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FOREWORD

The IAEA Symposium on "Applications of Nuclear Data in Science and
Technology" was convened by the International Atomic Energy Agency on
12-16 March 1973 in Paris at the invitation of the French Government.
The meeting was held on the recommendation of the International Nuclear
Data Committee (INDC) and the International Working Group on Nuclear
Structure and Reaction Data (IWGNSRD). The main purpose of the Symposium
was to illuminate the needs for nuclear data in the technological and scien-
tific community. Over 200 delegates attended, representing 30 countries
and five international organizations. A total of 74 papers was presented,
including the Keynote Address and the Symposium Summary.

For many years the mechanisms for satisfying the nuclear data needs
related to neutron-induced reactions have beenfairly well organized by those
concerned with neutron-reactor technology, which is a major field of applica-
tion for this kind of data. However, for several years it has become in-
creasingly evident that there is a strong need for better, up-to-date com-
pilations of nuclear data for a large number of other applications. The IAEA
was therefore requested to convene a symposium in order to review the
status of and needs for new nuclear data evaluation activities. During the
preparation, it became evident that the symposium should emphasize data
needs in the various applications rather than existing data compilation
activities.

The program commitiee attempted to achieve a balance between reactor
and non-reactor applications as well as a balance between the needs for
various applications and the needs for compilation work. As a result, four
of the sixteen regular sessions were devoted to applications related to
nuclear energy, seven to other applications and five to topics related to
data compilations. In contrast to the International Conferences on Nuclear
Data for Reactors (Paris, 17 -21 October 1966, and Helsinki, 15- 19 June
1970), this Symposium was not meant to be a forum for the presentation of
experimental data.

The Symposium demonstrated that the compilation of structure and
decay data would benefit from considerably increased support. These data
are basic to most other data-application-oriented compilations. The long
delay in bringing compilations of this type up to date causes unacceptable
hold-ups in the process of bringing such data from producers to users.
Under the heading 'Symposium Summary', Dr. W.B. Lewis, at the end of
the meeting, discussed the most important conclusions to be drawn from
the symposium with regard to data needs and the status of compilations.
A further summary of the meeting, by L. Hjirne, appears in Atomic Energy
Review, 1973, Vol.11, No.2, 395. ‘

The Proceedings are divided into two volumes, the first of which con-
tains, besides the Keynote Address, thirty-two papers in the fields of
Future Technology Requirements, Reactor Technology, Safeguards, Life
Sciences, Radijoisotopes in Chemistry, Fission-Product Nuclear Data and



Accelerator and Space Shielding. The second volume - with forty contribu-
tions, in addition to the Symposium Summary — covers the fields of Fusion
Research, Evaluated Neutron Data Files, Activation Analysis (General and
Neutrons), Compilation and Evaluation - Data Centres, Large-Volume
Compilations, Various Applications, Activation Analysis: Charged Particles
and Photons, and Application-Oriented Computations and Evaluations.

The Agency wishes to thank the French authorities for their hospitality
and active support of the Symposium, and the authors and participants for
their valuable contributions. Special thanks are due to the Chairmen of the
individual sessions for their successful efforts in guiding the discussions.

EDITORIAL NOTE

The papers and discussions incorporated in the proceedings published
by the International Atomic Energy Agency are edited by the Agency's edi-
torial staff to the extent considered necessary for the reader’s assistance.
The views expressed and the general style adopted remain, however, the
responsibility of the named authors or participants.

For the sake of speed of publication the present Proceedings have been
printed by composition typing and photo-offset lithography. Within the limi-
tations imposed by this method, every effort has been made to maintain a
high editorial standard; in particular, the units and symbols employed are
to the fullest practicable extent those standardized or recommended by the
competent international scientific bodies.

The affiliations of authors are those given at the time of nomination.

The use in these Proceedings of particular designations of countries or
territories does not imply any judgement by the Agency as tothe legal status
of such countries or territories, of their authorities and institutions or of
the delimitation of their boundaries.

The mention of specific companies or of their products or brand-names
does not imply any endorsement or recommendation on the part of the
International Atomic Energy Agency.
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CRITERIA OF CHOICE
FOR COMPILATIONS OF NUCLEAR DATA*

D._J. HOREN, A,M, WEINBERG
Oak Ridge National Laboratory, Oak Ridge, Tenn.,
United States of America

About twelve years ago, when the scientific community began to realize
that priorities in science were inevitable, one of us (AMW) proposed what
are now called "'criteria for scientific choice' [1]. These amounted to a
set of principles — admittedly much easier to formulate in the abstract than
to apply in specific cases — that could help one decide the relative merit
of, and therefore priority to be assigned to, different scientific activities.

The criteria of choice were divided into two categories: internal and
external. Internal criteria arose out of the logic and structure of a field:
they were concerned with such questions as, 'Is the field ripe for exploi-
tation — i, e. are there pressing scientific issues in which knowledgeable
practitioners see ways of making progress? Or does the field itself attract
very able people?' These internal criteria address themselves to the
solvability of scientific problems. (Peter Medawar describes science —
in a clever paraphrase of Disraeli — as the Art of the Soluble [2].) Internal
criteria measure a scientific activity by the extent to which it yields results
that are worthwhile as judged by the standards of the field in which the
results are obtained.

External criteria measure a scientific activity from the standpoint of
the universe outside the activity. They address themselves to the usefulness
(as contrasted to the solvability) of scientific research: its usefulness to
other sciences, to engineering and technology, to society at large. Ina
general sort of way, it was argued that where large sums of public money
were required to support a scientific activity, external criteria must loom
prominently in judging relative priorities.

About the time of the publications on criteria for scientific choice,
one of us (AMW) chaired a panel of the President's Science Advisory
Committee (PSAC) concerned with scientific information, That report,
entitled ''Science, Government, and Information'' [3], is probably familiar
to many in this audience. Its main emphasis was on the specialized infor-
mation centre., The report viewed such secondary handlers of scientific
information as a key to restoring order to what seemed like a chaotic
expansion of scientific knowledge, In retrospect, it seems that the panel
was graced with good luck in stressing the role of the specialized infor-
mation centre. Such centres have proliferated even beyond what we en-
thusiasts anticipated when writing the report. In nuclear structure and
reactions alone, there are now at least 28 such centres throughout the
world according to the studies of the International Working Group on Nuclear
Structure and Reaction Data (IWGNSRD) [4].

It therefore seemed appropriate, in talking to an audience that includes
both compilers of nuclear data and users of nuclear data, to try to synthesize

* Presented by A.M, Weinberg.



4 HOREN and WEINBERG

these two separate threads from earlier works: Scientific Information, in
this instance, Nuclear Information, and Criteria for Scientific Choice.

For just as science itself, and certainly nuclear science, must adjust to
limited resources, so scientific compilation, and in particular compilation
of nuclear data, is similarly constrained. Thus the problem of priorities —
what to do first, where to allocate resources in science — also faces the
community of compilers. They too must decide what to compile and what

to leave for later. Can we establish a-priori criteria of choice for scientific
compilation? Can such criteria be regarded as more than a philosophic
exercise?

THE NECESSITY FOR CHOICE

The compilers of scientific data have in recent years lagged behind
the producers of scientific data, and have had to establish priorities. In
nuclear science, technical developments have greatly magnified this dis-
crepancy between the mass of data and the compiler's capacity to handle it.

The use of high-resolution solid-state detectors, as well as other
improved techniques, has multiplied the number of recorded bound states
per nucleus five- to ten-fold during the past decade; and the widespread
utilization of automatic processing has created a heavy glut of undigested
nuclear data, There are now some 3000-4000 nuclear-structure scientists
who publish about 3500 papers annually. The data contained in each paper
varies anywhere from a single number — e.g. the reporting of a hali-life
measurement, or spin, etc. — to thousands of numbers. For example,
Miuhlbauer has observed more than 2000 gamma-ray transitions below
1.4 MeV following neutron capture in ®2Eu [5]1 Ignoring the quantities —
level energies and properties — that can be deduced from this particular
data, but, considering only the energies, intensities, and uncertainties
on each quantity, one has to deal with 4 X 2000 or 8000 numbers!

The history of the Nuclear Data Project from 1959-1972 illustrates
how this increase in data has complicated the life of the compiler of mass-
chain data, Prior to 1963 the number of compilations per man-year was
3.5-5, with each compilation having 100 times the quantity of data reported
in an average research paper; today this number has fallen to about 1.8
compilations per man-year. Since 1959 the number of research papers
per man-year (at least in the United States) has remained relatively constant
at about one, The average quantity of reported data, however, has increased
by a factor of ten, and the ratio of data per compilation versus that per
average research paper has remained about constant at 100/1. Thus the
compiler has increased his ability to handle data by a factor of four to
five — i.e. (1.8/5)X 10 — but this has not been sufficient to cope with the
ten-fold increased production of datal Thus one can make a serious
argument for relatively more, rather than less, money going into secondary
treatment of data.

! We have tried to estimate the cost of gathering and compiling nuclear data, The average research
paper reports approximately 30 measured numbers (including uncertainties), which is equivalent to about
$1500 per number; in the United States an average research paper costs approximately $45 000. Data producers
are generating some 110 000 numbers annually. An average Data Project compilation contains approximately
3000 numbers at a cost of approximately $10 per number, or one percent of the production cost.
In this connection the authors would like to point to the importance of establishing a uniform and international
system of key words and indexing as a means of amplifying the compilers’ increasingly difficult job of keeping
up with the data,
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INTERNAL CRITERIA: NUCLEAR COMPILATION AS PART OF
NUCLEAR SCIENCE

Scientific compilation is, of course, part of science. One could
therefore argue that criteria of choice that are appropriate for science
ought to be applicable to scientific compilation. Moreover, the motivations
for scientific compilation in a way parallel the motivations for science itself.
We say we do science, on the one hand, to find order in nature where none
had hitherto been perceived (the Newtonian view) or, on the other hand,
to enable man, through application of science, to control nature for man's
benefit (Baconian view). In a parallel sense, the scientific compiler is
motivated, on the one hand, by his desire to find scientific regularities
and new insights where none have been found before, or to help scientists
in his own field find such regularities; and, on the other hand, his desire
to make the results of his compilations useful to scientists in other fields,
and to those who apply science to the useful arts. We would call the first
motivation for scientific compilation internal, the second external.

Within the field of nuclear science one can find both internally and
externally motivated compilation groups. The approach as to what they
compile, as well as their methods, is usually reflected to some degree
by their histories. Most of the internally motivated groups were established
by active researchers, mainly as an aid to cope with the data or to detect
systematic trends.

Most of the compilers in this audience are familiar with instances in
which compilations have proved of some significance in the creation of
new nuclear science. To mention a few examples, we would cite the nuclear
shell model which stemmed mainly from a combination of compiled data and
the injection of a new idea, strong spin-orbit coupling.? The highly successful
description of nuclear properties in the rare-earth and actinide regions in
terms of a non-spherical model has been refined through an intermingling
of experiments, compilations, and theoretical ideas. Compilations played
an important role also in the evolving description of the vibrations of near-
spherical nuclei, or the development of the optical-model description for
nuclear reactions, Other examples in which compilations have played a
significant part in the discovery of new nuclear science can of course,
be given.

The compiler, in pursuing his aims that are part of nuclear science —
i.e. finding regularities, discrepancies, and lacunae — must be guided by
some internal criteria. He must decide what data are most likely to yield
such nuggets, are most worthspending his time on. It would be our impres-
sion that the compiler's sensitivity to what is important, and therefore his
ordering of priorities, is established in much the same way as are the
sensitivities toward priorities of nuclear science itself, Moreover, since
the compilers, at least in those centres serving basic nuclear science,

?  Although a number of workers, some before 1930, had suggested the possibility of nuclear shell

structure based on theoretical and sketchy experimental grounds [ see, e.g. ELSASSER, W., J. Phys, Radium §
(1934) 625], it remained until early 1949 for Maria MAYER([ Phys, Rev, 75 (1949) 1969] and independently

the team of HAXEL, O., JENSEN, J,H.D., SUESS, H,E, [Phys, Rev. 75 (1949) 1766] to present a totally
convincing case for the existence of magic numbers, as well as a rationale for them in terms of strong spin-orbit
coupling (suggested to Mayer by Fermi),



TABLE I. AREAS OF APPLICATION OF NUCLEAR DATA AND TECHNIQUES

Applied area

Usage

Main data requirements

Level of knowledge of nuclear
physics required by user

Electrical power

Biology and
medicine

Agriculture

Geology
Archeology
Forensic

Industrial

Physical sciences

Fission reactors

Design

Radioactive waste disposal

Regulation

Environmental

Fuel element control

(i.e. safeguards)

Radioisotope batteries
Controlled thermal fusion

Diagnostic studies
Therapy
Research

Food preservation
Genetic studies
Plant studies

Activation analysis

Leak detection 3\
Gauges (thickness, density)
Controls

Fire detection devices
Filters L
Materials treatment
Solid-state devices
Materials analysis
Radiography )

Nuclear physics
Astrophysics
Solid state
Chemistry

Neutron data, fission data, decay data,
nuclear structure

Decay data
Charged-particle reactions, neutron reactions

Decay data (some reaction data)
Decay data, neutron and charged-particle
reactions (protons, m-mesons, heavy ions)

Decay data

Decay data, neutron capture, X-ray fluorescence
by means of charged particles or y's

Various types noted above depending upon
application

-

High

Low
High

Medium to low
Medium to high

Low

Low to medium

Low to medium

Low to high
depending on specific area
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are themselves an integral part of the nuclear science community, there
is little problem of what to compile next: at least, it is not more difficult
than the problem of what to measure next. This is determined by the state
of knowledge of the science and is largely a personal judgment.

A second, and perhaps more important, question of priority is the
depth and complexity of a compilation. For some purposes, only a broad,
but not deep, compilation is necessary (the initial stages of the optical model,
for example). However, where one is interested in a microscopic test of
a theoretical model, an in-depth compilation is required. Again, however,
since these are so integral a part of nuclear science, it is hard for us to
prescribe criteria that are different from the intrinsic criteria of choice
appropriate for nuclear science itself. After all, nuclear science, like
all science, is the Art of the Soluble: one goes where one's instincts,
sharpened by_the scientific ambience in which one operates, lead. The
main point is that as long as nuclear compilation is supported at a level
sufficient for the compiler to be au courant with the data, and the compiler
maintains his contacts with the nuclear community, significant new nuclear
science will come from nuclear compilations.

EXTERNAL CRITERIA: NUCLEAR COMPILATION AS AN AID TO
APPLICATION

In Table I we summarize some of the areas in which nuclear data or
techniques are being applied. As one sees, these range from power
generation to nuclear medicine, from agriculture to forensic science, and,
of course, include the basic physical sciences — nuclear physics, astro-
physics, solid state, chemistry, etc. Most striking is the wide variation
in sophistication both in the use of the data and in the user's knowledge of
nuclear science., In view of this, one easily surmises that the need for
critical evaluation of the data will be somewhat dependent upon the specific
application for which it is intended.

Papers to be presented at this symposium suggest that these points
will be aptly demonstrated in the respective sessions. Hence we confine
ourselves to two specific examples of the use of nuclear data: as it applies
to emergency core-cooling systems (ECCS) and its present and possible
future role in biological applications.

(1) ECCS: Perhaps an apt example of heavily applied use for compiled
non-neutron nuclear data is the estimate of the afterheat in a light-water
reactor, This is one of the factors needed to asses the performance of the
ECCS, and some 22 000 pages of testimony pertaining to this topic have
been amassed during the past year. Among the important technical
questions involved is whether or not the fuel elements heat up too much
during the first few seconds after blow-down. To obtain this information
from in-situ measurements would be extremely difficult. Therefore, to
estimate the heat build-up, two calculational approaches have been con-
sidered — one based upon experimental measurements of the gamma and
beta power associated with the thermal fission of 235U, the other on a detailed
knowledge of the yields and decays of the fission products. The latter
information has been compiled since the beginning of the Manhattan Project,
particularly, through the active work of Katharine Way, who is generally
recognized as one of the founders of modern nuclear data compilation.



8 HOREN and WEINBERG

Partly because of the work of T.R. England [6], questions were recently
raised concerning the validity of accepted procedures for handling the fission
product after-heat. This has led to a re-examination of the problem, and
once again exemplifies a fundamental contribution that can be made to applied
programs by the nuclear scientist in his role as compiler/evaluator,

Given a choice, the reactor engineer or scientist would certainly prefer
to have available all the evaluated nuclear data required to calculate the
heat release after blow-down. An engineer is unlikely to have had sufficient
training and experience to evaluate the experimental data, whereas a nuclear
scientist would probably find it difficult were he too long removed from the
experimental details. Furthermore, to perform the calculation by going
back to the fission product yields and decays would be almost impossible
if he were forced to start at the beginning and compile and evaluate all the
data himself.

A look at data on direct measurement of the gamma and beta powers
illustrates the engineer's difficulty. In Fig.1l we show the results of four
independent measurements of the beta power, It takes little imagination
to visualize the bewilderment which the nuclear engineer will experience
when confronted with such data. Should he, or can he, examine the detailed
measurements to try to determine the sources of the apparent discrepancies?
Should he treat the data as four equal and independent sets? Should he accept
the uncertainties quoted by the authors? Here is a place where the experience
of the compilation community could well be brought to bear on an important
technical matter,

(2) Biological applications: The use of nuclear data and techniques for
biological purposes continues to grow. At present 20 to 30 radioisotopes
are in routine clinical use, mainly as diagnostic tools. Approximately
120 others are being used in research studies. Recently, there has been
a resurgence in the use of neutrons in cancer therapy. With the new high-
energy proton accelerators coming on-line, as well as heavy-ion accelerators,
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new techniques in medical radiology that exploit the interactions of such
projectiles (and also m-mesons) with tissue will most likely be developed.
This will entail detailed knowledge of many nuclear interactions as well as
phenomena associated with atomic physics, such as charged-particle
stopping powers,

In this area alone one can find examples for which the quality of the
data is relatively unimportant and others for which it is critical. The
typical role of the compiler, as a supplier of evaluated data, probably
will notsuffice in all cases. The medical user, in the application of
m-mesons, will need assistance that goes far beyond that historically
provided by a compiler; undoubtedly, he will often have to communicate
directly with the compiler/evaluator.

In general, though, the needs of the applied scientist are for evaluated
nuclear data and, in particular, data that have been evaluated with his
needs in mind. To be sure, there now are many nuclear compilation centres,
such as the Brookhaven National Neutron Cross Section Center, which
compile and evaluate data for special classes of users. Of the centres
listed by IWGNSRD, about two-thirds are externally motivated and are part
of the applied community; one-third are internally motivated — i.e. consider
themselves part of nuclear science rather than of nuclear applications.

Obviously, insofar as barriers exist between the internally and externally
motivated data compilers, these barriers ought to be removed. This has
happened in the case of evaluated neutron cross-section data — through the
operation of the Neutron Cross-Section Advisory Committees, both national
and international. And the creation of the U.S. Nuclear Data Committee
to cover broader nuclear data (including that for nuclear science itself)
is an experiment well worth serious attention.

THE PROBLEM IN PERSPECTIVE

By the year 2000 we anticipate that in the United States alone there
will be 500 operating reactors. The rest of the world will not be far behind.
It will be a world in which the existence of radioactive nuclei will not be a
scientific curiosity but an ever present factor in our daily lives. All kinds
of people will have to know about radioactive nuclei; chemical engineers,
geologists, geochemists, atmospheric scientists, oceanographers,
paleographers, ecologists, anthropologists, veterinarians, agricultural
scientists, soil scientists, economists, and political scientists. Each
group will want information in a format that is easy to use, easy to transmit,
and easy to remember. It will be the task of the compilers to be responsive
to the needs of many sectors of our society and to provide nuclear data in
specific formats for each sector.

We see therefore a strong and growing need for externally motivated
nuclear compilations. It is unlikely that potential users will come uninvited
to the compilers and ask for particularly useful kinds of compilations. The
compiler must seek out potential users continuously and energetically.
Several mechanisms might make this task a little less than impossible.

(1) There are conferences such as this one where users and compilers
meet to exchange views on major problems and to work out together useful
courses of action.
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(2) It is possible to embed nuclear data centres in large multidisciplinary
organizations, This is currently the case in the nuclear laboratories of
many countries, and leads to reasonably good communication channels
between compilers and obvious potential users who are connected with the
nuclear energy enterprise.

(3) Committees which we mentioned earlier, such as the US Nuclear
Data Committee, may be very useful in helping to establish priorities for
compilation of nuclear data. Certainly the various Neutron Cross-Section
Advisory Committees have been helpful both in the measurement and evalu-
ation of data for reactor design. However, the more general fields of
nuclear science and application do not have the same unifying theme or,
for that matter, the centralized managerial structure as does reactor design
and engineering. This will make it harder for committees to sense accurately
the needs of this larger community. Moreover, committees are cumbersome:
will they impose further delays on the transfer of information from experi-
menter to user — which after all is what we are trying to expedite?

(4) Finally, the most important ingredient is the intelligence, the energy,
and vision of the individual compiler or of compiler organizations. One
important issue here is how one can make the centres that have a tradition
of internal motivation, a commitment to basic nuclear science, more useful
to the community of applied science, One obvious, and quite simple, answer
is to urge that these compilers of nuclear data become more familiar with
the needs of users. After all, when a compiler establishes a priority
according to the internal logic of nuclear science, it is necessary to familiar-
ize himself with that logic — to decide what is needed to strengthen the edifice
of nuclear science. Is one being unrealistic to urge that nuclear compilers
themselves accept some responsibility for the needs of the applied com-
munity that their data may serve so that, though their primary commitment
remains to their science, and their primary criteria of choice remain
internal, they use some cues from the applied world in setting their priori-
ties? As a practical matter, this means that at least a few compilers in
each of the basic compilation groups would acquire knowledge of and sensi-
tivity to the applied sciences.

Establishing priorities in nuclear compilation is hardly any easier than
is establishing priorities in nuclear science itselt, And indeed, rather than
proposing specific priorities, we have alluded to mechanisms for establishing
priorities — in particular, the steering or guiding committee, and the in-
formed individual compiler, especially the one who works in a broad,
interdisciplinary setting, The two mechanisms, of course, do not exclude
each other, We would only hope that this present-day tendency to centralize
decisions in science by setting up central committees does not work to lessen
the individual compiler's own responsibility to become acquainted with, and
sensitive to, the needs of the basic and applied communities his compilations
serve,
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Abstract

FISSIONING URANIUM PLASMAS.

Several concepts for cavity reactors have been proposed in which the nuclear fuel is in the plasma
state. Motives for conducting research related to such high-temperature reactors are the possible application
of these reactors for high-specific-impulse propulsion in space, magnetohydrodynamic electrical power
generation at high efficiency, direct nuclear pumping of lasers, and as a source for process heat.

The confinement of the fissioning uranium plasma within the cavity is sought by means of fluid mechanics.
The extraction of power is accomplished by radiative transfer. These requirements impose specific problems
upon criticality calculations.

A significant difference exists between the neutron temperature (thermal) and the uranium plasma
temperature. For this reason, more accurate neutron scattering and capture cross-section data in the
several-eV-region are needed. Temporal fluctuation of the fuel density and variation of the spatial fuel
distribution during operation and start-up require new codes. Reactivity perturbations due to possible uranium
influx variations have to be carefully analysed for power excwsions and subsequent disturbances of the balanced
system of flow confinement and radiative power transmission.

In connection with some of the concepts under consideration, research on nuclear radiation damage of
optical transparent material is needed.

The US National Aeronautics and Space Administration has conducted an intensive research program
on various aspects of fissioning plasmas, analytically and in simulation, particularly regarding the feasibility
of two major concepts of cavity reactors. Such work is described. The needs for further research, especially
in view of required nuclear data, is discussed.

A significant step forward will be the realization of a proposed hybrid research facility consisting of a
solid-fuel driver section enclosing the fissioning plasma. This facility would allow basic research on fissioning
plasmas. The requirements for codes for design of such a two-component fuel-reactor system are discussed.

INTRODUCTION

A fissioning plasma is a reacting fissionable fuel that by its own
fission power is sufficiently energized to exist in a gaseous partially ion-
ized state. Fissioning plasmas have so far only been produced in nuclear ex-
plosions. Steady-state fissioning plasmas are expected to be useful because
of the high temperature at which they exist. However, theoretical investi-
gations have shown that the realization of a plasma-core reactor represents
a major development effort. With the exception of space propulsion at a high
specific impulse and at a high level of thrust, no technological needs for
the high-temperature capabilities of fissioning plasmas in the past were
pressing enough to warrant the cost of such a development. However, for the
purpose of space propulsion, the U.S. National Aeronautics and Space Admin-
istration has conducted research on fissioning plasmas [1, 2]. More
recently, problems such as power shortages and thermal pollution have
developed that make plasma-core reactors desirable for more applications than
space propulsion, Advanced propulsion remains, however, a principal
motivation for plasma-core reactor research,
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A frequently used term in rocket propulsion is “specific impulse"”. It
is the ratio of thrust and mass flow rate and is proportional to the pro-
pellant exhaust velocity. At low specific impulse, such as in chemical
propulsion, the propellant and fuel weights are much larger than the weight
of structures. In this case the payload fraction depends exponentially on
the ratio of the final speed of the rocket and the exhaust velocity; during
low specific impulse propulsion, lunar-return missions and particularly
planetary missions, diminishing payload fractions result.

High exhaust velocities can be achieved in ion propulsion or by electro-
magnetic plasma acceleration. However, the jet power is the product of
thrust and exhaust velocity and thus increases with the cube of the latter.
At high specific impulse, power requirements can become so large that the
dead weight of the power plant offsets gains in payload fraction, such that
the ratio of the power plant weight and jet power becomes the dominant
characteristic of propulsion, This ratio is called the specific mass. It
is determined by dividing the kilograms of power plant mass by the kilowatts
of jet power and is obviously an expression for power density. A fissioning
plasma, burning nuclear fuel at very high temperatures and densities, is a
very high power density energy source. In prospective plasma core rockets,
shielding, neutron moderation and reflection impose a large dead weight.
After analysis it turns out, however, that such minimum weight is not incom-
patible with more ambitious space missions, because the inherently low
specific mass of fissionina plasma rockets will lead to significant gains
in payload fraction and in reductions of trip times. Such advantages are
compared with the capabilities of other propulsion methods for a manned
round trip to Mars (fig. 1). For plasma core propulsion, the initial mass
in earth orbit is an order of magnitude smaller than for chemical propulsion.
It has been estimated that the resulting reduction of cost for such a mission
could compensate for the cost of the development of plasma core reactors in
one or two such flights, but that may remain questionable because advances
in other propulsion modes may alter such present comparisons. In this
treatise of fissioning plasmas a broader view of technological usefulness
than space propulsion is taken as to lead to various detailed scientific and
engineering problems, of which, nuclear data are a significant part.

FISSIONING PLASMA REACTOR CONCEPTS

Major concepts of plasma core reactors are the coaxial flow system, the
nuclear 1ight bulb engine, the nuclear pumped laser system, and the nuclear
piston engine. These concepts, particularly the first two, have motivated
a program of specific research aimed at demonstrating their feasibility. The
magnitude of this research effort, extending over the past 15 years, is about
200 professional manyears [3]. Accordingly, the present schemes of plasma
core reactors should be regarded as mature in the sense of careful probing in
theory and experiment, short mainly of fission tests at larger power.

The coaxial flow scheme, originally conceived for advanced space pro-
pulsion, is based on fluid mechanics confinement 05 ghe fissioning plasma
(fig. 2), and is analyzed in [4, 5, 6]. Enriched 23 is introduced into the
cavity in the form of a fast moving wire. The fissioning plasma is held in a
central position by a rapid flow of hydrogen injected through porous cavity
walls or through an array of slots. This propellant flow separates the hot
plasma from the walls and also intercepts the powerful thermal radiation from
the plasma. Thereby it is heated up for expansion through a nozzle, Some
uranium plasma is entrained in the propellant flow and subsequently lost.

The cavity is surrounded by a beryllium oxide moderator-reflector, and all is
contained in a pressure vessel,
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Three requirements determine the characteristics of the system: fuel
mass and density to achieve criticality, sufficiently high temperatures to
achieve a high specific impulse, and a low rate of fuel loss through the
exhaust nozzle, for economic operation. These requirements result in rather
rigid boundaries for power and weight. A “best" configuration can, however,
not be determined because of trade-offs among the variables. Typically, a
coaxial flow plasma reactor for space propulsion operates at 6000 M4 power,
producing thrust at 4000 sec specific impulse. The cavity diameter is about
4 meters, the pressure ranges from 400 to 600 atm., and the total weight of
the system is of the order of 500000 kg figuring present radiator technology.
The fissioning plasma temperature is up to 50000°K in the center of the
fuel region, decreasing to less thag §5000°K at the edge of the fuel. The
critical mass is about 40 to 80 kg 35y depending on poison.

The nuclear light bulb engine concept consists of seven modules, such
as shown in Fig. 3, contained in a pressure vessel together with a BeQ and
graphite moderator reflector [7]. In contrast to the coaxial flow system,
the nuclear light bulb scheme provides for full containment of the fuel
within a transparent internally cooled wall configuration, thereby circum-
venting the problem of fuel losses through the exhaust. The fissioning
plasma is kept away from the transparent walls by a tangentially injected
swirl flow of buffer gas, which is recirculated. Some uranium plasma that
is entrained in the buffer gas flow is separated out during the recircu-
lation process and is fed back to the fuel region. Thermal radiation from
the fissioning plasma penetrates the buffer gas flow and the transparent
walls and is intercepted by a flow of seeded hydrogen propellant. Typical
data for the nuclear light bulb engine are power: 4600 MW; specific
impuise: 1870 sec; weight: 35000 kq; edge-of-the-fuel temperature: 5000°K;
and pressure: 500 atm.

Both of these fissioning plasma reactor concepts represent machines of
enormous power and stresses. It is not apparent that these schemes can be
scaled down significantly because of criticality requirements combined with
the need of high temperature operation. However, at significantly decreased
temperature, the pressure decreases accordingly as does the power. In such
a case, the plasma core reactor operates in a nonequilibrium mode, in which

INTERNALLY COOLED
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FIG.3. Nuclear light-bulb gas-core concept.
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the plasma is optically thin. Extraction of power would most efficiently be
effected by laser radiation [8]. In such a self-critical nuclear powered
laser system, nuclear energy is directly converted into coherent light by
elastic and inelastic collisions of fission fragments with the uranium atoms
{and possibly other gas admixtures), Fig. 4. Population inversion is
expected to result from the vastly different energies of the fission frag-
ments over most of the lengths of their stopping distances as compared to
the energy level of the plasma. In order to maintain the fissionable fuel
in a partially ionized gaseous state, one may have to resort to UFg.

Another fissioning plasma reactor concept is the nuclear piston engine
[9]. This engine resembles an Otto-motor as indicated in Fig. 5. During
the intake stroke a mixture of enriched UFg and helium is drawn into a
cylinder that is surrounded by a moderator-reflector. DBuring the com-
pression stroke the density of the gas is increased until criticality is
reached. The chain reaction is initiated by an external neutron source.
Because of the buildup of power, temperature and pressure are increased in
the cylinder and can be extracted as shaft horsepower in the following power
stroke. An exhaust stroke ejects the now again subcritical UF6 and He
mixture into a cooling and reprocessing loop.

In Fig. 5 an auxiliary precompression piston is shown which follows
the working piston at high compression to provide time for buildup of power
and to assure that maximum power is released as the piston passes dead
center., Preliminary calculations [10] show that a one cylinder engine
requires a minimum volume of 0.23 m3 and a compression ratio of 1:10.
Crankshaft speed of 100 to 500 rev/min and a critical mass of about 3 kg

5y seem to be feasible. Power outputs of several megawatts per cylinder
at an efficiency up to 60% seem to be realizable. The main problem to be
solved seems to be the handling of the chemically aggressive UFg. A com-
prehensive knowledge of thermodynamic properties of UFg and UFg-He mixtures
at high temperatures is required. This includes dissociation temperatures
and interaction of fission fragments with UFg.
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POTENTIAL APPLICATIONS

The aforementioned plasma core reactor concepts involve the fissioning
plasma as a source of radiation. In contrast to the conditions in a solid
nuclear fuel, fission fragments and photons in a plasma have relatively
large mean free paths such that the fission energy is not thermalized
locally, i.e., in a close proximity of the locus of the fission event.
Fission fragments traversing the plasma undergo up to 109 collisions with the
plasma uranium atoms. As a result of deexcitation and recombination proc-
esses and in combination with bremsstrahlung, a broad spectrum of optical
radfation is generated, which, depending on density and temperature, can
escape from the plasma. A model of possible radiation is depicted in Fig. 6.
In the process of energy loss resulting from collisions, the fission fragment
energy decays from an original level of 100 MeV to that of the average plasma
temperature. A scheme of possible radiation levels is illustrated in the
form of a tower with radiative power outlets at various energies. The fis-
sioning plasma is seen as a source of photons at ranges of energy and inten-
sity by orders of magnitude greater than those of any other terrestrial
steady state energy source. Possible technological applications of fission-
ing plasmas more general than are apparent in the previous discussion of
plasma core reactor concepts are envisioned by figuring direct uses of such
photon fluxes. The complex of desirable relevant investigations may, in a
provocative manner, be called "photonics" research.

Radiation in the range of 0.1 to 10 eV is expected to be useful in
photochemistry, because molecular bond energies range up to 4 eV in organic
matter and up to more than 10 eV for very stable inorganic solids. Intense
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4 to 10 eV photon fluxes lead to more rapid chemical reactions through ex-
citation, and may have significance in industrial processing. Powerful
radiation in the u.v. spectrum should be useful for photolytic dissociation
of water for large scale production of hydrogen, which in present discussions
of a forthcoming energy crisis is considered to become a major fuel in the
future. Photosynthesis may be approached by using the radiation in the
visible spectrum.

The processing of photons themselves may be defined as photophysics,
including laser techniques, nonlinear optics, and electro-optics. Current
development in these fields bears clear analogies with previous development
of electronics. Many technological innovations should be expected from
progress in photonics. The optical pumping of lasers by the radiation from a
fissioning plasma at high intensities (multiphoton absorption and emission)
and at high energy levels and the direct pumping of lasers by fission frag-
ments for the achievement of very high laser power at frequencies up to the
Xx-ray spectrum appear possible.

The aspects and possibilities of photonics are too numerous to recount
in this article.

Intensive studies have been conducted concerning the use of thermal
radiation of fissioning plasmas for rocket propulsion in space and for
magnetohydrodynamic (MHD) power generation. Propulsion capabilities of
plasma core nuclear rockets in respect to payload fractions and trip times
are calculated [4] for lunar ferry missions, for space-tug applications in
cis-lunar space, for manned trips to the nearby planets, and for missions
to the major planets. For missions requiring small payloads, such as
current automated space probes, the plasma core reactor is too heavy.
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Because of its high specific impulse, however, the plasma core rocket is
superior to other propulsion systems for manned missions to the nearby
planets. For missions deep into space, beyond perhaps Jupiter or Saturn,
the projected thermonuclear fusion rocket becomes superior because of its
higher specific impulse. In lunar ferry and space tug service, the plasma
core propulsion unit would be employed in a reusable fashion, to result in
greatly improved economy of cargo transport between earth orbit and the
lunar surface. It is presently not contemplated to use plasma core rockets
for launch from the earth surface into orbit.

The needs for crew shielding from radiation of fission products present
in the reactor cavity and in the exhaust have been investigated [11].
Shielding requirements, depending on fission fragment retention times, have
been derived. Only qualitative consideration has been given so far to the
effect of fission products deposition in near earth space. This probiem
warrants more investigation because in the state of ionization such fission
products will be trapped by the geomagnetic field and can be deflected back
to the atmosphere.

MHD power generation using a plasma core reactor is investigated in [12].
Both the plasma core reactor exhaust and the MHD channel flow are at very
high temperatures to yield a large overall efficiency. In addition, at such
high temperatures the working gas stream is sufficiently ionized in equilib-
rium to circumvent nonequilibrium ionization problems that have impeded the
development of MHD power generation from solid fuel nuclear reactor energy
sources. A schematic of a projected plasma core reactor MHD terrestrial
power plant is shown in Fig. 7. Computations show an efficiency of 70%, a
reduction of thermal pollution per unit power by factor of 3 to 5 compared
with that of contemporary power plants, and a high fuel economy. In
addition, such a system appears to be essentially safe because no excess
reactivity is in the plasma cavity. The fissile fuel is in continuous
recirculation and allows for continuous removal of fission products.

RESEARCH
Confinement

The objective of plasma core reactor fluid mechanics confinement is to
isolate the hot gaseous fuel from the cavity walls and, simultaneously, to
intercept the thermal radiation from the fissioning plasma in a propellant
flow for heating and subsequent expansion. In present plasma core reactor
concepts, the nuclear fuel and propellant are injected into the cavity at
different locations and are exhausted together from the reactor through a
nozzle. For criticality it is necessary that the fuel volume be not less
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than 20% of the cavity volume, and for economy it is required that the ratio
of the fuel mass flow rate to the propellant mass flow rate, mg/mp, be as
small as possible. For rocket application, an acceptable leveﬁ of mg/mp
depends on the cost to 1ift the weight into earth orbit. At present this is
figured at mg/mp = 1:100 to 1:200. For other applications involving closed
loop configurations, mg/mp does not appear to be a critical parameter.

A series of experimental studies has been conducted [13] to demonstrate
the feasibility of fluid mechanics confinement. Air/freon and air/air com-
binations were used to simulate propellant and fuel flows and were injected
into a cavity at greatly different velocities. In earlier experiments, the
gas injection was spatially sharply discontinuous at the cavity inlet region,
resulting in turbulent boundary layer mixing. Supported by theoretical
analysis a method was devised for producing a wide shear layer between the
flows with a gradual transition from high to low velocity streaming. As a
result, in cold flow simulation, a fuel-to cavity-volume ratio greater than
0.2 was achieved, at mg/mp = 70, Hot flow simulation is conducted in
relatively small volumes Ey radiofrequency induction heating, with the
indication that the temperature gradient across the boundary layer tends to
suppress the formation of eddies and, consequently, results in a better con-
finement. Increasing size, temperature and density, in order to approach
plasma core reactor conditions, requires low frequencies and large power. A
10 to 100 kHz tunable 4 megawatt hot flow research apparatus is under
construction,

Radiative Heat Transfer

Most of the power generated by the fissioning plasma inside the cavity
of a plasma core reactor is transmitted to the propellant, or working fluid,
by optical radiation. Relevant research is consequently concerned with the
spectral distribution of radiated power and with the absorption of such
radiative power in the propellant. Simultaneously, one has to consider the.
deposition of energy in structures from all the energy fluxes from the
fissioning plasma. In the nuclear light bulb engine concept, the fissioning
plasma is confined by a swirl flow buffer gas within transparent fused
silica tubing. Because of this additional structural element, radiative heat
transfer has been studied with particular care for the nuclear light bulb
system.

The total power of the conceptual full scale nuclear light bulb engine
is computed to be 4600 MA. Eighty-nine per cent is in the fission fragments
and is rapidly converted into optical radiation; the remainder is in neutrons,
prompt gamma rays, delayed gamma rays, and beta particies, most of which are
deposited in structures and must be carried away by coolants.

The spectral distribution of the radiant heat fluxes from the fission-
ing plasma was calculated [14] using a one-dimensional neutron transport
theory computer code. There is a steep temperature gradient across the
boundary region between the fuel volume and the confining swirl flow. The
optical radiation will therefore be that of a blackbody one optical depth
into the steep temperature gradient, such that the emitted spectrum is that
of a blackbody at much higher temperatures than those at the edge of the
fuel. Measurements of the absorption coefficient of uranium plasma under
similar conditions [15] confirm theoretical predictions. As a result, the
radiated power has a large fraction of u.v. radiation at wavelengths less
than 0.18 um, which is the cutoff of the silica tubing. A remedy to this
problem is to seed the neon swirl flow with silicon particies, which absorb
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the short wavelength radiation. The associated power is, however, not all
carried away with the buffer gas flow but can largely be reemitted in
longer wavelength radiation.

In experiment, isothermal two-component vortex flow simulation tests
were conducted to demonstrate confinement by buffer gas flow within silica
tubes. High intensity radiant flux simulation was carried out using a
1.2 M4 rf induction heater to heat a vortex stabilized arqon plasma up to
11600°K at 19 atm. The radiant flux was at 7.6 kw/cm?, but that of a full
scale engine would be 28 KW/cm¢. Further development of this simulation
technique promises to approach plasma core conditions. In addition, the
experimental results are quite encouraging for small scale in-core
experiments.

At ranges of pressure and thickness of interest, hydrogen and most of
the other light gases are optically transparent at temperatures less than
about 15000°K. Therefore, propellant seeding with micrometre sized particles
has to be applied for absorption of the radiation from the fissioning plasma.
Such a process appears to be more a matter of technique than physics, and
approaches have been developed that, in experiment, have demonstrated, for
example, the heating of a tungsten seeded argon flow up to 4500°K, Pro-
pellant exhaust temperatures of plasma core reactors for propulsion must be
higher than that, however, so that seed particles will vaporize. The opacity
of propellants with vaporized seed materials is under current investigation.

Ballistic Piston Compressor

A ballistic compressor is used to simulate conditions in the nuclear
piston engine and to measure the thermodynamic properties of UFg under
extreme conditions. The behavior of enriched compressed UFg under bombard-
ment with fission fragments, neutrons and other nuclear radiation will be
explored.

Fig. 8 is a schematic diagram of the ballistic compressor. The apparatus
is able to produce a temperature up to 10000°K at a pressure up to 5000 atm.
The basic properties of temperature, volume, and pressure are measured and
the equation of state for UF; is determined. The van der laals' coeff1c1ents,
the ratio of specific heats gor pure UFg and UFg-He mixtures, and the vis-
cosity for UFg have been determined [lsi The results of these measurements
show that by choosing optimum mixing ratios of UFg and He, values of specific
heat ratios as high as 1.47 can be obtained.

For research on the interaction of the compressed 235UFG with fission
fragments, the high-pressure part of the ballistic compressors will be
inserted in a reactor and exposed to a neutron flux.

Nuclear Pumped Lasers

Research on nuclear pumped lasers has been underwav for several vyears.
Two types of experimental configurations have been used., Tubes coated with
uranium oxide and filled with laser aas mixtures were exposed to a neutron
flux in a reactor. Fission fragments emanating from the coating caused
nuclear laser pumping. Another configuration was an uncoated tube filled
with laser gas mixtures plus a_certain partial pressure of 3He. When
exposed to a neutron flux the 3He {n,;)T reaction resulted in laser exci-
tation. The results obtained can be grouped in nuclear augmentation and
pure nuclear pumping. In the case of nuclear augmentation, the performance
of an electrical discharge laser is improved by nuclear effects, in the pure
nuclear pumping no electrical energy is used to maintain the laser action.
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FIG.8. Ballistic piston device.

Results in both categories are reviewed in [8]. Additional results on pure
nuclear pumping are reported in [17], where an arqon ion laser cavity
without electrodes was employed.

In-core testing of lasers is very meticulous because of the high
radiation environment to which the optical components are exposed and the
inaccessibility of the laser experiment in the reactor.

Results of this research indicate the possibility of nuclear pumping
of lasers. In a broader view they substantiate the concept of a fissioning
plasma existing in possible nonequilibrium states.

Criticality

Research on the criticality of low-power (500 W) gaseous core cavity
reactors was conducted 5% the National Reactor Testing Station in Idaho, USA,
using enriched gaseous 5UF6 [18]. A relatively clean spherical geometry
was used and thus could be analyzed by one-dimensional reactor physics codes.
The deviations from perfect spherical geometry were experimentally evaluated
as being worth less than 0.75 %ak. The fuel core region was 1.27 m in
diameter in a cavity of 1.83 m in diameter and was reflected by 0.91 m of
B,0. Correlation with theory was attempted using Sg transport theory with
16 energy groups, seven of which were thermal. The absolute multiplication
factor was calculated at 1.04, 3 %Ak higher than the corrected experimental
value. The worth of the addition of hydrogen for propellant flow simulation
was underpredicted by approximately 50%.
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Three critical experiments were conducted in an attempt to determine
empirically the feasibility of the plasma-core reactor concept. One was
without h¥drogen propellant gnd with a 0.005-m Al cavity wall. In the second,
1.1 x 102 hydrogen atoms/cm® of simulated propellant (foamed polystyrene
and polyethylene sheets) were added, the critical masses were 8.43 and 12.9
kg, respectively, and the fuel worth was 2.96 %ak/kg, and 2.02 %ak/kg,
respectively. In the third experiment a 0.008-m stainless steel liner was
added on the cavity wall to evaluate the effect of 0.019 mean free path
thermal absorber material. The critical mass increased to 29.2 kg, and the
fuel worth decreased to 0.44 %ak/kg.

General conclusions from these and other criticality experiments, also
involving cylindrical configurations, accompanied by theoretical analysis,
are that a plasma-core reactor must be designed with an absolute minimum of
nonessential reactivity penalties, that the effect of a hydrogen propellant
flow between the fuel region and the reflector requires serious consideration,
and that the ratio of fuel radius to cavity radius be not less than 0.5 in
order to obtain criticality at a pressure of less than 1000 atm and at the
projected plasma core reactor temperatures.

Instabilities

The nonlinear evolution of unstable sound waves in a fissioning uranium
plasma has been calculated [19] using a multiple time-scale asymptotic
expansion scheme. A spectrum of standing sound waves in a bounded region of
the fissioning plasma was considered, with a constant background thermal
neutron flux density. In the wave compressions, the fissioning power
density, Pfjcc, increases because of the increased uranium density, and in
the rarefractions Pfjgs decreases. This leads to a transfer of fission
power to the wave. Competing with this effect is thermal electromagnetic
radiation, which tends to transport the extra thermal energy out of the wave
compressions. Such radiation diffusion disperses the energy accumulation in
waves more rapidly for shorter wavelengths. This results in a critical
wavelength below which waves are stable and above which they are unstable.
The calculations show that nonlinear mode coupling causes an energy flow
from the long-wavelength unstable modes to the short-wavelength modes, such
that the system stabilizes at defined amplitudes. For plasma-core conditions
as assumed in this analysis, this occurs at relative pressure fluctuations
of the order of sP/P = 10-2. In addition, neutronic feedback in the regimes
of rarefraction contributes to stabilization. In a first-order approxima-
tion, the stability of fissioning plasmas seems to be indicated. However,
the analysis needs to be expanded to include gross flow fluctuations and the
effects of inhomogenous neutron flux and fuel distributions.

Gaseous Core Reactor Dynamics Studies

An analysis of the dynamics of the coaxial flow plasma-core reactor is
presented in [20]. The theoretical model is described by a set of 22 first-
order differential equations in 22 unknowns, involving neutron, heat, and
mass balances of the system. The fuel region is assumed to remain spherical
in shape during all deviations from steady state. Six reactivity feedback
mechanisms are taken into account: fuel temperature, propellant temperature,
fuel mass, propellant density, fuel cloud radius, and moderator temperature.
According to this analysis, at 0.1% positive reactivity insertion the power
of the reactor raises first, but rapid increases in propellant density and
fuel temperature generate sufficient negative feedback to decrease the excess
reactivity, which in turn reduces the power. About 200 msec after the
initial perturbation, the propellant density feedback becomes positive and



1AEA-SM-170/53 27

causes a slow increase in power which continues later in time because of
positive feedback from the expansion of the fuel ball. Neither the fuel mass
nor the moderator temperature feedback are significant.

The progression of power excursion is less than 10% within 1 sec indi-
cating possibilities of easy control. The system response to larger reactiv-
ity insertions is qualitatively the same, but at a step insertion of $1
reactivity, fluctuations become more rapid and larger in amplitude to cause
more serious control problems. Whereas the system is relatively insensitive
to the rate of fuel inflow, it exhibits strong responses to variations of
propellant flow. For example, losses of propellant flow result in an ex-
pansion of the fuel region, which is a positive feedback, and in a decrease
of the negative reactivity of the propellant layer. Although the
corresponding rates of power increase are larger than those of the pre-
viously discussed reactivity insertion, the time scale is likewise in
seconds.

Similar analysis using a digital computer simulation program has been
conducted for the nuclear light bulb concept [21] and shows that such a
system can be controlled by the fuel flow rate, regulated by valves that
are activated in response to the amount of neutron flux increases and to
the rate of such neutron flux increases.

Fissioning Plasma Research Facility

A significant advance in understanding fissioning plasmas is expected
to result from investigations conducted in a special research facility.
Such a Fissioning Plasma Research Facility is presently projected as a
system involving a solid fuel driver reactor part‘gu]ar1¥ designed to
produce an unperturbed thermal neutron flux at 10!% n/cm® sec in a
relatively large inside test volume and in interchangeable test section to
investigate the various configurations of fissioning plasmas derived from
the concepts and schemes presented earlier. A primary objective, however,
would be to create a steady state fissioning plasma for basic research,
under conditions best suited for comprehensive diagnostics.

A possible fissioning plasma research facility is shown in Fig, 8. The
reactor and test section are contained in a pressure vessel for operation
at 200 to 300 atm. The top section plus the upper part of the Be reflector
and the test section can easily be removed for interchanging experiments.
At the bottom, not shown in the figure, are an effluent handling and a
cleanup system. Almost all reactivity is contained in the solid fuel.
Feedback from the fissioning plasma appears to be negligible and small
enough to be overridden by conventional control methods. There appear
several tradeoffs resulting from the best choices of fuel elements, coolants,
and moderator-reflector materials as to the required power level of the
reactor and the affiljated coolant flow capacities. A desirable feature
would be the possibility of boosting the neutron flux in pulsed operation up
to 1016 n/em2 sec and higher.

In the depicted scheme, the coaxial flow concept of fissioning plasma
confinement is shown in which seeded hydrogen enters a spherical cavity
tangentially through an array of slots, while enriched uranium fuel is fed
through 2 central cadmium-shielded pipe system. In the cavity, the uranium
undergoes fission, thereby creating a fissioning uranium plasma fireball.
The edge of the fuel temperature has to be not less than that of uranium
evaporation. A typical temperature profile for an in-core coaxial flow con-
figuration operating at a pressure of 200 atm is shown in Fig. 10. In the
central region, the fissioning plasma has a temperature of about 20000°K.
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FIG.9. Possible fissioning plasma research facility.

At the edge of the fuel, the temperature drops to about 5000°K, a temper-
ature at which the uranium is expected not to condense (exact data for the
uranium vapor pressure at the edge of the fuel are not yet at hand; however,
recent measurements [22] allow for confident estimates and extragolatigns).
For a pressure of 300 atm and an unperturbed neutron flux of 1015 n/em? sec,
the fission power is 14 ki/g, and the edge of the fuel temperature is 7400°K.
At the wall, the flow has absorbed all radiation such that the cavity wall
remains essentially at room temperature. In this case the cavity would
appear black for optical observation from the wall region, for diagnostics
purposes, an undesirable effect.

Calculations of the total power balance for such a system, with a
plasma diameter of about 0.38 m, show that the fission power in the plasma
is a few megawatts, while the driver reactor has to operate at 50 to 200
megawatts, depending on reactor design. Appreciable alterations of the
power balance should result from variations of the radiant heat flux. When,

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































