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Background for LIBRA-LiTE Study

p
* LIBRA study initiated by KfK in 1982

* LIBRA studied for 6 out of 7 years, 1982-89

* Funding for LIBRA mixed with other fundamental
research.

* Level of effort is =4 PY over 6 years

[ * SNL joined project in 1988




Background for LIBRA-LiTE Study

-

* First 6 years based on channel transport;
resulted in LIBRA report KfK-4710 (FPA 90-3,
and UWFDM-800)

* Most complete self-consistent LIB study
published (basis for U.S. FPAC review, 1990)

* Publications
7 reviewed literature papers
2 conference proceedings
15 reports

* Requested by KfK and SNL to examine ballistic

focusing for 1990-1




Chronology of LIBRA-Related Reports, 1982—Present

UWFDM 426. The INPORT Concept - An Improved Method to Protect ICF Reactor First Walls; G.L.
Kulcinski, G.A. Moses, J. Sapp, M. Sawan, I.N. Sviatoslavsky, D.K. Sze, and W.F. Vogelsang, August 1981
[paper presented at Second Topical Mtg. on Fusion Reactor Materials, August 9-12, 1981, Seattle, WA; J.
Nucl. Matls. 103 & 104, 103 (1981)].

FPA-82-4 “Preliminary Considerations of Light Ion Beam Fusion and LIBRA Reactor Design,” Presentation
at KfK-Karlsruhe, FRG, 3-4 June 1982.

FPA-82-5 “Progress on Modelling of PbssLi;7 Recondensation on INPORT Units,” L. Pong, D.K. Sze, R.R.
Peterson, G.A. Moses, August 1982,

FPA-82-7 “Annual Report of Research Performed on the LIBRA Project Between 1 January and 31 December
1982 by Fusion Power Associates for the Kernforschungszentrum Karlsruhe GmbH, Karlsruhe, FRG,” B.
Badger, J. Billen, D. Bruggink, R. Engelstad, G.L. Kulcinski, E.G. Lovell, G.A. Moses, K. O’Brien, R.R.
Peterson, L. Pong, I.N. Sviatoslavsky, D.K. Sze, W.F. Vogelsang, J. Watrous, 31 December 1982.

FPA-83-2 “An Effective Penetration Shield Design for ICF Reactors,” M.E. Sawan, W.F. Vogelsang, and
D.K. Sze, May 1983.

FPA-83-3 “Progress Report for the LIBRA Light Ion Beam Fusion Reactor Project for the Period January
- June 1983,” B. Badger, T. Bartel, J. Billen, M.L. Corradini, R.L. Engelstad, G.L. Kulcinski, E.G. Lovell,
G.A. Moses, K.J. O’Brien, R.R. Peterson, L. Pong, M.E. Sawan, I.N. Sviatoslavsky, W.F. Vogelsang, J.J.
Watrous, July 1983.

UWFDM 561. Mechanical Analysis of First Wall Tubes for the LIBRA Conceptual Reactor; R. Engelstad
and E. Lovell, December 1983 [presented at the IEEE Mtg., Philadelphia, PA, 12-16 December 1983].

FPA-83-8 “Annual Report for the LIBRA Light Ion Beam Fusion Reactor Project for the Period January
- December 1983, B. Badger, T. Bartel, J. Billen, M.L. Corradini, R. Engelstad, D. Henderson, G.L.
Kulcinski, G.A. Moses, K. O’Brien, R.R. Peterson, L. Pong, M.E. Sawan, L.N. Sviatoslavsky, D.K. Sze, W.F.
Vogelsang, J.J. Watrous, December 1983.

FPA-84-1 “Progress Report for the LIBRA Light Ion Beam Fusion Reactor Project for the Period January-
June 1984,” B. Badger, T.J. Bartel, M.L. Corradini, R.L. Engelstad, D.L. Henderson, G.L. Kulcinski, E.G.
Lovell, G.A. Moses, K.J. O’Brien, R.R. Peterson, L. Pong, M.E. Sawan, I.N. Sviatoslavsky, W.F. Vogelsang,
and J.J. Watrous, July 1984.

FPA-84-2 “Basic Theory for Three-Dimensional Motion of LIBRA INPORT Tubes,” R.L. Engelstad and
E.G. Lovell, October 1984.

FPA-84-3 “Planar Vibrations of LIBRA INPORT Tubes Including Gravity Gradient Effects,” R.L. Engelstad
and E.G. Lovell, October 1984

FPA-84-5 “ION - A Code to Compute Ion Trajectories in Z-Pinch Plasma Channels,” G.A. Moses, November
1984.

FPA-84-8 “Annual Progress Report for the LIBRA Light Ion Beam Fusion Reactor Project for the Period



January-December 1984,” B. Badger, T.J. Bartel, M.L. Corradini, R.L. Engelstad, D.L. Henderson, G.L.
Kulcinski, E.G. Lovell, G.A. Moses, K.J. O’Brien, R.R. Peterson, L. Pong, M.E. Sawan, I.N. Sviatoslavsky,
W.F. Vogelsang, and J.J. Watrous, December 1984.

FPA-85-2 “Vibration Analysis of LIBRA INPORTs,” R.L. Engelstad and E.G. Lovell, February 1985 [pre-
sented at Sixth Topical Meeting on the Technology of Fusion Energy, San Francisco, CA, 3-7 March 1985)]

UWFDM 617. Vibration Analysis of LIBRA INPORTs; R.L. Engelstad and E.G. Lovell, February 1985
[Presented at the Sixth Topical Meeting on the Technology of Fusion Energy, San Francisco, CA, 3-7 March
1985; Fusion Technology, 8, 1884-1889 (July 1985)].

“Vapor Condensation in the Presence of a Noncondensable Gas,” Lichung Pong and Gregory A. Moses, Phys.
Fluids 29 (6), 1796-1804 (June 1986).

FPA-88-1 “Progress Report on Work Performed on the LIBRA Design During the Period 1 February 1987 to
31 January 1988,” B. Badger, G.L. Kulcinski, G. Moses, E. Lovell, R. Engelstad, J. MacFarlane, Z. Musicki,
R. Peterson, M. Sawan, 1. Sviatoslavsky, and L. Wittenberg, January 1988.

UWFDM 778. Chamber Design for the LIBRA Light Ion Beam Fusion Reactor, M.E. Sawan, I.N. Svi-
atoslavsky, L.J. Wittenberg, E.G. Lovell, R.L. Engelstad; October 1988 [presented at the 8th Topical Meeting
on the Technology of Fusion Energy, 9-13 October 1988, Salt Lake City UT].

UWFDM 781. Overview of the LIBRA Light Ion Beam Fusion Conceptual Design, G.A. Moses, G.L.
Kulcinski, D. Bruggink, R.L. Engelstad, E.G. Lovell, J.J. MacFarlane, Z. Musicki, R.R. Peterson, M.E.
Sawan, L.N. Sviatoslavsky, L.J. Wittenberg, G. Kessler, U. von Méllendorff, E. Stein, D. Cook, R. Olson, 1.
Smith, P. Corcoran, H. Nishimoto, J. Fockler; October 1988 [presented at the 8th Topical Meeting on the
Technology of Fusion Energy, 9-13 October 1988, Salt Lake City UT].

UWFDM 786. Plasma Channels for the Propagation of Ion Beams in LIBRA, R.R. Peterson, G.A. Moses;
July 1988.

UWFDM 787. LIBRA-A Light Ion Beam Fusion Reactor Conceptual Design; G.A. Moses, G.L. Kulcinski,
D. Bruggink, R. Engelstad, E. Lovell, J. MacFarlane, Z. Musicki, R. Peterson, M. Sawan, I. Sviatoslavksy,
L. Wittenberg, G. Kessler, U. von Méllendorff, E. Stein, I. Smith, P. Corcoran, H. Nishimoto, J. Fockler, D.
Cook, R. Olson; July 1988.

UWFDM 800. LIBRA ~ A Light Ion Beam Fusion Conceptual Reactor Design, B. Badger, G.A. Moses, R.L.
Engelstad, G.L. Kulcinski, E. Lovell, J. MacFarlane, R.R. Peterson, M.E. Sawan, I.N. Sviatoslavsky, L.J.
Wittenberg, I. Smith, R. Altes, P. Corcoran, R. Kuenning, D. Pellow, D. Wake, J. Ehrhardt, G. Kessler, E.
Stein, D.L. Cook, R.E. Olson, R.W. Stinnett; July 1989 (revised February 1990).

UWFDM 804. Activation Analysis for the LIBRA Light Ion Beam Fusion Conceptual Design, Mohamed E.
Sawan; October 1989 [Presented at the 13th Symposium on Fusion Engineering, 2-6 October 1989, Knoxville
TN].

UWFDM 841. Plasma Channels for the LIBRA Reactor Design; O. Yasar, G.A. Moses and R.R. Peterson,
October 1990 [Presented at the 9th Topical Meeting on the Technology of Fusion Energy, 7-11 October 1990,
Oak Brook IL].



History of LIBRA Reactor Funding From KfK

120
Total LIBRA
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L iTE Phi

* Reason to move from channel
transport (CT) to ballistic focus
(BF) is lack of credibility in CT for
focussing to 1 cm diameter beam.

Implication :
*» Requires significant improvement
in microdivergence from diode.

s Final focussing magnet close to target

e Increase power from 330 to 1000
MWe.

Implication:

*» Requires larger targets (2 cm dia.)

e» For fixed TW/cm2,need more TW’s

e» For fixed pulse length, requires
higher beam energy

e Higher MJ’'s ==> larger gain=>
higher yield

* Main Conflict Between High
Yield and Need for Final Focussing
Elements Close to Target !



Logic Behind Present
LIBRA - LiTE Design Point

Ballistic
Transport

Channel |
Transport

Credibility
of

Focusing

Final Focusing
Element Close

For divergence
= &5 mrad, magnet
at 1.5m

Higher Power |
(1000 MWe)

Larger Target
( 2 cm diameter)

Keep 127
TW/cm2

ore TW on

Larger Driver Target-(508)

Req'd -(13.3 MJ)

Keep Same
Pulse Length




Logic Behind Present
LIBRA-LiTE Design (cont.)

Larger Driver}

Yield Too Large D
For Magnets-
1700 MJ

Standard
Gain
Curve = 130

Need Yield
<500 MJ

Use Conservative
Gain = 40

e

PPRY.C-

Use Moderately
Conservative G= 80, |
Yield = 1000MJ "

nG Values Too
Low = 10

Neutron Wall Load
Too High For FF
Magnets

Move Lens
Magnets To > 2 m

e




Logic Behind Present
LIBRA-LiTE Design (cont.)

( Problems With
PbLi

* Too Heavy

* High Scattering
* Enrichment Req'd
* Phase Stability

* Po Activity SiC not

e VP not issue Compatible

oot « I [Use Ferritic Steel
Design INPORT Units

f

Issues With LIBRA
Cavity Clearing

No Valve, Larger
Blow Down

Further Analysis
Revealed That He
Gas, Not the Mist Was =
Problem




Comparison of Light Ion Beam
Fusion Reactors Based on Channel

Transport and Ballistic Focusing

LIBRA LIBRA -LiTE

General

Net Elec. Power -MWe 331 1284
Gross Elec. Power -MWe 441 1507
Thermal Power -MWt 1161 3377
Recir. Power Frac. 0.25 0.15
Driver Eff. -% 23.5 (23.5)
Driver Rep Rate -Hz 3 3
Target Gain 80 75
nG 18.8 17.6

Dir. Cap Cost, 89S/kWe 2843 ?????



Comparison of Light Ion Beam
Fusion Reactors Based on Channel

LIBRA LIBRA -LiTE
Target Performance

DT Mass -mg 3.2 10
Input Energy -MJ 4 13.25
Yield -MJ 320 1000
X Ray Yield -MJ 67 197
Neutron Yield -MJ 217 680
Charged Part. Yield -MJ 28.5 102
Endoergic Loss -MJ 7 21

Neutron Multiplication 1.02 1.02



Comparison of Light Ion Beam
Fusion Reactors Based on Channel

Transport and Ballistic Focusing

LIBRA LIBRA -LiTE
Helia Pulsed Power

Waterline Energy -MJ 11.1 36.9

# Cells/Module 26 28
Voltage/Cell, MV 1.15 1.07
Cell Diameter -m 2.9 4.06
Module Diameter -m 5.15 6.18
Module Length -m 14.14 20.16
PFL Output Voltage -MV 1.15 1.07
Impedence -Q 3 MM
Dielectric Water Water
Switch Type Metglas Metglas

Saturable Satur’bl
Reactor Reactor



Comparison of Light Ion Beam
Fusion Reactors Based on Channel

LIBRA LIBRA -LiTE

Target Performance

DT Mass -mg 3.2 10
Input Energy -MJ 4 13.25
Yield -MJ 320 1000

X Ray Yield -MJ 67 197
Neutron Yield -MJ 217 680
Charged Part. Yield -MJ 28.5 102
Endoergic Loss -MJ 7 21

Neutron Multiplication 1.02 1.02



Comparison of Light Ion Beam
Fusion Reactors Based on Channel

Transport and Ballistic Focusing

LIBRA LIBRA -LiTE
i lon Beams

Energy -MeV 25-35 25-35
Number, High Power 16 16

Low Power 2 2
Beam Energy -MJ 4 13.25
Peak Power on Target -TW 400 1325
Pulse Compression Ratio 5 4
Pulse Length on Target -ns 9 10
Current/Channel -MA 0.3 57 051/ %
Current on Target -MA 1 (3.3 44

Ion Energy Transport Channel Ballistic



Comparison of Light Ion Beam
Fusion Reactors Based on Channel

LIBRA LIBRA -LiTE
Magnet Properties

Closest Dist. To Targ.-m 3.3 2.05

Max Impulse To Magnet -Pa-s <125 185

Max n Wall Load MW/m2 4.8 38

Max n damage/CY 18 199

B max - T 3.2 2.0

Max Current /magnet-MAT 0.06 0.41

e Magnet Length -m 2.9 0.3

° Mag. diam, id/od -m 0.2/0.34 0.26/0.46

Magnet Material TZM Liq. Li



Comparison of Light Ion Beam
Fusion Reactors Based on Channel

LIBRA LIBRA -LiTE

Cavity

Gas Pressure -Torr @STP 100 -He 1 -He
Radius to First surface -m 3 2.05
Pumping Time -ms 300 300
Vap. Liq. Met/Shot -kg 8 (PbLi) 8-(L1i)
Chamber Radius -m 4.35 5.7

Max. Chamb. n Damage -dpa/FPY 6.67 6.67
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Comparison of Light Ion Beam
Fusion Reactors Based on Channel

LIBRA LIBRA -LiTE

INPORT TUBES

Radius to First INPORT -m 3.0 3.45
n Wall Load @ INPORT -MW/m2 5.8 13.6
Tube Material SiC Steel
1st Tube od - cm 3 5
Max. INPORT Length. -m 6.4 10
Max. Unsupported Length-m 6.4 5
Impulse to INPORT-Pa-s 125 153
Packing Frac -% 33 33
INPORT Sector Thick. -m 1.35 2.25
Coolant/Breeder Li;-Pb g3 Li
Tin/Tout °C 340/500 350/500
Li -6 enrichment - % 90 Nat
Energy Multiplication 1.22 1.13

TBR 1.361 1.375



POWER FLOW DIAGRAM FOR LIBRA-LIiTE

—— et P ——

POWER
ENDOERGIC LOSSES Mﬂﬂ%
GIMw, 1918 MW |

WASTE HEAT

(13.25 MJ, 3H ' MW

BEAM
MAGNET

;LK% MWe j

or;‘{c— AUX POWER
PUMPING 10 MWe

5 MWe



Main Differences Between
LIBRA - LiTE and LIBRA

-

e Ballistic Focusing

* Lens Magnets Close ( 2m)
to Target

e 1300 MWe vs 330 MWe
e 13 MJ Driver vs 4 MJ

* Conservative Gain Assumptions |
75 @ 13 MJ




Main Differences Between
LIBRA - LiTE and LIBRA

(e Li Coolant and Breeder vs PbLi

o Steel Inport Units vs SiC

* "Dry", Full Life, Chamber Roof
vs "Porous"

* Organic Coolant Secondary
vs Helium
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(2) Hot cells, one on each side of containment building

Overall View of LIBRA-LITE Power Plant

(1) Reactor containment building




Buipjing JusawuielUOd JO apIs Yaea Uo auo ‘s||99 10H (2)

Buipjing juswuleluod 1o0joeay (1)

jue|d 19mod F117-VH4l1 10 M3IA [[el2A0



Overall View of Containment Building with Translucent Walls

(1) Hot cell
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Top View of Reactor Within Containment Bullding
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X-Ray Spectrum from “Bangerter” Target

Time—Integrated
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Node Position vs. Time
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Node Position vs. Time
LIBRA—LITE MAGNET
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POWER FLOW DIAGRAM FOR LIBRA-LITE
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