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Conference Program—Updated as of May 15, 1991
PROGRAM
Sunday, Jmte 16,1991
2:00-8:00 p.m.

Registration in the Ferrante
Rooms, second level of the
Monterey Conference Center

Monday, June 17,1991
8:00 a.m.

Registration, Ferrante Rooms

PLENARY SESSION
[Chairman: A. J. Glass (LLNL)]
9:00 a.m.
9:15
9:45
10:15
10:30

Introductions/Welcome
[PL-1 ] Major Challenges for Emerging
Nuclear Energy Systems—
J.H. Nuckolls (LLNL)
[PL-2] The Environmental Dilemma of
Fossil Fuels—M. MacCracken (LLNL)
[PL-3] Future Aspects of the Nuclear Fuel
Cycle—K. Ebert, H. Schmieder (KfK)
Coffee

1A—FISSION SESSION
[Chairmen: S. Taczanowski (Univ. of Mining
and Metallurgy, Poland), F. Culler (EPRI ret.)]
11:00

tlA-1] The Transmutation Quandry—
T. Pigford (UC Berkeley)
11:40
Jl A-2] Improved Containment and
Core Catcher for Future LWRs and
FBRs—H.H. Hennies, G. Kessler (KfK)
12:00 noon Luncheon, San Carlos Room III of the
Sheraton—Speaker: E. Teller
1:30 p.m. [1A-3] Development of Light Water
Reactors for the Future—B. Wolfe (GE
Nuclear Energy)
2:00
[ 1A-4] The IFR: A Next-Generation
Nuclear Fuel Cycle—C. Till (AND
2:20
[1A-5] Modular Helium Reactor—
L. Blue (GA)
2:40
[ 1A-6] New Technology on Nuclear
Waste Disposal—S. Colgate (LAND
3:00
Coffee

Add au thors:
[PL-3] J.Y. Barre, B. Sicard

Monday, June 17, (cont.)
IB—FISSION AND
NONELECTRIC SESSION
[Chairmen: Yu. Korovin (Inst. of Nuclear Power
Eng.), L. Wallis (G.E. Nuclear Energy)]
-9:30 3.25
-3-50- 3:45
• * « - 4:00
4:30

4:40

[1B-1] Fission Energy without a LongTerm High Level Waste Stream—
CD. Bowman (LAND
[IB 3] Dinftiot Heating Roviaw
_
Cncrtarunn (Siomcnr KWTn
[1B-3] Geyser Reactor—P. Doroszlai,
G. Vecsey (COMTAG AG)
[1B-4] Introduction to Nuclear
Desalting: A New Perspective—
G. Snyder (Metropolitan Water District
of S. Calif.), S. Golan (Bechtel),
R. Schleicher (GA)
Adjourn

POSTER S E S S I O N I P 9:00 a.m. to 6:00 p.m.
[Chairman: J.A. Hassberger (LLNL)]
(Posters are to be put up by 9:00 a.m. and removed after
6:00 p.m. and are to be manned during both coffee breaks
and from 4:40 until 6:00 p.m.)

Space Propulsion
[ 1 P-l ] System Requirements for Low-Earth-Orbit
Launch Using Laser Propulsion—
RJ. Lawrence (SNL)
[ 1P-2] Energy Production Using Fission Fragment
Rockets—G. Chapline, Y. Matsuda (LLNL)
[1P-3] High Temperature Gas Heating by Fission
Fragments Deposition—V.V. Glaskov,
O.A. Sinkevich (Moscow Power Eng. Inst.)
[ 1P-4] Fission-Fragment Reactor Concept for
Nuclear Space Propulsion—S.A. Wright,
A.J. Suo-Anttila, E.J. Parma, M.E. Vernon,
P.S. Pickard (SNL)
[1P-5] Nuclear-Electric Interplanetary Spacecraft
Propulsion Using the Deflagration Plasma
Thruster—D.Y. Cheng (Cheng Tech. and
Services, Inc.)
[ 1P-61 Dense Plasma Focus Fusion Thruster for
Space Propulsion—C. Leakeas, C. Choi
(Purdue Univ.)

Replace with:
[1B-2] Burnup and Transmutation of Long-Lived
Fission Products and Actinides in a LaserDriven Fusion Reactor—V.B. Rozanov, N.G.
Basov, N.I. Belousov, P.A. Grishunin
Add:
[lB-3a] Technical Aspects, Economy and
Viability of the GTEC (Geyser Thermal Energy
Converter)—Z. Revesz

Monday, June 17, (cont)
Space Nuclear Power
[ 1P-7]

[ 1P-8]

[1P-9]

[1P-10]

[ 1P- U ]

Advanced Nuclear Rockets for the Space
Exploration Initiative Based on Particle Bed
Reactors—J. Powell, H. Ludewig, G. Maise,
E. Selcow (Brookhaven Natl. Lab)
Light Weight Space Power Systems for
Nuclear Electric Propulsion—H. Ludewig,
S. Mughabghab, K. Perkins, J. Powell
(Brookhaven Natl. Lab)
Reactor-Laser Systems for Space Power
Beaming Applications—R.J. DeYoung
(NASA); G. H. Miley, M. Petra, Y. Shaban
(Univ. of Illinois)
Falcon Reactor-Pumped Laser Technology
for Space Power Applications—D.A.
McArthur, G.N. Hays, P.S. Pickard (SNL)
Low Power Incore Thermionic Space
Reactor Design Concepts Using Advanced
Technology—A.C. Klein, R.A. Pawlowski,
H.H. Lee (Oregon St. Univ.)

Add:
[lP-8a] Rotating Fluidized Bed Reactor for
Space Power and Propulsion: A Status Report—
O.C. Jones

Electrostatic Confined Fusion
[1P-12] A Novel Ion Beam Source for Electrostatic
Confined Fusion Reactors—H. Kislev,
M.A. Gunderson (USC-LA); O. Barnouin,
G. H. Miley (Univ. of Illinois)
[1P-13] Advantages of Inertial-Electrostatic
Confinement Fusion—J. Nadler,
T. Hochberg, Y. Gu, O. Barnouin,
G. H. Miley (Univ. of Illinois)

Fusion Miscellaneous
[ 1 P-l 4] Heavy Ion Cluster Stopping in Cold
and Plasma Targets—C. Deutsch
(Univ. of Paris)

Inertial Confinement Fusion
[1P-15] Progress on Inertial Fusion Energy Reactor
Studies—W.R. Meier, M.J. Monsler
(W.J. Schafer Assoc.)
[1 P-l 6] 'TIGRIS' Jet Blanket Laser Fusion Hybrid
Reactor—N.G. Basov, N.I. Belousov,
P.A. Grishunin, V.V. Kharitonov,
V.B. Rozanov, V.I. Subbotin
(Moscow Eng. Physics Inst.)

Add:
[lP-14a] Shock Induced Cluster Impact Fusion—
Y.E. Kim, M. Rabinowitz, G. Schulick,
R.A. Rice, Y.K. Bae

Monday, June 17, (cont)
[1P-17] Optimization of Laser-Target? and HeavyIon-Targets for Scientific Breakeven—
G. Velarde (Polytech. Univ. of Madrid)
[1P-18] Atomic Physics for ICF Studies: Stopping
Power and Opacities—T. Blenski, J. Ligou,
S. Morel (IGA)
[1P-19J Ignition Requirement For CPHe Inertial
Confinement Fusion—T. Honda,
Y. Nakao, Y. Honda, K. Kudo, Y. Wakuta,
H. Nakashima (Kyushu Univ.); M. Ohta
(Kyushu Teiko Jr. Coll.)
[ 1P-20] Nonthermal Nuclear Processes in
Compressed DT Spheres—Y. Nakao,
T. Honda, Y. Honda, K. Kudo,
H. Nakashima (Kyushu Univ.); M. Ohta
(Kyushu Teiko Jr. Coll.)
[1P-21 ] Explicit Electromagnetic Algorithm for 2-D
in Laser-Produced Plasmas—S. Garcia,
J.F. Miramar (Zaragoza Univ.)
[1P-22] Inertial Confinement of Deuterium
Plasma in Cylindrical-Liner Implosions—
J.G. Linhart (Univ. of Ferrara), H. Schmidt
(Univ. of Stuttgart)

|i-CataIyzed Fusion
[1P-23] Muon Catalyzed Triggered Ignition of
DT Targets—G. Cripps, A.A. Harms
(McMaster Univ.), B. Goel (KfK)
[1P-24] Theoretical Issues in Muon Catalyzed
Fusion—L. Chatterjee (Jadavpur Univ.)
[1P-25] Comparative Aspects of Muonic and
Amuonic Cold Fusion—L. Chatterjee
(Jadavpur Univ.)

Cold Fusion
[ 1P-26] Anomalous Neutron Emission Studied
Far Underground in Segmented Neutron
Counters—S.E. Jones, J.B. Czirr,
S.F. ..ylor, J.C.Wang (BYU)
[1P-27] The Investigation of Deuterium Nuclei
Fusion at Glow Discharge Cathode—
A.B. Karabut, Y.R. Kucherov,
I.B. Sawatimova (Podolsk, USSR)
[1P-28] In Cold Fusion u Is Mediator Proton Is
Catalyzer—F. Turnaciol

Add:
[lP-22a] Instability of Accelerated Spherical
Shell for Inertial Confinement Fusion—J. Sanz,
A. Estevez

Monday, June 17, (cont)
6:30 p.m.
7:00-9:00 p.m.

Buses leave the Sheraton for the
Aquarium
Wine-and-cheese reception at
Monterey Bay Aquarium

Tuesday, June 18,1991
2A—ADVANCED FUSION SESSION
[Chairmen: G. Velarde (Spain), J.I. Davis (LLNL)]
9:00 a.m.
9:30

9:50

[2A-1] ICF Review and New Ideas
E. Storm (LLNL)
[2A-2] ICF with Heavy Pushers—
S. Colgate (LAND
[2A-?]
aufu

Roactor \7 P T?^.^-~,-.., KIT R^cm,
N.I. Belouaov, P.A. Grijhunin (Lobodow).
10:10
[2A-4] Recent Inertial Fusion Research
at Osaka—C. Yamanaka (Osaka Univ.)
10:30
Coffee
11:00
[2A-5] Beam Smoothing Techniques
and Their Implications on ICF Target
Performance—Deng, X.-M. (Inst. of
Optics and Fine Mechanics, Shanghai)
11:20
[2A-6] ICF Using the Compact Torus
Accelerator—C. Hartman (LLNL)
11:40
[2A-7] Magnetic Confinement Fusion
Research and the Fusion-Fission Hybrid
Project in China—Qiu, L. (Inst. of
Plasma Physics, Hefei)
12:00 noon Open

2B—SPACE NUCLEAR SESSION
[Chairmen: F. Chang-Diaz (NASA),
S. Sahin (Gazi Univ.)]
1:30 p.m. [2B-1 ] Nuclear Propulsion/Past Is
Prelude—M. Klein (EPRI ret.)
2:00
[2B-2] Recent and Future Developments
of Space Nuclear Power in the USSR—
N. Ponomarev-Stepnoi (Kurchatov)

Add authors:
[2A-1] W. J. Hogan, J.D. Lindl, and D.L. Correll
Replace with:
[2A-3] Prospects for a Practical and Economic
Tokamak Power Plant and the Role of ITER—
R.W. Conn, A.J. Glass, F. Najmabadi

Tuesday, June 18, (cont)
2:20
2:50

3:10

3:30
4:00

4:30

[2B-3] Nuclear Rocketry Review—
R. Bohl, F. Durham, W. Kirk (LAND
[2B-4] The Rationale/Benefits of
Nuclear Thermal Rocket Propulsion for
NASA's Lunar Space Transportation
System—S. Borowski (NASA)
[2B-5] The Nuclear-Powered
Electrodynamic Plasma Accelerator as
Rocket Engine for Interplanetary
Spacecraft—I. Konkasbaev, V. Sidnev,
Y. Skortsov, V. Cherkovets
(Kurcha tov/ Triotsk)
Coffee
[2B-6] A Space Nuclear Power System
with Cascaded Thermionic
Converters—G.O. Fitzpatrick,
D.T. Allen (Advanced Energy Tech.,
Inc.)
Adjourn

POSTER S E S S I O N 2P 9:00 a.m. to 6:00 p.m.
[Chairman: C. Choi (Purdue Univ.)]
(Posters are to be put up by 9:00 a.m. and removed after
6:00 p.m. and are to be manned during both coffee breaks
and from 4:30 p.m. until 6:00 p.m.)

Nuclear Reactions/Data
[2P-1J

Particle and Energy Chaining in Nuclear
Reactions—K.F. Schoepf (Univ. of
Innsbruck), A.A. Harms (McMaster Univ.)
[2P-2] Nuclear Data Verifications of Multiplying
Materials in Integral Experiments
with 14-MeV Neutron Source—
V.A. Zagryadskii, D.V. Markovskij,
V.M. Novikov, D.Y. Chuvilin,
G.E. Shatalov (Kurchatov)

Isotope Separation
[2P-3] Stable Isotopes as the Prospective
Application of Centrifugal Separation—
A. Tichomirov (Kurchatov)
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Tuesday, June 18, (cont.)
Direct Energy Conversion
and Exotic Concepts
[2P-4] Compact Fusion Advanced Rankine
Power Cycle II—B.G. Logan (LLNL)
[2P-5J Water Piston Engine Driven by a Nuclear
Explosive—J.S. Pettibone (LLNL)
[2P-6] Nuclear Driven Piston Engine—P. Alleso,
T. Chow, R. Condit, J. Heidrich,
J.S. Pettibone, R. Streit (LLNL)
[2P-7) Nuclear Driven Magnetohydrodynamics—
C. Stine, R. Marshall, D. Cott (INEL)
[2P-8] Low Energy Antimatter: A Unique
Energy-Packaging Phenomenon for Novel
Applications—LJ. Perkins (LLNL)
I2P-9] Direct Nuclear Energy Conversion Cycles
Using Excimer Fluorescence—M.A. Prelas,
J.F. Kunze (Univ. of Missouri)
[2P-10] Production of Tunable Coherent Gamma
Rays from Accelerated Positronium in an
Undulater—H. Takahashi (Brookhaven
Natl. Lab)

Fusion-Fission Hybrids
[2P-11] A Suggestion on Hybrid Reactor with the
Combination of Fast Fission and FissionSupressed Modes—S. Li (Inst. of Atomic
Energy, Beijing)
[2P-12] The Role of Fusion Breeders in the
Development of Nuclear Energy in China—
S. Li (Inst. of Atomic Energy, Beijing)
[2P-13] On the Requirements for Nuclear Design
of a Competitive Fusion Breeder—
S. Taczanowski, P. Gronek (Univ. of
Mining and Metallurgy, Poland)
[2P-14] Evaluation of the Main Technical Data
of a Cold Fusion-Fission (Hybrid) Reactor
Concept—S. Sahin (Gazi Univ.1
I2P-15] Pebble Bed Blanket Concept for Fusion
Reactor—D. Cao (Tsinghua Univ.)
(2P-16] Hybrid Reactor Performances to Optimize
the Nuclear Fission Fuel Cycle—M. Piera,
J.M. Martinez-Val, J.M. Perlado (Univ. of
Madrid)

u

Add:
[2P-16a] Conception of Combined ICF Power
Plant with Fission Reactor-Laser Driver—
P.P. Djachenko, K.K. Gudima,
A.I. Kievitskaya, V.A. Petlitsky

Itetday, June 18, (cont)
Nuclear Desalting
[2P-17] Advanced Liquid Metal Reactor (ALMR)
Desalinization/Electric Plant—
C. Boardman, J.E. Quinn, (GE);
C.R. Snyder (Bechtel)
[2P-18] Nuclear Desalting: A New Perspective—
S. Golan (Bechtel), R. Schleicher (GA),
G. Snyder (Metro. Water District of S.
Calif.)

Accelerator Waste-Transmutation
[2P-19] A New Concept for Accelerator Driver
Transmutation of Nuclear Wastes—
E. Arthur (LANL)
[2P-20] Target-Blanket Conceptual Design for Los
Alamos Accelerator Transmutation of
Nuclear Waste (ATW) Concept—
J. Ireland, M. Cappiello, W. Rider (LANL)
f2P-21 ] Monte Carlo Simulations of Designs for
Accelerator Waste-Transmutation and
Energy-Generation Systems—
H.G. Hughes, L.N. Engel (LANL)
[2P-22] Accelerator Technology for Los Alamos
Nuclear-Waste Transmutation and EnergyProduction Concepts—G.P. Lawrence,
R. Jameson, S. Schriber (LANL)
[2P-23J Fast Breeder Assisted by Proton
Accelerator—H. Takahashi (Brookhaven
Natl. Lab)
[2P-24] T^irrr^ntPti^n nf ^7rt fry ^^/-gi^3^1-nr-rY
KJCC, K Konnchi, N. Snci" (T"'r?\ ]np?"}, .
II. Tal^hnchi (Brookhavcn Matl. Lab), Y.
Hiroo (Analawra, Japan),
[2P-25] A Concept of Actinide Transmutation with
Intense Proton Accelerator—H. Takada,
I. Kanno, T. Takizuka, M. Akabori,
T. Nishida, Y. Kaneko (JAERI)
[2P-26] Proposal for Novel Ultra-High-Current
Accelerator for Spallation Neutron Sources
and Nuclear Waste Management—
H. Fleischmann (Cornell Univ.)
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Replace with:
[2P-24] New Transmutation Method by Using
Moving Target—K. Konashi

Tuesday, June 18, (conL)
[2P-27] High Flux Particle Bed Reactor Systems for
Transmutation of Actinides and Long
Lived Fission Products—M. Todosow,
H. Ludewig, H. Takahashi, J. Powell
(Brookhaven Natl. Lab)

Fusion-Based Chemical Recycling
[2P-28] Near Term Recycling Options Using
Fusion Grade Plasmas—BJ. Eastlund,
W.C. Gough
6:00 p.m.

No-host cocktails, San Carlos
Room III, the Sheraton
7:00-11:00 p.m. Banquet, San Carlos Room III—A.
conior lovol official of the U.S. i
Department of Energy has haan .
invited to cpaat-...

Replace with:
Chauncey Starr (retired from EPRI) will speak
on "The Role of Energy Policy"

Wednesday, June 19,1991
3A—ENERGY POLICY SESSION
[Chairmen: A.Yu. Gagarenski (Kurchatov),
R. Schock (LLNL)]
9:00 a.m. [3A H Tho Rolo of Energy Policy,.,9:30

10:00

10:30

10:45
11:00

[3A-2] Problems of Risk Perception and
Social Acceptance of Emerging Nuclear
Systems—V.M. Novikov (Kurchatov),
B. Wahlstrom (Laxenburg, Austria)
[3A-3J Environmentalist Version on
What It Takes to Make Nuclear
Acceptable—S. Sholly (MHB Tech.
Assoc.)
[3A-1J A World Model to Estimate the
Occupation Fraction of Atomic Energy in
the Future Energy Supply—T. Ohnishi
(Century Research Center Corp.)
Coffee
[3A-5] Utility Viewpoint on Emerging
Nuclear Energy Systems—P. Bayne (NY
Power Authority)

n

Moved to Banquet

Wednesday, June 19, (cont.)
11:45

PG&E Diablo Canyon tour
instructions—D.W. Behrens (PG&E)
12:00 noon Board buses for tour to Diablo Canyon
Power Plant and barbecue at Santa
Margarita Ranch. (Note: This tour is
an integral part of the conference
program. A box lunch will be served,
and dinner is included.)
11:00 p.m. Buses return

POSTER SESSION 3P
9:00 a.m. Wed. through 5:00 p.m. Thurs.
[Chairman: J. Nadler (Univ. of Illinois)]
(Pasters are to be put up by 9:00 a.m. on Wednesday
and removed after 5:00 p.m. Thursday and at? to be
manned during all coffee breaks on those two days.)

Energy Policy
[3P-1 ] Strategies for Fuel Conserving in Nuclear
Energy—M. Pavelescu (Inst. Nuclear
Power Reactors, Bucharest)
I3P-2] The Economic Evaluation of Emerging
Nuclear Energy Systems—K.A. Williams
(ORNL)
13P-3J Stretching of Oil Reserves with HighTemperature Gas-Cooled Reactors
(HTGRs)—D. Schwarz (VEW), G. Pause
(Gas-Cooled Reactor Assoc.)

Magnetic Fusion Reactors
[3P-4]

Progress Report on the "LOTUS" Fusion
Blanket Experimental Program—S. Azam,
P.-A. Haldi, O. Joneja, C. Sahraoui,
M. Schaer, J.-P. Schneeberger, K. Subbarao
(IGA)
[3P-51 A Small Fusion Reactor Based on the
Dense Z-Pinch—A.E. Robson (Naval
Res. Lab)
[3P-6] Field-Reversed Configurations: An Option
for Fusion?—W. Kernbichler (Graz Univ.
of Tech.)
[3P-7] Scaling Law Studies of Global Energy
Confinement Time for Tokamaks Heated
with ICRF Wave—S.H. Li, R.C Chin
(Tsinghua Univ.)
14

Wednesday, June 19, (cont.)
[3P-81 Feasibility Studies of Advanced
Bootstrap Driven Tokamaks—
MJ. Alava, S.J. Karttunen, R.E. Salomaa
(Helsinki Univ. of Tech.)
I3P-9] Charged Particle Beam Focusing in
Toroidal Field Created by Current
Ring—B. Jenko (IEVT), A. Paulin
(Univ. of Maribor)

Fission Reactors
[3P-10] Fission Excursion Abatement with
Tandem-Reaction Temperature Triggers—
A.A. Harms, M.R. Eskandari, Z. Bilanovic
(McMaster Univ.)
[3P-11 ] Nuclea*' Power on the Basis of Safe and
Ecologi ally Acceptable Fuel Cycle—
M.F. Troyanov, V.M. Murogov, F.P.
Raskach, V.G. Ilynin, V.Y. Rudneva,
L. Chernov (Inst. of Physics and Power
Eng., USSR)
[3P-12J Pov^er Transient of Heat Pipe Cooled Solid
State Reactor—H. Sekimoto, S. Kageyama,
L. Hong (Tokyo Inst. of Tech.)
[3P-13] Balancing the Fuel Equation with the
Advanced Liquid Metal Reactor System—
J.E. Quinn, M.L. Thompson (GE),
W.D. Burch (ORNL); J.J. Laidler (AND
[3P-14J Physical Processes in the Boundary Layer
of a Gascore-Fission Reactor—
W. Boersma-Klein, J. Kistemaker (FOM
Inst.)
[3P-15] An Accelerator Concept for Nuclear
Power Production—D. W. Wootan,
F.M. Mann, J.A. Rawlins (Wesringhouse
Hanford)
[3P-16] Magnetically Fluidized Bed Nuclear Fission
Reactor—Y. Watanabe, J. Appelbaum
(Univ. of Florida, Gainesville)
17
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Withdrawn
Moved to Session IB

Wednesday, June 19, (cont)
[3P-191 On the Concept of Enhanced Safely
Reactors with Molten Salt Fuel and
Coolant: A Study of Accidental Transient
Processes (Parts 1 and 2)—E.U. Bashlakova,
V.V. Ignatyev, S.V. Kirillov, V.M. Novikov,
A.V. Puzyrev (Kurchatov)
[3P-20] The Natural Convection as an Inherent
Factor of Nuclear System Safety:
Calculations and Loop Experiments—
V.V. Ignatyev, V.M. Novikov, A.I.
Surenkov, A.V. Fomichev (Kurchatov)

Magnetically Insulated Inertial Fusion
[3P-211 The Promise of Magnetized Fuel: High
Gain in Inertial Confinement Fusion—
I.R. Lindemuth, R. C. Kirkpatrick (LAND
[3P-22! Ignition and Burn in Inertially Confined
Magnetized Fuel—R.C. Kirkpatrick,
I.R. Lindemuth (LAND
[3P-23] Energetic Alpha Particle Deposition in a
Magnetized Plasma—D.P. Smitherrnan,
R.C. Kirkpatrick (LAND

Nuclear Explosives for Power Generation
[3P-241 Some Technical and Economical Aspects
of PACER Revisited—R.W. Moir (LLNL)

Add:
[3P-25] Multi-Turn Electron-Ion Injection Study
for Neutralized High-Density Beam
Sustaining in a Closed Configuration—
A. Tarditi
[3P-26] Progress Towards a Neutralized Beam
Experiment for a Colliding Beam, AdvancedFuel Fusion Process—P.G. Avanzini, A Tarditi
[3P-27] Neutronics Studies of Fusion Blankets
Results on a Simulated Lithium-Lead Module—
S. Azam and J.-P. Schneeberger
[3P-27a] Possibility oi Realization of
Ecologically Acceptable Fuel Cycle on the
Basis of Deuteron High-Toxic Waste Burner—
Yu.M. Ado, V.V. Artisyuk, A.Yu. Konobeyev,
Yu.A. Korovin, V.M. Murogov, A.G. Ufimtsev
[3P-27b] Transmutation of Radioactive Fission
Products in the Muon-Catalyzed Fusion Hybrid
Reactor—V.V. Artisyuk, A.Yu. Konobeyev,
Yu.A. Korovin, V.N. Sosnin
(3P-28] Biserm, Neutron and Proton Data
Library for Evaluation of Irradiation Effects in
Structural Materials in the Energy Range up to
800 MeV—A.Yu. Konobeyev, Yu.A. Korovin,
V.N. Sosnin
[3P-29] The nr-Mesons and Nucleons Yield from
Li, Be, C-Targets Irradiated by 1.0
GeV/NucIeon D- and T-Nuclei—S.E.
Chigrinov, K.K. Gudima, A.I. Kievitskaya,
V.A. Petalitsky
(3P-30I Mathematical Model of Spallation
Breeder—V.S. Barashcnkov

Thursday, June 20,1991
4A—EXOTIC ENERGY STORAGE
AND CONVERSION SESSION
[Chairmen: A.A. Harms (McMaster Univ.),
R. Post (LLNL)]
9:00 a.m. [4A-1 ] A Realistic Gradual and
Economical Approach to Fusion
Power—A. Szoke (LLNL)
9:30
[4A-2] Muon Catalyzed Fusion—
L.I. Ponomarev (Kurchatov), C.
Petitjean (Paul Scherrer Inst.)
10:00
[4A-3] Overview of Advanced Nuclear
Reactor Concepts—V.M. Novikov
(Kurchatov)
10:30
Coffee
11.00
[4A-4] A Gaseous Core Fission
Reactor with Autonomously Osellating
Fuel Gas—J. Kuijper, H. Van Dam
(Delft Univ. of Tech.)
11:20
[4A-5] Review of Direct Conversion of
Nuclear Energy—G.H. Miley (Univ. of
Illinois)
11:40
[4A-6I Direct Nuclear Energy
Conversion into Laser Irradiation—
K. Chikin, V.V. Kharitonov,
V.I. Subbotin (Moscow Eng. Physics
Inst.)
12:00 noon Luncheon, San Carlos Room HI of the
Sheraton—Speaker: G. Taubes (Science
Journalist), "Cold Fusion: Delusion Is
the Better Part of Grandeur"

4B—EXOTIC ENERGY STORAGE
AND CONVERSION; REVIEW AND
CLOSING SESSION
I Chairmen: G.Chapline (LLNL),
B. Augenstein (Rand)]
1:30 p.m. [4B-1 ] Nuclear Shape Isomers—
M. Weiss (LLNL)
I.DU
\aa-j.\ faioctromagnetn mmontiuof »
iiitMnuric Energy F. Palidchil-. i
2:10
|4I3-3| Prospects for Efficient Use of
Annihilation Energy—J.C. Solem

Withdrawn

2:30

2:50
3:10

3:30
4:00
4:45
5:00

[4B-4] Antiproton Boosted
Microfission—R.A. Lewis, R. Newton,
G. Smith, R. Kanzleiter, K. Higman
(Penn State)
[4B-5J Initial Investigation of the
Feasibility of Antiproton-Catalyzed
Inertial Confinement Fusion—D.E. Beller
[4B-6] An Antiproton Ignited Fusion
Propulsion System—T. Kammash,
D. Galbraith (Univ. of Michigan)
Coffee
Review of conference (USA, Europe,
Asia)
Organizing committee announces
location of 7th ICENES '93
Close

8:00 a.m.

Buses leave the Sheraton for tour of
Lawrence Livermore National
Laboratory
8:00 p.m. Buses return to the Sheraton

Conference Center, Level 2
Oral papers here
(Steinbeck Forum)

Pedestrian
walkway
to Sheraton
Hotel
Registration
blications
Desk

Poster papers
in this area
20

Abstracts
Plenary Session
1A—Fission Session
IB—Fission and Nonelectric Session
Poster Session IP
Space Propulsion
Space Nuclear Power
Electrostatic Confined Fusion
Fusion Miscellaneous
Inertial Confinement Fusion
fi-Catalyzed Fusion
Cold Fusion
2A—Advanced Fusion Session
2B—Space Nuclear Session
Poster Session 2P
Nuclear Reactions/Data
Isotope Separation
Direct Energy Conversion and Exotic Concepts
Fusion-Fission Hybrids
Nuclear Desalting
Accelerator Waste-Transmutation
Fusion-Based Chemical Recycling
3A—Energy Policy Session
Poster Session 3P
Energy Policy
Magnetic Fusion Reactors
Fission Reactors
Magnetically Insulated Inertial Fusion
Nuclear Explosives for Power Generation
4A—Exotic Energy Storage and Conversion Session
4B—Exotic Energy Storage and Conversion; Review and Closing
Session
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THE ENVIRONMENTAL DILEMMA OF FOSSIL FUELS
M.C. MacCracken, Atmospheric and Geophysical Sciences Division, Lawrence Livermore National Laboratory, Livermore, CA 94550, USA—The increasing atmospheric concentrations of carbon dioxide pose an environmental dilemma for fossil
fuel energy generation that, unlike other related emissions, cannot be resolved by
control technologies alone. Although fossil fuels presently provide the most costeffective global energy source, model projections suggest that their use is initiating climatic changes that, while quite uncertain, may induce significant, counterbalancing impacts to water resources, coastal resources, ecological systems and agricultural production. The climate models indicate that the warming should have
begun, and there is some evidence for this occurring, but at a less rapid and more
uneven rate than projected. In addition, climate models are not yet in agreement in
their latitudinal or regional predictions, and it will likely require a decade or more
for such agreement to develop as high performance computers become available for
addressing this grand challenge problem. Thus, in addition to the prospect for climatic change, the uncertainties of the changes and associated impacts contribute to
the dilemma of dealing with the issue. Further, the problem is pervasive and international in scope, with different countries and peoples having differing perspectives
of technology, development, and environmental responsibility. Dealing with this
issue will thus require creativity, commitment, and flexibility.
Work performed under the auspices of the U.S. Department of Energy by the
Lawrence Livermore National Laboratory under contract No. W-7405-ENG-48.
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"Future Aspects of the Nuclear Fuel Cycle*
K. Ebert and H. Schmieder, Nuclear Research Centre Karlsruhe, Postfach 3640,
7500 Karlsruhe 1, FRG and
J. Y. Barre and B. Sicard, Commissariat a I'energie atomique, Centre d'etudes
de Sadey, 91191 Gif-sur-Yvette CEDEX, France
The endeavour to guarantee energy supply without the dependance on resources in distant countries will give again nuclear energy an increased attention. Tc bring nuclear energy to a renaissance, technology has to contribute
by offering new developments in the areas of safety, economics and non proliferation. Only in this way politics can be convinced on the benefits of nuclear
power, which will lead to an increasing public acceptance of this technology.
Technological improvements have to be achieved for reactors as well as for
the nuclear fuel cycle including waste disposal. The latter will be discussed in
the present paper. Evidence will be given that recycle of fuel is indispensable
for a growing nuclear energy.
For the present reprocessing technology new developments will be outlined
which improve the safety and the economy of the Purex-process and reduce
the waste volume. Different lines of waste managements will be discussed
including those which for the long term seperate minor actinides and fission
products.
For the future, alternatives e.g. the IFR or advanced reprocessing has to be seriously considered; the technical implications will be discussed considering
the above mentioned requirements.
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IMPROVED CONTAINMENT AND CORE CATCHER FOR FUTURE LWR'S
ANDFBR'S
H H Hennies, G. Kessler, Kernforschungszentrum Karlsruhe,
Postfacli 36 40, 7500 Karlsruhe 1, Germany
During recent years "inherently safe" or "passive stable" Light-WaterReactor designs have been proposed to eliminate large scale radioactivity release to tha environment in accident situations.
In the Karlsruhe Nuclear Research Center a different approach is being
investigated. It is postulated that an evolutionary plant design based on
the existing PWR-technology with small modification would lead to a
solution which could conserve the well developed technology and use
the vast operating experience. This could lead to designs already
applicable on a broad scale for the next generation of plants.
Recent results from research performed in Karlsruhe on phenomena
which could in case of a core meltdown endanger the integrity of the
existing containments lead to a more precise knowledge of the
pressures resulting from
- steam explosions in the pressure vessel during core melt
reactor pressure vessel melt through under high systems pressure
- hydrogen detonations within the containment after core melt.
With this knowledge design concepts for a containment capable to
withstand 30 bars static pressure and 230 bars dynamic loads over
5 msec have been further developed. These design will be presented.
To control and avoid core melt through the basement of the containment further research has led to improved designs for a core catcher.
This design for large PWR's will be discussed.
For Liquid Metal Fast Breeders a similar safety approach is being
persued at Karlsruhe. In addition to improving the inherent safety
features of the control rod guide structures and the optimization of the
inherent safety features of the core and primary coolant circuits the
following design features will beadressed
- passive release of afterheat through natural convection
- cooling of molten core in a core catcher
- design of inner containment structures against mechanical energy
release during a whole core accident
- design of the outer containment against large scale sodium fires.
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DEVELOPMENT OF LIGHT WATER REACTORS FOR THE FUTURE
B. Wolfe, GE Nuclear Energy, 175 Curtner Ave., San Jose, CA, 95125, USA
--In the early days of peaceful nuclear power development, some two
dozen nuclear reactor concepts were vigorously pursued. Although each
had specific advantages, only the light water reactors (LWRs), the
Boiling and Pressurized Water Reactors have survived as practical and
economic power producers. Thus, the move from concept to practical
deployment is not always successful. A brief history of nuclear power
development is presented and it is concluded that with the development
of the LWRs, their deployment mirrored the national need for new
electrical capacity. It is projected that in the coming decade and
thereafter, there will be a significant need for additional capacity,
both in the U.S. and the world in general. To meet this need, programs
are in place to take advantage of three decades of experience with LWRs.
The GE ABWR and the ABB-Combustion Engineering systems 80+ incorporate
the past experience with large nuclear plants and are closest to
practical application. The ABWR in addition provides new safety features
so that even under a postulated core meltdown, offsite radiation would
not produce noticeable health effects. The GE Simplified Boiling Water
reactor (SBWR) and the Westinghouse AP-600 attempt to provide economic
power in small sizes through simplified designs making use of some
passive control and safety features. More distant concepts such as the
Pius Reactor of ABB propose even greater safety advantages through
completely passive safety system designs. Brief descriptions of these
proposed new reactors are presented. Economics is always a key issue
and the advantages and challenge of meeting economic requirements for
the newer, smaller size concepts such as the SBWR and AP-600 is
discussed, as are the uncertainties with new concepts such as Pius.
It is concluded that nuclear power will be available to meet the needs
of the next century. The new LWRs will improve on the economic
performance of their predecessors and will provide added features of
reliability and safety. Although each of us in the industry has our
favorite, which of the new designs will actually predominate in the
future is still open for heated discussion.
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THE IFR: A NEXT-GENERATION NUCLEAR FUEL CYCLE
C. E. Till, R. Avery, and Y. I. Chang, Argonne National Laboratory. 9700
S. Cass Ave., Argonne, II 60439,USA--The Integral Fast Reactor (IFR) is
an innovative liquid metal reactor concept being developed at Argonne
National Laboratory. It exploits the inherent properties of liquid metal
cooling and metallic fuel in a way that leads to substantial improvements
in the characteristics of the complete rector system. The IFR concept
consists of four technical features: (1) liquid sodium cooling, (2) pooltype reactor configuration, (3) metallic fuel, and (4) an integral fuel
cycle, based on pyrometallurgical processing and injection-cast fuel
fabrication, with the fuel cycle facility collocated with the reactor, if
so desired.
Liquid metal cooling allows an atmospheric-pressure primary system and a
pool configuration with large thermal inertia. To fully capitalize on the
safety advantage offered by these properties requires complementary
selection of fuel material. Metallic fuel provides the important property
of high thermal conductivity which when combined with the large thermal
inertia of the pool, allows a range of very important inherent safety
characteristics.
Further, with metallic fuel, few-step compact metallurgical processing and
few-step simple casting fabrication become possible. These radical
changes provide potential for real economic breakthroughs in the fuel
cycle.
An additional benefit arises from the fact that all minor actinides that
build up in spent fuel accompany plutonium in the fuel product. In other
words, actinide recycling, so-called, comes about naturally in the IFR.
There is no additional price for it. It is an inherent trait. This has
two effects: It adds to the fuel value because in the fast neutron
spectrum of the IFR all these manmade actinide elements are just more
fuel, producing power the same as uranium and plutonium. But also, when
they fission, they are removed as a potential problem in the waste
disposal. It is precisely the actinide elements that are the principal
cause of the long-term carcinogenic toxicity of nuclear waste. Actinide
burning therefore is natural and essentially free in an IFR-based economy.
Burning the LWR-generated actinides in IFR's, on the other hand, may be
valuable, but requires R&D, and a significant IFR economy would be
required in any case to impact the large volumes of LWR spent-fuel.
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GAS COOLED REACTORS: MODULAR HELIUM REACTORS
L.S. Blue, General Atomics, P.O. Box 85608, San Diego, Ca. 92186-9784,
USA — The Modular Helium Reactor (MHR) is the product of the evolution of gas-cooled reactor technology in the presence of political
forces which demand that future nuclear energy systems be acceptable
to the general public. The MHR exploits its single-phase, inert
helium coolant, refractory coated particle fuel and all ceramic core
by sizing and configuring the reactor to preclude radionuclide release
even if all coolant were to be lost. Inherent properties of the
materials, geometry and power density (not engineered, active safety
systems) are the source of this safety. Such safety characteristics
substantially improves the opportunity for public acceptance.
The MHR is based on technology and components developed and demonstrated in the operation of light water reactors, CO2 cooled reactors
as well as the five helium cooled reactors built in the U.S., Britain
and Germany. The design integrates proven conponents into a plant
which has both improved safety and high efficiency. Economic competitiveness for the relatively small 350 MWt module is achieved through
the elimination of the need for the expensive, engineered safety
systems required by the larger, current commercial reactors and the
applicability of factory, mass production techniques. A four-module,
540 MWe facility will have levelized power costs conpetitive with a
similarly sized coal-fired or light water reactor generating station.
Much of the first-of-a-kind costs for the MHR will be covered by the
New Production Reactor (NPR) program if the Modular High Temperature
Gas-Cooled Reactor, (MHTGR) is chosen for this defense application.
The defense and comnercial version of the MHR employ the same basic
design and configuration including the same non-fuel reactor
internals, steam generators, helium circulators, pressure vessels,
control rods, helium purification, fuel handling, etc. The MHR is
also attractive as a component of a long-term energy strategy to
minimize future dependence upon fossil fuels. With its high outlet
temperature capability the MHR can be a future source of industrial
process heat, including steel making, coal gasification and hydrogen
production, as well as direct cycle electricity generation. As such
the MHR could eventually be a satellite energy facility for hybrid
fusion reactors which manufacture U-233 as well as producing energy.
The MHTGR-NPR could be an important step toward a twenty-first century
energy system which substantially reduces atmospheric pollutants and
CO2 generation.
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STRENGTHENING AND MAINTAINING UNDERGROUND STRUCTURES: A NEW
APPROACH TO THE MANAGEMENT OF NUCLEAR WASTE
Stirling A. Colgate, Los Alamos National Laboratory, Los Alamos, NM 87545, USA -The secure, long-term confinement of radioactive micfcotides has traditionally required the
assurance of confinement integrity over many thousands of years. This seems to me, In
view of the tektonic activity of the earth, to be unrealistic and unobtainable. Every location
on the continents is visited by the damage of a major earthquake roughly every 10,000
years, so that it is unlikely that any underground structure can be certified against damage
from such major events for periods of thousands of years. However, I would like to
suggest an approach to this problem that hai the advantage of both greatly augmenting the
tektonic security of underground structures initially, and also offers the possibility of in
situ, remote repair indefinitely in the future, I am suggesting that it is feasible and idadvely
inexpensive to create a curtain of compressive stress surrounding any underground cavity
and that furthermore this curtain of compressive stress can be made orders of magnitude
greater than the local, in situ stress due to overburden pressure. This can be accomplished
at present or again at any future time by a technically competent society whenever
necessary. A society that has given up the technology of drilling and pumping fluids would
be hampered from such post-repair work, but it is unlikely that the population density at
such a time would ever be threatened by exposure to greatly attenuated and decayed nuclear
waste. The engineering of the underground stress distribution can be achieved by tha
periodic injection of a settable fluid that has the Theological properties of finite gel strength
and rapid setting to a rock-like material. Each cycle of Injection at arbitrarily high pressure
causes fracture of the medium. The setting of the injected "lens" of material locks in an
increment of pressure. By successive increments of pressure from successive fracturing
and setting, the local stress can be progressively increased to an arbitrarily high value,
limited only by the strength of the injection process and the compressive strength of rock.
A curtain of compressive overstress surrounding any underground cavity not only
multiplies the integrity against failure of such a cavity by orders of magnitude, but also
insures that the exchange of fluids other into or out of a cavity within such a stress curtain
is greatly inhibited. Therefore the integrity of underground confinement can not only be
greatly improved but repaired in the future. The process of underground stress engineering
has been partially tested in the field but needs a much larger effort to demonstrate its
feasibility for the important role that it can play in the certification of the safety of our
underground nuclear confinement structures.
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NUCLEAR ENERGY GENERATION FROM 232TH WITHOUT A LONG
TERM HIGH LEVEL WASTE STREAM
C. D. Bowman, Los Alamos National Laboratory, Los Alamos, NM 87545 USA- A
nuclear power concept generating energy via the Th-U cycle is described which
includes a high power accelerator driving a subcritical system. The neutrons are
produced by a 1.6 GeV proton beam with a current of tens of miiliamps striking a
flowing Pb-Bi target which is surrounded by a D2O moderator. The thermal neutron
flux reaches the 10 16 n/cm2-s level. All fission products with half lives greater than
25 years can be transmuted with significant advantage at this flux level. Higher
actinide wastes such as 237 Np and 241 Am become fuels rather than poisons in this
flux and are readily destroyed by fission. The moderator-blanket surrounding the
Pb-Bi target is divided into three radial sectors. In the outer sector containing
thorium salt in aqueous solution, ihe thorium is converted to 233 Pa which is
removed immediately after formation. The 233 U derived flows through the middle
region as very dilute UF4 mixed with the molten salt eutectic 7LiF-BeF2. Fission
products are removed from this salt soon after formation. Those requiring
transmutation are chemically separated and returned to the D2O-fiIled inner sector
where the flux is highest. The fission products are removed soon after their
transmutation. No isotopic separation is required before transmutation. The
system would operate with a keff between 0.85 and 0.95. The high (700 °C) outlet
temperature of the molten salt makes possible very high thermal efficiency. The
overall efficiency taking into account the power required to drive the accelerator
might be in the range of 35 %. Power costs are uncertain but the additional capital
costs for the accelerator are offset somewhat by the lower cost of the target/blanket
compared to that of a power reactor. The operations cost associated with the
chemistry is also offset to some degree by the absence of fuel and fuel fabrication
costs and by the absence of waste disposal costs. If all of the longer lived fission
products are burned except 137Cs and 90Sr, the waste from this system must be
managed for about 300 yrs. If the latter nuclei are transmuted also, high level
waste need not be passed from one generation to the next. This appears to be the
first accelerator-driven breeder/transmuter concept based on thermal neutrons and
its performance substantially surpasses that of other prospective systems operating
on fast neutrons. The concept also can be extended to the transmutation of waste
from commercial power reactors. As much as 10 16 tons of thorium are accessible
in the earth's crust. This concept, if brought to practicality, would meet the fusion
objective; an essentially "unlimited" energy supply without long term high level
waste management.
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BURN-UP AND TRANSMUTATION OF LONG-LIVED FISSION PRODUCTS AND
ACTINIDES IN A LASER DRIVEN FUSION REACTOR
N. Basov, V. Rozanov, P. N. Lebedev Physics Inst. ,Leninsky pr
53117924 Moscow, USSR
N.Belousov,P.Grishunin,B.Ksenofontov,V. Subbotin,V. Kharitonov
, Moscow Engineer ing-Physics Institute, Kashirskoe shausse
31, 115404 Moscow, USSR. The problem is discussed of the
transmutation of the atomic power station waste containing
actinides and products of fission in the laser radioactive
waste transmutator CRWT) based on a powerful source of 14
MeV neutrons, which come from the microexplosions of the
laser thermonuclear targets.
We consider the schemes of motion and the balance of the
nuclids in a fuel cycle as well as the energy balance with
account of the RWT. The estimates are given of the
transmutation of cesium 137, strontium 90 and the actinides
in thermonuclear and eiectronuclear reactors. The influence
of the neutron spectrum, the yield of n2n reactions are
evaluated. Parameters are presented of the RWT systems.
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The GEYSER Reactor-concept for District Heating and seawater
Desalination, Abstract for iCENES-1991
by Paul Dorosziai and George Vecsey
Consultants, GEYSIR AG,
Hoffnungsstrasse 5, CH-8038 Zurich, Switzerland
Phone: 00411/482 34 oo
GEYSER is concept for generating low temperature heat with a
maximum of safety, its outstanding characteristic is a
therraal-hydraulie heat-transfer and control system assuring
deterministic shut down and passive decay heat removal of
the nuclear reactor core*
In GEYSER power and reactivity control is based on automatic
variation of boron content in the cooling water, governed by
natural processes. There is a multiple containment but no
pressure vessel. The whole system is immersed in a deep pool
filled with heavily borated water. The temperature level of
the produced useful heat is basically given by the depth of
the pool. Heat transfer is based on natural circulation,
flashing and condensation.
Because of its small size and these unique natural safety
features increasing public acceptance is expected for the
GEYSER. The design requirements for the GEYSER concept were:
-

Modest energy density and size
Completely autonomous {unattended) operation
Emphasis on simplicity
Underground location.

The GEYSER concept applies wherever possible processes of
natural safety.
The entire system does not contain any safety relevant active components. An active component is meant here as any
composition of solid parts carrying out any mechanical movement and/or any component depending on electricity supply.
Simple physical processes within passive components have
deterministic reliability. This is called natural safety,
opposite to engineered safety of probabilistic reliability.
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Geyser works following the principle of self control: it
yields as much energy as is demanded, without the use of any
active control system. It does not need a human operator,
electronics or even valves. The self-regulation is based on
the varying boron content of the coolant so that the boron
content will increase when the reactor is not sufficiently
utilised and the reactor heats up while the boron content
will decrease when more energy is demanded and the reactor
cools down.
The thermal-hydraulic processes of the GEYSER are contained
in vessels and in tubes. Even if there is no high relative
pressure involved/ tubes and vessels may become untight,
they may break. In such cases their integrity had to be controlled, in order to assure the proper functioning of the
contained process, if it was safety relevant. In the GEYSER
special attention is given to such processes/ assuring that
any break or untightnes leads to automatic shut down without
any active process or intervention.
First use of the GEYSER aims district heating applications.
Possible sites fore a nuclear prototype, allowing for this
application seem to exist in eastern Europe. Eventually even
more important is the application for seawater desalination.
GEYSER perfectly fits the requirements in this field.
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TECHNICAL ASPECTS, ECONOMY AND VIABILITY OF THE
GEYSER THERMAL ENERGY CONVERTER
Zs. Revesz, Associated Consulting Engineers, P.O. Box 1126,
CH-5401 Baden, Switzerland — Geyser is a district heating
reactor with
obvious safety features and autonomous load
following capabilities (Ref. 1).
The unique approach to attain enhanced safety at lower costs
is characterized by low temperature and low power density
in the reactor, with deep underground location of the core
and with excluding active components in all safety relevant
systems, be it dependent on human reaction or on electronic
control. Power and reactivity control is based on automatic
variation of boron content in the cooling water. The
surprisingly simple operational procedures of this pool type
reactor are granted by the large prompt negative
temperature coefficient of the fuel-moderator material
consisting of hybrided uranium-zirconium alloy that is
sufficient to control the effects of sudden large insertion of
positive reactivity.
The Geyser District Heating Reactor (GDHR) and a lowtemperature steam-cycle, the Geyser Thermal Energy
Converter (GTEC), make a system with remarkable features.
A paper has estimated investment costs and electricity
generation costs using the 10 MW(th) GDHR design,
converting it into a multiple purpose co-generation plant
(Ref. 2). The estimated costs project, that relatively small
plants distributed
over a network, or
operating
autonomously, are cost effective. As a co-generation device
the Geyser system can supply ample heating power and
some electricity opening new alternatives.
As a continuation to the GTEC project a 50 MW(th) GTEC has
been investigated in a configuration in which the plant is
totally dedicated to electric power production. Equipping
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such a plant with cooling towers and siting them in a
moderate climatic region (abandoning the same times the
efficiency-improving cogenerating option) would result in
capital costs and power costs (40 mio US$ and 0.13
US$/kWh(e), respectively) which are still promising and may
prove economic at a number of sites, even if the net plant
efficiency does not exceed the projected 13 percent. Such a
system can be built using readily available components.
Innovative combination of conventional components besides
using advanced design and analysis techniques available to
engineers today allow further increase of the thermal
efficiency by several percents. In case of a plant dedicated
entirely to electricity production the targeted 3 percent
increase in plant net efficiency would reduce electricity costs
by over 18 percent, bringing it down close to 0.10
US$/kWh(e).
All above GTEC concepts do not interfere with the GDHR
design. An optimization of the interface between the two
items (i.e. the GDHR and the GTEC) may offer additional
opportunities to exploit electricity.
The proposed paper will concentrate on the economy of the
GTEC as well as on some technical aspects of improving it.
REFERENCES:
[1J Revesz Zs.: The Geyser System, Appendix D in Proc. Int.
Conf. on Enhanced Safety of Nuclear Reactors, Washington,
D.C., The George Washington University, Institute for
Technology and Strategic Research (ITSR Report No. 008),
1988, p. 14
[2] Revesz Zs., P. Doroszlai: Technical and Economical
Efficiency of Energy Generation with the Geyser System,
Nuclear Engineering and Design (special ed. for the 2nd Int.
Seminar on Small & Medium Sized Nuclear Reactors), 1990
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SAND91-0338A
SYSTEM REQUIREMENTS FOR LOW-EARTH-ORBIT LAUNCH
USING LASER PROPULSION*
R. J. Lawrence
Sandia National Laboratories
Albuquerque, NM 87185

ABSTRACT
First proposed by Kantrowitz in the early 70s, the use of lasers to launch small
payloads but large total masses into low-Earth-orbit (LEO) may prove to be the most
innovative and potentially economical approach for accomplishing this important mission.
The two simplest schemes involve ablative momentum transfer using pulsed lasers, and the
use of direct heat-exchanger thrusters in conjunction with CW lasers. Most recent work has
concentrated on pulsed-laser concepts, yielding a canonical scaling factor on the order of
1 kg/MW for the LEO launch mass per unit average power. Using realistic models for
pulsed-laser interactions, our analysis indicates that this scaling law may be an upper limit.
However, early estimates suggest that a CW/heat-exchanger concept may be able to
achieve or exceed this scaling by a factor of two or three.
For such a launch system to be credible, high-power (-100 MW or so) laser systems
offering extended run times (days or weeks), and high reliability must be available. Laser
systems considered previously for this application have included the Free Electron Laser
(FEL) and CO 2 lasers. These requirements are particularly well suited to the reactorpumped laser, FALCON, which is currently being developed at Sandia National
Laboratories. To achieve these characteristics, FALCON employs near-term reactor
technologies, including low temperatures, low pressures, and relatively modest sizes. These
attributes offer hope of achieving the elusive goal of LEO launch at an incremental cost of
a few hundred dollars or less per pound.

•Work supported by U.S. DOE under Contract DE-AC04-76DP00789
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ENERGY PRODUCTION USING FISSION FRAGMENT ROCKETS
George Chapline
and
Yoshi Matsuda
Lawrence Livermore National Laboratory
P.O. Box 808
Livermore, CA 94550

ABSTRACT
Fission Fragment rockets are nuclear reactors with a core consisting of thin fibers in
a vacuum, and which use magnetic fields to extract the fission fragments from the reactor
core. As an alternative to ordinary nuclear reactors, fission fragment rockets would have
the advantages:
1. Approximately twice as efficient if one can directly convert the fission fragment
energy into electricity;
2. By eliminating the buildup of a fission fragment inventory in the reactor one
could avoid a Chernobyl type disaster;
3. Collecting the fission fragments in a small volume could simplify the waste
disposal problem.
*"Work performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under contract number W-7405-ENG-48"

1P-3

HIGH TEMPERATURE GAS HEATING BY FISSION FRAGMENTS DEPOSITION
V.V.Glaskov, 0.A.Sinkevich,Moscow Power Engineering Inst.,
Krasnokazarmennay,14,Moscow,105835,USSR— Nuclear reactor
(NR) realizing fission fragments energy deposition in gases, is proposed as having two independent first contours:
1) low temperature one with fluid coolant under common
parameters for NR,2) high temperature one with low heat
conducting gas coolant ( Xe p.e,). In the latter the smaller part of heat power is transfered,though gas temperatures are high. Core pararaiters and its external dimensions are taken identical to gas cooled NR AVR operational
in FRG. The inside of the core is proposed as a set of coaxial pipes. Nuclear fuel foil covers each pipe walls from
inside and outside. Walls material is a neutron moderator
with fluid coolant circulation inside to keep the temperature at some 1000 K. By comparing heat losses via conductivity etc. into the walls to fission fragments energy deposition in each clearance it is shown that total gas coolant temperature may reach as high as 3-5*10^ K. The temperature may be rised even more by using fission fragments heating modul (FFHM) as some insertion into fast NR.
Prospects of the FFHM use in space propulsion systems are
discussed. Taking into account high temperature gas ionization inside the core preliminary estimates of the FFHM
performance as a plasmas source for the closed-cycle MHDgenerators are given.For this purposes we may use non-equelibrium MHD-generator with superconducting magnet coil.
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FISSION-FRAGMENT REACTOR CONCEPT
FOR NUCLEAR SPACE PROPULSION*
S. A. Wright, A. J. Suo-Anttila, E. J. Parma,
M. E. Vernon, and P. S. Pickard
Sandia National Laboratories
Albuquerque, NM 87185
ABSTRACT
The Space Exploration Initiative (SEI) requires the development of nuclear thermal
and nuclear electric technologies for space propulsion for future Lunar and Mars missions.
Sandia National Laboratories (SNL) has proposed a new nuclear thermal propulsion
concept that uses fission fragments to directly heat hydrogen propellant up to 1000 K above
the substrate material temperatures. This concept is a spin-off from the nuclear-pumped
laser program at SNL, which uses fission fragments to directly pump large gas lasers. The
fission-fragment-assisted reactor concept offers significant advantages over traditional solid
core concepts because of higher propellant exit temperatures and higher or comparable
ISPs, while at the same time providing for more reliable operation due to lower structure
temperatures and lower power densities.
Conceptually, the unique technology of this reactor concept requires the use of
porous tubes or plates (BeO) coated on one side with thin films of UO 2 . (Carbide
materials could also be used.) Approximately 75 percent of the fission-fragment energy is
deposited in the substrate and film, while the remaining energy is deposited directly in the
H2 propellant. The coated porous tubes, film thickness, H 2 plenum diameter, and H2
propellant (pressure and mass flow rate) can be designed such that the H 2 flows
transversely through the tube removing the bulk of the thermal energy and raising the H2
temperature to approximately 2700 K. The H2 then flows into a plenum with a diameter
large enough to absorb fission fragments (approximately 2 cm for an H2 pressure of 1000
psia). The fission fragment energy deposition causes additional heating, producing an
ultimate propellant temperature of 3400 K.
The real challenge of such a heating concept is to assemble the components to make
the reactor critical with a minimum of mass. A large number of scoping calculations, which
show that such a reactor can have sufficient criticality margins, have been performed . The
reactor concept consists of approximately 100 fuel modules, clustered inside a large
reflector. Nuclear thermal rocket systems have been designed to provide a power density
of 310 w/cc, total power of 13 GW, a thrust of 600,000 Ibf, and a thrust to weight of 6.5.

*This work was supported by the U.S. Department of Energy under Contract DE-AC0476DP00789.
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NUCLEAR-ELECTRIC INTERPLANETARY SPACECRAFT PROPULSION
USING THE DEFLAGRATION PLASMA THRUSTER

DahYu Cheng
Cheng Technology & Services, Inc.

Nuclear-Electric propulsion of space vehicles forinterplanetary travel isan interesting
new application of nuclear-fission generated power. A thermionic-type reactor source
is considered to provide 10 MWe continuous electrical power which is then used to
drive an array of up to 200 deflagration plasma thrusters, each pulsed 5 tunes a
second. The thrusters, which are 50% efficient, produce a highly collimated argon or
heavier atomic mass exit-plasma stream for 250N total thrust each second to
accelerate the 250T spacecraft at about iff* g. The craft can be steered by selective
thruster tiring. The thermionic reactor power supply system is estimated to weigh
120T and the thrusters, energy storage, fuel and tanks about 23T. In this paper, we
consider the detailed operation and design of the deflagration plasma thruster, with
emphasis on extremely low electrode erosion. The thruster is a coaxial electrode type
plasma gun, and the design and operation considerations are based on development
studies experienced over 25 years. Thrust, collimation, lifetime and electric power
matching requirements are considered. Switching, capacitor energy storage, and most
importantly, lifetime, redundance and reliability of the electrical system are also
discussed as a trade-off to vehicle weight and mission time.

1P-6

DENSE PLASMA FOCUS FUSION THRUSTER FOR SPACE PROPULSION.*
C. Leakeas and C. Choi, Purdue Univ., School of Nuclear Engineering, W. Lafayette,
IN 47907, USA, and F. Mead, PL/LSVF, Edwards AFB, CA 93523, USA -- A coaxial
electrode system known as the dense plasma focus (DPF) is investigated as a possible
space propulsion concept. The dense plasma focus device is a form of linear pinch
which is one of the complementary fusion configurations between the low-f$ tokamak
and high compression inertia! fusion device. A large potential difference between the
electrodes ionizes the gaseous fusion fuel and forms an annular plasma sheath. This
sheath then propagates down the length of the anode entraining additional fuel along
the way. The "rundown" phase is analyzed by solving the momentum equation using
this snowplow model. At the end of the anode, MHD instabilities cause the sheath to
collapse into a hot, high density plasma where fusion events occur. Fusion reaction
products as well as unreacted fuel can then be used to produce thrust. It is also possible
to use the reaction products to heat hydrogen propellant in order to produce more thrust.
An open-ended coolant cycle may be used in order to avoid the necessity for large radiators. In this way, the heated coolant can be used to drive a turbogenerator to produce
electricity before it is exhausted as propellant. A model of the DPF is developed, various operating regimes are identified, and key parameters are varied to define optimum
operating ranges using computer programs developed for this DPF system. Operation
without hydrogen propellant allows high specific impulse (Isp) values, about 106 sec,
possible at thrusts of about 44.5 N (10 lbf). Continuous pulsed operation at around
1,600 MW while exhausting hydrogen propellant, heated by the fusion process, can
allow I sp 's of 104 sec at thrust levels around 17,800 N (4,000 lbf). Impulsive thrusting
at 3,200 MW with large propellant mass flow rates can allow I sp 's of about 3,000 sec at
111,250 N (25,000 Ibf). These high L^'s make larger mission velocity increments
(AV's) possible and can decrease trip time and reduce exposure of astronauts to cosmic
radiation.
*Work supported under contract with the Edwards AFB #F04611-90-K-0054.
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LIGHT WEIGHT SPACEfOWER REACTORS FOR NUCLEAR ELECTRIC
PROPULSION; H. Ludewig, S. Mughabghab, K. Perkins, E. Schmidt, &
J.R. Powell; Brookhaven National Laboratory, Upton, N.Y. 11973*
A Particle Bed Reactor (PBR) Is being proposed as the heat source for a
Closed Brayton Cycle (CBC) electric power generation system, A PBR consists
of paniculate fuel packed in co-axial beds. These beds are held in place by
porous cylinders (frits). The combination of fuel bed, frits and appropriately
designed end-fittings form a fuel element These fuel elements are arranged in
a hexagonal pattern inside a moderator block to form a reactor core. Coolant
enters the moderator first, flowing through it axiaUy. It then turns and enters a
plenum region around each of the fuel elements and flows radially inward through
the frits and particle bed. As the coolant flows through the bed, its enthalpy is
increased, and it finally leavei the core by flowing axially down the duct formed
by the inner frit A large plenum region attached to the end of the core collects
the hot coolant for use in the CBC power conversion system.
Four reactor designs were considered in this study. They range in power
from 21 MWt down to 0.84 MWt With an optimized Brayton cycle, the
corresponding electric powers range from 5 MW(e) down to 200 KW(c). All
designs have sufficient reactivity to run at full power for 7 years. The analyses
were carried out using the Monte Cario Code MCNP, and the salient parameters
are summarized below.
REACTOR
Power (MWt)/MW(e)

21.0/5.0

43/1.0

3.0/.7

0.84/.2

136.0

720

50.0

14.0

Pitch (cm)

12.4

11.7

11.0

6.7

Number of Elements

61.0

37.0

37.0

37.0

U-235 Loading (kg)

Moderator Material

Be/ZrHx

ZrH,

350.0
3000.0
1000.0
825.0
horn thii tawe, tne large difference in size and mass between the BcjC
Estimated Mass (kg)

,

moderated reacton is evident However, due to the high inlet temperature
possible with a ceramic moderated reactor, the power conversion system and
radiator should be appropriately reduced in size.
•Re«*rch carried out under the auspices of the US. Department of Energy under Contract No.
DE-AC02-76CH00016.
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ROTATING FLUIDIZED BED REACTOR FOR SPACE POWER AND PROPULSION: A STATUS
REPORT.1
O.C. Jones, Department of Nuclear Engineering and Engineering Physics,
Rensselaer Polytechnic Institute, Troy, New York 12180-3590. — T h e
increasing activity in space will eventually reach the stage where
nuclear reactor systems must be developed for applications to extraterrestrial space craft propulsion and prime space platform power.
Appropriate design concepts of nuclear reactors will require high power
density capability, perhaps in the high-multi-megawatt or gigawatt
power range. The rotating fluidized bed reactor (RBR) has been
suggested as an attractive option among the various candidate nuclear
reactor systems.
In an RBR system, small spheroidal fuel particles, stabilized by
centripetal force inside a rotating, porous cylindrical core, increase
the fuel surface to volume ratio by factors of 10-100 or more over
commercial reactors thus allowing much higher power densities with
acceptable thermal margins. The gas coolant/propellant enters radially
through a rotating porous drum in which the fuel particles are
contained. After passing radially through the fuel bed, the gas exits
axially through a nozzle.
With increasing coolant flow the fuel-zone pressure loss increases.
The fuel will expand nonuniformly in the radial direction subject to
stabilizing centripetal forces once the pressue drop forces exceed the
bed weight. Radially nonuniform fuel volumetric concentration leads to
nonuniform radial heating of the propellant.
A perturbation in the fuel bed thickness, say due to an increase of
gas flow rate, will lead to an absorption of some neutrons which would
otherwise have escaped through the exhaust nozzle. Quasi-onedimensional transfer functions have been determined including other
feedback effects such as fuel temperature and gas properties. These use
Fermi-age diffusion theory coupled with view factor concepts (to
account for the variable neutron leakage out the exhaust port) and
propagation equation which accounts for the variable fuel density in
the radial direction.
Power reactors having core diameers and lengths of 30-cm or less
have been examined. Powers up to well over 1 gigawatt can be developed
with acceptable pressures, pressure losses, and rotational speeds. The
power-to-flow transfer functions show that power fluctuations can be
more than 100 db higher than those associated with a packed bed reactor
of the same geometry but still have transfer function amplitudes less
than unity indicating a neutronically stable configuration.

1P-9

REACTOR-LASER SYSTEMS FOR SPACE POWER BEAMING APPLICATIONS
R. J. DeYoung, NASA Langley Research Center, MS493, Hampton, VA 23665,
G. H. Miley, M. Petra, and Y. Shaban, University of Illinois, Nuclear
Engineering Department, Urbana, IL 61801--The expansion of mankind beyond
earth orbit will demand the development of a large power source for space
use. The Space Exploration Initiative will place a permanent base on the
moon having a 1-HW power requirement. Mars exploration will later
require similar or larger power requirements. One system which could
provide such high cw power is a reactor-pumped laser in lunar or Mars
orbit, beaming power to a variety of applications on the surface, e.g.
base camp, mining, rover exporation. Such a system has a high degree of
flexibility in that the user accepts only the power he needs by using a
solid-state highly efficient laser-to-electric converter. This paper
outlines reactor-laser concepts that could provide 10's of kW to multimegawatt power levels for a variety of lunar or Mars applications. For
example, a SP-1OO reactor powering a laser diode array can provide 50kW
of laser power to the lunar surface. Alternatively, a direct nuclearpumped laser operating at higher efficiency could produce 1 MW of laser
power for applications such as powering a lunar base.
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FALCON REACTOR-PUMPED LASER TECHNOLOGY
FOR SPACE POWER APPLICATIONS*
D. A. McArthur, G. N. Hays and P. S. Pickard
Sandia National Laboratories
Albuquerque, NM 87185
ABSTRACT
The FALCON reactor-pumped laser program is investigating concepts for laser
systems with high power output and good beam quality, based on near-term nuclear reactor
technology. The direct pumping of laser media with fission energy offers the system
advantages of very high laser power, long run time, extremely compact and low-mass
energy storage, and rugged mechanical construction.
Reactor pumping of several candidate lasers operating over a wide range of
wavelengths has been studied in the ACRR and SPR research reactor facilities at Sandia
National Laboratories. These experiments include laser kinetics measurements of gain,
saturation intensity and efficiency as a function of reactor excitation conditions. The
extraction efficiency of large laser systems has been evaluated using measured laser
parameters, and various excitation geometries have been developed to minimize optical
distortions. Laser propagation studies indicate acceptable beam quality and extraction
efficiency for applications such as laser power-beaming and laser propulsion. Systems
designs have been based on practical considerations such as auxiliary power needs,
radiation damage to optical components, rejection of waste heat, and expected
imperfections in excitation structures. Based on current knowledge, it appears that highpower reactor-pumped lasers can be developed in the near term to provide important
capabilities for the exploration and utilization of space. Some details of our experiments
and analyses which support these conclusions will be discussed.

*Work supported by U.S. DOE under Contract DE-AC04-76DP00789
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LOW POWER INCORE THERMIONIC SPACE REACTOR DESIGN CONCEPTS
USING ADVANCED TECHNOLOGY
A.C. Klein, R.A. Pawlowski, and H.H. Lee, Department of
Nuclear Engineering, Oregon State University, Radiation
Center, C116, Corvallis, OR 97331-5902, USA — Two 30 kWe
incore thermionic space reactor design concepts are
described. Details of the neutronic, thermionic, thermal,
shielding, and safety performance are presented. These
moderated reactor concepts use enriched uranium dioxide
fuel, zirconium hydride moderator, reinforced tungsten
emitters, niobium collectors, alumina insulators, and
sodium-potassium coolant in a long, single cell
configuration. Due to the strong absorption of thermal
neutrons by natural tungsten, and the large amount of that
material within the reactor core, two options for the
reactor are considered. The first uses enriched tungsten
(greater than 70 weight percent W-184) emitters and only
thermionic fuel elements (TFEs) in the core to achieve
criticality and sufficient lifetime. The second design uses
natural tungsten and driver fuel elements in addition to the
TFEs in the core. An overall systems design code has been
developed to model advanced incore thermionic energy
conversion based nuclear reactor systems for space
applications. The design code consists of a series of
design modules, each responsible for the determination of
specific system parameters. Some of the code modules
include neutronics and core criticality, a thermionic fuel
element performance module with integral thermalhydraulic
calculation capability, a radiation shielding module, and a
module for waste heat rejection. Coupled thermalhydraulic
and thermionic performance calculations are presented to
determine the effectiveness of different design options.
The model includes the effects of radiation and conductive
heat transfer as well as electron cooling of the emitter,
and the resistive lead losses on long emitter TFE concepts.
Results show that a very flat power distribution is required
in order to obtain optimal thermionic performance while at
the same time providing adequate thermalhydraulic safety
margin. Radiation shielding design and overall system heat
rejection analyses are also presented. This work was
supported by the Wright Research and Development Laboratory
and Universal Energy Systems.
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A NOVEL ION BEAM SOURCE FOR ELECTROSTATIC CONFINED FUSION
REACTORS*
H. Kislev, M. A. Gunderson,* O. Barnouin, and G. H. Miley,
Fusion Studies Lab., U. of Illinois, Nuclear Engineering
Dept., Urbana, IL 61801—Recently a renewed interest has
been invested in high power density fusion reactors. One
promising route is Inertial-Electrostatic Confined (IEC)
Fusion which utilizes electrostatic fields to confine dense
50-100 keV fusionable plasma within a superimposed
potential well[l]. Such a scheme is potentially attractive
for compact neutron-lean fusion reactors suitable for
marine propulsion and deep space travel.
A key component in such devices is an integrated ion
diode encompassing the device. Present laboratory scale
devices employ a conventional cw ion gun technique with a
discharge chamber and extractor[2]. However, scaled-up
devices will require an intense, repetitive, long-pulse ion
diode due to size, beam intensity and cost considerations.
A promising approach is the Magnetically Insulated Diode
(MID) which may deliver microsecond ion beam pulses of 100
micro C/cm2 at 100 keV. However, current MID schemes are
not suitable for extended periods of repetitive operation.
Hence, we propose a novel MID scheme which utilizes a Back
Lighted Thyratron (BLT) as a repetitive switch and ion
source. The BLT is a photo-triggered pseudo-spark
repetitive closing switch capable of handling very high
currents and hold-off voltages. v& propose to use a new
BLT configuration with ring electrodes and annular interelectrode gap. Proper BLT operation is achieved by its
insulation from the MID's pulsed magnetic field using thick
conductive plates. The ring BLT is suited for efficient
cooling and thus for prolonged repetitive operation.
The details of the ring BLT driven ion diode design and
preliminary estimates of its characteristic will be
discussed. Additional applications of the ring-BLT like
beam-beam microwave source, a repetitive MA switch and a
wide area plasma or VUV source will also be presented.
[1] G. H. Miley, J. Nadler, T. Hochberg, Y. B. Gu, and 0.
Barnouin, Bult. APS, 35. 2138, 1990.
[2] O. Barnouin, G. H. Miley, J. Nadler, Y. Gu, and T.
Hochberg, Bult. APS, 35. 2138, 1990.
*Dept. of Electrical Engineering, U. of Southern
California, Los Angeles, CA 90089-0484.
+
Work supported by contract vith DARPA #MDA972-90-C-0006.
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ADVANTAGES OF INERTIAL-ELECTROSTATIC CONFINEMENT FUSION*
J. Nadler, T. Hochberg, Y. Gu, O. Barnouin, and G. Miley,
Fusion Studies Lab., Dept. of Nuclear Engineering, U. of
Illinois, Urbana, IL 61801—Inertial-Electrostatic
Confinement (IEC) is an alternative approach to fusion
power3 that offers the ability to burn advanced fuels like
D-He in a non-Maxwellian, high density core. These
aneutronic reactions are ideal for direct energy
conversion; since the products are light, high energy ions,
they also offer high specific impulse for space propulsion.
Two separate modes distinguish the operation of an IEC
reactor: "Poissor," and non-Poissor. Poissor mode is the
formation of a virtual well inside an electrostatic well
generated by a highly transparent hollow cathode, mounted
concentric with a larger anode (in either spherical or
cylindrical geometry). This virtual well confines a high
density fusion core. It is formed by the accumulated space
charge resulting from the convergent flow of monoenergetic, high energy (-30 keV) ions into the hollow
cathode. The source of ions can be either ion guns mounted
onto the anode (vacuum vessel), or a sub-normal glowdischarge occurring between the cathode and anode. NonPoissor mode is the operation without the formation of a
virtual well. In either mode fusion reactions
predominantly occur either as beam-background, where the
high energy ions react with background neutrals, or beambeam, where just the ions react. Results will be presented
for operation of two spherical devices in the non-Poissor,
beam-background, mode.
*Work supported by contract with DARPA, #MDA972-90-C-0006.
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HEAVY ION CLUSTER STOPPING IN COLD
AND PLASMA TARGETS
C.DEUTSCH
GDR-918 CnRS,universit6 Paris Xl.Orsay .France

The enhanced and electromagnetic coupling of metallic ion clusters with
cold material and fuiiy ionized hydrogen plasma is investigated for qualifying
a novel potential driver for heavy ion driven ICF.A systemic analysis based on
stopping power concepts is eschiewed.Fragmentation processes and the cor
responding combinatorics are discussed within a geometric and universal fra
mework.Diclusters interacting with partially degenerate electron targets are
first considered.The resulting enhanced and harmonically correlated stop
ping is considered for several temperatures.N-cluster stopping is then wor
ked out as a 2-cluster superposition.
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SHOCK-INDUCED CLUSTER IMPACT FUSION
Y. E. Kim.t M. Rabinowitz,* G. S. Chullck.t R.A. Rice,t and Y. K. Bae*
tDepartment of Physics, Purdue University, West Lafayette,IN 47907
•Electric Power Research Institute, Palo Alto, CA 94303 USA
A
SRI International, Menlo Park, CA 94025 USA
In recent experiments, cluster beams of (D2O) n impacting
with - 10 2 keV energy on deuterated targets produced much higher
than expected deuterium-deuterium (D-D) fusion rates. However,
similar experiments with pure D clusters produced no observable
D-D fusion.
We present a novel shock-induced model for
cluster-impact fusion that is the first theoretical model capable of
explaining these apparently conflicting experimental results, and
reproducing the known experimental data. Our calculations clearly
show that heavy atoms such as O in the cluster, and Ti, Zr, or C in
the target are essential for obtaining high fusion rates.
We demonstrate that clusters are capable of inducing shock
waves, and that concomitant energy losses are negligible in the
present experiments. Our model not only explains and fits the
existing data with high accuracy, but also makes predictions for D-D
and D-T fusion rates for a wide variety of different projectiles and
targets that may have even higher fusion yields in future
experiments.
Finally, we show theoretically that it is highly unlikely that
cluster-impact fusion data can be explained on the basis of artifacts
such as light ionic contaminants.
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PROGRESS ON INERTIAL FUSION ENERGY REACTOR STUDIES
W. R. Meier and M. J. Monsler, W. J. Schafer Associates, 6140 Stoneridge Mall Rd.,
Suite 385, Pleasanton, CA 94588, USA - The U.S. Department of Energy, Office of
Fusion Energy has sponsored two industrial teams to conduct conceptual design studies
of Inertial Fusion Energy (IFE) electric power plants. W. J. Schafer Associates is
heading an experienced team of fusion technology experts from Avco Research
Laboratory, Bechtel, General Atomics, and the University of Wisconsin. We are
designing two 1000 MWe power plants: one driven by a KrF laser and the other by a
heavy ion beam (HIB) induction accelerator. The issues and options for interfacing these
drivers with reactors are discussed, with the goal of making each as attractive as possible
in terms of technical credibility, environmental impact, safety, cost, and operability. The
initial phase of the design study has concentrated on identifying reactor chamber concepts
for each driver. For the laser driver, we are considering large unprotected or gas
protected dry-wall chambers that can accommodate either uniformly-illuminated directdrive targets or indirect-drive targets that use the NOVA illumination geometry. In
selecting a target type, we must trade off target gain and target survivability; the latter
may by more difficult with direct drive targets. The HIB-driven plant design will use an
indirect-drive target. We are considering several types of breeding blankets: a flowing
ceramic breeder/coolant design, a molten salt design, and a liquid metal design. We are
tending towards high temperature blankets for KrF to get high thermal conversion
efficiency to compensate for lower driver efficiency. For the HIB-driven plant, we favor
either a compact liquid-wall chamber or dry-wall chamber where the first wall is
periodically recoated to replenish material lost due as a result of x-ray ablation. In each
case, the beam propagation and target illumination constraints, driver efficiency and gain
curves, and options for blanket heat removal and tritium breeding are balanced to achieve
maximum technical credibility and safety and minimum environmental impact and cost.
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•TIGRIS' JET BLANKET LASER FUSION HYBRID REACTOR
N.G.Basov, N.I.Belousov, P.A.Gri3hunln, V.V.Kharltonov,
V.B.Rosanov, V.I.Subbotin
Moscow Engineering Physics Institute. 31, Kashirskoye
Chausse, 115409, Moscow, USSR
Jet blanket laser fusion reactors were designed for the
purposes of 1 r°°U and " ^ P u breeding and 2)transmutation
of long lived radioactive nuclear wastes: actlnides or
fission products 9 0 Sr and ^ C s . Physical limitations for
main technical and economical LPR 'Tigris' parameters were
determined, as well as jet contents and final focusing optics materials versus reactor purpose. Jet disintegration
under fusion products stability valley was obtained. Maximum neutron energy flux at the Inner Jet row can be inrup to 100
f
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OPTIMIZATION OF LASER-TARGETS AND HEAVY-ION-TARGETS
FOR SCIENTIFIC BREAKEVEN
G. Velarde, J.M.Martinez-Val, J.M. Aragones, L. Gdmez, C. Gonzalez, J.J.
Honrubia, E. Minguez, J.M. Perlado, M. Piera, P.M. Velarde
Institute of Nuclear Fusion. Polytechnical University of Madrid
J. Gutierrez Abascal, 2.28006 Madrid (SPAIN)
There is an increasing interest in obtaining ignition with a moderate
gain (around 1) as soon as possible in order to demonstrate the complete
scientific feasibility of ICF. There are several alternatives for drivers (lasers,
accelerators) and for target scenarios and driving regime (direct, indirect).
Lasers present at first a cheaper approach to ignition experiments, while
heavy ion accelerators present the advantage of higher efficiencies. In this
paper, a parametric survey of the performance of directly driven laser-targets
and HIF-targets is presented. The main objective is to minimize the beam
energy required to achieve a gain close to 1. As the survey computations are
carried out in ID, an assessment of the optimum-targets stability is presented.
It is concluded that for cryogenic hollow targets a Dulse of several hundreds k«7
delivered in a few nanoseconds can produce a gain about 1 in microcapsules.
with an initial fuel aspect ratio of less than 100 and a DT mass of a few tenths
of a mg. The convergence ratio would be around 25. The main problems would
be related to the illumination uniformity and the sphericity of such a thin fuel
layer (about 15 um). It is important to underline the role of pulse shaping (in
lasers) and moderate voltage ramping (in ion beams) in order to obtain a nigh
compression efficiency. It can also be noted that the ion energy for driving the
targets (about 1 GeV) is lower than that for high gain targets (above 6 GeV)1.
At last it must be pointed out that a hot-spark profile is not obtained if the fuel
mass is too low. The fuel becomes almost isothermalized soon after void
closure. Moreover, the small internal radius of low aspect ratio targets with
small fuel masses makes very difficult the attainment of high speeds during
the compression flight. Stagnation is difficult to avoid in HIF targets because
the fuel speed profile during the flight is very steep*. Shock multiplexing
produced by pulse shaping improves significantly the performance of laser
targets. Voltage ramping can be of a similar effect in HIF-targets.
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ATOMIC PHYSICS FOR ICF STUDIES: STOPPING POWER AND OPACITIES
T. Blenski, J. Ligou, S. Morel
Institut de Genie Atomique (IGA), Ecole Polytechnique Federate de Lausanne
(EPFL), Ecublens CH-1015 Lausanne, Switzerland
We propose a formalism for evaluating stopping power for ions in dense,
partially ionized plasmas based on polarizability concept and the density
fonctional theory which is applicable to both free and bound electrons. In the
framework of formalism, the validity of additivity assumption about the
bound and free (plasma) contribution to the stopping power is also discussed.
Numerical results present the dependence of range-shortening on the
temperature, density and atomic number Z. The importance of bound
electron contribution as a function of temperature and Z is highlighted.
The polarizability concept is also extended for opacity calculations. The
fluctuations around the average atoms in thermodynamic equilibrium are
obtained in the frame of the density functional theory. These fluctuations
lead to finite bands in the bound-bound contribution to the total spectrum for
photoabsorption. This method provides a relatively simple algorithm for
calculating opacities for medium and high Z, partially ionized dense plasmas.
Our numerical results for iron plasma at T = 200 eV and solid density show
good agreement with those from the Astrophysical Library. The role of
correlations in the fluctuations is found to be important. Some values of
Roseland mean opacities for high Z plasmas (gold) at the conditions relevant
to ICF, are also given.
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IGNITION REQUIREMENT FOR D3He INERTIAL CONFINEMENT FUSION
T.Honda,Y.Nakao.Y.Honda,K.Kudo,Y.Wakuta
Department of Nuclear Engineering,Kyushu University,
Hakozakl.Fukuoka 812,Japan
H.Nakashima
Department of Energy Conversion Engineering,Kyushu University,
Kasuga,Fukuoka 816,Japan
M.Ohta
Kyushu Teikyo Junior College,Omuta.Fukuoka 836,Japan
D-3He fusion has many advantages such as low induced activity,high
charged-particle power fraction,etc. The use of lunar a He may be the
most promising approach for 3 He fuel supply, which motivated the study
of D-3i:'e fusion. However, the ignition requirements in terms of p R value
or the driver energy are severer than that of D-T fusion. In order to
relieve the ignition requirement, a hybrid pellet using DT fuel placed
inside main D 3 He fuel as ignitor was proposed,i.e. a DT-ignitor/D3Hefuel pellet. The ignitor having a small hot spark of several keVs heats
itself and surrounding cold fuels,driving the burn wave in the main fuel
region. This pellet can breed tritium self-sufficiently by 3He(n,p)T and
D-D(p) reactions.
For an accurate analysis of the burn characteristics of fuel pellet,
it is essential to consider the transports of fusion-born particles such
as neutron or energetic ions. The heating by neutrons from the ignitor
region is indispensable for igniting the pellet. As for the neutron
transport, many reliable codes have been developed. Hence,we adopt TIMEX
for the neutron transport calculation. On the other hand, the burn
fraction of main fuels depends on the behavior of 14.7 MeV protons
produced D-3He reaction. The fundamental equation describes energetic
ions is the Boltzmann-Fokker-Planck equation(BFP). We have developed a
BFP code,which includes nuclear elastic scattering(NES) of 14.7 MeV
proton. NES is a discrete event due to nuclear forces between ions and
can transfer in one collision larger energies than Coulomb scattering.
Furthermore,we will consider the effect of the nuclear spin
polarization,assuming completely polarized DT and D3lle fuels with
parallel spins.
Burn simulations have been made with the hydrodynamics code MEDUSA
coupled to the above transport codes by assuming the quasi-isobaric
initial condition of targets after implosion. For a realistic approach
to a D-3He fusion reactor.it is necessary to find reasonable ignition
conditions and target configurations judging from the present
technological level. An examination is made of the ignition requirements
to achieve high fuel gain, low neutron production and self-sufficient
tritium breeding.
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NONTHERMAL NUCLEAR PROCESSES IN COMPRESSED DT SPHERES
Y.Nakao, T.Honda, Y.Honda, and K.Kudo
Department of Nuclear Engineering, Kyushu University,
Hakozaki, Fukuoka 812, Japan
H.Nakashima
Department of Energy Conversion Engineering, Kyushu University,
Kasuga, Fukuoka 816, Japan
M.Ohta
Kyushu Teikyo Junior College, Orauta, Fukuoka 836, Japan
In highly-compressed DT fuels, nuclear processes other than usual
thermonuclear reactions become appreciable. This process includes
neutron scattering, suprathermal fusion reaction, break-up of deuterons,
etc. The suprathermal fusions are induced by energetic ions which are
created mainly by recoil in neutron scattering.
At ICENES '89 we estimated the suprathermal D-T fusion probability
due to the introduction of a 14-MeV neutron in compressed DT spheres.
The energy spectrum of suprathermal neutrons emitted in the range 11 MeV
< E n ^ 30 MeV was also presented. This nonthermal reaction process,
however, is not finished with the emission of 30-MeV neutrons. As was
pointed by Ligou, a 30-MeV neutron can further create a new generation
of knock-on ions (ED < 27 MeV, ET < 23 MeV) giving new (i.e. 2nd step)
suprathermal fusions with faster neutrons (E n <45 MeV); theoretically
this process will terminate when the knock-on ion energy will reach 113
MeV.
Recently we have formulated the above "chain" of knock-on and
nonthermal fusion prbcesses. Since neutron cross-sections and angular
distribution data for incident energies above 45 MeV are not available,
the present calculation does not include the suprathermal fusions of 3rd
step or more. The transport calculation for neutrons is made with the
code TIMEX and Seagrave's cross-sections. The transports of knock-on
ions and alpha particles are claculated by using the Boltzmann-FokkerPlanck code developed by us.
We will show the number of suprathermal fusion reactions per 14-MeV
source neutrons and the energy spectrum of neutrons leaking out of the
pellet, as a function of pR value (aerial density) and plasma
temperature. These quanties are of interest regarding neutron-based pR
diagnostics or fusion power multiplication.
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EXPLICIT ELECTROMAGNETIC ALGORITHM FOR 2-0 IN LASER- PRODUCED
PLASMAS.
S. Garcia ,J. F. Miramar, Area de Ingenieria Nuclear, Departamento de
Ciencia y Tecnologia de Mat. y fluidos, C. P.S.I, of the Zaragoza University ,
C/ Maria de Luna (Pol. Actur.) n*3 , 50015-Zaragoza , SPAIN.
A new algorithm is presented for the explicit calculation of the
electromagnetic fields in 2-D simulation plasmas . The macro - integral
/control volume , a finite difference technique , is the method used for
solving the equations governing 2-D flows . The field equation is readily
integrated in time by the Lax-Wendorff modified scheme , a method that is
known to be staple as long as the Courant-Fnedrichs-Lewy condition is
satisfied . The first aproximation step , Bm+ ]/z-< Bm >+(< v m>x Bm) At/2 ,
is followed by the full step Bm+I=Bm+ ( v m + 1 / 2 x B m 4 l / 2 ) i t . Our
description includes a simple two-electron fluid model and the background
ions in a laser target , as coupled fluid components moving relative to a
fixed Eulerian mesh . With the "explicit" treatment of V x 6 the modified
elliptic equation exhibits 5-point coupling of the Bz field to its nearest
neighbors , which leads to a 5-diagonal , sparce matrix that can be solved
by both ADIA and TDMA . The electrons become a perfect gas obeying the no
relativistic Maxwell -Boltzmann distribution . BraginiJdi's expression is
used.
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INIRTTAE COnFPiTAWV OF D'flJTSRIUM PLASMA IN CYLINDRICAL
IMPLOSIOWS.

J.G.Linhart(Univ.of Perrara) and

H.3chmidt(Univ.of Stuttgart).
Quasicylindrical membranes(bubbles) are produced over the
top of the inner electrode of a plasma focus device(P03SIDOK V=60 kV,W=280kJ).The membrane-liner is implodedi after
the PP current 3heet strikes it» The current sheet is propagated in a Tig atmosphere outside the bubble ,whereas the
inside is filled with D2»Both the shape and the thickness
of the bubble can be controlled. Typical operating pressures are in the range of 1f4 mbars»The theory of the Dplasma compression and confinement is compared with experimental results(optical streak and framing photos,probe
traces,n+X emission).Extrapolation to an ICP reactor is
made.It is concluded that several technical advances would
be necessary ,particularly in efficient switching and energy storage.
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INSTABILITY OF ACCELEHATED SPHERICAL SHELL FOR 1NERTIAL CONFINEMENT
FUSION
J. SANZ and A. ESTEVEZ. Escuela Tecniea Superior de Ingenieros Aeronauticos. Universidad Politecnica de Madrid. 28040 Madrid - SPAIN -.
A'e study the instability of a large aspect ratio ra/Q spherical shell
accelerated by an external ambient pressure. We use an expansion in
spherical harmonics Y i i m ( 9, & ). The time growth rate of instability
may be different from the classical value \fTg/ra for 1 modes such as
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MUON CATALYZED TRIGGERED IGNITION OF DT TARGETS
G. Cripps and A.A. Harms, McMaster University, Hamilton, Ontario, Canada.
B. Goel, Kernforschungzentrum Karlsruhe, Karlsruhe, Germany
The concept of igniting a deuterium-tritium compressed ICF pellet or
High Density Z pinch fiber by simultaneous muon injected nuclear catalysis
is investigated.
Calculations indicate large energy gains with moderate compression
driver powers and initial muon inventories.
Processes of particular
importance to the initiation of a hot fusion burn initiated by fidt include
muon injection current, temperature
and
density
reaction effects,
compression driver dynamics, and process time scales.
While the general features of this approach look promising, the
implementation of this scheme is dependent upon further developments of
the muon catalyzed fusion processes at high temperature and density and
the availability of a large source of low energy muons.
A unique
alternative means of triggering ignition appears possible.
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THEORETICAL

ISSUES IN MUON CATALYZED FUSION

Lali Chatterjee
Physics Department,
Jadavpur University,
Calcutta - 700 0 3 2 ,
INDIA.

Detailed theoretical study of muon catalyzed fusion has been carried
out over the last decade, the emphasis being on precision computation
of cross sections for the different competing channels.

To improve the utilization prospects of muon catalysed fusion, and
in view of the complex experimental scenario, it is important to reexamine the basic theoretical arsenal used for these computations.

Investigation of some fundamental theoretical issues involving
intrinsic sticking, the exit channels, the muon link and also the muon
Coulomb capture initiating the fusion cycle has been carried out and
will be reported.
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COHPARITIVE ASPECTS OF MUONIC AND AMUONIC COLD FUSION

Lali Chatterjee
Physics Department/ Jadavpur
Calcutta - 700 032,
INDIA

University/

Studies of col 1 isloY\aJL muonic and amuonic sub-barrier
fusion/ includinq sensitivity of the barrier penetration
to screening effects and turning points will be reported.

Comparitive issues dealing with the fundmental mechanism
of barrier crossinq
and the exit channel
dependence
for the two kinds of cold fusion will be discussed.
Theoretical
implications for amuonic cold fusion will
be probed.
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ANOMALOUS NEUTRON EMISSION STUDIED FAR UNDERGROUND IN
SEGMENTED NEUTRON COUNTERS
S.E. Jones, J.B. Czirr, S.F. Taylor, J.C. Wang, Physics
Dept., Brigham Young University, Provo UT 84602, USA; H.O.
Menlove, Mail Stop E-540, Los Alamos National Laboratory,
Los Alamos NM 87545, USA — Anomalous neutron emissions
from partially-deuterided Pd and Ti metals have been
previously reported.[1,2] As a check on these results, we
have repeated the experiments using segmented detectors in
deep underground environments.
The use of redundant
detectors in very low cosmic-ray environments has proven
effective in identifying and eliminating spurious effects.
Underground, we continue to observe both random neutron
emissions and bursts of neutrons appearing in < 128 jus,
with signals now seen in independent detectors. Efforts to
increase reproducibility of the effects by means of
controlled sample preparations along with temperature
variations and mechanical shocks will be discussed.
[1] S.E. Jones, E.P. Palmer, J.B. Czirr, D.L. Decker, G.L.
Jensen, J.M. Thome, S.F. Taylor, J. Rafelski, Nature, 338,
737 (April 1989) .
[2] H.O. Menlove, M.M. Fowler, E. Garcia, M.C. Miller, M.A.
Paciotti, R.R. Ryan, S.E. Jones, J. Fusion Energy, 9, 495
(1990).
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THE INVESTIGATION OP DEUTERIUM NUCLEI FUSION
AT GLOW DISCHARGE CATHODE
A.B.Karabut, Ya.R.Kucherov, I.B.Sawatimova
Scientific Industrial Association "Luteh", Podolsk, USSR
Neutron flux was registered at glow discharge in deuterium. Neutrons were registered with scintillation and -*He counters and also with neutron induced ^-activation of a silver
foil. (The effect is reproducible. The neutron flux value is not
reproducible and differs in various experiments from 10"* to 10'
neutrons per second per 1 cm of cathode area. Neutrons are registered for the cathodes made of palladium and some other hydride-forming materials* The maximum cathode temperature at wich
neutrons can be observed is 800K. The effeot stops with cathode
surface oxidation.
In some experiments excessive heat can be observed by calorimetry, this heat can be 20-50$ higher then eleotric input.
Neutron flux value Is in correlation with cathode heat release.
The characteristic time of excessive heat release is lO^g.
The neutron energy spectrum is measured. Two neutron
groups with energy (2,5 - 4,2)Mev and (14 -17)Mev characteristic for D(d»n)'7He and D(t,n)4Ho reactions can be observed.
One can suggest that theese reactions are caused by D(d,p)T
reaction products. The neutron energy shift from 2,45 to 4,2M«v
and from 14*1 to 17Mev can be explained by non-zero energy of
colliding particles. The absolute Intensity of (2,5-4,2)Mev
group of neutrons is only one order higher, thus allowing to
suggest "cold" type of fusion.
Neither neutrons nor the excessive heat could be seen in
the reference experiments with hydrogen.
Cathode samples study by electron microscopy show large
quantity of voides 10-100nm in diameter looated in the 1000am
region from the sample surface.
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IN GOLD FUSION |i" IS MEDIATOR PROTON IS CATALYZER
Fuad Turanciol .TEA Inc., P.O. Box 10221 College Station TX . 77840 USA
-Electrolysis is the junction point between particle physics and chemistry. At this
junction , protons are capable to absorb and store energy by increasing their
coulomb field . Later these protons may radiate this same increment of stared
energy as free energy (Gibbs function) when oxidation takes place . -In lattices of
palladium , when the conditions are right, Each proton having this same additional
increment of energy may contribute as Resonator in the creation and the gradual
maturing of a negative muon mass. Time required to generate a |L*

in a densely

populated lattice of palladium would be 1 7( 10)
seconds.
-Nucleons of fusing
nuclei are catalyzers . The Self energy of Protons is the major cause for the
squeezing of two fusing nuclei after negative muon is radiated out Protons increase
the kinetic energy of the radiated |i" in ftg.l. Prior to radiation, the central tunnel of
negative muon s field is shared between the nucleons of two neighboring nuclei .
When this radiation is completed . the lack of |L~ leaves an energy vacuum in the
coulomb field surrounding the protons of these two nuclei in fig. 2 and 3 After the
negative mucn is radiated . the resulting negative shock load of energy vacuum
is similar to that of water hammer phenomenon . It causes the squeezing of involved
nuclfions . -Lithium palladium alloy at the Surface of Cathode acquires its inherent
good anode capability , and it may work as One Way Check Valve for Deuterium
absorption. Because it allows the transfer of electrons from palladium to platinum
and the absorption of neutral deuterium from solution to palladium lattices.
-Inside a palladium lattice . excess triton is generated Because the fusion of two
deuteron in triplet state may create 3He While the fusion of one deuteron in
triplet state and one deuteron in singlet state or two deuteron in singlet state may
create a triton . In this case the ratio may be 1 3He/3 triton . But since the above
described positively charged lithium at the surface of palladium prevents the
leakage of the positively charged 3He from the lattice to solution, an eicess of less
positively charged triton leakage can be observed . -When liberated oxygen in
the solution reacts with lithium at the surface of palladium , this positively charged
lithium is removed from the surface . Hence the above described positive charge
SCREZN at the palladium surface is destroyed and the possibility of Cold Fusion
event observation is prevented .
-Since the formation of oxygen in solution is
not controlled , the resulting reaction of oxygen with lithium is sporadic , and the
observation of Cold Fusion is SPORADIC.
COLD FUSION IS CONFIRMED

(Related patents are applied for. DOE may interfer for security clearance )
(copyrights released to ICENES-91 for publication)
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ICF Research and New Ideas—Inertial Fusion Energy
E. Storm, W. J. Hogan, J. D. Lindl, and D. L. Correll, Lawrence Livermore
National Laboratory, P. O. Box 5508, L-481, Livermore, CA 94551, USA
The world must find sources of energy that are long-lasting and have
low environmental impact. Nuclear fusion is a promising option for providing a substantial portion of the world's electric power needs in the 2030 to
2050 timeframe. The objective of the U. S. Inertial Confinement Fusion (ICF)
program is the achievement of a significant fusion yield in the laboratory for
the purposes of defense and civilian energy applications. In planning for the
availability of commercial fusion energy by 2025, the U. S. Fusion Policy
Advisory Committee in its 1990 final report recommended that DOE establish
an Inertial Fusion Energy (IFE) program to pursue the potential energy application of ICF.
In order to develop IFE as a fusion power source, it will be necessary to
demonstrate four specific milestones:
1) Capsule ignition and propagating burn.
2) High fusion gain at low driver energy for a reactor driver.
3) Driver/reactor pulse rates of a few Hz.
4) Long-term reliability, safety, and economics of a reactor.
The 1990 final reports of both the National Academy of Sciences and the
Fusion Policy Advisory Committee have recommended that "the expeditious
demonstration of ignition and gain should be the highest priority of the ICF
program." The U.S. ICF Program is proposing to accomplish, by the turn of
the century, milestone one in a 1 to 2 megajoule upgrade of the existing Nova
laser at LLNL. To keep development time and costs to a minimum, the remaining three milestones could be accomplished with an Engineering Test
Facility (ETF) that has the possibility of being upgraded to address milestone
three after initially achieving milestone two, and then finally being upgraded
to a full Demonstration Power Plant (DPP) for achieving milestone four.
This paper will discuss new ideas and advances within the ICF community, both in the U.S. and abroad, associated with existing and required
technology for achieving the above milestones for inertial fusion energy
(IFE). Among the topics to be discussed will be the status of heavy-ion driver
development, the advances in laser-diode pumped, solid-state laser drivers,
and LLNL's plan to use the Nova laser to complete a set of experiments designed to experimentally verify that ignition and gain can be demonstrated
with 1 to 2 MJ, and the options such target performance can provide in
demonstrating IFE capability.

•Work performed under the auspices of the U.S. Department of Energy Lawrence Livermore National
Laboratory under Contract W-7405-Eng-48.

2A-2

INERTIALLY CONFINED FUSION IGNITION IN THERMAL
EQUILIBRIUM WITH RADIATION
Soiling A. Colgate and Albert O. Petschek* Los Alamos National Laboratory, Los Alamos
NM, 87545, USA - Inertial fusion can be initiated with a pusher that is either transparent
or opaque to radiation. In general heavy metal pushers will be opaque and lead to ignition
near thermal equilibrium. The advantages of ignition using a high density pusher is that
sou ler velocities can be used to retch ignition condition*. For heavy-ion driven fusion,
this may be an advantage because of the reduced acceleration of the pusher required so that
the driving energy may be delivered over a longer time. This depends upon the mass of the
pusher and hence the energy that must be delivered to it in order to initiate fusion. An
idealized capsule configuration for inertial fusion consists of an inner sphere of hot DT
surrounded by a spherical shell of cold dense material which supplies die inertia to contain
the fuel during bum. The kinetic energy, primarily in the pusher at an intermediate radius,
is largely transformed, in pressure equilibrium, to internal energy of fuel and pusher at
minimum radius. We find that minimization of total energy results, surprisingly, in about
80% of the final energy being in the pusher, and 20% in the fuel. Pushers made of dense
materials require much less total energy than those made of less dense materials, e.g., a
gold pusher requires 1/60 the energy of an aluminum one, because the specific internal
energy at die same pressure is much less. The total energy is also a very strong function of
die initial pusher velocity. Hie total energy is proportional to the fuel mass, which is
determined primarily by requiring mat the loss of niel energy by conduction be less than the
fuel energy. The energy of the charged reaction products is contained in the fuel and a
heated inner layer of die pusher. Radiation equilibrium occurs rapidly compared to die
implosion time regardless of impurities because of bremsstrahhing and we high fuel
density. Although the energy content of die radiation is small, thermal conduction out of die
fuel is important. In low atomic weight pushers, this energy penalty is a factor of 12 in
addition to the already prohibitive cost of a softer equation of state. For gold, die
conduction loss determines die final thickness. When conduction losses into the pusher are
limited to a near optimum of half die fuel energy, die required fuel tiiickness becomes 0.3
g/cm 2 for an ideal pusher velocity of 10 cm/us. At die internal energy of die gold
corresponding to this initial kinetic energy, the picssure will be close to 10 s Mb at
turnaround, and at an ignition temperature of 2.5 keV, die fuel density is 50 g/cm3. The
minimum tiiickness of die fuel of 0.3 g/cm2 results in a fuel radius at ignition of 0.006 cm.
Thus the mass of fuel is 45 jig, and its energy is 0.014 MJ. Our minimization procedure
for total energy then predicts that the total energy including mat in die pusher, but not
including any blowoff, will be five times this or 0.07 MJ. This must be doubled to 0.14
MJ to account for conduction losses and will be strongly affected by instabilities.
'Consultant, permanent address: Dept. of Physics, NMIMT, Socorro, NM
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Prospects for A Practical and Economic
Tokamak Power Plant and the
Role of TIER
Robot W. Conn. Alex Glass*, Fanokh Najmabadi
Institute of Plasma and Fusion Research
University of California, Los Angeles
Los Angele*. CA 90024
* L&wTcnce Ltvemnre National Labonoory
Uvermore,CA 94550

Controlled fusion energy is a long term, non-fossil energy source. Fuiion has
..... - J
, | n t ] i u ^ consequences of severe accidents are predicted to be very
low, there is little energy stored in the fuel at any given time, and the radioactivity generated
in a fusion plant can be controlled by appropriately choosing the material* of construction.
Tokamak physics has moved forward in many experiments worldwide during the past
decade. In parallel, tokamak fusion power plants have been studied as part of the
Advanced Reactor Innovation and Evaluation Study, or the ARIES project Hue study of a
lOOOMWe plant using deuterium and tritium as the fuel, explored many physics,
technology, economic and safety issues. It found that such a plant can have ft high degree
of safety assurance, andrecommendsthe use of silicon carbide composite maioiais be used
for the fusion power core, and helium is the coolant The system would have a low level
of induced radioactivadon, permitting a passively safe design. Radioactive waste would
meet the U.S. regulatory requirements for shallow land bunal. Hie tokamak is found to
optimize at high value of magnetic field (20T at the coil), modest current (10MA), and
moderately high torus aspect ratio (A-4.5).
power (
International'
phase of that plan. ITER is based on the tokamak and will be built by an intemadonal
partnership between the European Community, Japan, the United Stales, and die Soviet
Union. An initial conceptual design phase for the HER device suggests that it would be
about the same physical size as a full power plant reactor, but have alower magnetic field,

fusion power reactor concept, and the role and design of the ITER tokamak will be
described.

*Work performed under the auspices of the U.S. Department of Energy Lawrence Livermore National
Laboratory under Contract W-7405-Eng-48.
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RECENT INERTIAL FUSION RESEARCH at OSAKA
(lilectron Degenerated Dense Plasma)
C. Yamanaka
Institute for Laser Technology
Institute of Laser Engineering
Osaka University 2-6, Yamadaoka Suita Osaka 565, Japan
Recent inertial fusion experiments using the GEKKO XII laser (10kJ, Q.5\im,
2ns) with DT doped plastic shell targets have demonstrated the final fuel areal
density pR of 0.1 g/cm , the fuel density p of 600 times liquid density*) (LD) and the
fuel temperature Ti of 0.3 keV. These data are very close to the thermonuclear ignition
condition: p=500~1000 x LD, pR > 0.3g/cm2. The condition for T jgnitor > 5keV
should be pursued.
The laser irradiation uniformity for these experiments was significantly improved
to a level of 3% rms by introducing randam phase beams to result in a uniform
compression. The target uniformity was also precisely controlled to a level of 1~2%.
The fuel pR was directly measured by the neutron activation of Si which was
doped in the plastic shell targets. The density was estimated from the measured pR value
considering the mass conservation, where the ablated mass was measured by the time
resolved X-ray emission of multi layer shell targets.
In such a high dense plasma, the Fermi degenerated3) state of electrons has been
estimated by the elongation of the triton path in a dense plasma. By the secondary
reaction method of the DD plasma, anomalons increase of the fusion yield endorses the
degenerated plasma.
As for the ignitor scheme, the LHART target 2 ) had already got the high neutron
yield 10 13 . The combination of these functions will give us a hope to the high gain
target.
The experiments on the cryogenic hollow shell targets are now developing.
Cannonball3) targets have also been investigated to clarify the uniform driving pressure
on the pellets. Fundamental processes such as X-ray conversion from laser, energy
confinement in a cavity and X-ray driven bumthrough of a shell have been thoroughly
examined.
The inertial fusion energy research has made a great progress to the ignition
regime. These situation will be reviewed at the conference.
References
1)C. Yamanaka, Emerging Nuclear Energy Systems, P.125, (1989) World
Scientific, Singapole.
2)C. Yamanaka and S. Nakai, Nature, 3J9,756 (1986)
3)Y. Setsuhara, et al, Physical Society, Japan, Autumn Meeting, 3aT3 (1990)
4)H. Shiraga, et al, ibid, 3aT5, 6, 7.
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Beam Smoothing Techniques and Their Implication
on ICF and X-ray Laser Target Performance

Deng Ximing

High Power Laser and Physics Joint Laboratory,
Shanghai Institute of Optics and Fine Mechanics, Academia Sinica
P. O. Box 800-211, Shanghai 201800, P. R. China

Abstract

The glass laser facility with output power of 10 1 2 Watts and 1 ns pulse
width has been completed in China, its perfcrmance is discribed.

The lens

array was used in the focusing lens system of this laser facility and an uniform
irradiation on the focal spot of 400-600 >im in diameter was obtained and
the experiment of Hugoniot measurement on copper to 0.8 TP a by laser driven
shock wave experiment was done.

In the recent two years, a cylindrical lens

array techniques has been developed for X-ray lasing experiment, and the
Ne-like Ge 3p-3s transition X-ray lasing with gain 3.39 cm" * and the v-?.!ue
of GL = 14 was measured.
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INERTIAL CONFINEMENT FUSION USING THE COMPACT TORUS
ACCELERATOR*
C. W. Hartman, J. L. Eddleman, J. H. Hammer, B. G. Logan, H. S. McLean,
R. W. Moir, and A. W. Molvik , Lawrence Livermore National Laboratory,
Livermore, CA, USA~The Compact Torus Accelerator (CTA), under development at
Lawrence Livermore National Laboratory, offers the promise of a low-cost, highefficiency, high-energy, high-power-density driver for ICF and MICF (Magnetically
Insulated ICF) type fusion systems. A CTA with 100 MJ driver capacitor bank energy
is predicted to deliver -30 MJ CT kinetic energy to a 1 cm2 target in several
nanoseconds for a power density of - l O ^ w/cm2. The estimated cost of delivered
energy is ~3$/Joule. We discuss indirect-drive ICF with a DT fusion energy gain
Q = 70 for a total yield of 2 GJ. A reactor system for CT injection, target emplacement,
containment, energy recovery, and breeding will be described. The CTA naturally
lends itself as a driver for MICF where an energetic (-50 MJ) CT is injected into a
containment sphere generating shock heating which initiates a magnetically
insulated DT burn with refueling for Q ^ 100 and a fusion yield of 5 GJ. The
containment sphere, which is chosen to be several 14 MeV neutron mfp's thick, is
vaporized and heated by fusion neutrons and expands into the main reactor
containment chamber to form the working gas for direct electrical energy recovery
through an MHD generator cycle. Application of the MICF system to spaceship
propulsion will also be discussed.
*Work performed under the auspices of the U.S. Department of Energy by Lawrence
Livermore National Laboratory under Contract W-7405-ENG-48.
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" Magnetic Confinement Fusion Research end
Fusion-Fission Hybrid Project in China*
ABSTRACT
L J. Qiu
Institute of Plasma Physics,Academia Sinica,
P.O.Box 26, Hefei, Anhui, PRC
China is a large developing conuntry where energy problem seriously
exists, at the same time, the buget is not good , so fusion research is
very limited and no support from industry. How can we make some real
worthy contribution to the world wide fusion? It is a big problem faced to
the fusion scientists of China.
Firstly:
Sqch argument has Chinese fusion scientists much emphasize the
deepgolng studies of the physical natures of high temperature plasma
which aVe valuable for realizing controlled nuclear fusion, on their small
or middli size devices. For examples:
(!) HT-6B in IPPAS, Dr. Xie, Or. Chen and their group very carefully
studied hovXthe L = 2/n =1 and L= 3/n =1 helical field suppress different
MHO modes. \his is a new picture of MHO fluctuation compared with
tearing mode theory.
(2) IPPAS ha$ been interested in studing the plasma behavior under
high power densityXlCRF Heating (2-5 MW/M5)
(3) Stabilities of ^xi symmetric mirror-confined plasma were studies
in several respects: Thk stabilities of hot electron plasma were studied
theoretically and experimentally. It is found that the low frequency drift
wave and interchange modk driven by cold plasma can ben stabilized by
hot electron component. The Keorotical studies of instabilities of hot ion
plasma is being carried out. Some details will be given in this talk.
Secondly.
From the point of view of developing countries, as China, Controlled
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Themo Fusion is on energy's sours that too for away for surmounting the
shortage of energy. This is why China only can give very limited support
for fusion research as some basic science and technology. Due to the
problems of transportation, air pollution ond green house effect, the
energy consumption could not be met by cool alone in the middle of next
century. Hundreds giga-watt nuclear power will be necessary to replenish
the billion tons cool. The fission fuel of such big nuclear power could not
totally rely on uranium ore ond perhaps, should be mainly produced by fast
neutron breeders ond Fusion-Fission Hybrid Reactor. In 1986, a Hybrid
Reactor Program was put into the National High-Tech Program as one part
of the advanced Nuclear Energy. Since then, the Chinese Fusion Research
has no longer been aimless, and has had a special grant which makes
coordination of the effort of different part o1 fusion community possible.
Hybrid reactor, is mainly for producing the fission fuel. It is not
necessary to consider the energy balance, it could be burning plasma or
sub-breaken kept by external heating power. Except the tritium
technology blanket could be developed from the existing technologgies of
fission reactor Of course, the world wide Fusion Research also could be a
very strong support to China. Such consideration makes the possible for
us to develop Hybrid Reactor even only very few countries consider it.
Some detail in this program will be given in the paper.
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Nuclear Rocketry Review
Richard J. Bohl, Franklin P. Durham, «nd William L. Kirk
Abstract

A review of die nuclear rocket programs in the USA will be given. An introduction
will include a description of die interest and start of nuclear thermal propulsion programs in
the 1950s and die ides that Lawrence Livermore and Los Alamos National Laboratories
played.
The contributions of Los Alamos National Laboratory to the Rover Program and
Aerojet General and Westinghouse Astronuclear Division to the Nuclear Engine for Rocket
Vehicle Application (NERVA) will be reviewed Design and materials options that may
offer improvements in nuclear rocket performance will be discussed. In line with the theme
of the Sixth International Conference on Emerging Nuclear Energy Systems, suggestions
will be made and challenges offered to the attendees to provide high-performance low-cost
nuclear thermal propulsion (NTP) systems that satisfy rigorous environmental, safety, and
health standards with particular emphasis on development and testing on Earth and what is
new in NTP related to the Space Exploration Initiative.
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THE RATIONALE/BENEFITS OF NUCLEAR THERMAL ROCKET PROPULSION FOR NASA'S
LUNAR SPACE TRANSPORTATION SYSTEM
S. K. borowski, NASA Lewis Research Center, Cleveland, OH 44135, USA-The Space Exploration Initiative outlined by President Bush in July 1989
caJls for a return to the Moon "to stay" early in the next century
followed by a journey to Mars using systems "space-tested" in the lunar
environment. Realizing a permanent outpost on the Moon will require the
development of an efficient lunar space transportation system (LTS) for
moving humans and substantial quantities of cargo in cislunar space.
With its medium-to-high specific impulse potential (" 850-1000 s) and
prospects for a high engine thrust-to-weight (~ 4-20), solid core
nuclear thermal rocket (NTR) technology is ideally suited to performing
both piloted and cargo lunar missions. Studies conducted at the NASA
Lewis Research Center indicate that an NTR-based LTS could transport a
fully-fueled, cargo-laden, lunar landing vehicle to the Moon, and return
it to low Earth orbit (LEO) after mission completion, for less iritiai
mass in LEO than an aerobraked chemical system of the type studied by
NASA during its "90-Day Study." The "ail propulsive" NTR-powered LTS
would also be fully reusable and would have a "return payioad" mass
fraction of ~ 22 percent—twice that of the partially reusable,
aerobraked chemical system. The proposed paper will examine several
"near-term" NTR technology options—one derived from the graphitemoderated reactor concept developed by NASA and the AEC under the
Rover/NERVA (Nuclear Engine for Rocket Vehicle Applications) programs,
and a second concept, the Particle Bed Reactor (PBR), which would employ
direct cooling of discrete spherical fuel microspheres in an effort to
improve core power density and engine thrust-to-weight. The paper will
also identify attractive engine operating conditions, mission scenarios,
and vehicle design options, and will discuss important operational
issues (e.g., reusability, refueling, "end-of-iife" disposal) associated
with using this important propulsion technology.
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THE NUCLEAR-POWERED, ELECTRODYNAMIC PLASMA ACCELERATOR AS A
ROCKET ENGINE FOR INTERPLANETARY SPACECRAFT
I. K. Konkasbaev, V. V. Sidnev, Yu. V. Skvortsov, and V. E. Cherkovets, Troitsk
Branch of the Kurchatov Institute of Atomic Energy, Moscow, USSR—A central
problem for interplanetary space travel is the choice of engine and energy system to
provide high exhaust gas exit velocity (30 km/sec). In this paper we discuss
electrodynamic plasma accelerators, both pulsed and steady-state, as rocket engines.
The engines are powered by a nuclear reactor and the resulting space-ship
requirements and systems are discussed. It is concluded that the mass of the energy
supply system is comparable to the space-ship mass and therefore acceptable. The
performance of electrodynamic accelerators is determined from a large base of
experimental data obtained as part of the development of such accelerators for
magnetic fusion applications.
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A SPACE NUCLEAR POWER SYSTEM
WITH CASCADED THERMIONIC CONVERTERS
Gary 0. Fitzpatrlck
Daniel T. Allen
Advanced Energy Technology, Inc.
P. 0. Box 327
La Jolla CA 92038
(619) 455-4310
Abstract
Described Is an improved space nuclear power system based upon
designs In which the nuclear reactor core radiates heat from Its
periphery t surrounding thermionic converters, where the generatatlon
of electricity occurs [1,2]. In this concept "conventional" thermionic converters are replaced with cascaded thermionic converters
providing higher conversion efficiency. Heat from the reactor source
is transferred by radiation to the evaporator ends of an array of heat
pipes located radially between the core and its neutron reflector.
Heat is then transported to the cascade converters mounted on the
condenser ends of the heat pipes and located on the opposite side of
the reactor system nuclear radiation shield. Reject heat is removed
from the cold side of the converter cascade by thermal radiation to
space.
The thermionic converter cascade is made of two stages. The top
stages are barium-cesium converters, and the bottom stages consist of
SAVTEC [33 close-spaced cesium converters.
Experimental results have been reported for barium-cesium converters
operated in Germany [4] and the USSR [5J. These results are notable
in that useful power output power densities at good efficiency are
demonstrated for high collector temperatures. For emitter temperatures in the range of 1800 to 2000 K, output of 6 W/sq cm at near,J5%
lead efficiency can be calculated for approximately 1300 K collector
temperature. The average work function is approximately 2.2 eV.
The SAVTEC converter has been shown to give a lead efficiency of
approximately 12% at an emitter temperature of 1300 K and a collector
temperature of 850 K 16]. Collector »orK function averages 1.7 eV.
The cascade of these two thermionic converters yields a combined
lead efficiency of 25%. The use of SAVTEC converters having "transparent" collectors as the bottom stage provies an overall sfficiency
of conversion of 30% [71.
This cascaded converter concept has potential beneficial application
in addition to space nuclear power, such as for space and terrestrial
solar power conversion, for topping cycles to commercial nuclear and
fossil-fired power generation and for industrial cogeneration
applicat ions.
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PARTICLE AND ENERGY CHAINING IN NUCLEAR REACTIONS
K.F. Schoepf, Institute for Theoretical Physics, University of Innsbruck,
Technikerstrasse 25, A-6020 Innsbruck, AUSTRIA
A.A. Harms, Department of Engineering Physics, McMaster University, Hamilton,
Ontario, L8S 4M1 CANADA
Chains of nuclear reactions are of fundamental significance to our physical
world. The rates at which nuclear transformations occur, determine the evolvement of particular forms of matter and of energy. Our intent here is to examine
nuclear chain dynamics at a generalized level and to relate them to processes of
current scientific and technological interest.
With nuclear reactions taking place, production and depletion of the several
particles involved as well as the associated reaction energy releases and loss processes may appear such that multiplication regarding a specific species and/or of.
the energy content in the reaction domain is observed. To account for such multiplicative feedback characteristics, which are the basis for a chain propagation, we
introduce the concept of feedback factors, multiplication factors and chain reactivities into a modified point kinetics description model. Analysing the chain
dynamics in a homogeneous finite medium consisting of s different particle species
involved in nuclear reactions and progeny processes, we formulate a set of 2s
coupled nonlinear first-order differential rate equations for the interacting particle
populations, N;, and their associated mean kinetic energies per particle, Ej
(i = l,...,s). Upon defining specific chain parameters, some of which are familiar
from fission reactor kinetics but here will generally exhibit dependencies on Nj,E;,
the dynamics description of arbitrary nuclear reaction chains can be cast into a
comprehensible convenient form. However, it still embodies the principal nonlinear feature which may immoderately complicate a general solution for complex
chains. Fortunately, many nuclear reaction cycles of interest allow for extremely
simplifying assumptions which can reduce the 2s kinetic equations to a manageable set of only a few coupled differential equations even permitting analytical solutions in some particular cases.
To demonstrate our descriptive model we present analytical and numerical
solutions of selected low-order reductions conceivable in nuclear fusion and
fission chains. We emphasize the evolutionary facet of chains by examining
attracting and repelling equilibrium points in the phase-space of the state
variables N1,...,Ns;E1,...,Es. Thus, new interrelations among several physical parameters and appropriate operational regimes could be identified. Feedback is
found to dominantly determine the organization of nuclear particle populations.
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NUCLEAR DATA VERIFICATIONS OF MULTIPLUING MATERIALS IN
INTEGRAL EXPERIMENTS WITH 14 MeV-NEUTRON SOURCE
V.A. Zagryadskii, D.V. Markovskij, V.M. Novikov,
D.Yu. Chuvilin, G.E. Shatalov.
I.V. Kurchatov Institute of Atomic Energy, Moscow, USSR
The results of the measurements carried out at Kurchatov
IAE of £ptal neutron leakages and TOF leakage neutron spectra
from
U, Th, Pb and Be spherical shells with various
breeder layer thicknesses were compared with corresponding
calculated results obtained from the BLANK code with the use
of evaluated nuclear data from ENDL-75 and ENDF/B-IV
libraries.
The total neutron leakages were measured with a 'boron
tank' method. Measurements of the neutron leakage spectra
were carried out by the time-of-flight technique.
Considering the results of calculations and experiments
as a whole one can conclude:
- the calculation with ENDE/B-IV data gives better
description of the shape of neutron spectrum for uranium, but
the total multiplication for the uranium assembly is
reproduced more accurately by the calculation with ENDL-75;
- the calculation underestimates the neutron multiplication in the Th assembly because of inaccurate reproduction
with both constant libraries of the secondary neutron
spectrum;
- the total multiplication in lead is described better
by the calculation with ENDF/B-IV data but is in both cases
lower then in experiment by ~ 5 %;
- the discrepancy between the experimental and calculated with ENDF/B-IV data spectra for the Be assemblies does
not lead to a significant difference in neutron multiplication. The larger multiplication of neutrons for Be in
calculations with ENDL-75 data
is explained
by the
overestimation of the neutron flux in the range over the
Be(n,2n) reaction threshold.
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STABLE ISOTOPES
CENTRIFUGAL SEPARATION.
A. Tichomirov, Kurchatov Institute of Atomic Energy,
Kurchatov square, Moscow, 123182, USSR. The start of
centrifugal enrichment of stable isotopes was promoted in
the Soviet Union by the development of separation technology
and increasing of necessity in such isotopes. "The area of
isotopic concentrations" is suggested and categories of
quality of enriched isotopes are introduced in the report.
Specific arrangment of centz-ifugal cascades and regimes of
their exploitation on different chemical substences are
noted.
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COMPACT FUSION ADVANCED RANKINE POWER CYCLE H (CFAR II)*
Grant Logan, Lawrence Livermore National Laboratory, P.O. 5511, L-640,
Livermore, CA 94550, USA—Previous joint US-Japan studies1-2 of plasmaMHD conversion have considered superheating slightly ionized metal vapor
plasmas to = 3000°K with the aid of fusion neutron and synchrotron radiations.
This work considers an entirely new regime (called CFAR II) for compact, low
cost MHD conversion of higher pressure fe 100 atm) and temperature fe
10,000°K) metal vapor plasmas that might be created by some means of direct
fusion energy coupling to a suitable Ranking cycle fluid (e.g., ICF or MICF
vaporizing and ionizing a target metal "cannonball", or a D-3He Tokamak edge
plasma radiating into dense metal vapor plasma). This study investigates the
generic performance of CFAR II MHD conversion of optically-thick, singlyionized plasma, and the equivalent balance-of-plant (BOP) costs (i.e., MHD
conversion costs apart from the reactor, driver, target fab and fuel cycle costs),
and the dependence of those on fusion power, yield, MHD plasma pressure
and temperature. A reference case is discussed with stagnation T = 13,300°K,
P = 200 atm, creating a Mach 4 supersonic plasma jet with 2 GW enthalpy flow,
slowed down in a 5m-long, B = 1 T, constant voltage (Vg = 3 kV) singleelectrode-pair Faraday generator producing 1 GWe (50% conversion
efficiency). MHD-BOP costs are estimated to be 40 M$ («$ 1 mill/kwehr
contribution).
*Work performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under contract No. W-7405-ENG-48.
1
B.G. Logan, et al, "Reactor Applications of the Compact Fusion Advanced Rankine (CFAR)
Cycle for a D-T Tokamak Fusion Reactor", Lawrence Livermore National Laboratory UCRL97379, March 1988; presented at the International Symposium on Fusion Nuclear Technology
(ISFNT), April 10-19,1988, Tokyo, Japan.
2

K. Yoshikawa, B.G. Logan, et al., "Physics Aspects of Compact Fusion Advanced Rankine
(CFAR) Cycle for Improving the Economic Aspects of a D-T Tokamak Fusion Reactor", in
Proceedings of the Twelfth International Conference on Plasma Physics and Controlled Nuclear
Fusion Research, IAEA, October 12-19,1988, Nice, France, Vol. 3, (1989).
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Water Piston Engine Driven by a Nuclear Explosive
Joseph S. Pettibone

A conceptual design of an internal combustion; piston engine powered by nuclear
explosions will be described. This engine will pump water to give stored hydraulic energy
which can be used for hydro-electric generation of electricity. The economics will be
calculated. A crude estimate is that this system will generate electric power for about half
the cost of power from a conventionaJ. coal powered plant, provided the size of the plant is
large enough.
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Nuclear Driven Piston Engine
P. Alleso. T. Chow. R. Tonriit. .1. Heidrich. .1. Pettihone. R. Streit
We are studying a variety of embodiments of a nuclear driven internal combustion piston
engine. The energy source will be a pulsed gaseous fission reactor driven critical by
compression by the piston. We will attempt to calculate the size, weight and power and
estimate the cost of some of these embodiments.
In addition, we will discuss applications such as electric power generation, ship propulsion
and electrical pulsed power generation.
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NUCliEAR DRIVEN MAGNETOHYDRQDYNAMICS (MHD)
C. Stine, R. Marshall, D. Cott, Idaho National Engineering
Laboratory, Idaho Falls, ID 83415, USA—The Idaho National
Engineering Laboratory has been developing MHD technology for
commercial use since the mid 70's. An adaptation of this
technology to pulse power systems driven by a nuclear event was
first proposed by E. P. Velikhov (CCCP). Further investigation
into nuclear driven MHD systems has continued for several years,
at the INEL, Preliminary analysis of facility, process, and
capabilities have been conducted. The summary of these efforts
to define a preliminary configuration for an experimental
facility to investigate phenomenon requiring GigaWatts will be
presented.
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LOW ENERGY ANTIMATTER: A UNIQUE ENERGY-PACKAGING
PHENOMENON FOR KOVEL APPLICATIONS*
L.John Perkins, Lawrence Uvermore National Laboratory, PO Box 551 (L-644),
Livermore, CA 94550 -- Antimatter provides the the highest stored energy per
unit mass (~180MJ/u.g) of any known entity. This unique "energy-packaging"
property promises a number of near-term, important applications1. However,
before any of these potential applications can be realized or even explored, a
sound initial research program must be established in the basic physics and
technology of transporting and manipulating antimatter (initially antiprotons) at
local laboratory sites. In this paper we will discuss the prospects for portable,
superconducting magnetic antiproton storage systems capable of transporting
up to 10*12 antiprotons (p) from a central synchrotron production site to a local
laboratory site. We will examine experiments that could be performed with such
a source of low energy antiprotons to elucidate basic physics properties of pmatter interactions including: slowing down and annihilation cross sections,
energy transfer to residual nuclei, capture probability and characteristic x-ray
spectra from antiprotonic atoms, and anti-hydrogen production. Finally, we will
assess the potential applications of low energy antimatter, including: • "Tabletop" atomic and particle physics experiments driven by a low energy p source,
including: tests of CP,T and CPT invariance; production of quark-gluon
plasmas; hadron spectroscopy - production of individual gluon states; meson
spectroscopy -production of rare exotic meson states; precision tests of CPT for
quantum electrodynamics of anti-hydrogen atoms; measurement of the
gravitational mass of the antiproton and/or anti-hydrogen atom. • Biomedical
and material density imaging via external 3-D detection of the penetrating
annihilation products; resolution of this technique would be limited only by
statistics and reconstructed vertex errors and, relative to conventional CAT
procedures, offers the advantages of lower absorbed dose (factor of 10-100).
• 3-D molecular and elemental imaging; characteristic x-rays produced as the
antiproton cascades to inner levels of the antiprotonic atom prior to annihilation,
are uniquely characteristic of the stopping element and provide external
signatures for 3-D element and molecular mapping for concentrations as small
as 1 appm. • Material processing including carving of complex 3-D pathways
in matter, 3-D lithography, annealing of defects, blunting microcrack
propagation, and in-situ welding in three dimensions. • Advanced space
propulsion for a variety of Av missions.
* Work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore
National Laboratory under contract no. W-7405-ENG-48
1. L.J.Perkins and S.W.Haney, The Physics and Technology of Low Energy Antimatter:
Prospects for Research and Development in Production, Manipulation, Transport, Storage, and
Applications, UCRL-ID-103765, Lawrence Livermore National Laboratory (1991)
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Direct Nuclear Energy Conversion Cycles Using Excimer Fluorescence—Mark A. Prelas and Jay F. Kunze, Nuclear Engineering Program,
University of Missouri, Columbia, MO 65211— Rather than using the energetic charged particles from nuclear reactions for heating, it is possible to
use these particles to directly produce excirrier fluorescence. The energy
emitted by excimer fluorescence as compared to the energy deposited in the
excimer substrate can be significant (< 50%). Photons can be used in numerous photochemical processes, can be used for the production of electricity
with photovoltaic cells, and can be used to drive large laser systems. We will
discuss the interface of this type of energy conversion cycle with advanced
nuclear reactor concepts and fusion reactor concepts.
In addition, some experimental results will be discussed. Though not completed, these experiments address the question of excimer production efficiency. Methods of correcting for radiation damage to optical components
and for Cerenkov mdiation will be discussed. Calibrated data on the optical
emission of gases excited by nuclear reaction products will be presented.
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Production of Tunable Coherent Gamma Ray from Accelerated
Positronium in an Undulater.
Birosbi Takahashi
Brookhaven National Laboratory, Upton, New York, 11973.
Racent developments in creating a high-density, high-quality electron
beam for a free electron laser and for a linear electron positron collider
open up the possibility of producing a tunable, high-intensity gamma ray
with energy of hj>fftab=(a/2)2(l+j3)7moC2 and hi»ajlab=(l+/3)7moC2-. Such gamma
rays would be produced by the formation and the annihilation of
positronium, causing coalescence of relativistic electron and positron
beams with the same velocity.
The high-current, small-emittance electron beam which has been
planneri for the accelerator test facility at BNL has 400 A current, a 10
psec beam pulse, and 0.2-0.3 eV transverse temperature. The electron beam,
of 240 im radius, which is created by a photo cathode rf gun, will be
focused to 1 ^ radius before it is injected into the wiggler to create a
coherent, free-electron laser with 1 A wave length. If we can provide a
positron beam with a same quality as the electron beam, a high density
10+2&/cm3 electron and positron beam can be created in the region of
coalescence.
However, the cross section of positronium formation, which is 10"22cm2
at. one atomic unit energy, is too small to make positronium in a
reasonable length of coalescence region. To form positronium within a
length of 1 cm, its formation must be enhanced by a factor of (102-103)y
by injecting a motiorate intensity, low-frequency laser witv an energy of
hj»i=(a/2)2moC2/(l+/?)/'y in an antiparallel direction, or by providing the
wiggler with period of \,=C/i>i. These enhancement will facilitate the
generation of high density positronium in the order of 10+20/cm3 in the
positronium rest frame. By providing the wiggler field instead of
injecting a low-frequency laser, the beam will be bunched by the
ponderomotive force of the combined field of the wiggler magnetic field
and the radiation field, and positronium formation can be enhanced by
irradiation from the free electron laser created.
The high-density positronium can make an axial superf luence condition
for coherent, gamma-ray laser operation, avoiding radial superfluence
radiation and creating a coherent, highly collimated gamma ray with energy
of Ec= O.51(l+/3)yMeV by ar amplified spontaneous emission process.
By changing the period of the wiggler or the counter-injected laser
frequency, the energy of the low frequency -y-rays generated by the cascade
process that forms positronium can be changed.
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A SUGGESTION ON HYBRID REACTOR WITH THE COMBINATION OP FAST FISSION AND
FISSION-SUPPRESSED NODES
Li Shounan,Institute of Atomic Energy,Beijing,China.
Previously, many studies have been carried out on both fast fission and
fission-suppressed hybrid reactors. But in all these studies blanket designs
were considered either in fast fission or in fission-suppressed only,though
in some of them fission converters(or neutron multipliers) were used.
If we take the combination of fast fission blanket and fission-suppressed
blanket together to take their advantages and to avoid their sain disadvantages,i.e.first,to use sufficiently the hard spectrum of 14 Hev fusion
neutrons to maximize the neutron Multiplication as well as adequate energy
Multiplication(M)in the fast fission zone,and to maximize the specific fuel
production(Kg/Mwth)in the fission-suppressed zone,we may design hybrid
reactors of high figure of aerit(both R=14M +200F/(l-c)and F/M)with relatively low plasaa performances and low first wall loading.
For above purpose,I suggest a kind of blanket design of hybrid reactor with
following Bain considerationst
1) Select the first wall aaterial as heavy and as thin as possible with
acceptable nuclear mechanical properties.
2) A fast fission zone immediately follows the firsrt wall.Pebble fuel of
U Z 3 B alloys with higher U density may be used.The atoaic density of U * and
thickness of this zone may be optimized to get aaxiaua neutron multiplication,
adequate N and net fuel breeding ratio F, and lower heavy aetal inventory*
3) After the fast fission zone,two alternative ways aay be consicered. One
way, a Be 9 aetal zone may be used between the fast fission zone and
fission-suppressed breeding zone, to multiplu neutron by (n,2n)reaction and
to soften the energy spectrum of neutrons leaking out the Be * layer mainly
under the U * (or Th 2 3 2 )fission threshold. Another way, a fission-suppressed
breeding zone immediately follows the fast fission zone.
4) In the fission-suppressed breeding
zone,U* /Be(or Th *32 /Be)pebbles(Be9 pebble with U 8 (or T h M * )snapped-ring)
can be selected as the breeder material. A pebble batch bed is accepted to
keep the content of produced Pu 9 (or U3 )<1% for minimizing the burnup of
produced Pu 9 (or U 3 ) . Optimizing the fuel breeding ratio by varying the
u/Be (or Th/Be).
5) All of the zones in the blanket are He cooling.
For preliminary neutronics estimation,one-dimensional discrete ordinate
transport and burnup calculation code BIS0N1.5 was used.From this preliminary
study it seems that the concept of hybrid blanket combined with fast fission
zone and fission suppressed zone is worth to be further investigated.
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TO HOLE OF FUSION BREHERS IN THE lKVELCRBIT OP NUCLEAR EJB«Y IN CHINA
Li Shounan, Institute of Atomic Biergy,Beijing,China.
According to the available nuclear resources in China,the optimization of
energy systems with combinations of FVR and three advanced reactors: HT9t,FflR
and fusion breeder (HR),in the development of nuclear enercy in China las
investieated.
First,the characteristics and peculiarities of these advanced reactors and
their interrelations were analysed. Then, 12 kinds of reactor types were
selected and 19 nuclear reactor combination systeas were evaluated in
calculating their maximum nuclear enercy supply available under the condition
of uranium resources in China.
Following the analysis and calcualtions, several conclutions and suggestions
have been made.
1. From U resources condition, the energy shortage in China before 2050 can be
made up by developing nuclear energy.
2. Development of breeder reactors should be pit on the first priority in the
development of nuclear energy in China in the 21th century before pure fusion
energy could be applied practically.
3. There are three strategic choices for developing breeders in China:
1st,to concentrate all available efforts to develop HR.This not only can
make up the energy shortage in China before fusion energy can be used, but
also is an important step to jump to the pure fusion reactor. This may be a
shortcut say for China situation.
2nt!,ts develop energy systems with the combination of fission breeder and
fusion breeder. This is the fastest way to develop nuclear energyand can reach
the largest scale of nuclear energy development before 2050,and also is the
most economical use of U resources. But it will disperse effort and will almost
double the budget with developing FBR and IK simultaneously.
3rd,to develop FBR only. It can notmake up the energy shortage in China
before 2050 and is of no help for developing fusion energy in the future.
In China, the developing of FBR and HI are both in the initial stage, we could
be considerate to choose a more resonable and suitable way for China.
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ON THE REQUIREMENTS
FUSION BREEDER

FOR NUCLEAR

DESIGN

OF A

COMPETITIVE

Stefan TACZANOWSKI and Piotr GRONEK
Institute of Physics and Nuclear Techniques,
University of Mining and Metallurgy, 30 059 Cracow,

Poland

The purpose of the present parametric study is to discuss
and examine the requirements regarding basic characteristics
of fusion-fission hybrids in view of their competitiveness.
The first step in these studies was the selection of an
appropriate objective function. The gross income of fusion
hybrid, directly and solely depending on the sold products,
has been chosen as the figure of merit. Next, one had to
find its links with the most important system parameters,
which were to be further examined. The dependence of the
gross income on the fusion energy gain Q was checkad first.
Having in mind that certain, prerequisites are Mutually
contradictory /as e.g. the need of high conversion ratio C ,
requiring a hard neutron spectrum and — simultaneously — of
high neutron multiplication, that is achievable with Be that
- unfortunately - reduces C by softening the spectrum/ the
trade-offs between the mostrimportant system parameters have
also been investigated. These were: plasma energy gain,
conversion ratio, neutron multiplication, fast fission rate,
fissile fuel price, initial enrichment of the fertile
material etc. The trade-offs are presented in the form of
isosurfaces viewed in the three-dimensional phase space. For
comparison, a no fissile breeding case, i.e. the pur* fusion
option has been considered.
On the basis of performed calculations several conclusions
can be drawn. It seems thus e.g. that the values 2 . 5 — 3 of
plasima Q should be sufficient. Such relaxation of the
requirements concerning the efficiency of fusion itself in
fission suppressed hybrids deserves a notice. Simultaneously
it has baen found that the pure fusion reactor can hardly be
economic in the foreseeable future. The increase in the
price of fissile fuel has proved an effective substitute of
the conversion ratio. Nevertheless, the advantage of high
C , thus of fission suppressed hybrids has been confirmed.
Summarizing - the performed study has permitted us for
better understanding of mutual connections between the
system parameters and of certain conditions
for
the
realization of a competitive fusion reactor.
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EVALUATION OF THE MAIN TECHNICAL DATA OF A COLl) FUSION-FISSION (HYBRID}
REACTOR CONCEPT
'_
Siimer §ahin, Gazi Oniversitesi, Teknik Egitim Fakiiltesi, Besevler,
Ankara, TURKEY—Based on the possibility of (1)SD) or (D,T) fusion at
room

temperature

in

a

liuavy

metal

(p;il ladiuiii)

matrix,

Llio

main

technical data of a cold fusion-fission (hybrid) reactor design concept
has been evaluated. In the presented cold fusion-fission (hybrid)
reactor design, the core is composed of a number of uniform fuel
lattices in hexagonal arrangmont. The cold fusion neutrons are produced
in the palladium cathode (10 mm diameter), coated (M).l nun) on a
cladding made of SS-316, containing metallic natural uranium or
thorium. The electrolysis cell (EC) is set up with D,.O or DJ.) and D'i'O
for a (D.D)-driven or for a (D.T)driven hybrid reactor concept,
respectively. A 0.1 molar soluation of LiOH is added to make a better
electrolyte. The anode is made of platinum or gold, coated (10-20 mm)
on S5J-31O. Tlic EC is imbedded in a Li.,0 maLiix with u sintui ing density
of 80%. The SS-316 cladding provides mechanical stability to the
lattice.Lithium matrix is used for tritium production and keeps the
reactor assembly far below the critical excursion point. The reactor
core is cubic-cylindrical with height=200 cm. The axial reflectors are
made of 50 cm thick graphite for neutron economy. The radial reflector
has a sandwich structure made of nl t er"nat in;', T.i O and !;r;»p''i te layers
to reduce the radial neutron leakage more effectively than in case of a
graphite reflector, only. This design is not restrained by critical
considerations. Hence, the reactor dimensions can vary from very low
values for compact reactors to very hiyh values for different
applications. The fusion neutrons, produced in the Palladium coating
can lead to significant fission events in naturaJ Uranium or Thorium to
amplify the ovoral energy production in addition to a substanl ial
fissile fuel breeding. The main difference of this cold fusion driven
hybrid reactor concept from the current fusion reactor design concepts
is the availability of a volumetric fusion neutron source in the power
conversion medium (core) itself. Whereas, in the ongoing reactor
concepts, the fusion neutrons are produced in a fusion chamber and
enter into the power conversion medium (blanket) as a surface flux. The
neutron spectrun, and consequently the fission power density are nearly
constant in the reactor core so that the reactor performance becomes
almost independent on the reactor size. With natural Uranium fuel the
energy multiplications (M)
in the i'D,T) or (0,0) driven rone tors is
about
3.3 and 7.0, respectively. The (DfT) reactor mode is
self-sufficient in respect to tritium breeding ratio (TBR=1.2). On the
other hand, with metalic thorium fuel, fl and T1SR become 1.6 and 1.09,
respectively.
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PEBBLE BED BLANKET CONCEPT FOR FUSION REACTOR
Cao Dangxing>Eng.Physics Dept.>Tsinghua University*
P.O.Box 1000S4>Beijing>China
A n e f f i c i e n t a n d s a f e b l a n k e t c o n c e p t is g i v e n ; i n
w h i c h t h e p e r i o d i c a l l y r e c i r c u I a t i v e cI a d d e d b a l l s a r e
used f a r tritium p r o d u c t i a n * i t will b e p r o d u c e d inside
b l a n k e t , a n d r e c o v e r i e d o n I i n e in t h e e q u i p m e n t o u t s i d e
blanket at different temperatures.
I f cI a d d e d ( d e p l e t e d ) u r a n i u m b a l l s a r e u s e d a s a
neutron multiplication medium>when coolant pressure (or
flow) r e d u c e s t o t h evalue p r e d i c a t e d f o r s a f e t y ) all
b a l l s a u t o m a t i c a l l y drop into p a s s i v e c o a l i n g t a n k s t o
k e e p w h o l e s y s t e m in a s a f e c o n d i t i o n . T h e s y s t e m
p e r f o r m a n c e in d i f f e r e n t s i t u a t i o n s i s g i v e n .
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HYBRID REACTOR PERFORMANCES TO OPTIMIZE THE
NUCLEAR FISSION FUEL CYCLE
M. Piera.J.MMartinez-Val, JM. Perlado
Institute of Nuclear Fusion. Poly technical University of Madrid
J. Gutierrez Abascal, 2.28006 Madrid (SPAIN)
Hybrid reactors can be considered as subcritical systems driven by
external neutron sources. Potential sources are DT fusion reactions (initiated
via different mechanims as Magnetic Confinement or Inertial Confinement),
spallation reactions and stripping reactions. All those sources need an energy
input, which must be compared to the energy output.
The performance of the hybrid can be designed in order to satisfy
different objectives: power production, fertile-to-fissile breeding, tritium
production and actinide burning. Each objective can be characterized by a
fundamental variable as, for instance, the energy multiplication factor in the
hybrid blanket in the case of seeking power production. It is possible to identify
the upper limits of those fundamental variables by analyzing the hybrid
neutronics in a point-reactor model based on lumped parameters'1*, namely
v = mean number of secondary neutrons per multiplicative reaction, q=mean
number of secondary neutrons per absorption in the fuel, x = the probability of
a neutron to be absorbed in the fuel, 8 = the probability of an absorption in the
fuel to be a fertile capture. Taking into account the general shape and values of
the relevant cross sections, suitable design windows can be identified for each
objective. For instance, if fertile to fissile breeding is sought to be maximized,
the best result is obtained for x = 1 , 8 = 1, which leads to the concept of fissionsuppressed hybrids. If the support ratio is defined as the LWR power fed from
the fuel discharge of a hybrid of unit power, it is found that the maximum
value of the support ratio is about 12, but it goes down drastically as 8
decreases. In order to maintain 8 as high as possible, the thorium cycle present
very appealling features.
As far as energy production is concerned, the energy multiplication in the
blanket depends mainly on k/(l-k) which means that the effective
multiplication constant k must be as high as permitted by nuclear safety
reasons. The safety assessment must take into account potential changes in
geometry and composition which can lead to supercritical states.
Examples of design windows for different hybrid objectives are given in
this paper.
(1).-

M. Piera, J.M. Martinez-Val, Kerntechnik 50,197 (1987).
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CONCEPTION OP COMBINED ICP POWER PLANT WITH FISSION
REACTOR-LASER DRIVER
P.P.Djachenko, A.V.Zrodnikov, V.N.Kononov, V.Ja.Pupko,
Institute of Physics and Power Engineering, Obninsk, USSR,
V.V.Korobkin, A.M.Prohorov, Institute of General Physics,
Moscow, USSR— The paper is devoted to the concept of
combined thermonuclear plant with a reactor-laser driver
for industrial electric energy production, which is based
on the inertial plasma confinement* The plant is referred
to at combined due to the fact in its functional diagram
and design the elements of nuclear and thermonuclear
systems are combined. As far as its economy is concerned,
it is based on nuclear and thermonuclear fuel cycles. The
concept proposed is shown to be realistic from the point
of view of its practical realization and vital in terms of
the increase of nuclear power efficiency and ecological
safety.
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ADVANCED LIQUID METAL REACTOR (ALMR)
DES ALINIZATION/ELECTRIC PLANT
C. Boardman, J. Quinn, M. Thompson, GE ADVANCE NUCLEAR
TECHNOLOGY, Via Del Oro/P.O. Box 530954, San Jose, CA 95153-5354:
and C. R. Snyder Bechtel Corporation, P.O. Box 193965, San
Francisco, CA, 94119-3965
The Advanced Liquid Metal Reactor (ALMR) is an advanced sodium
cooled nuclear reactor design that features passive safety
characteristics and modular construction in a standardized NRC
certified plant.
The ALMR design is based on an innovative modular
concept initiated and developed by GE in the early 1980's, with
subsequent design effort conducted under a U.S. Department of
Energy (DOE) program begun at GE in 1984.
This paper summarizes the design and performance characteristics of
a dual purpose electric/desalinization plant concept using the ALMR
as the heat source.
The innovative design incorporates many
positive features of the ALMR including passive shutdown, shutdown
heat removal, and containment cooling systems. The cogeneration
plant including a state of the art reverse osmosis desalinating plant
as well as the product ratios and product costs (electricity/water)
achievable with present technology are described.
The environmental impact of the facility in terms of the plant
discharges and in terms of fossil and nuclear fuel-conservation, and
the impact on resource management strategies are discussed.
In
addition, the features which are expected to improve the public's
perception of nuclear facilities located nearer populated areas are
discussed including operational simplicity, seismic isolation, inherent
safety features, and a certified standardized factory fabricated plant
are described.
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NUCLEAR DESALTING - A NEW PERSPECTIVE
S. Golan, Bechtel, 50 Beale St., San Francisco, CA 94105-1895, USA; R. Schleicher,
General Atomics, 10955 John J. Hopkins Dr., San Diego, CA 92121, USA; G.
Snyder, Metropolitan Water District of Southern California, 1111 Sunset Blvd.,
Los Angeles, CA 90054, USA. — The Metropolitan Water District (MWD) of
Southern California has the obligation of meeting the water needs for fourteen
million people of Southern California. MWD continues to actively pursue new
sources of fresh water, in part because unfortunately the reliability of the existing
resources have begun to erode. One attractive potential source of water has
always been the ocean. In partnership with the U.S. Department of Energy,
MWD commissioned a study to see if coupling an advanced nuclear heat source
with electric power and water production could be economically beneficial to both
under Southern California conditions. This paper will summarize the results of
this study. The concept employs a Modular High Temperature Gas-Cooled
Reactor (MHTGR) and a Low Temperature Horizontal Tube Multi-Effect (LTHTME) distillation process. A plant consisting of four 350 MWt modules produces
a net 466 MWe and 100 million gallons per day of fresh water.
The helium-cooled MHTGR offers unique operating capabilities which make it
particularly well-suited for cogenoration (power plus process heat) applications.
The MHTGR's unique all-ceramic fuel is capable, along with its solid graphite
moderator, of withstanding very high temperatures without losing its integrity.
This, coupled with its modest thermal rating per reactor module, allows it to
withstand extreme accident conditions, including complete loss of cooling while
relying solely on passive safety features. This exceptional safety characteristic,
coupled with its ability to deliver high temperature modern steam conditions,
could perhaps make the MHTGR a good candidate for use near large population
centers for the coproduction of both power and water.
The proposed plant utilizes a superheated (2,400 psia/l,000*F) steam cycle with
an 11 inch Hg backpressure turbine. Condenser reject heat is the source of thermal
energy for the desalination system, which consists of eight trains of sixteen effects.
Economic performance is enhanced because part of this energy would otherwise
be rejected to the environment in a single-purpose electric power plant.
Based on private financing for the power generation portions and public
financing for the water production portions, a plant, placed in operation by the
turn of the century, would be capable of producing water at about $0.50 per cubic
meter and electricity at about $0.05 per kilowatt-hour, both in terms of 1988 price

levels.
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A NEW CONCEPT FOR ACCELERATOR-DRIVEN TRANSMUTATION OF
NUCLEAR WASTE (ATW)
E. D. Arthur, Los Alamos National Laboratory, Los Alamos, NM 87545, USA--A
new concept for transmutation of high-level nuclear wastes and energy
production presently under investigation is described. This concept uses a highcurrent, 1600 MeV accelerator to produce intense thermal neutron fluxes over
large interaction volumes. With such a system, we have identified a new
operating regime that provides several significant advantages over more
conventional transmutation
concepts. In a high thermal neutron flux, we found
that actinides such as 237 Np burn via a two-step process that has very high cross
sections and which is a net producer of neutrons. The ATW system is therefore
an effective burner of both the fission products and higher actinides that are of
most concern in nuclear waste. This high flux, large cross section feature also
has led to identification of a unique dilute concentration operating regime. Under
ATW operating conditions, material loadings around 0.1% by volume lead to
transmutation rates comparable to systems that require loadings of greater than
50% by volume. This translates into a performance equal to that of corTrentional
systems requiring inventories of up to 10,000 kilograms. In contrast, comparable
ATW inventories are less than 100 kg. Because of high burnup rates and dilute
material concentrations, material to be transmuted would flow through the ATW
blanket region. A variety of carrier media -- aqueous, slurries, molten salts -can
be explored as options. These features lead to advanced methods for chemistry
processing that employ novel aqueous technologies or fluoride-based methods in
designs where a molten salt carrier such as LiF/BeF2 might be used.
The initial application of such a system could be in the transmutation of
high-level defense wastes stored at several Department of Energy sites, An
estimated twenty metric tons of long-lived fission products (mainly technetium99)
and higher actinides reside in large volumes of material at such sites. Of
particular interest is an ATW application at Hanford. This would require
transmutation of approximately three metric tons of long-lived fission products
and higher actinide waste. For a thirty year operation period, a 1600 MeV, 50 mA
accelerator requiring 200 MW of electric power would be required. The
components of such a transmutation system represent rather straightforward
extrapolation of present technologies in accelerator, spallation target, heavy water
blanket, and aqueous chemistry process loops. After suitable R&D, followed by an
integrated technical demonstration, we believe a production plant facility could be
operational in less than fifteen years.
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TARGET-BLANKET CONCEPTUAL DESIGN FOR LOS ALAMOS
ACCELERATOR TRANSMUTATION OF NUCLEAR WASTE (ATW)
CONCEPT
J. Ireland, M. Cappiello, and W. Rider, Los Alamos National Laboratory, Los Alamos,

NM 87545 — The Los Alamos Accelerator Transmutation of Nuclear
Waste Concept involves the use of intense neutron fluxes (10*5 to 10*6
n/cm 2 s) generated by a high energy proton beam incident on a spoliation
target. The initial application of the concept will be the high-level defense
wastes stored at Hanford. The intense neutron flux generated is moderated
in a heavy water blanket region. Because of the intense thermal neutron
flux, fission products such as " T c and 129 I are efficiently transmuted along
with higher actinides, if so desired. The isotopes are transported through a
continuous circulating system using very dilute mixtures. The dilute system
reduces safety concerns because of small system inventories and a highly
subcritical blanket. Heavy water slurries or solutions are used as the
transport carrier. The system heat loads are relatively low, which allows
for simple heat-exchange loops operating at relatively low pressures.
The initial spallation target design uses a flowing liquid lead-bismuth system.
The target is vertical with the liquid lead bismuth flowing out of a nozzle into
an open channel region. The heat from the proton beam that is deposited in
the lead-bismuth target is removed via conventional liquid-metal heat
exchange equipment
The paper will discuss reference target/blanket designs and parameter
tradeoffs for the Los Alamos accelerator transmutation of waste concept,
and will address the major technical and R&D issues identified for such a
system.
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MONTE CARLO SIMULATIONS OF DESIGNS FOR ACCELERATOR WASTE-TRANSMUTATION AND ENERGY-GENERATION
SYSTEMS
H. Grady Hughes and Lars N. Engel, Los Alamos National Laboratory, Los Alamos,
NAT 875-15, USA — The Los Alamos Accelerator Transmutation of Waste (ATW)
program is directed toward the dual goals of alleviating the problems associated with
existing high-level radioaci ive defense wastes, and of developing systems for the generation of fission energy with minimal production of high-level, long-lived nuclear
wastes. In the Los Alamos ATW concept, a high-current, high-energy proton accelerator creates an intense flux of neutrons through spallation in heavy metal targets.
The high neutron flux levels available in such systems allow the rapid burning of
nuclides with small cross sections, the design of systems with dilute inventories, and
the operation of systems far from criticality.
Our principal tool for ATW simulations is the LAHET Code System (LCS),1 a
package of Monte Carlo computer programs for calculating the transport and interactions of protons, neutrons, pions, muons, and photons. Using LCS, we predict
in detail the performance of spallation targets. For systems relevant to ATW, we
have calculated the spectrum and spatial distribution of neutrons created by the
proton beam, the transport of these neutrons, the yield of initial reaction products
generated by high-energy particles, spatial distributions of energy deposition during
particle transport, and fission and transmutation rates in the regions around the
targets. These results are the source for subsequent calculations of time-dependent
transmutation and decay histories, for discrete ordinates parameter studies, and for
fluid flow and thermal hydraulics calculations.
Here we report on the use of LCS for complete simulations of hypothetical power
generators in which the system simultaneously produces power from fission, and
eliminates fission product waste through transmutation.
1. Richard E. Prael and Henry Lichtenstein, "User Guide to LCS: The LAHET
Code System," Los Alamos National Laboratory, report LA-UR-89-3014
(September 1989), and references therein.
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ACCELERATOR TECHNOLOGY FOR LOS ALAMOS NUCLEAR-WASTE
TRANSMUTATION AND ENERGY-PRODUCTION CONCEPTS

G. Lawrence, R. Jameson, and S. Schriber, Los Alamos National Laboratory, Los Alamos, NM 87545, USA — Los Alamos concepts for accelerator
transmutation of nuclear waste (ATW) and for fission-energy production
with a minimal waste stream are based on the use of high power proton
beams that can generate intense fluxes of thermal neutrons (10 15 to > 10 16
n/cm2-s) through spallation on high-Z targets. The nominal energy for the
linear accelerator driver is 1.6 GeV. Average-current requirements are 55
mA for a transmuter capable of burning the fission products in the defense
waste inventory within 30 years. For a 1000 MWth energy producing plant,
the average current would be about 30 mA.
A recent study of accelerator production of tritium developed
a credible
1
point design for a 250-mA,
1.6-GeV
cw
proton
linac.
A
detailed
formal
review of this proposal2 in 1989-90 concluded that a machine of this class,
representing the upper bound of ATW and energy-production needs, can be
built with today's technology. This has been made possible through major
enabling advances in the technology of high current linear accelerators
that have been stimulated in part by the demanding performance requirements of the SDI Neutral Particle Beam program.
The paper will discuss reference designs and parameter trade-offs for
linear accelerator concepts that meet ATW and energy production requirements, and will address the major technical and economic issues for such
machines.
1. G. P. Lawrence, "High-Power Linear Accelerators for Tritium Production and Transmutation of Nuclear Waste," Proc. 1 1 * International
Conf. on Application of Accelerators in Research and Industry,
Denton, TX, November 5-8, 1990; Los Alamos Report LA-UR-90-3315.
2. "Accelerator Production of Tritium, a Presentation to the Energy
Research Advisory Board," October 25, 1989, Los Alamos Report
LA-UR-90-3651.
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Fast Breeder Assisted by Proton Accelerator
Hiroshi Takahaehi
Brookbaven National Laboratory, Upton, New York, 11973
A study was made of the last breeder assisted by the groton
accelerator(FBPA). Although fissile material is required as the initial
inventory in an FBPA, the metal fueled can produces 6 times more fissile
material than the accelerator breeder, which suppresses the fission
reaction.
The metal-fueled fast reactor has smaller changes in reactivity
during one fuel cycle and at start up (-1$, and-l$) than the oxide-fuel
reactor (-8$, and - 3 $ ) . A H* beam linear accelerator of 250 mA 1.6 GeV can
provide the neutrons for about thirty 1.1 GWe fast subcritical(-3$)
reactors ( without the control rods) by splitting the beam with a small
gas jet or a laser field. Instead of using a V-shaped target assembly,
which, in the case of accelerator breeder is irradiated by a widely spread
250 mA proton beam, a small current beam, in the order of 8-9 mA, is
vertically injected into the U-238 target assembly (10 cm diam) cooled by
Na, which replaces the center assembly of the regular fast reactor.
Due to small subcriticality, the power distribution is more or less
flat. Subcritical conditions provide a safeguard to operate the reactor
without causing a sharp increase of power, even though the Na void
coefficient is positive; also, the choice of materials can be more
flexible to achieve a high breeding gain and high specific heat, so
shortening the doubling time.
When the U-238 target material in the target region is replaced by
Na, the neutron yield from proton injection is reduced to about one
quarter of the U-238 target; therefore, to get the same power, a current
four times higher is required. Because of the large changes in reactivity
at start-up time, to run the oxide fuel in a fast subcritical reactor, a
larger beam current is needed even though reactivity changes during the
fuel cycle can be compenaat3d for by the control rod.
Addition of actinide Np-237 to the fuel reduces the change in
reactivity during one fuel cycle. This scheme reduces number of control
rods, which compensate for the change in reactivity, and further, the
proton beam current for running this breeder can be reduced.
Operation of the reactor in the subcritical condition makes
the
power change smaller even with the positive Na void coefficient, and the
power can be controlled in very short time (in order of 10 micro second)
by the electronically operated proton beam change.
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A Concept of Actinide Transmutation with Intense Proton Accelerator
H.Takada, I.Kanno, T.Takizuka, M.Akabori, T.Nishida and Y.Kaneko
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki 319-11, JAPAN
An incineration system based on nuclear transmutation
technology is proposed as one of candidates for disposal of long-lived
actinide nuclides. We are studying a hybrid type system which
consists of a proton accelerator with 1.5 GeV in energy and a
subcritical reactor. In the subcritical reactor, the actinide nuclides are
transmuted with fast fission induced by spallation neutrons. In order
to make neutron spectrum hard, metal alloy fuel and liquid sodium
coolant are employed in the core.
In a preliminary calculation, the dimensions of the subcritical
core is 112 cm in diameter and 260 cm in length. The core has a
beam entrance hole of 36 cm in diameter and 50 cm in length and
are covered with reflector of 20 cm in thickness. Tungsten pins were
loaded just behind the beam entrance hole. The metal alloy fuel were
loaded to make the effective multiplication factor about 0.90.
Neutronics and thermal hydraulic calculations were carried out
under the condition that the maximum temperatures of the metal
alloy fuel and the HT-9 clad are 900°C and 650°C, respectively.
Performances were studied for the subcritical cores with and without
tungsten pins.
The calculated results showed that the core with tungsten pins
had better performance than the one without tungsten pins because
of the suppression of power peaking. In the core with tungsten pins,
the burnup weight of actinide was about 200kg per year with the
beam current of 23 mA. Resultant thermal power was 690MWt so
that the core could supply enough electricity for the operation of the
proton accelerator. The radiation damege were also estimeted for the
beam window and the HT-9 clad.
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PROPOSAL FOR NOVEL ULTRA-HIGH-CURRENT ACCELERATOR FOR SPALLATION
NEUTRON SOURCES AND NUCLEAR WASTE MANAGEMENT. H. H. Fleischmann, Applied and
Engineering Physics, Cornell University, Ithaca, NY. 14833, USA - Recently, various new application*
far high-current ion (pnttons/deutcroiu) accelerators have been proposed, including spallation-based neutron
sources for materials investigations(l) and/or breeding of fissile fnels(2) and tritium (3) as well as the
conversion of nuclear wastes (4). Overall, these proposals envision emending the current capabilities of
"normal'' accelerators, eg. of the Alvarez-type, from the present level (about 1 mA) by about a factor 100
to reach the required output range of about .K5A and about 1 GeV, leading to designs of length in the
mile-range and costs in the G$ range. Here, we will present a systems-type analysis of the potential use (5)
of (he Ion Ring Compressor (IRC) concept, originally conceived for nuclear fusion application* (6), for (his
purpose. This concept envisions, first, the injection and trapping of intense pulsed ion beams in the 10-30
MeV, . 1 - 3 Asec range into a magnetic mirror field B=.5-l kG to form partly-self-confining ion rings with
radii of 5-10 ra, about equal to the Larmor radius of the injected ions in the applied external
Gcld.Subsequenily. these rings then will be compressed by continually raising the magnetic field to 20-50
kG while simultaneously moving the rings anally through a trombone-like structure (or similar) into the
final target chamber. In this final chamber, the ions rings then could be either directly moved in various
ways onto the desired target or might be "peeled" to generate a separate ion beam which then will be guided
onto the target During the described compression, the ion will be accelerated (about proportional to B) to
the desired energies, with the rings' field-rcvcisal factor 3B/B rising nearly to (but still below) field-reversal
strength: obviously, a repetition frequency of 1-3 per sec would be sufficient to generate the envisioned cw
currents. The electric space charge of the fast ions is folly compensated by a rather cold (T < 10-20 cV)
background plasms generated in a 10-100-mTorr background of hydrogen gas. First feasibility studies are
very positive: In particular, it appears thai the generation and trapping of the initial low-energy ion beam
probably could be accomplisbcdbest by using intense pulsed beam sources in the range of 10-20 MeV, 10100 kA, and 1-10 \isec, i.e. quite close to beam parameters already available at present: the required
development work will have to concentrate mainly on the iepelivencss of the electric pulser and ion diodes.
Similarly, most of the relevant basic ion ring physics is quite well developed and does not appear to contain
a "fatal flaw": the relevant equilibria and gross stability of rings have been tested on electron rings in an
extensive series of RECE-expcriments with very positive results that clearly are directly applicable also to
ion rings (7). First analyses of the panicle orbitals show potential problems with perturbation resonances
seen also in the RECE experiments, but it appears dial they may be avoided by proper field designs. Also, a
good theoretical treatment exists for Ion ring compression in a rising field indicating no serious problems
and providing bask; scaling laws; the main tasks in mis regard concerns the detail design of the trombonelike magnetic field structure with pulsed field coils. The main open physics question concerns the microstability of the streaming ions in the background plasma; however, good stabilization appears indicated in
the cold plasma and potential end-shorting along the open field lines. Finally and quite importantly, the
concept also apcars quite attractive with regard to overall cost and energy efficiency in view of its compact
overall design (only 50-100 in length, 10-20 m dia) and the inherent efficiency of magnetic compression.
(1) e.g. SNQ Project at Juelich, Germany; also renewed considerations, priv. com. T. Springer, Jan.1991
(2) P. Tamicliff, Mcctg. onAccel. Breeding. Broihaven, Jan. 18-19,1977, p.69; (3) ERAB Report, DOE
Wash., # DOE/S0074 (1990); (4) priv. com., R. Jameson, LANL Dec 1990; (5) H.H.Flci$chmann,
Trans. Am. Nuc. Soc. 23,24 (1976): (6) H. R Flcischnumn, Proc. Conf. on Electrostal and Electnxnagn.
Coftf. of Plasmas, NY Aead. Sci., Mar 4-7 1974; (7) Collections ot RECE publications, Cornell Report,
Oct. 1989.
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HIGH FLUX PARTICLE BED REACTOR SYSTEMS FOR RAPID TRANSMUTATION OF ACIINIDES AND LONG LIVED FISSION PRODUCTS
M. Todosow, H. Ludewig, H. Takahashi, J« Powell
Brookhaven National Laboratory, Upton, NY 11973, USA
Bunting/transmutation of actinidcs sod other long lived fission products
(LLFP) present in the LWR waste stream would have a significant benefit for the
waste disposal problem by reducing the ingestion taridty of the waste to below that
of uranium ore after less than "300 years. An initial assessment of an actinide/LLFP burner concept based on the Particle Bed Reactor (PBR) is described.
The base design is a core consisting of 72 Pu fuelled "driver1* and 42 actinide
loaded "target" PBR fuel elements in a low temperature DaO moderator. The
elements are Zircalloy pressure tubes containing "standard" BISO/TRISO type
HTGR fuel particles between two porous, cylindrical Zircalloy "frits". Direct cooling
of the particles by radial flow of pressurized helium gas through the fuel bed allows
high power densities ( - 5 Mw/1), and high flux levels (-1.0E16 n/em'-sec).
Detailed analyses to determine core criticality, and driver/target configuration
were performed with the MCNP Monte Carlo code, coupled with ORIGEN2 calculations to determine the isotopic inventories as a function of cyde lifetime.
Varying the mix of driver and target elements, their loadings, and the core configuration can modify the core characteristics to optimize transmutation performance. The base configuration, for example, was configured so as to yield an
~epithermal spectrum in the target elements, with a flux level close to that in the
drivers. In this configuration -50 % of the actmidesJn.Uie target elements are
burned in 20 days.
The PBR based actinide burner concept possesses a number of safety and
economic benefits relative to other reactor based transmutation approaches. These
include a low inventory of radionudides (~ 1% of that in a commercial LWR), high
integrity, coated fuel particles that can withstand extremely high temperatures, and
still retain virtually all fission products. This ensures large thermal margins under
normal operating conditic4U,^uid'minimizes the potential source term in postulated
accidents. In addition, the pressure tube design and the possibility of on-line
refueling offer further potential safety and economic advantages.
Research carried out under the auspices of the U.S. Department of Energy under
contract No. DE-ACO2-76CH00016.
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NEAR TERM RECYCLING OPTIONS USING FUSION GRADE PLASOTAS
Dr. Bernard J. Eastlund, Consultant, 6615 Chancellor Drive,
Spring, TX 77373 and William C. Gough, Consultant, 442
Knoll Drive, Los Altos, CA 94024.
Fusion grade plasmas offer a unique technological option
for the recycling of elements bound in difficult to
separate chemicals. Emphasis will be placed upon the impact
that technological progress during the last twenty years
has had on the potential for use of plasmas with parameters
in fusion reactor condition ranges for performing such
recycling tasks*
An example of such progress is the
experimental data that now exists on solids ablating in
fusion plasmas.
The industrial needs and potential applications for using a
fusion plasma as a driver for a recycling option at the
elemental level will be reviewed and contrasted with
traditional chemical level recycling techniques for wastes.
The fusion plasma option avoids many of the environmental
problems
inherent in traditional
chemical
recycling
techniques.
In addition, there exists the possibility for
the
separation of nuclear fission reactor wastes into
elements as a precursor for technologies that can decrease
half-lives by transmutation.
Suggested initial near term
concepts using available energy sources, fusion plasma
drivers, and separation technology will be outlined and
system plausibility discussed. Some global impacts and long
term implications will be briefly explored.
It will be
shown that fusion plasma technology has the potential for
significant environmental impact prior to the achievement
of its ability to generate power.
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PROBLEMS OF RISK PERCEPTION AND SOCIAL ACCEPTANCE OF
EMERGING NUCLEAR SYSTEMS

V. Novikov1, B. Wahlstrom2
1
2

1.V.Kurchatov Atomic Energy Institute, Moscow, USSR
International Institute for Applied Systems Analysis, Laxenburg, Austria

Abstract

Nuclear power seems to have emerged as an unacceptable technology in spite of its early
promises. The prevailing view among experts is however that the public concerns should
be possible to approach with technological and institutional solutions. Before this view
can be communicated to decision makers and the public it is necessary to learn the
lessons from the twenty years of debate in the Western countries. The controversy have
been turning around the issues of nuclear proliferation, waste management and the
possibilities for accidents. The debate has been identifying true dilemmas which have to
be addressed. Reasonable good predictors of public acceptance have been identified, the
importance of risk communication is now recognized and there is an agreement on that
decisions have to be made within normal political decision making processes.
The nuclear power programme in the Soviet Union has not been challenged with a
similar intensity as in the Western countries. This reason for this connected with
centralized decision making processes, but this situation has changed with "glasnost" and
the process of "perestrojka". The Chernobyl disaster also brought the dangers of nuclear
power very concretely to common people. The disaster made it necessary to make a
number of very difficult decisions, which now are affecting the industry both on a short
and a long term basis. Maintaining credibility of the societal institutions have in the
changing situation emerged as the major problem as the demand for electric energy still
is exDected to increase.
Nuclear power is still a viable energy option. Increasing concern for global warming is
actually giving nuclear power a second chance. In utilizing this second chance the
industry should also take due account of the arguments of the nuclear opposition. It is
now evident that the social costs of an accident are very large and that an accident
anywhere will influence the whole industry. International cooperation will be needed in
assuring that deficiencies in safety precautions are corrected. Coordinated approaches
of providing information to the public will also be needed. New safety concepts should
be integrated in the designs of a new generation of power plants. The paper will
conclude in giving some thoughts on how the problems of risk perception and social
acceptance of nuclear power should be approached.
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A WORLD MODEL TO ESTIMATE THE OCCUPATION FRACTION OF
ATOMIC ENERGY IN THE FUTURE ENERGY SUPPLY
Teruaki Ohnishi, Century Research Center Corp., Nakase 1-3-D17, Chiba-shi
261-01, Japan—A world model was developed to investigate the fractions held
by four types of energy form (coal, oil, gas, and electricity) in the future energy
supply in ten geopolitical regions of the world (USA, Canada and Western
Europe, Australia and New Zealand, USSR and Eastern Europe, China, South
East and South West Asia, Mid East Asia, Africa, Latin America, and Japan).
This model was produced also to make the estimation of the fractions of atomic
energy and new-type energy such as solar one in the electric energy supply in
each region. Geopolitical regions were assumed to interact with each other
through the import and export of fossil fuels and foods, and through financial
aids including technology transfer. Each region was also assumed to have an
interaction with the worldwide environment through the ejection of
greenhouse gases into the atmosphere and through the change of meteorology.
Within each region, modeled were the supply and demand structure of each
type of energy, three types of end users for energy consumption (domestic and
commercial, industrial, and transportation sectors), energy-related
technology development, change of energy mix with the selection and
transformation of energies towards the ones which release less greenhouse
gases, cost determination process for each type of energy, economic activity,
population growth, supply and demand of foods, woodland change with the
change of environmental condition, social change with time and so on. To
quantify the model, experimental relations derived from the worldwide
statistics, various relations appeared in econometrics, and logistic and
asymptotic curves were introduced. The values of constants and exponents in
those relations were determined with the use of the data bases of secular
statistics of social, economic, and resources variables up to the present. It has
become clear that this model can well reproduce the secular behavior of
various variables including the fraction of atomic and new-type energies in
the energy supply in the past, and that it is useful to investigate the global
future trend of these variables in each geopolitical region. Some examples of
the estimation of atomic energy occupation up to the year 2100 A.D. will be
shown under given scenarios of future world.
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STRATEGIES FOR FUEL CONSERVING IN NUCLEAR ENERGY
M.

PAVELESCU

Institute of Nuclear Power Reactors, Bucharest, Romania.

Abstract. The paper makes an analysis of the nuclear power systems f
fuel point of view. The systems are constituted from thermal and
fast fission nuclear reactors. The analysis is effected consistently with a new methodology and for a 60 years time horizon. The objective is the minimization of the cumulative consumption of Unat
for different energy demands dictated by variable T, _ which signifies the average time of power increasing in system. The optimum
points are given by the couple of control variables (T., j^ , ; ) which represents the implementation time and correspondingly the average time of power increasing of the fast reactor subsystem. In

ti.is context are studied the systems; 1) ruh + Ltoi-'uR and 2} Qi-di^-^ +
Lii-Fijit. In order to improve the fuel conserving are then introduced
in the tibove systems ne.. subsystems as Ptrii(iviOA) and CdiJi)U(Pu/U).
Finaly are put into evidence strategies for fuel conserving in
nuclear energy which may represent interest for decision makers of
the nuclear programs.
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THE ECONOMIC EVALUATION OF EMERGING NUCLEAR ENERGY SYSTEMS*
K. A. Williams, Oak Ridge National Laboratory, P.O. Box 2009, Oak Ridge,
TN 37831-8057, USA--For many years engineering economists at Oak Ridge
National Laboratory (ORNL) and its sister uranium enrichment plant (Oak
Ridge Gaseous Diffusion Plant) in Oak Ridge have been engaged in the
economic assessment of various emerging nuclear energy systems and
processes.
Among the technologies considered are laser and plasma
isotope separation, gas centrifuge, chemical exchange isotope separation,
High Temperature Gas-Cooled Reactors (HTGR) , Liquid Mstal Reactors (LMR),
advanced Light Water Reactors (LWR), Heavy Water Reactors (HWR),
accelerators for nuclear materials production, and magnetic confinement
fusion.
Nearly all of this work has been performed for technology
offices within the U.S. Department of Energy including the Offices of
Uranium Enrichment, Nuclear Energy, Energy Research, Defense Programs,
and New Production Reactors.
Many of these systems are in the early phases of the research,
development, design, and deployment life cycle and/or represent pioneer
or first-of-a-kind projects; hence, the uncertainties associated with
capital and life cycle costs are often considerable. The type of cost
estimate prepared for a given system also depends heavily on the system's
development/deployment status, and the cost projections prepared prior
to the decision to construct a facility or system often do not
incorporate all of the relevant uncertainties.
The purpose of this paper is to survey the types of cost estimates
typically prepared for selected nuclear systems at various stages of
project development and to describe cost engineering methodologies which
may be used to produce more meaningful and realistic estimates. Examples
utilizing the above technologies are used to illustrate these methods.
Among the techniques considered are probabilistic cost-risk analysis,
parametric cost models coupled to system/process performance and design
models, and cost growth models based on historical experience with
pioneer technologies.
In addition to the above survey, the author
discusses pitfalls and problems associated with early cost projections.
A major premise is the fact that the standard "estimator's contingency"
usually does not cover the myriad economic risks inherent to emerging
energy-related or nuclear systems.
*Work done at Oak Ridge National Laboratory, managed by Martin Marietta
Energy Systems, Inc. for the U.S. Department of Energy under contract No.
DE-AC05-84OR21400.
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PROGRESS REPORT ON THE "LOTUS" FUSION BLANKET EXPERIMENTAL
PROGRAM
S.Azam, P.-A.Haldi, O.P.Joneja, C.Sahraoui, M.Schaer,J.-P.Schneeberger
and K.Subbarao
Institut de Genie Atomique (IGA), Ecole Polytechnique Federate de
Lausanne (EPFL), Ecublens CH-1015 Lausanne, Switzerland
The progress made in the "LOTUS" fusion blanket program since the
last 5th ICENES conference held at Karlsruhe, F R Germany in July
1989 is reviewed. Several laboratories all over the world have
adopted liquid scintillation technique for TBR measurements, an
attempt is therefore made to have an international intercomparison
of the methods employed at eight different laboratories. 14 MeV
neutron facilities, FNS at JAERI in Japan and LOTUS at EPFL in
Switzerland were used for this purpose. Results obtained from the
first experimental run are reported. Extensive activation
measurements were carried out to determine neutron distribution
around the Hafely Generator. Important parameters such as, the
total neutron yield and the neutrons incident on any plane held
infront of the generator are derived from the experimental neutron
distributions. Neutron streaming studies for two different
heterogenous blanket modules were done. Also, tailoring of source
neutron spectra is attempted by using boron carbide and cadmium
sheets in front of the generator.
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A SMALL FUSION REACTOR BASED ON THE DENSE Z-PINCH
A.E. Robson, Plasma Physics Division, Naval Research Laboratory, Washington, DC
20375, USA - - The linear z-pinch was one of the first ideas considered for controlled
fusion, but was abandoned because of seemingly intractable instabilities, predicted by
ideal MHD theory and observed in early experiments. Recently, dense '-pinches
formed from frozen deuterium fibers and driven by high-voltage pulse generators have
shown remarkable stability while the current is rising1. Also, recent theoretical work2
has shown that incorporating resistivity and viscosity into MHD models leads to regions
of stability that are not predicted by ideal MHD. This has prompted a reexamination of
the simple linear z-pinch as a possible fusion power source. A 2ero-dimensional model
of a pinch driven by a capacitor is presented here that assumes (a) that the pinch is
stable only during the current rise and (b) that the eventual instability is the m=0
(sausage) mode. It is shown that a single current pulse rising to 4 MA in about a
microsecond can release about 7 MJ of fusion energy from a DT fiber, some of which
may be recovered directly as electrical energy in the capacitor as the pinch expands as a
result of heating by trapped alpha-particles. With an efficient external circuit, this
energy can be made to balance the circuit losses and a self-sustaining cycle is possible,
with no further electrical input after the initial capacitor charge. The pulse repetition
rate is limited to about 50 Hz by the need to maintain an adequate vacuum in the face
of continual fiber injection, so a typical power output would be about 350
MW(thermal). Some practical details of the reactor will be given. The simplicity of a
z-pinch reactor, and the absence of many of the high-technology components of
"conventional" fusion schemes, is likely to lead to much lower capital cost and should
make it particularly attractive for developing countries.
1. J.D. Sethian et_ai., Phys. Rev. Lett. 59, 892 (1987).
2. P.M. Cox, Plasma Phys. Contr. Fusion 32, 553 (1990).
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FIELD-REVERSED CONFIGURATIONS - AN OPTION FOR FUSION? '
W.Kernbichler, Gra? University of Technology, Institute for Theoretical Physics,
Petersgasse 16, A-8010 Graz, Austria
The intrinsic potential of a Field-Reversed Configuration (FRC) for high-/? operation
- with /?-values in the range of 50 to 100% - stimulates much interest in this device as
an attractive candidate for a compact fusion reactor with high power density. Several
additional benefits, e.g. the cylindrical geometry of the concept, the simplicity of the
magnetic system, the simply connected plasma, the low synchrotron radiation, the
divertor action of the open field lines and the possibility for direct energy conversion
of the charged particle flow, justify a closer look at the benefits and problems of
FRCs.
Based on a reference parameter set developed within the international reactor study
RUBYa, the advantages and disadvantages of FRCs are discussed. A steady-state
version of an FRC is considered to be more attractive than its pulsed counterpart.
Frequent start-up to high temperatures would be particularly detrimental for D-3He
with its higher operational requirements (e.g. T,, nrE, ...).
In principle, two fuei cyclec - D-T and D-3He - seem to warrant a more detailed study.
Within this study a detailed comparison between the features of both fuel cycles in an
FRC is done. This results in operational windows in a multi-dimensional space, e.g.
the [ion temperature, density, current, energy confinement, fast particle confinement,
sizej-space. The computation finally gives certain operational requirements as well
as figures of merit for a particular regime.
The study shows the good match of advantages of both the FRC fusion device and the
D-3He fuel cycle with great promise for an attractive fusion reactor. Due to the fact
that operational parameters and size requirements for a D-3He FRC reactor design are
far beyond those of present day experiments, large uncertainties are involved in some
of the various scaling expressions used in this study. This seems to be especially true
for stability and confinement issues where the gap between the present experimental
and theoretical status and future needs must be overcome by further experiments.
[a] W.Kernbichler et al., H.Momotaet al. and G.H.Miley et al., 13th Int. Conf. on Plasma
Physics & Contr. Nucl. Fusion Research, Washington D.C., IAEA-CN-53/G-2-3
'Supported by: Friedrich Schiedel Foundation, Styrian Government, Department of Science and
Research (all Austria).
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SCALING LAW STUDIES OF GLOBAL ENERGY CONFINEMENT TIME FOR
TOKAMAKS HEATED WITH ICRF WAVE
S. H. Li and R. C. Chin, Nuclear engineering Department, National Tsing Hua
University, Hsinchu 30043, Taiwan — The paper presents a study of parametric
scaling of global energy confmemeit time absorbed in tokamaks for plasma being
heated by the ion—cyclotron—resonance—frequency wave.
All of the 408
representative data from PLT, JET, ASDEX, TEXTOR, JFT-2M, JIPP T-IIU,
and TFR, have been analyzed by the multiple linear regression
method. The
proposed scaling of global energy confinement time is TV, a a'0-12 R1-62 L 0 * 87
B^o.io 170.13 5TO.63 P"0.5i; a n ( j the corresponding regression analysis indicate that
the ICRF discharge used in the study are well described by this scaling law.
Comparison with other r^ scaling laws from different heating regimes was made. It
shows that they are similar in dependence on parameters among I , n and P. . in
ICRF, NBI and ohmic heating schemes. Through the Cannor/Taylor constraint
model, the empirical scaling law has been well linked with the approach of mode
conversion theory. By our scaling law, the projection to recent large-size tokamaks,
and the prediction of tokamaks parameters at minimum stable ignition operation
according to the Johner's model, were also investigated. Since oeing continuous
degradation with total heating power and with a small dependence on plasma size,
the energy confinement time should be improved by the modifications of either
experimental techniques or tokmak configurations.
Some recent experiment
achievements are also described in this paper.
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FEASIBILITY STUDIES OF ADVANCED BOOTSTRAP DRIVEN TOKAMAKS
M. J. Alava", S. J. Karttunen*, and R. R. E. Salomaa0
"Department of Technical Physics, Helsinki University of Technology, SF-02150
Espoo, Finland, ^Nuclear Engineering Laboratory, Technical Research Centre of
Finland, P.O.Box 169, SF-00181 Helsinki, Finland
To achieve high reactivities in fusion reactors based on advanced fuels (DD, D3He)
very high plasma pressures are inevitable. Under such conditions the neoclassical
bootstrap effect can be exploited to provide large toroidal currents ranging up to
50 MA and to ensure good plasma confinement [1]. Novel techniques are required
for the seeding of the bootstrap current, because of the large dimensions of the devices and the exotic plasma parameters. A promising method is the free-electron-laser
(FEL) current drive in the microwave region utilizing nonlinear laser-plasma processes
[2-4]. Bootstrap amplifications of the order of 10 can be obtained, still retaining acceptable safety factor profiles [5]. Even higher current amplifications are possible, but
at the risk that MHD-unstable current profiles will be generated. The necessary seeding in large high pressure DD and D3He tokamaks may require 100-300 megawatts
of average FEL power. The seeding requirements, plasma performance, and some
other critical physics issues will be discussed. In the proposed configurations particle
confinement poses no problems; the most important questions include beta limitations, electron cooling below 50 keV, and the burn behavior of the multicomponent
plasma. The generic technological problems of the high temperature/pressure devices
and their economic feasibility will be studied. The advantages of these reactors as
compared to similar high-temperature DT-burning reactors are discussed.
1. M.J. Alava, S.J. Karttunen, R.R.E. Salomaa, Emerging Nuclear Energy
Systems 1989, World Scientific, Singapore 1989, 197-201.
2. B.I. Cohen et al., Nucl. Fusion 28 (1988) 1519.
3. J.A. Heikkinen, S.J. Karttunen, R.R.E. Salomaa, Nuclear Fusion
28 (1988) 1845.
4. S.J. Karttunen et al., 13th Int. Conf. Plasma Phys. Contr. Nucl. Fusion
Research, Washington DC, 1990, Paper IAEA-CN-53/E-3-12.
5. M.J. Alava, S.J. Karttunen, Plasma Phys. Contr. Fusion 32 (1990) 1135.
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CHARGED PARTICLE BEAM FOCUSING IN TOROIDAL FIELD CREATED BY CURRENT RING
B. Jenko, IEVT, Teslova 30, YU-61000 Ljubljana, Yugoslavia
A. Paulin, Faculty of Technical Sciences, University of Maribor
YU-62000 Maribor, Yugoslavia
An intense current i*• R hypothetical superconducting ring creates
circular symetric magnetic field. The calculation of such a field is
performed numerically. Complete elliptic integrals of the first and
second kind with argument "k" approaching unity in the vicinity of
the current carrying wire are used.
The trajectories of charged particles travelling along the current
axis are calculated neglecting space charge influence. With proper
parameter selection toroidal magnetic field confines charged particles. Circular trajectories simmilar to cycloids without touching
the axial current carrying wire are obtained.
Such an arrangement could be used as charged particle beam guiding
or storage system.
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FISSION EXCURSION ABATEMENT WITH TANDEM-REACTION TEMPERATURE TRIGGERS
A.A.Harms and Z.Bilanovic, McMaster University, Hamilton, Ontario, Canada
A new power-temperature override concept for the retardation of
fission reactor excursions based on tandem-reaction temperature triggered
reaction links is here described.
The system is based on an in-core population of primary nuclides X
possessing a sufficiently small neutron capture cross section at normal
operating conditions but with a significant resonance suitably located
above the equilibrium energy distribution maxima. Then, in the event of
a temperature rise, Doppler capture cross section leads to n + X --> Y
where Y has a significant thermal and epithermal neutron capture cross
section. Thus, an intrinsic negative reactivity insertion, triggered by
a temperature rise, is inherently present in the system with the isotope
X thus mimicing the immunization process of the human body. The isotope
pairs 175Lu/176Lu or 181Ta/182Ta appear suitable candidates for this override
purpose.
Analytical and numerical investigations indicate that even small
reactivity insertions triggered above nominal operating temperatures can
lead to excursion retardation and abatement as well as possibly power
temperature trajectory reversal.
A new approach to nuclear selfregulation is thus established.
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NUCLEAR POWER ON THE BASIS OF SAFE AND ECOLOGICALLY
ACCEPTABLE FUEL CYCLE
M.F.Troyanov, V.M.Murogov, F.P.Raskach, V.G.Ilynin, V.Ya.Rudneva,
L.A.Chernov, Institute of Physics and Power Engineering, Obninsk, USSR
E.G.Kudryavtsev, State Committee on Science and Technology, Moscow USSR- An analysis of the status and prospects of nuclear power (NP) and nuclear fuel cycle
(NFC) development under the conditions of safety and ecology problems priority
increase results in the conclusion of the need for further development of a number of
conceptual propositions of the traditional NP advancement strategy. The most essential
of them is the search for:
— potential ways of safe and ecologically acceptable NFC implementation taking into
account the issues of high-toxic actinides build-up and decontamination;
— capability of maximum safe light-water reactor concept implementation;
— potential role and the need for fast breeder reactors.
The consideration of the above problems of long-term NP development given in the
paper indicates the feasibility of their solution on the basis of developed commercial
NP: primarily pressurized-water reactors and fast sodium reactors. Implication is given
to the utilization of mixed uranium-thorium-plutonium fuel cycle with plutonium and
other long-lived high-toxic transuranium elements burning in fast reactor with a
concurrent build-up of uranium-233 in them. The utilization of uranium-233 in
light-water reactors and partially in fast reactors enables the development of the
concept of maximum safe reactor plants with inherent safety features. In this the
suggested concept of NP and NFC advancement is not contrary to and does not deny
the achievements available and the traditional NP experience.
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POWER TRANSIENT OF HEAT PIPE COOLED SOLID STATE REACTOR
Hiroshi Sekimoto, Shinsuke Kageyama, and Liem Feng Hong, Research
Laboratory for Nuclear Reactors, Tokyo Institute of Technology, O-okayama,
Meguro-ku, Tokyo, Japan — A project to develop a small nuclear power supply
system was organized in 1984 as a joint project of LANL and AECL for
unattended short-range radar stations in the new North Warning System.
This system employed the similar core configuration as the HTGR but used
heat pipes for core cooling instead of high pressurized helium gas coolant.
Though the project was canceled later, the concept of this reactor may be
attractive for several nuclear power usages. Since the reactor is very small,
the whole mockup experiment can be performed easily. During this
experiment even the the most severe accidents for this reactor can be
demonstrated.
In the present work the scenario and scale of accidents were
investigated with a simplified analytical method. At first the accuracy of the
neutronic calculation was checked by comparing calculated results with the
critical experiment results performed at LANL. In this study onedimensional spherical diffusion analysis was employed, where the reactor
was consisted with concentric three regions (inner core, outer core and
reflector). Group constants were obtained with V.S.O.P. code developed in
KFA. Then a point kinetic analysis was performed for investigating the
power transient after inserting excess reactivity. Inserting $5 of excess
reactivity to the previous reactor raised the power from 60 kW to 1.6 X1010
kW at 1.2 msec passed.
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BALANCING THE FUEL EQUATION WITH THE ADVANCED LIQUID METAL REACTOR SYSTEM (ALMRS)
J.E. Quinn and M.L. Thompson (GE), W.D. Burch (ORNL) and J.J. Laidler (ANL), 6835 Via Del Oro, San
Jose, CA 95153 — An approach to balancing the nuclear fuel cycle equation utilizing the Advanced
Liquid Metal Reactor System (ALMRS) is described using synergistic components currently under
development by the United States Department of Energy. These components include the modular,
passively safe ALMR design; the metal fuel cycle (aka IFR); and the processing of LWR spent fuel
to use as startup fuel for the ALMRs. Each of these components will be briefly described along
with an overall system perspective, including potential optional approaches. Assessments of
beneficial impact of ALMRS in the United States will be presented using the United States
Department of Energy National Energy Strategy energy use growth scenarios through the mid-21st
century. Potential applications in other international energy infrastructures will also be
explored.
The modular reactor concept PRISM (Power "aactor. Innovative Small Module), originated by General
Electric is the reference US-DOE Advanced Liquid Metal Reactor (ALMR).
The reference fuel for
the U.S. application is the metal fuel being developed by Argonne National Laboratory (ANL). The
ALMR is unique in that it can produce (or breed) more fissile material than it consumes and thus
can become a source of electrical power for many centuries. It is also unique in that it has the
capability to utilize as fuel the long-life radioactive actinides (primarily plutonium but
including the minor actinides of neptunium, americium and curium) present ac otherwise unuseable
material in light water reactor (LWR) spent fuels. By enabling the recycling of LWR spent fuel as
well ss the normal recycling of its own spent fuel, this capability of the ALMR provides a means
for consuming an important constituent of high-level radioactive wastes. The remaining components
of the high level waste are primarily short-lived nuclides with hazardous lifetimes of a few
hundred years, together with a low concentration of long-lived fission products with health risk
much lower than that of the actinide elements. While it does not change the need for, or timing
of, the first high level waste repository, the recycling of actinides in the ALMR could
dramatically affect the number of and criteria for future repositories.
Fissile material for ALMR startup is expected to come from the processing of LWR spent fuel. The
current annual output of LWR spent fuel in the U.S. is sufficient to support the fueling of the
initial core for a 1.4 GWe ALMR plant each year and its first two reload cores. A higher rate of
deployment of the ALMR would introduce the possibility of reducing the backlog of LWR spent fuel
currently residing in on-site storage and destined for the repository. This would reduce the
storage burden to the operating utilities as well as reducing the rate of filling of the first
repository. The ALMR would be operated, at least initially, on a fissile self-sufficient basis,
so that subsequent reload fuel would be derived from the processing and refabrication of spent
ALMR fuel and blanket assemblies. In the reference ALMR a central fuel cycle facility is at a
remote site to capitalize on potential processing economies of scale. It is possible, however, to
retain an option to locate the fuel cycle facility within the secure ALMR plant boundary and serve
only that plant, thus precluding fuel shipment outside the plant boundaries.
An evaluation of the economics of this balanced approach leads to the conclusion that the concept
is feasible; it appears to be attractive from both resource management and overall system
economics perspectives.
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AN ACCELERATOR CONCEPT FOR NUCLEAR POWER PRODUCTION
D. W. Wootan, F. M. Mann, and J. A. Rawlins, Westinghouse Hanford
Company, P. 0. Box 1970, MSIN HO-35, Richland, WA 99352, USA--A nuclear
power production concept using a high-power (1-2 GeV), high-current
(20-200 mA) proton accelerator is described. The basic system consists
of a cylindrical flowing lead-bismuth spallation target surrounded by a
sodium-cooled liquid metal reactor (LMR)-type subcritical lattice
containing transuranic fuel assemblies. The system allows a great deal
of flexibility in selecting target loadings. Various options for
burning different combinations of transuranic isotopes are described.
Moderated regions surrounding the fast spectrum
transuranic region can
be used to transmute fission products such as w T c and 1 2 9 I. Safety
aspects and performance parameters of the system are based on results of
calculational studies using the 2LAHET Code System (LCS)1 and the Monte
Carlo Neutron Photon (MCNP) code .

Prael, R. E., and H. Lichtenstein, 1989, User Guide to LCS:
The LAHET Code System, LA-UR-89-3014, Los Alamos National Laboratory,
Los Alamos, New Mexico.
2

Briesmeister, J. F., ed., 1986, MCNP - A General Monte Carlo Code
for Neutron and Photon Transport, Version 3A, LA-7396-M, Rev. 2,
Los Alamos National Laboratory, Los Alamos, New Mexico.
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MAGNETICALLY FLUIDIZED BED NUCLEAR FISSION REACTOR
Yoichi Watanabe and Jacob Appelbaum, Innovative Nuclear Space Power Institute,College
of Engineering,University of Florida,Gainesville, FL 32611, USA—A novel core concept
of thermal fission reactor is proposed. Fuel is in a form of small paniculate with a diameter of 100 fim. A sphere made cf a ferromagnetic metal such as Iron, Nickel, or Cobalt
is surrounded with a fissile material. A large number of fuel pellets are then confined
in magnetic field produced by a solenoid coil which is arranged so that the magnetic
field direction is vertical to the earth surface. Helium coolant gas flows from the bottom
of the reactor core upward. The forces acting on the ferromagnet fuel pellets are the
gravitational force, the frictional force due to the coolant gas, the magnetic interaction
between pellets, and the force due to the spatial gradient of magnetic field. When the
pellet is near the center of the magnetic field, the frictional force balances the graviational force; hence the pellet stays there. When the balance is broken for some reason,
the pellet moves toward the weaker magnetic field. Then the gradient-B force pushes
back the particle to the center of the core. In a normal operating condition, therefore,
the pellets are floating in the core going up and down. The core region is surrounded by
reflector materials such as beryllium so that neutrons are moderated to thermal energy
effectively in this region and reflected back to the core region. The magnetic coil is
located outside the reflector to avoid radiation damage on the coil. The helium coolant
flows through a heat exchanger after exiting the core and pumped back to the core. The
inlet temperature of the gas is room temperature. The outlet temperature is about 1000
K. The second coolant loop is applied to convert the heat energy to electrical energy
by a turbine. Advantages of this core over the existing ones are the following; (1) heat
transfer from the fuel to coollant is excellent, since the surface area of the fuel pellets
contacting with coolant is large and the sizi of pellets is small resulting in direct heating
of coolant gas by fission fragments and less heating of the fuel, (2) the maximum outlet
temperature of helium coolant is high leading to a high thermal efficiency because of the
excellent heat transfer capability between fuel pellets and coolant gas, (3) upon the loss
of coolant accident the chain reaction automatically stops.
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ON THE CONCEPT
OF ENHANCED SAFETY REACTORS
WITH MOLTEN SALT FUEL
AND COOLANT: A STUDY
OF ACCIDENTAL TRANCIENT PROCESSES.
E.U. Bashlakova, V.V. lgnaticv, S.V. Kirillov, V.M. Novikov, A.V. Pyzirev
T.V. Kurchatov Atomic Energy lnstitute,Moscow, USSR

Abstract
In providing nuclear power plant safety the priority is currently given
io reactor self-protection by means of inherent featuresand passive means.
Preliminary studies have shown molten salt fluorides to posses high
potentialities in safely enhancement. The problems of self-protection for
molten-sali fuel reactor (MSR) and molten salt cooled coated particle fuel
graphite reactor (MSGR) have been studied.
The following ways to reach a high level of self-protection arc investigated:
- high level of natural circulation (100% for MSR and 10-J00% for
MSGR);
- intcrgrated layout,
- minimization of reactivity changes during fuel burn-up,
- decrease of maximum operative temperature.
Calculations of trancient processes during heavy accidents without
scram (TOP.LOHS, LOF, and their combinations) are presented.
It is shown that maximum temperatures of the primary circuit
materials do not reach critical values under such accidents.
The problem of negative void reactivity coefficient for MSGR, which
is of great importance for the high hypothetical case with the damage of
the reactor and guard vessels and the core dry-out issolved.Forthe same
case in MSR the fission products yield from the fuel salt into gas-phase of
MSR containment is investigated

3P-20

THE NATURAL CONVECTION
AS AN INHERENT FACTOR
FOR NUCLEAR SYSTEM SAFETY:
CALCULATIONS AND LOOP EXPERIMENTS.
V.V. Ignatlev, V,M. Novlkov, A.T. Surcnkov, A.V. Fomichcv
J.V. Kurchatov Atomic Energy Jnstitute,Moscow,USSR

ABSTRACT
A role of natural convection as a mean providing enhanced safety of
nuclear reactor is discussed. A comparative analysis of factors affecting
the efficiency (power.power density in fuel) of reactor operating under
natural convection regime is presented.
Reactors with water, liquid-metal (sodium,lead), and molten-salt
(fluorides) coolants are considered. The results of calculations
demonstrate the highest potentiality of natural convection regimes for
molten-salt reactors (MSR).
The results are presented on in-reactor and test-stand experiments of
loops with natural convection fillod with vnriouc moltcn-flnor}d<? fiK*lc nrtri

coolants. Experimental data are obtained with surface and volume
(nuclear) heat sources acting independently as well as in combination.
These data are generalized in the form of an empirical dependence.
This dependence for Fluids characterized by the Prandtl number from 2
to 35, and also that reported earlier for liquid metals of Gapticr and
Mussc ( P r « l ) have allowed the determination and comparison of
characteristics of full-scale loops with natural convection
(thrrmosyphons). A reasonable agreement (±20%) between experimental
and analytical data is noted.
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THE PROMISE OF MAGNETIZED FUEL: HIGH GAIN IN INERTIAL CONFINEMENT FUSION
Irvin R. Lindemuth and Ronald C. Kirkpatrick, Inertial Fusion and Plasma Theory Group, Los Alamos National Laboratory, Los Alamos, NM 87545, USA-At
the third International Conference on Emerging Nuclear Energy Systems [1], we
presented computational results which suggested that "breakeven' experiments in
inertial confinement fusion (ICF) may be possible with existing driver technology.
Our computations used a simple zero-dimensional model to survey the parameter
space available for magnetized fuel. The survey predicted the existence of a totally
new region in parameter space where significant thermonuclear fuel burn-up can
occur. The new region is quite remote from "conventional" parameter space and
is characterized by very low fuel densities, very low implosion velocities, and, most
importantly, driver requirements reduced by orders of magnitude [2]. Whereas our
initial computations considered only the yield from a hot, magnetized central fuel,
we have extended our simple model to include a "cold fuel" layer. In the same spirit
as our earlier work, our extended model is intended to provide a starting point for
more comprehensive investigations. Our extended model predicts that it is possible
to obtain a large cold fuel burn-up fraction, leading to very high gain, and once
again, the optimum parameter space is quite remote from that of conventional high
gain targets. Although conventional drivers optimized for conventional targets are
probably not optimum for magnetized fuel at its extremes, there is a continuum between the conventional parameter space and the new parameter space, suggesting
a possible role for existing drivers. However, it would appear that magnetized fuel
warrents a complete rethinking of the entire driver/target configuration.
[lj "The Promise of Magnetized Fuel: Inertial Confinement with Existing Driver
Technology," I. R. Lindemuth and R. C. Kirkpatrick, Atomkernenergie Kerntechnik 45. 9 (1984).
[2] "Parameter Space for Magnetized Fuel Targets in Inertial Confinement Fusion,"
I. R. Lindemuth and R. C. Kirkpatrick. Nucltar Fusion 23. 263 (1983).
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IGNITION AND BURN IN INERTIALLY CONFINED MAGNETIZED FUEL
Ronald C. Kirkpatrick and Irvin R. Lindemuth, Inertial Fusion and Plasma Theory Group, Los Alamos National Laboratory, Los Alamos, -NM 87545, USA-At
the third International Conference on Emerging Nuclear Energy Systems [l], we
presented computational results which suggested that "breakeven" experiments in
inertial confinement fusion (ICF) may be possible with existing driver technology
[2]. We have used the ICF simulation code LASNEX to calculate the performance
of an idealized magnetized fuel target. The parameter space in which magnetized
fuel operates is remote from that of both "conventional" ICF and magnetic confinement fusion devices. In particular, the plasma has a very high /? and is wall
confined, not magnetically confined. The role of the field is to reduce the electron
thermal conductivity and to partially trap the DT alphas. The plasma is contained
in a pusher which is imploded to compress and adiabatically heat the plasma from
an initial condition of preheat and pre-magnetization to the conditions necessary
for fusion ignition. The initial density must be quite low by ICF standards in order to insure that the electron thermal conductivity is suppressed and to minimize
<he generation of radiation from the plasma. Because the energy loss terms are
effectively suppressed, the implosion may proceed at a relatively slow rate of about
1 to 3 cm/fj,s. Also, the need for low density fuel dictates a much larger target,
so that magnetized fuel can use drivers with much lower power and power density.
Therefoie, magnetized fuel allows the use of efficient drivers that are not suitable
for laser or particle beam fusion due to insufficient focus or too long pulse length.
The ignition and burn of magnetized fuel involves very different dominant physical
processes than does "conventional" ICF. The fusion time scale becomes comparable to the hydrodynamic time scale, but other processes that limit the burn in
unmagnetized fuel are of no consequence. The idealized low gain magnetized fuel
target presented here is large and requires a very low implosion velocity; use with
an efficient driver should provide a viable nuclear energy system.
[l] "The Promise of Magnetized Fuel: Inertial Confinement with Existing Driver
Technology," I. R. Lindemuth and R. C. Kirkpatrick, Atomkernenereie Kerntechnik 45. 9 (1984).
[2] "Parameter Space for Magnetized Fuel Targets in Inertial Confinement Fusion,"
I. R. Lindemuth and R. C. Kirkpatrick, Nuclear Fusion 23, 263 (1983).
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ENERGETIC ALPHA PARTICLE DEPOSITION IN A MAGNETIZED PLASMA
David Palmer Smitherman and Ronald C. Kirkpatrick, Inertial Fusion and Plasma
Theory Group, Los Alamos National Laboratory, Los Alamos, NM 87545, USA-The
problem of energetic alpha particle deposition in a dense, magnetized deuteriumtritium (DT) thermonuclear fuel has been studied numerically for the case of coulomb
interactions in cylindrical geometry [ij. This was done by following the particle trajectories initiated at various radii and in different directions through the plasma and
its imposed field until they had either left the plasma or deposited all their energy.
The resulting complex particle trajectories in the static magnetized fuel make a
detailed treatment of the problem computationally intensive. Therefore, we have
attempted to use detailed modeling to produce a data base for a neural nets algorithm for incorporation in an ignition critical profile code. Both the detailed
modeling and the neural nets algorithm will be discussed.
[1] "Ignition Critical Profiles for Magnetized Fuel ICF Targets," D. P. Smitherman and R. C. Kirkpatrick, Bulletin of the American Physical Society 34. 1920
(1989).
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Some Technical and Economical Aspects of PACER Revisited
Ralph W. Moir, Lawrence Livermore National Laboratory, Livermore, CA
94551*
A PACER-like power plant might use an explosive yield as low as 2 kt. The
use of fission should be minimized. Hopefuly, with a break-through fission
would be eliminated completely, which would virtually eliminate the
concerns about proliferation, environment, and safety. The time for the
vapor cloud to condense to less than 1 atm can probably be less than 0.1 s,
which is a safety advantage. For PACER using the molten salt, Li2BeF4, as the
working fluid in the form of jets to cushion the shock and protect the
chamber, there are material restrictions in the explosive to permit low-cost
molten salt reprocessing. Fluorination can recover 233 U as 233UF6, and
reaction with Be metal can be used to recover actinides and Th. Metal parts
can be made of Be and Li recovered from the molten salt. Insulators can be
made of LiF or BeF2 from the salt. Reliable cost and performance predictions
of containment vessels are crucial to reliably predicting the cost of electricity.
To be competitive with future coal and LWR nuclear power costs, the
containment vessel should cost less than $300 M for a 1-GWe plant, for which
the total direct cost should be less than $1500 M. A steel-lined and reinforced
underground cavity might have a low enough cost. The explosive should
not cost more than about $4000 each in quantities of 10,000 explosives per
year, if power alone is to be produced. In addition to producing power, such
a plant could also burn up weapons materials, be used to produce valuable
isotopes, and "burn" certain wastes from fission power plants, thus
enhancing plant revenues.
*Work performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under contract number W-7405-ENG-48.
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MULTI-TURN ELECTRON-ION INJECTION STUDY FOR NEUTRALIZED HIGHDENSITY BEAM SUSTAINING IN A CLOSED CONFIGURATION
A. Taiditi
Electrical Engineering and Computer Sciences - Electronic Rcsearcli Laboratory
University of California at Berkeley - Berkeley, CA 94720 (USA)
ABSTRACT
The problem of creating a high-density, high-current neutralized beam in a closed configuration
via a continuous particle injection and accumulation has been considered. This study is directly
related to the research on a colliding beam fusion process [1-4]. Mere the latest results, which
are related to a basic electron-proton neutralized beam proposed experiment [4], are presented.
Low-density electron and ion beams have to be injected and trapped in a closed geometry. A
weak focusing-like confinement system providing the same equilibrium orbit for both the
electron and ions has been conceived [3J. By maintaining space-charge neutrality, a very fast
density increase, which results in the formation of a neutralized beam, should be achieved.
The injection process has to be effective from the early stage of the beam formation (low-density)
to the final, high-density regime equilibrium condition, in order to provide the necessary
compensation for the particle lost (and "burned" if a fusion process were implemented).
In order to accomplish these requirements a multi-turn, non-Liouvillian injection technique
based on the axial motion damping of electron and ion rings through image currents induced in
a resistive shell is envisaged. This technique has been proposed and experimentally tested in
the past for ion and electron rings separately (e.g. [5J, [6], 17]).
The present proposal is intended to exploit this previous experience in a new experimental
environment. Low-density (compared to a fusion plasma density), counterstreaming, electron
and ion beams are injected in a ring configuration. Each beam is provided with a small axial
velocity in order to miss the injector at the first turn. The ring motion generates image currents
in a surrounding resistive cylindrical shell which provide the required damping (only in the axial
direction, [6]). The final condition is the merging of the two rings on the same equilibrium orbit
resulting in the formation of a neutralized beam.
Preliminary calculations on the main parameters for an experimental facility design are presented.
[1]
[2J
[3]
[4]
[5]
[6]
[7]

P.G. Avanzini, Proc. IV Int. Conf. on Emerging Nucl. Energy Systems, ICENES 86,
Madrid (Spain), July 1986
P.G. Avanzini, F. Rosatelli, A. Tarditi, Proc. 14th Eur. Conf. on Contr. Fusion and Plasma
Phys., Madrid (Spain), June 1987
P.G. Avanzini and A. Tarditi, Proc. II Int. Symp. on Feasibility of Aneulronic Power,
Washington, DC (USA), 28 April 1989
P.G. Avanzini and A. Tarditi, submitted to this conference
J.G. Kalnins, H.Kim, J.G. Linhart, IEEE-NS 20, 324 (1973)
P. Merkel, Particle Accelerators, 8, 21 (1977)
R.N. Sudan, P.M. Lyster, Coram. Plasma Phys. Contr. Fus., 9, 23 (1984)
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PROGRESS TOWARDS A NEUTRALIZED BEAM EXPERIMENT FOR A COLL1DINGBEAM, ADVANCED-FUEL FUSION PROCESS
P.G. Avanzini and A. Tarditi
ANSALDO RICERCHE - Corso Perrone 25 -16161 Genova (ITALY)
'Electrical Engineering and Computer Sciences - Electronic Research Laboratory
University of California at Berkeley - Berkeley, CA 94720 (USA)
ABSTRACT
An approach to a fusion process based on colliding beams has been studied for several years
[ 1 -3]. This paper presents very recent developments which are intended to lead to the construction
of a basic feasibility experiment.
The system is conceived in order to create and maintain in a (meta-)stable state a high-density
neutralized beam in a closed configuration. For the final fusion goal two ion species are considered, running at different speeds in order to achieve the maximum fusion cross section*. An
electron counterstreaming component provides the space 19
charge
neutralization which is essential
T
to reach high densities (in
the
fusion-plasma
range,
>10
m
).
Advanced fuels (like D-3He or H-"B, for neutron-free fusion reactions) can be used by simply
changing the ion injection energy.
The device operation is based on two fundamental items: i) an injection process which in the
start-up phase creates a high-density neutralized beam by accumulating particles from lowdensity electron and ion injectors and in the final operating regime compensates the particles
lost or "burned" in the fusion reaction; ii) a confinement system which provides a sufficient
beam stability from the first injection (low-density) phase to the final high-density pinched
condition. The first item has been extensively studied and very recent results are presented in
[4]. Progress on the design of the focusing-confinement system and beam stability considerations
are discussed here. Computer (particle) simulation results are also reported.
The implementation of a basic experiment for the production and the confinement of a
electron-proton neutralized beam is discussed. The experiment would investigate the main
physics and engineering issues which are relevant for a possible future fusion-oriented device
design.
[1]
[2]
[3]
[4]

P.G. Avanzini, Proc. IV Int. Conf. on Emerging Nucl. Energy Systems, ICENES 86,
Madrid (Spain), July 1986
P.G. Avanzini, F. Rosatelli, A. Tarditi, Proc. 14th Eur. Conf. on Conlr. Fusion and Plasma
Phys., Madrid (Spain), June 1987
P.G. Avanzini and A. Tarditi, Proc. II Int. Symp. on Feasibility of Aneutronic Power,
Washington, DC (USA), 28 April 1989
A. Tarditi, submitted to this conference
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Neutronics Studies of Fusion Blankets
Results on a Simulated Lithium-Lead Module
Saber AZAM and Jean-Pierre SCHNEEBERGER
Institut de Genie Atomique (IGA)
Ecole Polytechnique F£de>ale de Lausanne (EPFL)
1015 Lausanne, Switzerland
An Experimental Lithium-Lead Module (EL2M) has been conceived and
constructed at the IGA. Its mechanical design is described in previous
publications. The EL2M allows performance of neutronics studies such as spectra,
tritium production and reaction rate measurements on a variety of blanket
assemblies. The 14 MeV fusion neutron source is supplied by the LOTUS
experimental facility.
The simulated Lij7Pb83 blanket module was of a pseudocylindrical form,
having a mean diameter of 87 cm. The assembly consisted of 1 cm thick stainless
steel (SS-304) first wall, 61.5 cm lithium-lead zone and 20 cm graphite reflector.
The breeding material (lithium and lead pellets) as well as the graphite rods were
placed inside structural tubes. The simulated blanket assembly was, consequently,
divided into hexagonal cells, containing one central and six peripheral rods. All
measurements were carried out in the central rod, faced to the axis of the neutron
generator.
Experimental results were compared with two-dimensional DORT transport and
three-dimensional MCNP Monte Carlo codes. The main outcomes are reported
in this paper.
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POSSIBILITY OF REALIZATION OF ECOLOGICALLY ACCEPTABLE FUEL
CYCLE ON THE BASIS OF DEUTERON HIGH-TOXIC WASTER BURNER
Yu.M.Ado,
V.V.Artisyuk,
A.Yu.Konobeyev,
Yu.A.Korovin,
V.M.Murogov, A.G.Ufimtsev, Obninsk Institute of Nuclear
Power Engineering, Studgorodok, 1, Obninsk, 249020, USSR
Sharp increasing of efficiency of neutron generation is
caused by cyclic deuteron accumulator with internal deuteron
or beryllium target. In this accumulator,beams of deuterons
of constant energy pass through the target many times with
ionization energy loss compensated by high frequency
electric field. In such a device deuteron passes through the
target as many times as necessary until a reaction occurs.
Advantages of deuteron accelerator of 30-100 MeV is due to
two factors: on the one hand, attempt to decrease charged
particle energy 10-30 times when compared with a traditional
electronuclear process plant - typically involving charged
particle energies of 1000 MeV and currents of 300 mA - which
results in considerable decrease in cost and on the other
hand, the prospects of producing neutrons within a range of
energies of greater interest for fusion studies and for
efficiently burning high level nuclear wastes from nuclear
power plants.
The plant considered here if provided with
the target walls made of 5 cm Be, 10 cm Sr, 25 cm C and with
a hard neutron flux of » 1017 n/s will enable annual burn-up
up to 20 kg of Cs/Sr mixture.
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TRANSMUTATION OF RADIOACTIVE FISSION PRODUCTS IN THE UUONCATALYZED FUSION HYBRID REACTOR
V.V.Artisyuk, A.Yu.Konobeyev,
Yu.A.Korovin, V.N.Sosnin,
Obninsk
Institute
of
Nuclear
Power
Engineering,
Studgorodok,1, Obninsk, 249020, USSR - - Cross-sections of
90
transmutation of
Sr and long-lived cesium nuclides with
neutrons and protons at the energy range of 8 to 300 Mev are
examined in this work. An equilibrium component of
cross-section is calculated within Fermi gas model taking
into account of shell effects in the level density function.
Preequilibrium component of cross-section is calculated
according to the geometry dependent hybrid model. Radiation
capture was not considered since the value of cross-section
is small as compared with other reaction channels. The
burn-up cross-section <r^ does not include, for example,
(n,p) reaction cross-section which has the following
J.J
L _.
90« .
radioactive
decay chalnes:
Sr(n,p)»90_^
Rb 2.6min * 90_Sr and
137
Cs(n,p) 137 Xe 3 > 8 n > l n > 1 3 7 Cs. A modified ALICE code was
employed to perform calculations. Results of computation of
90
excitation functions for
Sr and long-lived cesium isotopes
as well as burn up cross- sections are given in tables.
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BISERU, NEUTRON AND PROTON DATA LIBRARY FOR EVALUATION OF
IRRADIATION EFFECTS IN STRUCTURAL MATERIALS IN THE ENERGY
RANGE UP TO 800 MEV
A.Yu.Konobeyev, Yu.A.Korovin, V.N.Sosnin, Obninsk Institute
of Nuclear Power Engineering, Studgorodok, 1, Obninsk,
249020, USSR - - The BISERM cross-section library has been
developed to calculate values of primary radiation damage
produced by high energy neutrons and protons in structural
materials
of
nuclear
installations.
Damage
energy
cross-section as well as those of helium and hydrogen
production are included in the BISERU library for 190
isotopes in the energy range of 15 to 800 MeV. Isotopes
chosen for the library occur in natural mixtures in
concentrations exceeding 5 per cent. The cross sections
mentioned have been calculated with DIDACS/90 computer code
developed by the authors of the present report. This code
includes programmes based on the optical model, the
preequllibrlum exciton model, the intranuclear cascade
evaporation model and several others. Calculated damage
energy cross-sections are close to the reference data.
The cross-section values obtained using the preequilibrium
exciton model and intranuclear cascade evaporation models
are also in good agreement. As distinct from the previous
data the helium production cross-sections obtained in the
present paper agree with experimental data for a wide scope
of isotopes within the energy range of 15 to 800 MeV.

3P-29

THE

n -MESONS

YIELD

FROM

NUCLEONS

Li, Be, C-T A R G E T S

IRRADIATED
D- A N D

AND
BY

1.0 GeV/nucleon

T-N U C L E I

S. E. C H I G R I N 0 V, K. K. G U D I M A,
A. I. K I E V I T S K A Y A ,

V. A. P E T L I T S K Y

Recently, the possibility of using p-catalisis phenomenon
for the energy and neutron production has been widely discussed.
The most significant characteristic of this energy production method

is the energy spent for the jr~-mesons formation.

The

estimations for Be-target Cradius R=0,2 m, long L=2 m ) have
shown that its irradiation by D-nuclei beam makes it necessary to
spend £n=6~8 GeV/ n of energy to produce one negative pion. Such
en helps in principle to attain positive energy balance in the
accelerator-target-synthesizer-blanket-thermal

nuclear reactors

system. To assess the apparent promise systems more correctly,
detailed data on particle numbers C n,p,7r ) , their angular and
spectrum distribution, as well as on en

for long targets of

varios materials are needed. This paper shows twice differential
spectra and n,p and jr~-mesons yield from Li,Be,C-targets with
radius R=0.02... 0.08 m, length L = 2 m irradiated by the
1 GeV/nucl. D- and T-beams. The inelastic nucleus-nuclear and
hadron-nuclear collisions calculated within the intre-nuclear
cascade model added by the Fermi's statistic model (break-down
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model), which made it also possible to receive information on
light-energy neutron numbers C n,p,rr ).It
Li-target with

has been showen that

radius R = 0.06-0.08 m is more preferable,

because it requires for forming one negative pion en= 5 GeV/n for
1 GeV/nucl. T-beam and £n=6- 5 GeV/n as regards the same energy
D-beam.

3P-30

MATHEMATICAL KODEL OP SPALLATION BREEDER
V.S.Barashenkov, Joint Institute for Nuclear Research.,
Head Post Office, P.O.Box 79, Moscow, USSR
A detailed
ilonte-Carlo model of internuclear cascades in complicated
systems with fissile and nonfissile materials has been
developed. Spallation breeders with sodium and lead
coolants in high-energy proton and ion beams are investigated. Time dependence of fissile fuel yield and influence
of systems features on neutron flux and fissile-nuclei
production rate are discussed.
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A REALISTIC, GRADUAL AND ECONOMICAL APPROACH TO FUSION POWER
A. Szokc, Lawrence Livermore National Laboratory, P.O. Box 808, Livermore,
CA 94550. USA- - This paper will cover two topics. The first one is technical.
It will describe a gradual technical path to economically competitive,
technically realistic fusion power. The first step is to build a fission power
plant using repetitive, small yield nuclear explosions. It would be based on a
modest nuclear yield in an underground chamber.
The nuclear material
would have to be reprocessed frequently. The rest of the plant would be a
conventional steam driven electric plant. It is argued that, if the cost of
fabrication of the nuclear explosive can be controlled, the cost of electricity
may well be economically competitive. Using known techniques, an energy
source can be developed that has a partial fusion yield. As techniques are
gradually refined and new techniques are developed, an increasingly larger
fraction of the yield can be obtained from fusion. Eventually, such a reactor
may be able to be powered by pure fusion. If desired, part of its revenue may
come from breeding nuclear fuel for ordinary fission reactors.
The second part of the paper will be concerned with the acceptability of such
a power plant by governments and the public. There will be attempts to answer several questions satisfactorily. It will be argued that the proposed power plant is safe, that it is free of catastrophic accidents and the production,
and disposal of nuclear waste can be dealt with. Second, there is the question
of safety from nuclear proliferation. Our proposal echoes that of Seifritz:
such power plants have to be located in isolated places, and they have to be
internationally supervised. Last, but not least is the question of public perception. It may be of no use to answer the first two question in the affirmative, if it cannot be explained to governments and the public. As this is a serious concern, we will welcome constructive suggestions from the participants.
The primary conclusion of the paper is that a means of producing fission and
fusion power from repetitive nuclear explosions in an underground cavity
can be developed with high probability of success within a relatively short
time. In contrast, the technical and economic feasibility of magnetic and
inertial confinement fusion remains highly uncertain for the foreseeable
future. The development of a fusion-based economy will be a long and
expensive process, even after the successful operation of a demonstration
plant. An experimental reactor of the type discussed in this paper could speed
up this process by serving as an engineering testbed for fusion power.
The paper is based partially on work done in collaboration with R.W. Moir. It
was performed under the auspices of the U.S. Dept. of Energy by the Lawrence
Livermore National Laboratory under contract number W-7405-ENG-48.
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MUON CATALYZED FUSION
L.I. Ponomarev, Kurchatov Inst. of Atomic Energy, MOSCOW 123182, USSR,
and C. Petitjean, Paul Scherrer Inst., PSI, CH-5232 Villigen PSI, Switzerland - The experimental programs in muon catalyzed dt fusion at PSI and LAMPF have
directly shown that more than 100 fusions can be induced with one single muon.
The d/xt system can thus be considered - according to the theoretical estimates as an alternative method to produce energy or neutrons. To estimate this potential it is necessary to compare the fxCF schemes with the other methods and to
find the optimal conditions for exploring fiCF. The kinetics of /*CF processes in
binary and triple mixtures of hydrogen isotopes will be discussed. New experimental results and theoretical calculations show that the influence of non thermalized
muonic atoms is crucial for the whole d/zt kinetics. - The progress in understanding
dt sticking and it's effect on fusion yield is presented, and the different suggestions
on how to reduce sticking are considered. - Various schemes of muon production are
discussed, and the energy price of 14 MeV neutrons using /uCF will be compared
with alternative schemes. - The perspectives of further developments in /*CF are
estimated.
References:
[1] L.I. Ponomarev in Contemporary Physics, Vol. 31 (July/Aug. 1990), ed. Taylor
& Francis, London.
[2] C. Petitjean et al., Muon Cat. Fusion, Vol. 5. (1991).
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A Gaseous Core Fission Reactor
with Autonomously Oscillating Fuel Gas
J.C. Kuijper and H. van Dam
Interfaculty Reactor Institute
Delft University of Technology
Mekelweg 15, 2629 JB Delft, The Netherlands
Further model studies have been carried out for the Gaseous Core
Fission Reactor (GCFR) described in Refs, [1], [2] and [3]. This
GCFR consists of a graphite cylinder, filled with a mixture of
uranium- and carbon fluorides at high temperature in ionized
state. The cylindrical gas space is divided into an "active core"
zone, surrounded by a good neutron reflector, and a so-called
"expansion region", surrounded by a much less effective reflector
and a coil for direct electrical energy extraction by induction.
In the previous GCFR model (the so-called "pumped" GCFR;
Refs. [1], [2] and [3]) the magnetic field generated by the coil
was also used as a "piston" to drive the fuel gas into the core
region, hereby increasing reactivity and fission power
production. Unfortunately a very large part of the energy
extracted from the gas during expansion into the expansion region
has to be kept circulating in the magnetic coil system in order
to drive the fuel gas into the core region for the next stroke.
A small loss factor in the coil system can then cause a serious
deterioration of the conversion efficiency.
As mentioned in Ref. [2], a way of avoiding this problem is
using autonomous gas density oscillations in the GCFR, driven by
nuclear fissions. An essential part of a model for such a GCFR
system is a description of the gas dynamics. In the present model
of the GCFR a so-called "two-compartment gas dynamics" model is
implemented, which approximates the lowest order acoustic mode
density variations in the fuel gas. The neutron kinetics part of
the GCFR model still is essentially a point kinetics model, for
which, however, the essential parameters (like reactivity,
neutron generation time and effective delayed neutron fraction)
have been obtained as functions of the GCFR fuel density
distribution by static two-dimensional calculations. The analysis
of the conditions under which the desired density oscillations
occur will be presented.
[1]

H. van Dam et al., "Neutron and Thermal Dynamics of a
Gaseous Core Fission Reactor", Proceedings of the
fifth International Conference on Emerging Nuclear
Energy Systems ICENES '89, World Scientific Publishers
Co., Singapore, 39-44.

[2]

J.C. Kuijper et al., "Simulator Studies of a Gaseous
Core Fission Reactor", idem, 51-55.

[3]

J.C. Kuijper and H. van Dam, "Thermodynamic Cycle
Calculations for a Gaseous Core Fission Reactor",
Journal of Nuclear Science and Technology (accepted
for publication).
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REVIEW OF DIRECT CONVERSION OF NUCLEAR ENERGY
G. H. Miley, Fusion Studies Lab., U. of I., Urbana, IL 61801
The importance of direct energy conversion to the long-term
development of nuclear power (both fission and fusion) is
discussed with stress on alleviating waste heat problems,
reducing overall system costs and enhancing alternate uses
such as space power as well as central power stations
operations.
Two approaches are discussed for fission
reactors:
direct conversion of fission fragment energy
and/or other associated radiation energy, e.g., gammas.[1]
A prime example of fission fragment energy conversion is the
nuclear-pumped laser which has been successfully developed
on the lab scale.[2] Other concepts include the fissionfragment driven rocket.[3]
Thermal direct conversion,
including thermionics, thermoelectrics and MHD also play an
important role, e.g., thermionic converters potentially offer
enhanced operation of a SP100 type reactor.[4]
Direct conversion is also ideally suited to future fusion
systems.[5] Two approaches involving fusion product energy,
direct collection and magnetic expansion, are reviewed along
with conversion of plasma radiation energy[6]. Some more
speculative techniques are also noted. It is stressed that
the choice of fusion fuel, the confinement and the conversion
schemes must
all be
compatible
for high
overall
efficiency.[5]
Examples of attempts to integrate these
concepts into an overall reactor design are taken from the
recent ARIES-III[6] and Ruby reactor studies.[7]
[1] G. H. Miley, Direct Conversion of Nuclear Radiation
Energy. A.N.S LaGrange, IL, (1971).
[2]G. H. Miley, et al. Proc. ANS/NBS Conf.t Fifty Years
with Nucl. Fission, pp. 333-342, April 26-28, 1989.
[3] Chapline, et al. Proc. ANS/NBS Conf.: Fifty Years with
Nucl. Fission, pp. 601-605, April 26-28, 1989.
[4] J. Sam Armijo, "SP-100 Systems and Technology Development
Progress," Proc. Eighth Symp. on Space Nucl. Power Systems.
Albuquerque, NM, 6-10 January 1991.
[5] George H. Miley, Fusion Energy Conversion. A.N.S.,
LaGrange, IL, 1976.
[6] J. F. Santarius, et al. Proc. IEEE 13th Symp. on Fusion
Eng.. p. 1039, 2-6 Oct. 1989.
[7] W. Kernbichler, et al., IAEA 13th Intern. Conf. on Plasma
Phys. and Nucl. Fusion Res.. 1-6 October 1990.
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DIRECT NUCLEAR ENERGY CONVERSION INTO LASER IRRADIATION
K.R.Chikln, V.V.Kharltonov, V.I.Subbotln
Moscow Engineering Physics Institute, 31, Kashirskoye
Chausse, 115409, Moscow, USSR
Complex analysis of several nuclear pumped laser concepts is under consideration. Consistency of neutron,
thermal and hydraulic parameters for such autonomous
systems is emphasized. Physical limitations for these
parameters are investigated, optimal conceptual design
and reactor fuel contents are obtained. The pre7aillng
concept corresponds to pulsed fission reactor with film
fuel elements, laser medium is pumped by fission products.
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TITLE OF TALK: Nuclear Shape homers
AUTHOR: Morton S. Weiss

Nuclear .isomers may be attractive, albeit technically challenging,
alternative to conventional methods of producing nuclear energy,
namely fission or fusion. Although the energy released from isomers
will be at least one or two orders of magnitude less per atom than
fusion or fission it holds the promise of enormously reduced and in
some cases negligible radioactivity.
In particular theoretical
conjectures have led us to propose the existence of a new class of
electro-magnetically decaying isomers called shape isomers which
could be particularly useful.
The added features arise from the
enhanced energy content and potential ease of extracting the energy
of shape isomers relative to spin isomers. We will report on the
status of both the theoretical program to predict the properties of
these isomers and release their energy and on the experimental
search for them.
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PrcMpectf for efficient iue of annihilation energy
Johndale C. Solexa
ABSTRACT
AntiprotonB represent the xnoat compact space-time compression of energy
knows to modem physics. It would therefore seem that a source of antiprotons might be competitive or superior to lasers and ion beams for generating
ultrahigh-energy-density plasmas for ICF and for study of the extreme states
of matter. However, the energy released in nucleon-nucleon annihilation appears in forms that do not lend themselves to retaining energy localization.
The annihilation produces a shower of pious and high-energy photons characterized by && exceedingly rapid increase in entropy. Very little of the
annihilation energy can be converted to useful work when.the deposition is
in a low-Z material — thermodynamic efficiencies are atrocious. Mechanisms
to mitigate the rapid increase of entropy include: (1) having the antiproton
annihilate on the surface of a heavy nucleus, in which the pions will induce
fission, resulting in a large yield of neutrons; (2) utilizing high-Z materials
to suppress loss of photon energy; and (3) using magnetic fields to constrain
charged-partide trajectories, thereby obtaining more local energy deposition.
In this paper, I discuss the.mechanisms of annihilation-energy deposition and I compare the effectiveness of various methods to localize that
deposition.
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ANTIPROTON BOOSTED MICROFISSION"
R.A. Lewis, R. Newton and G.A. Smith, Laboratory for Elementary Particle
Science, Department of Physics, R.J. Kanzleiter, Department of Aerospace
Engineering, K. Higman, Department of Nuclear Engineering, Pennsylvania
State University, University Park, PA 16802, USA — The concept of
microfission, whereby a small target of fissile material is burned under
compression, was introduced nearly twenty years ago. The smallness of
the target was limited by the magnitude of the compression and the
initial number of fissions which start the chain reaction. We show that
a burst of antiprotons at maximum compression can significantly reduce
the size of the target. Antiprotons have been shown to be a strong
source of neutrons and pions, which under conditions of high density,
enable a significant reduction in burn time, and hence target size.
Under these conditions, such targets become extremely intense sources of
short bursts of neutrons.
Tests of antiproton boosted microfission
would be possible at this time, even with presently limited numbers of
antiprotons available. Results of calculations, proposed experiments,
and possible applications will be discussed.
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INITIAL INVESTIGATION OF THE FEASIBILITY OF ANTIPROTON-CATALYZED
INERTIAL CONFINEMENT FUSION
Denis E. Beller, Air Force Institute of Technology, AFIT/ENP, WrightPatterson AFB OH 45433-6583, USA; Charles Martin, SAF/AQQS; Michael
Crawford, DNA/RAEE—The deposition of antiprotons in and subsequent
fissioning of uranium or plutonium has been proposed as a method to
assist the driver of an inertial confinement fusion pellet and as a
spark initiator. Past studies by others with 1-dimensional radiationhydrodynamics codes have predicted the behavior of these conceptual
pellets, including very large compression ratios and large fusion plus
fission energy yields. However, in these studies factors such as
Rayleigh-Taylor instabilities, non-adiabatic compression, cold/hot
zone mixing, fission-product or fusion-ash poisoning, asymmetric
disassembly, and core pre-heat were neglected or not discussed; these
factors have reduced predicted yields in fission weapons or in past
ICF experiments. Thus this concept warrants further study to validate
its feasibility with higher confidence. We propose a research
project to investigate the feasibility of this concept by using more
competent 2-d and/or 3-d codes and extensive data libraries that
weren't available for the past studies. We also discuss plans and
capabilities for conducting proof-of-principle experiments at US
facilities and for fabricating these antiproton-catalyzed
fission/fusion micropellets.
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AN ANTIPROTON IGNITED FUSION PROPULSION SYSTEM
T. Kammash and D. L. Galbraith, University of Michigan, Ann Arbor,
MI 49109, USA- - A recently proposed inertial confinement fusion
system, utilizing the proton-antiproton annihilation reaction as the
spark, is evaluated as a potential propulsion device that could meet
the requirements of the Space Exploration Initiative of the early part
of the next century. The fusion scheme utilized is the Magnetically
Insulated Inertial Confinement Fusion (MICF) concept*!> which
combines the favorable aspects of both inertial and magnetic fusions
into one. In this approach the plasma is physically confined by a
material wall while its thermal energy is insulated from this wall by
a strong, self-generated magnetic field. Ordinarily, such a field is
generated by a laser beam that enters the target through a hole, and
it also creates the plasma through wall ablation. In this study we
replace the laser by a beam of antihydrogen pellets and assume that
they are equally as effective in generating the desired field. This
field separates two regions within the target: one where a hot
antihydrogen plasma surrounded by a DT plasma exists, and another
where a cold DT plasma at solid state density exists. The magnitude
of the field is about one megagauss and for pions at birth energy
their radii of gyration are well within the dimensions of the system.
This in effect allows the muons created by the decay of pions to give
rise to about 150 fusion reactions in the cold plasma region so that
the combined effects are ignition of the interior plasma by pions and
enhancement of the fusion energy produced in the system by muon
catalysis. Using an appropriate set of dynamic equations, we
calculate the gain for the system as well as the amount of
antihydorgen required to ignite it. We find that 10 grams of
antihydrogen will be needed for a 220 mT rocket to make a round
trip to Mars in less than two monihs.

1. T. Kammash and D. L. Galbraith, Nuclear Fusion 29, 1079 (1989).

