled, and their determination refined, both
for projecting programs of development, and for monitor-
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each nation provides the needed basis of reference for
shaping policies of cooperation.

Broadly, there can be no economic development of the
basin unless the majority of the population of the basin
undergoes a progressive shift away from both “pre-indus-
trial” and “post-industrial” compositions of labor-force em-
ployment, in the direction of a range of distributions of such
employment-composition consistent with modern tech-
nology and corresponding increases of potential relative
population-density.

The technological correlatives of such required shifts in
composition of employment enable us to foresee with rel-
atively great accuracy what must be the categorical features
of economic policy for the basin.

The first of these technological correlatives is develop-
ment of basic economic infrastructure: (1) Fresh-water man-
agement systems, including their role in inland transpor-
tation; (2) Transportation, including ocean transport, ports,
railway systems, air-transport systems, highway systems,
and efficient interface among these systems and the ware-
housing and related materials-handling features of trans-
portation as awhole; (3) Energy production and distribution
systems; and (4) Urban industrial infrastructure.

The pivotal feature of general programs for development
of infrastructure is energy systems. The possibility of assim-
ilation of modern technology, and more advanced tech-
nologies, into agriculture and industry, and development
of water management, transportation, and urban infra-
structure is bounded by the constraints embedded in exist-
ing capacities of energy’s production and distribution. En-
ergy systems are defined chiefly in respect to: (1) kilowatts
per square-kilometer, (2) kilowatts per-capita [for total pop-
ulation, total labor force, and operatives, respectively] (3)
energy-flux density of prime generating sources, and (4)
effective distribution. The modes of supply of energy are
chiefly: (1) mechanical, including hydrodynamic, (2) chem-
ical combustion, (3) nuclear, and (4) chemical and biologi-
cal, including produced fertilizers for agriculture.

The effectiveness of energy sources is determined chiefly
by three considerations: (1) supply of the resources; (2) the
energy-flux density available with the resource employed;
and (3) the available coherence of the energy produced.
Generally, solar and biomass combustion are not accept-
able on any of the three grounds indicated. Combustion of
fossil fuels in modes other than magnetohydrodynamics
(MHD) is qualitatively inferior on the three counts indicated
to nuclear processes, especially to thermontuclear process-
es. Hydroelectric generation is indicated for instances in
which conditions (1) supply and (2) potential are met, but
in most instances, hydroelectric sources should operate in
conjunction with “supplementary” nuclear sources, and
are recommended most strongly as included features of
large-scale water-management systems. In the coming pe-
riod, fission sources, increasingly supplemented and later
entirely superseded by thermonuclear, must be the leading
feature of energy-generation policy. It would not be possi-
ble to supply supplies of added energy adequate to ap-
proach the requirements of the developing sector, most
emphatically, without primary emphasis on unleashing and
expanding potentials for fission generation of electricity
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and process heat today, and proceeding as rapidly as pos-
sible toward progress in successively more advanced ver-
sions of cantrolled thermonuclear processes.

Without this policy, tens of millions or some mulitple of
that must die of increased morality rates, for lack of energy
supplies adequate to prevent this.

The principal added souces of energy production to be
considered are complexes of central plants. Since nuclear-
energy production must supply the largest relative incre-
ment, and since such nuclear plants are broadly compar-
able in scale to modern energy-generating plants using coal,
petroleum, gas, and so forth, we are able to foresee some
of the principal features of energy development, features
which characterize the greatest portion of energy-supply
development for the decades ahead. In the typical, nor-
malized case, the energy supply will be generated by com-
plexes of not less than two to four nuclear plants, each plant
ranging in output capacity from 250 megawatts to between
1.2 and 1.5 gigawatts.

This brings us immediately to the matter of urban infra-
structure. The generation of an economical supply of en-
ergy requires that this be concentrated in relatively large
units of output, not less than 1.0 to 6.0 gigawatts per areain
which the generation occurs. This concentration is that of
an urban industrial area. For reasons of desirable economy
in distribution of energy to rural areas, and for analogous
reasons of cost and time of transportation of other goods,
development of rural populations implies the distribution
of urban centers among the areas of rural habitation, cen-
ters characterized by not less than 1.0 gigawatt energy gen-
eration into electrical grids.

For these combined reasons, urban centers are normally
to be located at nodal points of optimal transportation and
energy-distribution grids, with a premium on locating sites
which enjoy potentialities of ocean and other water-borne
transport. (The ocean mouths of large rivers appear there-
fore to persist as a good urban-site policy for radiating the
development of society, from the beginnings of civilization
in prehistoric times, to the present.

The development of the transportation and energy grids,
including the projection of grids allotted for future devel-
opment, defines the skeleton for the process of urbaniza-
tion of developing economies as progress in per hectare
and per capita outputs in agriculture energizes a natural
migration from rural to urban modes of employment.

After infrastructure, in developing nations with relatively
high ratios of rural population, the development of agricul-
ture has the relatively greatest impact upon development
of the economy as a whole. During the postwar period,
emphatically the recent decade and a half, the relative im-
portance and general benefits of this priority have been
undreplayed, as international lending institutions’ “condi-
tionalities” policies and correlated forces have influenced
general practice. The issue of increasing the output per
hectare and per farmer through aid of advances in applied
technology is not merely providing adequate food sup-
plies, agricultural fiber, and export earnings; the issue is
that of assuring these requirements’ fulfilment while also
reducing the percentage of the total labor farce required
for necessary production of raw materials. The number of
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CHANGES IN LABOR FORCE MAKEUP (%) OF SOME DEVELOPING COUNTRIES'
1950 1960 1965 1970 1975 1980
Mexico
Agricultural 58.3 54.1 45.8 37.5 347 30.6°
Industrial 18.5 22.2 24.0 25.8 27.7 30.9%
Services 23.2 23.7 26.2 29.5 37.6 40.5%
Brazil
Agricultural 59.9 54.0 43.6 325
Industrial 26.9 29.9 335 46.9
Services 53 6.4 89 12.0
Argentina
Agricultural 19.4 17.5 16.7 12.57
Industrial 43.4 440 45.7 38.8°
Services 37.3 38.6 376 48.5°
Philippines (1966) (1971) (1976)
Agricultural 56.9 48.6 50.0
Industrial 19.0 19.4 17.4
Services 237 27.0 27.3
India (1961) (1971)
Agricultural 69.5 69.7
Industrial* 16.1 13.1
Service 14.5 17.2
South Korea (1966)
Agricultural 53.8 48.2 44.0 322
Industrial 12.4 16.4 22.5 27.2
Services 29.0 33.7 33.5 41.1
Egypt
Agricultural 53.9 51.8 47.4 44.4 379
Industrial 17.3 19.9 21.4 22.0 23.8
Services 28.8 28.3 31.5 33.6 35.9
Nigeria
Agricultural 70.8 62.1
Industrial 10.4 13.8
Services 18.8 241
Kenya
Agricultural 94.5 82.1 76.97
Industrial 9.6 71 6.7°
Services 9.1 10.8 11.8°
1. Series are generally not completely comparable between countries due to differences in definition.
2. Updated from previous years by rates of change in a noncompatible series.
3. From a different source than previous figures, not necessarily comparable.
4. For India, 'Industrial’ includes workers in household industries.
Sources: La Economia Mexicana en Cifras, Nacional Financiera SA 1978 Jorge Bazua, pers gomm; Anuario Estatistico do Brasil, 1981; Sistema
de Cuentas del Producto e Ingreso de la Argentina, Banco Central de la Republica de Argentina, 1975; Anuario Estadistico de la Republica de
Argentina, 1979-1980; Statistical Yearbook for Asia and the Pacific, United Nations, 1979; Satistical Outline of India, Tata Services Ltd, 1980;
Economic Statistics Yearbook, Bank of Korea, 1979 and 1982; Africa South of the Sahara, ';impa Publishers Ltd, 1980-81.

There can be no economic development of the basin unless the majority of r]':e population undergoes a progressive shift
away from both ' preindustrial and postindustrial composition of labor forcelemployment, in the direction of a range of
distributions of such employment composition consistent with modern tg¢chnology and corresponding increases of

potential relative population density.

urban operatives sustained per farmer, in terms of food and
fiber requirements, is the rough measure of margins for
national and regional economic development.

The development of the infrastructure and industrially
produced materials required by the development of agri-
culture generates a large part of the “demand” through
which capital-goods industries and basic industries are fos-
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urban life,

The peril to be avoided, in this respect, is the folly im-
posed by the United States and other influences upon Ibero-
American nations, for example. It was argued that “import
substitution” required emphasis on promoting urban con-
sumer demand through production of consumer goods.
These wages would, it was argued, expand markets for con-
sumer goods generally, and the earnings of such industries,
it was also argued, would foster investment in infrastruc-
ture and capital-goods industries at a later point, as well as
sustaining markets for agricultural goods. This was the “de-
mand-pull” doctrine of economic growth and prosperity
popular in may quarters. The result was disastrous.

Urban growth associated with such policies fostered the
trappings of prosperity in some portions of the urban pop-
ulation, while imposing upon the market a level of consum-
er goods and services presented above the earned consum-
er purchasing power generated, on the average, by the
economy as a whole. It was the lack of investment in agri-
cultural development, in capital-goods industries, and es-
sential elements of infrastructure which caused the indicat-
ed policies to foster the spectacle of a growing gulf between
an apparently prosperous urban middle class and a bur-
geoning of combined rural and urban poor: Social instabil-
ities and apparent “overpopulation” were the included
consequences.

An adequate growth of per capita consumer income is
obviously required. The issue is, at what rate can this be
increased, and the increase sustained by the economy over
extended periods? The emphasis must be upon those sec-
tors of employment whose development fosters the high-
est relative rate of increase of average productivity, output.
These area are, as indicated, improvement of technology
of agriculture, development of infrastructure, and capital-
goods production. Itis from these three areas thatadvances
in the per capita output, and hence income, of the entire
population chiefly originates: these are the three areas
which most directly, most efficiently, transmit advances in
technology to the economy as a whole.

The final among the fundamental ingredients of eco-
nomic growth is the composition of social infrastructure,
the most directly “economic” of the elements of overhead-
expense of society: (1) education, broadly, inclusively clas-
sified; (2) medical, broadly, inclusively classified; (3) sci-
entific and engineering services, broadly, inclusively clas-
sified, to include but not limited to the research-and-de-
velopment component to which we assigned the proposed,
5 percent target figure. Except for the essential administra-
tive activities of enterprises, and the essential administra-
tive, law-enforcement, and military functions of govern-
ment, it is urgent that other categories of overhead ex-
pense, including labor-intensive forms of unskilled and
semiskilled “services,” be constrained to the effect of lim-
iting the growth of employment in overhead expense ca-
teogries as awhole. We have already indicated the principal
arguments on this point in the preceding chapter. To res-
tate the kernel of the point, in summary, every nonessential
instance of overhead expense is a double cost to the soci-
ety: a person who is not producing, and a person whose
employment and activities represent a tax upon the econ-
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omy, an inflationary tax. Unemployment has an impact akin
to that of redundant overhead expense.

The remainder of the urban labor force, after deducting
infrastructure, raw materials, and overhead expense, as cat-
egories, from the total labor force, is usefully apportioned:

(1) Capital Goods
(a) Machine-tool category
(b) Other capital-goods
12) Consumer Goods
(a) Consumer durables
(b) Consumer non-durables
(3) Basic and Intermediate Goods
(a) Basic industry
(b) Intermediate goods

of which the final category includes production flows sup-
plying both the first two categories. It is the desired ratios
of employment among these caicgories which is the first
consideration; suitable industries shucld be selected for
“hiring” (investment commitment) to fill out the capacity
defined by target ratios of social composition of employ-
ment.

The priority consideration is import of technology. This
isaconsideration as applicable on principle to anindustrial-
ized economy as for an economy in the “pre-industrial” or
“semi-industrialized” categories. While it is desirable that
consumer goods be produced within the economy, rather
thanimported, the development of industries incurs capital
investment. If the capital investment required for consum-
er industries aggregates to a level at which capital goods
industries are constricted in development, the result is more
or less injurious. It is the ratios of employment which must
be averriding. This paoints our attention to some key con-
siderations.

Each kind of industry is associated with a specific division
of labor in production, a division of labor which varies in
complexity with levels of technology employed, to the ef-
fect that the combined division of labor of both operatives
and the division of labor combined in multifunction ma-
chines used by individual operatives, increases with ad-
vances of technology. This set of considerations deter-
mines economics of scale, to the effect that the variety of
industries within a labor force of finite size is limited in
number by the number of operatives each industry mini-
mally requires to be competitive.

This defines a combination of economic bottlenecks in
both capital-goods and other industrial production, and of
the combined varieties of production, for an internal econ-
omy of finite size. These implicit bottlenecks define inter-
dependency among economies; as the level of technology
in the world advances, the global economy becomes in-
creasingly interdependent. The policy problem thus posed
is, chiefly, how to reach agreements on division of labor in
production for export among states without impairing the
sovereignty or desire for reasonably substantial self-suffi-
ciency in basic necessities among nations. This considera-
tion is a leading factor in creating the need for large-scale
economic-development cooperation among nations of re-
gions of the world.

The one added general observation, useful and perhaps
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required at this point, is that the policy of industrial devel-
opment must break with the frequently stated or implied
opinion, that developing nations should concentrate on
industries which industrialized nations seek to abandon to
“cheap-labor markets,” either in entirety or in substantial
part. Such developments are not to be excluded, nor nec-
essarily despised, but they should not become the predom-
inant pattern in industrialization as a whole. There are two,
perhaps seemingly contradictory policies to be taken into
account, to acquire a correct overview of the problem,

It were desirable that long-term investments in industry
in developing nations tend to “leapfrog” the average levels
of technology for that category of industry in industrialized
nations. The highest relative productivity is the highest, in
whatever national economy it occurs. The relatively highest
productivity means the relatively highest contribution to
the average productivity of the entire economy, and to the
prospective rate of growth, therefore,

Monetary Reforms Required

The general outlines of proposed, required reforms of
the international monetary system are adequately specified
in the book cited earlier here, Operation Juarez. There-
fore, we limit ourselves here to listing a succession of basic
principles.

The opposition to the practice of usury as both immoral
and destructive, a consistent republican view in European
civilization over more than 2,500 years, is expressed in to-
day’s world not only by usury per se, but as a fundamental
conflict between two opposing kinds of monetary orders.
The paradigms for a monetary order based upon and dom-
inated by the principle of usury include the pre-1914 Lon-
don gold-exchange system, the Versailles monetary order
pivoted upon the Weimar reparations debts, and the post-
war Bretton Woods System as now dominated in its senility
by institutions including prominently the Bank for Interna-
tional Settlements. The paradigm for arepublican manetary
order is the statement of policies set forth in U.S. Treasury
Secretary Hamilton's famous Reports to the Congress, on
credit, a national bank, and manufactures.

The political essence of the present international mone-
tary crisis is the challenge of choosing between a world
economic order resembling the looting practices associ-
ated with Hjalmar Schacht, and the preconditions of gen-
eral economic recovery supplied by creating a new inter-
national economic order not inconsistent with the mone-
tary and economic policies of the American System. Any
other view of this matter misses the practical point.

In a republican order, the following leading features of
monetary policy prevail.

The money supply is limited to the currency notes issued
either by treasuries of governments of sovereign states, or
by national banks acting as agents of those governments.

The new issues of such currency notes are placed in cir-
culation through the combined lending and rediscount
functions of national banks.

Lending of new issues is limited to purposes which gov-
ernments permit for loan of these issues. Except for over-
riding requirements of national interest, as emergency mo-
bilization for national defense or other emergencies, these
issues are loaned at low nominal borrowing costs for in-
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Kra Canal Is
Cornerstone of Asian
Development

by Uwe Parpart Henke

As far back as 1793, the younger brother of King Rama |
of Thailand (Siam) had proposed to dig a canal across the
peninsula of Thailand south of the Isthmus of Kra, connect-
ing the Lake of Songkhla and the South China Sea with the
Indian Ocean. The motivation at the time was to facilitate
military and naval operations against frequent Burmese in-
vasions. However, in spite of numerous military and, even
more important, commercial advantages, no such canal has
been constructed to date as the project remains a subject
of paolitical controversy.

From the standpoint of facilitating greatly increased trade
and rapid ocean transport between the Indian Ocean basin
and the Pacific Ocean basin and, more broadly, between
the Western world and the countries of Southeast and East
Asia, thereis, however, no question about either the urgent
need for the Kra Canal or its pivotal role in the economic
development of Thailand and the entire region. The Straits
of Malacca, which now handle most of the relevant traffic,
are highly congested and will become quite inadequate by
the end of this decade based on even modest projections
of increased trade flows.

A relatively recent feasibility study for the Kra Canal, com-
missioned in the early 1970s by Mr. K.Y. Chow of the Thai
Oil Refining Company, can serve as an excellent basis for
initiating the project as soon as Thai government approval
is secured. Of course, the feasibility study in question, car-
ried out by engineers and planners of Tippetts-Abbett-
McCarthy-Stratton (TAMS) and Robert R. Nathan Associ-
ates, Inc. (RRNA), in collaboration with Lawrence Liver-
more National Laboratory of the Uni  d States and submit-
ted in September 1973, is now dated and requires extensive
review. Such review would principally have to evaluate eco-
nomic feasibility and financing proposals. The engineering
conclusions of the TAMS-RRNS study, in the view of this
writer, remain valid, though in certain instances very re-
cently developed technologies could shorten construction
time and improve final performance.

The Kra Canal Project, as detailed in the TAMS report,
differs conceptually from earlier major canal projects with
which it would reasonably be compared, for example, the
Suez and Panama Canals. The transport distance saved by
building the Kra Canal—about 900 miles—would not by
itself appear to justify the large expenditures in excavation
and operating costs. There are two other principal factors
which define the overall importance and viability of the
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project. These are: (1) the already mentioned growing in-
adequacy of the Straits of Malacca, and (2) the industrial
development potential based on construction of deep sea
ports at one or both of the canal outlets.

The Straits of Malacca are used by well over 50,000 ships
a year and further significant increases in traffic are inevi-
table. Thus the Kra Canal could be expected to attract all
excess traffic from the Malacca Straits as well as trafficwhich
assigns a premium to speed. Emphasis on speed, as will be
explained below, is a major reason why the TAMS study
selected a canal route well south of the actual Kra Isthmus.
This route, labeled 5A (see map), makes possible the con-
struction of a sea-level canal without locks through which
even large (up to 500,000 dead weight ton or dwt) tankers
could pass at normal speed. The integration of one (or
possibly two) deep sea ports and associated industrial de-
velopment zones with the Kra Canal proper can be expect-
ed to become the single greatest long-term economic asset
of the entire project.

Taking the experience of the “Europort” of Rotterdam at
the mouth of the Rhine River as a model, an “Asiaport”
conjoined with the Kra Canal could become not only a
major trade center for Southeast Asia, capable of eclipsing
Singapore, but also has the potential—as proved by the
Rotterdam and similar examples—of serving as a focal point
for major industrial development.

A major included strategic factor also deserves the atten-
tion of Thai policy makers. Conftrary to some reported opin-
ion and concern that a canal through the southern part of
the Golden Peninsula would have negative security impli-
cations, severing the ethnically and religiously ill-integrat-
ed southernmost part of the nation from the rest of the
country, the opposite consequence would be the projected
outcome. The canal complex as a major industrial growth-
spot would function as an integrating and unifying factor,
joining together the southern, central, and northern prov-
inces in a large common endeavor capable of inspiring the
entire nation, uplifting the economic condition of the
southern population, and thus reducing the potential for
dissatisfaction and dissension, while putting Thailand into
a potentially commanding strategic position vis-a-vis its
South and Southeast Asian neighbors.

Route Selection and Canal Specifications

Any canal-design study must give at least a preliminary
answer to two basic questions: First, what size ships and
what maximum volume of traffic are to be accommodated?
Second, given preliminary answers to these questions, and
given the geographical and geological constitution of the
general area under investigation, what is (are) the optimal
canal route(s) from the standpoint of these considerations.

(1) Ship sizes and traffic volume projections. It is clear
that tankers of at least 500,000 dwt must be accommodated,
and handling of larger tankers may be desirable. Maximum
safe canal transit speeds with respect to the land of about 7
knots (13 km/h) for ships of this size represent the presently
established international standard; in the view of this writ-
er, which differs from that of the TAMS study, a two-lane
canal is necessary. The assumption that one lane, handling
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The Kra Canal Project— Proposed Route 5A

The Kra Canal would save about 1,200 miles in shipping
transport in Asia. It would also link the Indian Basin, which
includes Sri Lanka, Pakistan, India, and Bangladesh, with
the Pacific Basin nations. India now has very little trade with
Asia, with the exception of Japan. It is essential to link up
India’s skilled scientific manpower and capital-goods pro-
duction with the fastest growing region in the world.

mainly west to east traffic, is sufficient is based on the un-
tenable premise that for a long time to come the export
potential of the East and Southeast Asian nations will be
small relative to Western imports.

The canal should preferably be sea level without locks,
must accommodate drafts of at least 100 feet (fully loaded
supertankers); that is, be at least 110 feet deep, and have a
bottom width of approximately 500 meters. The alternative
to one rather wide two-lane canal would be two one-lane
routes of about 200 meters width each.

(2) Route selection. Extensive geographical and geologi-
cal investigations have been carried out to find the optimal
route for a sea-level canal of the above design specifica-
tions. Included in these investigations were considerations
concernfng required canal crossings for railroads, high-
ways, and utilities. Relative excavation costs and, in partic-
ular, the feasiblity of nuclear excavation methods were
prominently taken into account.

The preferred route settled upon by the TAMS-report
(route 5A—see map) would extend from about 30 km north
of the city of Satun to the Gulf of Thailand. The total canal
length through land for this route is 102 km, with sea ap-
proaches of 50 km in the west and 70 km in the east respec-
tively. This is the shortest possible route for a sea-level
canal, minimizes excavation costs, and provides for the
best possible sites on either end for harbor and industrial
development. Construction time for route 5A using con-
ventional excavation methods is estimated to be 10 to 12

Special Report

years; partial upe of nuclear excavation would cut both
construction tinje and cost by at least 40 percent.

siaport’ and Industrial Zones

The construcfion of major deep sea port facilities and
associated induptrial development zones at either end of
the Kra Canal ig both feasible and highly desirable. How-
ever, phased port and industrial development, concentrat-
ing initially on the eastern canal outlet, appears to be the
best strategy at this point.

This involves/ in particular, a most interesting concept
first proposed if the early 1970s by Mr. K.Y. Chow. Since
most Southeast fand East Asian ports with the exception of
Hong Kong and|Singapore are, at present, ili-equipped to
handle large cafgo vessels and could only be enlarged at
very high cost, 4 port facility at Songkhla could rapidly de-
velop into a major transshipment center for the entire re-
gion, capturing f very substantial portion of transshipment
now handled byJHong Kong and Singapore.

This developrent, however, would only be phase 1 and
should rapidly be followed up by construction of a compa-
rable facility at the western canal outlet. Even in the initial
planning stage, poth ports must also be laid out to handle
not only transsHipments, but also the subtantially greater
berthing requir¢ments that will arise out of area industrial
development. The pattern of such industrial development
requires intensiye detailed study to be coordinated with
existing Thai godernment plans for eastern seaboard devel-
opment and corfstruction of a deep sea port at Sattahip.

One possible outline pattern of industrial development
for the Kra Canal Complex would look as follows:

(1) Initial devdlopment of industries and servicing facili-
ties supportive pf the canal and transshipment port proj-
ects. This would from the outset have to involve dry-dock
and shipbuilding facilities, building a modern fleet of rapid
feeder vessels 4s specified above. Phase 1 development
must also take ifto account the immediate as well as long-
term power reqyirements of the Canal Complex. If nuclear
excavation is used, then the right kind of expertise would
already be assembled in the region to consider construc-
tion of one or several nuclear power plants. Ideas going
back to the mifl-1960s for nuclear-industrial complexes
should be reviewed in this context.

(2) Phase 2 shquld envisage the development of large and
basic heavy induktries developed both as an offshoot of the
ipn itself and as back-up for the proposed
ject—iron and steel as well as basic capital-
as indicated.
nment already shaped by nuclear excava-
lant development, having assembled the
required advanded engineering and scientific manpower,
the exciting poskibility arises of developing a modern nu-
clear-based high-technology complex. Lawrence Liver-
more National Lpboratory experts have suggested that the
world’s first nuclear isotope separation plant of a significant
scale might becbme associated with the Kra Canal Com-
plex. Recent defelopments in laser technology would in
that same context point to the possibility of developing new
high-energy lasdr-based industries.

tion and power
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Reviving China’s
Grand Canal Project

by Gregory Buhyoff

Work has recently begun on alarge-scale project to mod-
ernize an ancient system of canals joining China’s greatest
river, the Yangzte, with the Yellow River and other major
rivers and lakes of northern China. The south-north water
diversion project centers on the modernization of the fa-
mous “Grand Canal,” an ancient artificial waterway over
which grain taxes were once shipped to the northern im-
perial capitals from the rice-growing regions of the south,
The project could become the major artery in a badly need-
ed netwdrk of domestic waterways joining the northern
and southern parts of the country, as well as provide a
water-control and irrigation system to divert excess water
from the Yangzte valley river system to the dry north.

Since all of the major rivers in China run from east to
west, commerce between the northern and southern re-
gions of China has historically been difficult. The Grand
Canal was the first important transportation link between
the north and south, connecting the Yangzte, Huai, Yellow,
Wei, and Hai river systems, constituting an important prac-
tical and symbolic link between northern and southern
China. The Grand Canal, or Da Yunhe as it is known to the
Chinese, was one of the greatest public work projects of its
time, comparable, in terms of manpower and materials, to
the Great Wall. It was built in sections with the major work
carried out under Sui Emperor Yang Chien during the late
6th and early 7th centuries and later in the 13th century
under the Yuan regime. It stretches approximately 900 miles
from the rich rice-growing regions of the Yangzte River
valley to the outskirts of Peking.

Over the centuries sections of the canal fell into disrepair
and little work was done to make it capable of serving the
needs of a modern industrial economy. Today, despite the
introduction of rail and air transport, China remains criti-
cally deficientin its ability to transport goods from the north
to the south and vice versa.

The Grand Canal project was recently revived by the
Chinese government as part of a comprehensive plan to
modernize China's domestic transport system. The project
had originally been proposed in 1978, but was one of many
large infrastructural projects to fall victim to the 1979-1981
“economic readjustment” which emphasized fiscal re-
straint. The project was resubmitted by the Ministry of Water
Conservation and Electric Power and approved at last De-
cember’s meeting of the National People’s Congress. It is
now considered one of the mostimportant large-scale proj-
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ects in the New Five Year Plan, and is one of the keys to
China’s goal of quadrupling agricultural and industrial pro-
duction by the end of the century.

The primary objectives of the project are:

(1) To increase transport capacity, particularly the means
to move large amounts of coal from soon-to-be exploited
mines in the northern provinces to Shanghai and other
industrial cities for energy production and export.

(2) Water diversion from the Yangzte River to the north-
ern cities suffering critical water shortages.

(3) To provide, in conjunction with smaller canals and
river systems, a means to control water supplies for irriga-
tion in the parched agricultural regions of the north China
plain.

Though only the first stage of the project, dredging and
widening of the 200-mile section of the canal between the
cities of Yangzhou and Xuzhou, has been approved defini-
tively by the State Council, the Grand Canal project is re-
portedly being considered on the basis of a 10-year, two-
stage perspective. However, because of the economic de-
bate that continues to divide the Chinese leadership, the
scope of this, like a number of other key infrastructural
projects, remains undecided.

People's
Republic of
China

The Proposed Hangzhou-Peking Canal

As shown here, China’s major rivers run from east to west,
which historically has made commerce between the north-
ern and southern regions difficult. The ancient Grand Can-
al, which the Chinese call Da Yunhe, was built in the late
sixth century and extends for 900 miles. The modernization
project outlined here is key to China’s economic growth.
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The Mekong River
Basin: Potential World
Breadbasket

by Peter Ennis -

Prior to the Vietnam War, the Mekong River basin was
one of the world’s most fertile breadbaskets, producing a
sizable amount of agricultural products for export, despite
the lack of the most basic elements of modern agricultural
production. Now, after 35 years of continuous war in the
region, production lags behind the most minimal of poten-
tials. The water resources of this huge river go virtually
unutilized, with much of the water flowing through the
Mekong delta into the South China Sea. Because of the lack
of capital investment, there is very little irrigation in the
entire basin. There are many canals, but they are largely for
drainage and water transportation, not irrigation.

Four riparian countries form the watershed of the Me-
kong River: Kampuchea, Laos, Vietnam, and Thailand. The
Lower Mekong basin covers more than 600,000 kilometers,
comprising almost the whole of Laos and Kampuchea, one-
third of Thailand, and two-fifths of southern Vietnam. Were
these countries to join together to harness the power of
this resource, it would not only provide a foundation for
their modernization, but it would provide a context for the
settlement of the political tensions that continue to plague
these nations.

Plans for the development of the Mekong River basin
have existed since the late 1950s. Studies have been carried
out by United Nations-sponsored task forces, the U.S. Bu-
reau of Land Reclamation, and other organizations; yet for
political reasons the plans have notbeen implemented. The
most comprehensive plan to date for the development of
the Mekong River basin was drafted by a United Nations
team, and is titled “Report on Indicative Basin Plan for the
Lower Mekong Basin.” The recommendations presented
here are largely based on the United Nations study.

A Plan to Control the Mekong River

A program for developing the Mekong basin must ad-
dress the serious lack of transportation infrastructure in the
region, the near-total lack of mechanized agriculture, and
the problem of torrential rains during the May-September
monsoon season alternating with a very dry climate for the
rest of the year.

The key guestion is how to control the waters of the
Mekong, not a very difficult or expensive task. The main
stream of the river could be controlled with two dams, one
at Pa Mong, and one in Kampuchea, at Stung Treng. Water
control would allow use of high-yield varieties of rice, which
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Two addition

| dams would be important as a source of

electricity genefation: the Sambor dam in Kampuchea and
the Upper Thakhek dam in the area of the Thailand-Laos
border. These four dams, all on the main stream of the
Mekong, would be able to control flooding, provide irri-
gation, and thug make possible double- and triple-crop ag-
riculture in the delta.

There is an additional proposal to build a dam at the
mouth of what if called the Great Lake in Kampuchea, which
acts as a naturalf reservoir for the Mekong. Out of the lake
comes the TonlgSap river, which joins the Mekong at Phnom
Penh. During the rainy season, the lake fills up, and during
the dry season, the waters flow into the delta. The proposal
is to put a dam|with sluice gates on the lake, to provide
greater control pver the water flows than occurs naturally.

Once upstream control is provided on the Mekong, the
next task is to byiild dykes for flood control along the river.
Dykes are also peeded all the way around the coast of the
delta, to prevert sea water intrusion. This would provide
for year-round ifrigation.

The power gdnerated by these dams would be very sig-
nificant, approximately 20,000 megawatts, with 5,000 MW
provided by thd Pa Mong dam and 7,200 MW provided by
the Stung Treng dam. Some of this power would be trans-
ferred to Thailapd. Thailand would benefit from the entire
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investment reqyired was estimated at $30 to $40 billion over
a 30-year period. Other experts have estimated higher in-
vestment costs | but the investment required for the proj-
ects would be rgmarkably small compared to the returns.
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Water Management
Key to India’s
Development

by Peter Ennis

The study prepared by the Fusion Energy Foundation in
1979, India in the Year 2000: A 40-Year Program to Make India
an Industrial Giant, shows India’s capacity to become a
modern industrialized nation—if the latest, most advanced
technologies are used. But the labor-intensive, and grad-
ual, “organic growth” approaches advocated by the Club
of Rome and the World Bank can only perpetuate economic
backwardness. Nothing but a sharp, well-defined shock
delivered to the entire economy, especially to the domi-
nant but at best marginally productive rural and so-called
unorganized sectors, will break the cycle of underdevel-
opment.

The key to Indian economic development is water man-
agement—the huge but unavoidable task of harnessing the
subcontinent’s immense water resources to break the
deadly, centuries-old cycle of droughts and floods and cre-
ate a modern agricultural industry to replace one of the
world’s least-productive rural economies. The irrigation and
power reserves in India’s river and hydroelectric balance
are enormous, and an equally enormous effort is needed
to develop them. To develop India’s water resources would
cost, according to the FEF study, $180 to $200 billion over a
30-year period, as the single largest industrial construction
project for the entire subcontinent

This water development program would make India able
to more than quadruple its electricity-generating capacity.
At present, 8,000 megawatts, approximately 28 percent of
india’s total installed generating capacity of 28,000 mega-
watts, comes from hydroelectric power. The potential, even
according to conservative estimates, is over 40,000 mega-
watts.

No region in the world is better suited for large-scale
agricultural production than the Ganges-Brahmaputra river
basin. While India today produces 120 million tons of grain
per peak monsoon year, experts estimate that India could
be producing over 1 billion, and perhaps 2 billion tons of
grain per year! With the necessary fertilizer, mechanization
and—mostimportant—water, India could become a bread-
basket for the world within 15 to 25 years. At present 43
million hectares are irrigated; the FEF plan would irrigate at
least three times that area.

To manage its water resources, India must build a grid of
canals linking the major river systems, to divert water from
surplus to deficit areas and at the same time develop
groundwater storage recharge and extraction sites. The FEF
68
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proposed a two-stage approach and timetable for the proj-
ect, which incorporates some of the outlines for a National
Water Grid first proposed by former Indian [rrigation Min-
ister K. L. Rao.

The first stage of the program, 1984-2000, would con-
struct a diversion canal from the Brahmaputra River, which
carries a surplus of water, especially during the monsoon
season, near Dhubri, to the Ganges River, near Patna. The
canal would include outlets for irrigation releases to Ban-
gladesh. A second diversion canal would be built from the
upper Ganges and Yamuma Rivers in Haryana (north of
Delhi) with groundwater recharge and extraction facilities
en route to convey surplus water into the Sutlej Basin to the
Western Desert through an enlarged Rajasthan Canal. Near
Bikaner in western Rajasthan, a pump-lift canal facility would
convey Himalayan water to the porous sandstone aquifers
about 105 kilometers northeast of Jodhpur as a regulating
storage facility. The dam, canal, and groundwater systems
of each individual river basin will be developed in coordi-
nation with the anticipated facilities of the second stage.

Groundwater recharging and extraction systems must be
improved. With the storage capacity of dams in the steep
Himalayan river valleys limited, surplus runoff during the
july-October monsoon season must be stared in ground-
water systems, particularly in the Ganges Delta, where 65
percent of India’s runoff flows.

The third priority is construction of flood control em-
bankments and other means to improve the navigability of
the lower Ganges and Brahmaputra Rivers. River training
techniques developed by the U.S. Army Corps of Engineers
on the lower Mississippi River would be effective. A com-
petent master plan for Bangladesh, prepared by an engi-
neering company in the United States in 1964, is being slow-
ly, partially carried out by the Bangladesh government,

The FEF study proposed a crucial addition to this plan: a
seawater barrier at the mouth of the Ganges, with saltwater-
clearing navigation locks and sediment sluiceways similar
to the Zuider Zee reclamation project in Holland. This fea-
ture is necessary to fully utilize the fresh water potential of
the river system, especially during the low flow season.

Stage two, 2001 to 2015, would complete the groundwa-
ter recharge and extraction and the river diversion plans,
and build the Ganges-Cauvery Link Canal. This canal, from
Patna to the Cauvery River in the South, was originally pro-
posed by former minister Rao, but the ultimate capacity of
the canal proposed here would be 24 billion cubic meters
per year, 10 times greater than the project he proposed.

The Ganges-Cauvery Link Canal will connect the major
river basins of most of the states in the southern peninsula
into a nationally regulated economic unit by providing in-
expensive barge transportation for ores, grains, and bulk
products from the south to the north. Of the total length of
1,640 miles, 440 miles will be in pump lift reaches of national
rivers and 1,200 miles in gravity-flow canals or rivers.

The transcript of the Bangkok conference and the book, “A
Fifty-Year Development Policy for the Indian-Pacific
Oceans Basin,” as well as copies of the 1979 study, “A
40-Year Plan to Make India an Industrial Superpower,” are
available. Address enquiries to Fusion Asia.
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The World Economy
Needs a Second
Panama Canal

by Carlos Wesley

The Panama Canal, built by the United States in 1914 after
30 years of work by French and American engineers, has
been rightly called “the eighth wonder of the world.” Its
construction linked the Orient with Europe and Africa, North
America with the nations of western South America, and
the Eastern Seaboard of the United States with the West
Coast. Today some 14,000 ocean-going vessels pass through
the canal each year, carrying over 160 million tons of car-
go—more than 4 percent of total world trade.

While the Panama Canal is one of the greatest engineer-
ing achievements of mankind, its capacity even now is in-
adequate to modern shipping needs, and given any signif-
icant expansion in world trade the canal would soon be-
come a major bottleneck. In the canal, a ship today must
literally “climb” over mountains, by means of locks, as it is
lifted from the Atlantic Ocean 85 feet above sea level, across
the Continental Divide, and finally down to the Pacific
Ocean. The canal locks and channels are too small to allow
passage of some 8 percent of the world's ocean-going fleet,
ships of over 65,000 tons (many bulk carriers and oil super-
tankers are over 250,000 tons). Furthermore, the locks are
extremely vulnerable to sabotage or terrorism, and sinking
one or more vessels in the lock-chambers could incapaci-
tate the canal.

These considerations point to the urgent need for a new
sea-level canal, as originally envisioned by the designers of
the lock system. This will be one of the most monumental
construction projects ever undertaken. Any canal across
the isthmus that stretches from the Yucatan Peninsula in
Mexico to northern Colombia will have to cross the moun-
tains of the Continental Divide. Canal-builders will also
have to contend with tropical forests and jungles before
excavation can begin, and they will have to deal with the
fact that sea level on the Pacific is usually slightly higher
(about three-quarters of a foot) than on the Atlantic, and
that there are marked differences between the tides of the
two oceans.

Current estimates are that it will take anywhere from 8 ta
20 years to get the job done—even if peaceful nuclear ex-
plosives (PNEs) are employed—and that it will cost $15 to
$16 billion at today’s prices.

The Atlantic-Pacific Interoceanic Canal Study Commis-
sion (ICSS), appointed by U.S. President Lyndon Johnson,
in its 1970 report identified five routes across the isthmus,
some suitable for building a canal by conventional means,
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Using Nuclear Energy
For Construction

by Dr. Steven Bardwell and
Charles B. Stevens

The development program for the Pacific and Indian
Ocean basins intersects a global economic development
process that is the advent of an industrial revolution at least
as great as the industrial revolutions of the past. This is an
industrial revolution based on new physical principles, high-
intensity electromagnetic radiation, coherent forms of that
radiation, and plasmas and theirvarious technological spin-
offs.

The fact that it co ncides with the industrialization of the
Pacific Basin gives that industrialization process a new
unique advantage in the history of human economic prog-
ress. This process in the Pacific Basin does not need to
replicate the stages of technological development that went
oninthe United States or Europe. Rather, thatdevelopment
can skip over a number of those stages and take advantage
of the most modern, most efficient technologies, without
having to go through the intermediate steps of different
forms of more primitive industrial technology.

This is especially true of the large infrastructure projects
proposed by the Executive Intelligence Review and the Fu-
sion Energy Foundation. Here we describe the equivalent
in terms of earth-moving technology of lasers for cutting
metal or plasmas for refining metal—the construction
equivalent of those new technologies.

If you look just in the most general sense at what char-
acterizes present industrial technologies, they are all based
on matter moving or shaping other matter. In the simplest
sense, we have not moved much beyond the potter's wheel
in terms of shaping metal. The lathe, the milling machine—
all these are devices that turn matter and have other pieces
of matter rub-against the turning matter to cut it, shape it,
to turn it into some useful form. The ideas on which the
plasma and laser are based are using energy to cut matter.
Matter never touches matter to turn it into a different shape;
a beam of energy accomplishes that job.

In the area of construction technologies, the equivalent
is the use of high-energy explosives to move earth, rather
than a bulldozer or steam-shovel. This is using very highly
organized, highly directed blasts of energy to move that
earth.

The basicideaistobury, ata precisely determined depth,
a small, precisely determined size of nuclear bomb. The
depth and size depend on how big a hole you want, how
much dirt you want to move, and what the soil and water
conditions of the ground are. This device, because it is so
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Source: N. Seshagiri, The Bomnb!, (New Delhi: Vikas Publishing House PVT, Ltd., 1975).
Three views of the Pokaran landscape in India’s Rajasthan
Desert, site of the May 18, 1974 PNE explosion. Top: Before
the explosion; center: a new hill on the horizon seconds
after the explosion; bottom: aerial view of the crater.

intense, generates a very precisely calculable series of shock
waves that do not merely blow things up, but in a very
precise way, move earth from one place to the other. The
idea then is not only to get dirt out of the way, but to use it
as part of the construction material. The final form created
is a crater, not just a hole, in which part of the ejected
material forms a higher side of the crater; thus the result is
not only a hole, but the sides of a hole that are desired,
created by this precisely shaped explosive charge.

This idea is one that has a tremendous number of other
applications in laser fusion, and other more exotic ad-
vanced industrial technologies—using focused pulsed
power to create new forms of matter.

One of the few tests done that is in the open literature, a
50 kiloton blast 15 years ago, resulted in a very neat looking
piece of work. In the middle of a desert at the Nevada test
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site, where weapons experiments are done, it looks from
the air like a big ant-eater has been there. These blasts drill
very precise conical holes with perfectly formed lips around
them.

The application of this technology to moving massive
amounts of earth has been much studied, and the econom-
ic impact of that technology is absolutely phenomenal. In
all the studies done so far, it is uniformly shown that the
cost of moving large amounts of earth can be decreased by
a factor of four. That is, it costs about one-quarter as much
to move earth using nuclear explosives as using bulldozers,
and it takes about one-half the time. Most of the time it
takes to do nuclear excavation is spent waiting for the right
weather—in order to keep the blast from blowing in direc-
tions that it shouldn’t. The time is spent waiting for what
they call “blast days,” days when one of these explosives
can be set off and the results will be predictable.

The applications of peaceful nuclear explosives, besides
earth-moving, include: extracting oil from oil shale; stim-
ulating natural gas deposits; creating underground storage
cavities for gas, oil or nuclear wastes; in situ mining of low-
grade ore through nuclear rubblization and chemical leach-
ing; stimulating the flow of oil fields; extracting ore from
tar sands; deep seismic sounding to determine geological
strata; deep coal and other mineral mining; extinguishing
oil and gas-well fires; stimulating geothermal reserves;
generating high-pressure steam for the production of elec-
tricity, fusion, and fission fuels; and stimulating under-
ground water resources.

However, the main application currently discussed is for
excavation of earth.

The only place this has been done on an industrial or
commercial scale is the Soviet Union. A map taken from a
Soviet publication shows a major water-diversion project,
which is going to take one of the many water systems that
runs from north to south in the Soviet Union and reverse
that direction. A map was prepared by Lawrence Livermore
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g PNEs in the Soviet Union were done

1979. Most of these experiements were
f water diversion. In Siberia, the Soviets
cting a very extensive series of tests using
natural gas production. About 100 PNE
been conducted there over the past 15
years for variousjpurposes. This is a very real, economically
viable technology in use in the Soviet Union, but not in use
in the United States, purely for political reasons.

Ptospects for the Pacific Basin

The original sfudies for both the second Panama Canal
and the Kra canpl, using PNEs, were done more than 10
years ago, and were based on the state of the art in PNEs at
that time. In the|intervening period, there have been tre-
mendous advandes, including vast reduction in the amount
of radiation relegsed. The amount of radiation released by
a PNE can now be reduced by a factor of 100, which means
that these expldsives can be employed in relatively pop-
ulated areas. If tie size of the explosions can be reduced to
the point that hak been done in weapons tests today, this is
in the ballpark ¢f being able to construct in very precise
ways, small cratdrs or series of small craters.

The neutron bomb and the reduced-radiation weapon
are weapons teclinologies that are also the key to the small,
cheap, and clear] nuclear explosives that will revolutionize
construction technologies over the next 20 years.

What is most striking in the Panama Canal proposal is the
spaced craters that are formed in the first phase of construc-
tion. After this figst set of craters is formed, itwould without
doubt be one offthe most remarkable feats of human engi-
neering to watcH the completion of that canal in the period
of half an hour a the second series of explosions goes off.
There would bg a plume, the earth would subside, and
then, out of nothing, a complete canal would be created—
literally in half-ap-hour’s time.
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hailand is a nice country with

friendly people and a temperate
climate. Although it has internal poli-
tical problems, economicallyitisona
strong footing—at least for the next
few years. But in those friendly—
almost idyllic—conditions, | saw
something which | did not expect.

Thailand is a developing nation and
will continue to remain so far a long
time if they do not start thinking of
their future now. The whole nation of
50 million people uses only 3000
MW or so of electricity. The country
functions because it has plenty of
food, a strong social fabric and a lot of
smart people who do good business.
But it lacks the most important ingre-
dient that is necessary to become a
developed nation: Thailand does not
have an adequate number of scien-
tists. It does not have an adequate
number of technologists. But, it has a
strong lobby of environmentalists.
That is downright strange.

Usually in developing nations, one
has to look hard to find an environ-
mentalist. A few imports from Britain
or Germany or the United States or
somewhere else routinely hang
around the college campuses looking
for young ones with mental disorders
to join their campaign against the
“evils of progress.” Most of these
imports end up empty handed, with
no supporter to fight for their cause.
In such circumstances, common in
most of the developing nations, these
“imported” ones set up a fouhdation
of some sort and try to make the anti-
progress activities an institution.

But still the people do notjoin; only
a handful of clever fellows seeking a
foreign junket or two latch onto the

foreign racket. Instead, the bulk of
the people continue to complain that
not enough construction projects are
getting built, not enough power
plants are being built, not enough
factories are going up, and the
country just isn't maving fast enough.
Such a climate is unhealthy for
environmentalists but, as we know, it
is very healthy for the nation.

When | was in Bangkok, | expected
there would be a few of these
imports. That is a fair assumption to
make since import of goods—con-
sumer goods or otherwise—to
Thailand is extremely easy. But | was
in for a surprise. | found that the
opposition to nuclear power comes
not only from the “imported” ones,
but also from a section of local acade-
micians.

When | asked about it, my inter-
locutars whispered back into my ears:
“We have no plans to build a nuclear
power plant in the near future.” They
seemed scared of something.

Later | talked to many enlightened
ones and found out that a few acade-
micians based at Thammasat Univer-
sity in Bangkok and with question-
able American friends are leading an
“appropriate technology” movement
in the country. Still, it was puzzling to
me how these fellows could mobilise
an anti-nuclear lobby when no move
had been made to build a nuclear
power plant.

| tried to think this through. One
particular experience kept jarring my
thoughts, It was a conversation I'd
had with a scientist, a physicist in
fact. | had cautiously referred to the
prospective Thai nuclear power pro-
gram, since one proponent had whis-
tfully told me that maybe one plant
would get built by 1995,

“We don’t have nuclear physicists,”

my physicist jumped on the query.
“If we buy it from outside, we won’t
be able to run it.”

“Don’t trust these people,” he con-
tinued, referring | suppose to those
long-suffering souls at the Office for
Atomic Energy for Peace who have
prepared several programmes and
conducted training in nuclear tech-
nology. “They think it's like a car; you
just buy it and run it. | don’t think we
can do it.." He paused, as if uncon-
vinced by his own arguments.

| attempted to interject some pers-
pective. “But if India can develop
itself to handle nuclear power, surely
Thailand can...”

He refused to consider it. “Nuclear
is simply unreliable. We have never
done it, so how could we now?”’ With
that rhetorical flourish, the door
slammed-shut in his mind. Strange.

Finally | realised what the problem
was. It's a case of the tail wagging the
dog. It is not the environmentalist
lobby that is to be credited for its own
existence. On the contrary, it is the
scientists’ fear to confront these anti-
progress elements, Even more impor-
tant, it is their reluctance to speak out
tc make sure that the country
implements thase policies they know
to be physically and economically
necessary for advance that has given
the anti-progress lobby its steam by
default.

in this process the scientists are
cultivating a deadly pessimism and
lack of confidence among themsel-
ves that is already having a negative
influence ot policy. It is their own
cowardice which has turned the scale
in the opponents’ favour and kept
nuclear power development as far
away from reality as it was in 1962.

Such, unfortunately, is the state of
affairs in friendly Thailand. B

GARUDA SPEAKS

The mythical bird Garuda expressed Man's earliest impulse
to propel himself beyond natural barriers. Not simply Lord
Vishnu's “flying machine,” Garuda was also navigator and
conscience, renowned for his keen eye.
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The world will have widespread
fusion power by the year 2000.

The only question is whether it will be
delivered by an ICBM o¢r a tokamak.

It's up to you!
With your help, the Fusion
Energy Foundation can

® put Fusion magazine into the
hands of 200,000 progrowth
Americans

® educate America on the
benefits—economic, military,
and scientific—of developing
directed energy beam
technologies

® send speakers nationwide to
debate nuclear freeze advocates
on campuses and at commun-
ity meetings

® promote science and
technology—specifically the
development of nuclear fusion
and fission and space explor-
ation—as the most important
tools for continuing human
progress.

Join the Fusion Energy
Foundation and give gift
subscriptions to Fusion magazine.

I want to support the Fusion
Energy Foundation.
Enclosed is:

[] Sustaining membership $250 .
Cak Ridge National Laboratory

[} Individual membership $75

[J Corporate membership 51,000

(All memberships include 10 issues of
Fusion)

[] 1-year subscription to Fusion $20 o
: (6 issues) Address
[[] 2-year subscription to Fusion $38
(12 issues) G Shaie 8
Make checks payable to Fusion Energy Credit card _ Card number Expiration Date
Foundation, Box 1438, Radio City

Contributions to the Fusion Energy Foundatiog are tax deductible. Visa, MasterCard, and Diners
Station, New York, N.Y. 10101 accepted.




GREAT PROJECTS:
THE MOTOR FOR DEVELOPMENT

By the year 2000, close to two thirds of the world population will inhabit the
countries on the Pacific and Indian Ocean rim. If the impressive growth rates
some of the Asian nations have achieved during the past decade are to be
maintained and enhanced, and the capacities developed to sustain this pop-
ulation at rising living standards, the Asian nations will have to take deliberate
steps now to broaden, deepen, and hasten the process of industrialization
throughout the region.

This is the unique aim of a “50-Year Development Policy for the Indian-Pacific
Ocean Basins,” a proposal based on a package of large-scale infrastructure
projects that is featured in this issue. The intimate relationship between am-
bitious infrastructure development and successful economic growth is the key
to the proposal. Spinoffs from such an approach include political stability,
regional security, and a sure path out of world economic depression.

Australia, New Zealand A$ 4.50
Bangladesh Tk. 15
Burma K. 7.50
China U.5.$2.00
Hong Kong HK$ 18
India Rs. 7.50
Indonesia

Japan

Malaysia

Pakistan
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Republic of Korea

Singapore

Sri Lanka
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