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IFE Technology Presentations from Recent Meetings:

2nd Laser IFE Program Workshop (NRL), May 31-June 1, 2001. See: http://joy.ucsd.edu/MEETINGS
IFE Chamber Technology Program Review, UCLA, April 26-27, 2001. See: http://www.fusion.ucla.edu/apex/agenda-peer-review-IFE.html

ARIES Project Meeting, March 8-9, 2001. See: http://ashley.ucsd.edu/ARIES/DOCS/MINUTES/0103/



Progress in IFE Technology: March - May 2001 (Cont’d.)
Target Fabrication, Injection and Tracking—General Atomics and Los Alamos National Laboratory:
D. Goodin, A. Nobile, R. Petzoldt, N. Alexander, L. Brown, G. Besenbruch, S. Willms, A. Schwendt

� Held indirect drive target workshop on May 1, 2001 to present progress and focus on selecting a hohlraum wall material
� Successfully deposited thin gold coatings on spherical shells and developed methods to measure their thickness & uniformity
� Conducted experiments to evaluate  the feasibility of solution spray-drying in a fluidized bed for mass-production of targets
� Calculated the required thermal profiles for in-hohlraum layering with a distributed radiator target - next step is designing a cooling and 

handling system that can supply targets at the required rates
� Developed basic requirements, concepts, and performed design calculations for a cryogenic fluidized bed for high-volume layering of 

targets
� Developed concepts for cryogenic handling in the target supply system; including an injector loading system

Publications and Presentations

1) D.T. Goodin, N.B. Alexander, C.R. Gibson, A. Nobile, R.W. Petzoldt, N.P. Siegel, L. Thompson, 
“Developing Target Injection and Tracking for Inertial Fusion Energy Power Plants”, Nuclear Fusion, VV41 
No. 5, 527.

2) "Update on Target Fabrication, Injection, and Tracking" and " Direct Drive Target Protection During 
Injection", March ARIES Meeting, Livermore, CA http://ashley.ucsd.edu/ARIES/DOCS/MINUTES/0103/

3) " High Volume Filling of IFE Targets " and " IFE Target Factory Tritium Inventory Modeling ", ARIES 
Town Meeting on Tritium and the DT Fuel Cycle, http://joy.ucsd.edu/MEETINGS/0103-ARIES-TTM/

3) "Progress in Cradle-to-grave Direct Drive Target Supply Scenarios", "Foam Shell Characterization Status", 
"Status of IFE Tritium Inventory and Target Mass Production", "Status of Inertial Fusion Energy Target 
Injection & Tracking System", Laser IFE Program Workshop, May 31-June 1, 2001, Naval Research 
Laboratory, Washington, DC, http://joy.ucsd.edu/MEETINGS/0105-NRL-LASER-DP/

4) " Inertial Fusion Target Mass-Production Technology Development Programs", Presentation to Chris Keane, 
DOE DP-131, San Diego, CA

Concept for target injector 
loading system

Fluidized bed coating
zone with screen

Nebulizer creates 
4-8 µµµµm microspray

Solution spray drying methods hold 
promise for IFE target coatings



Progress in IFE Technology: March - May 2001 (Cont’d.)
Thick-Liquid Protection—Georgia Institute of Technology:
S.G. Durbin (student), J.R. Reperant (student), M. Yoda, S.I. Abdel-Khalik

�Focus on statistics of sheet 
edges regions with greatest 
surface ripple:
�Planar Laser-Induced Fluorescence 

(PLIF) images of Re = 8.3 × 104

sheet edge (left)
�x/δ = 25
�Images 0.7 s apart (exposure 0.4 

ms)

�Perspective and contour plots 
(below) of sheet edge:
�Averaged over 220

images (7.3 s) 
�Average symmetric

across sheet width δ
�Re = 8.3 × 104 at

x/δ = 25

Flow (x) direction out of plane; Scale in cm.

3.6 cm 3.6 cm

1 cm

Publications and Presentations:

M. Yoda, “Modeling and Experiments of 
Fundamental Liquid Jet Hydrodynamics,”
Presented at the IFE Chamber Technology 
Program Review, UCLA, April 26-27, 2001.



Progress in IFE Technology: March - May 2001 (Cont’d.)
Thick-Liquid Protection—University of California, Berkeley:
P. F. Peterson, S. Pemberton (student), C. Debonnel (student), G. Fukuda (student), D. Olander

� The pressure of the vapor species in equilibrium with the 
molten salt flibe (Li2BeF4)in the range of 600°C were 
determined using activity coefficients obtained from three 
independent measurement methods.  This work, performed 
by doctoral student Grant Fukuda and Prof. Donald Olander, 
found that the vapor pressure of flibe is approximately 60% 
lower than values estimated by extrapolation from high-
temperature vapor pressure measurements that have been 
used previously for IFE chamber design.  The vapor phase is 
composed of over 90% BeF2, with the remaining vapor being 
primarily LiF and the mixed dimer LiBeF3.  The methods 
developed in this work also predict the partial pressures of 
these species.  Accurate estimates of flibe vapor pressure are 
needed to determine the temperatures required in the final 
focus magnet region of HIF beam lines.  These results 
suggest that the final-focus magnet region will need to be 
maintained below the melt temperature of flibe.

Equilibrium vapor pressure for Flibe liquid

� A large number of additional jet disruption experiments have been performed in the Vacuum Hydraulics Experiment, to study 
the disruption of both stationary and oscillating single sheet jets.  Movies have been posted on the web at 
http://www.Nuc.Berkeley.EDU/~pemberts/Research/index_research.htm .  All parts of the multi-jet nozzle to be tested during 
the next 3 months have been fabricated and are being installed; our next progress report will show these results.

� U.C. Berkeley participated in the new International Atomic Energy Agency Coordinated Research Project (CRP) on "Elements 
of Power Plant Design for Inertial Fusion Energy," May 21-24, 2001 in Vienna, Austria.  This CRP brought together 
representatives from over 12 nations to initiate a 5-year collaborative research project related to IFE chambers and interface 
technologies, that should spur more rapid advances and innovation in IFE research.
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Publications and Presentations:

P. F. Peterson, “Introduction to Liquid Wall Chamber Configurations and Hydrodynamic Phenomena” and “Effects of Impulse Loading on Liquid Pocket 
Dynamics and Droplet Clearing,” Presented at the IFE Chamber Technology Program Review, UCLA, April 26-27, 2001.



Progress in IFE Technology: March - May 2001 (Cont’d.)
Laser Damage to Optics—University of California, Los Angeles:
N.M. Ghoniem, Z. Wang (student) and Q. Hu (student) (see: http://puma.seas.ucla.edu/web_pages/)

� Initiated the development of a structural model for deformable reflective mirrors to 
compensate for thermal, gravitational, mechanical and swelling distortions.  The model is 
based on shell and plate theory, and attempts to solve continuum equations of elastic 
deformation with additional inelastic sources of strain as described above.  No results 
have been obtained, since we are at the formulation and coding stages.

� Laser-Induced Damage Threshold (LIDT):

� Continued data assessment from published literature.

� Communication of pertinent experimental conditions to the UCSD research group.

� Participation in drafting a national materials development program with Lance Snead and 
John Sethian, and presentation of the plan at NRL on May 31, 2001.

� Finished a new research paper on laser interaction with covalently bonded materials with 
Professor Daniel Walgraef, and submitted the results of this research to Phys. Rev.

Publications and Presentations:

D. Walgraef and N.M. Ghoniem, "The Effects of Crystal Anisotropy
and Adherence Forces on Laser Induced Deformation Patterns in Thin 
Films," submitted to Phys. Rev.

L. Snead, N.M. Ghoniem, and J. Sethian, “Integrated Plan for Materials 
R&D in Laser Inertial Fusion Energy (IFE),” Presented at the 2nd 
Laser IFE Program Workshop (NRL), May 31-June 1, 2001.

Schematic of the developed model for laser-
film interaction
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Laser interaction with SiC 
crystals



Progress in IFE Technology: March - May 2001 (Cont’d.)
Thick-Liquid Protection—University of California, Los Angeles:
P. Calderoni (student), A. Konkachabaev (student) G. Turr  (student), M. Abdou, N.B. Morley, T. Sketchele, A.Y. Ying

� Studied Flibe vapor chemical composition to ensure Flibe ablation
� Began to perform Flibe droplet generation and operating conditions characterizations
� Began to cast new Flibe liner using quartz tubes to prevent carbon contamination
� Began to study beam line protection by forced vortex tubes using FLOW-3D

Droplet characterization study 
(Organic oil discharged to a 
vacuum chamber from a spray 
nozzle)

n =5 n =10

Publications and Presentations:

P. Calderoni, “Simulation of Vapor Condensation Phenomena,”
Presented at the IFE Chamber Technology Program Review, 
UCLA, April 26-27, 2001.

Auger Analysis for Chemical 
Composition: Light elements 
spectrum of sample
•••• Li compounds (oxides and fluorides)
•••• Be compounds (oxides and fluorides)
•••• C deposition Four nickel collecting coupons were 

placed inside the chamber facing the 
source to evaluate the chemical 
composition of the generated vapor

A crude force balance for vortex tube flows pits centrifugal acceleration against 
gravity V2/R = n g →→→→ n = V2/Rg. At n = 10 liquid sticks to the wall against gravity well 
and doesn’t improve much as n goes to 30.



Progress in IFE Technology: March - May 2001 (Cont’d.)
Gas Dynamics, X-Ray Ablation and ARIES-IFE—University of Wisconsin, Madison:
L. El-Guebaly, D. Henderson, P. Wilson

� Completed activation analysis for ARIES-IFE solid wall 
power plant study.  

� A variety of target coatings and hohlraum materials was 
examined using conservative assumptions. Following each 
shot, target/hohlraum debris condense on SiC/SiC FW in 
case of a low pressure gas (< 0.5 Torr), the plated material 
gets re-irradiated for ≤ 6 FPY at 3.5 MW/m2, then it is 
disposed of with the FW and blanket. 

� Results showed no waste disposal problem (WDR < 1) for 
gold coated targets or gold hohlraums after 6 FPY of 
irradiation.

� Alternate materials, such as W, Pb, Pt, Pd, Hg, Ta, Hf, and 
Cs, also exhibit acceptable radwaste level.

� Silver and gadolinium generate high level waste and 
should be excluded.

� A simple comparison of the radio-toxicity during an 
accident indicated Ta results in the highest whole body 
dose, followed by Cs, Au, and Ag.  In an actual accident, 
issues related to the volatility of radioactive elements, 
transport pathways, temperatures, etc may alter the ranking 
of materials.

WDR* Radiological
Toxicity Figure

of Merit
Coatings for Laser Targets:

Au 0.04 4,450
W 0.04 1,510
Pb 0.04 11
Pt 0.05 312
Pd 0.4 428
Ag 12.4 4,416

Hohlraum Materials for HIB Targets:
Au/Gd 107.0 2,288
Hg 0.04 288
Ta 0.04 43,100
Pb/Ta/Cs 0.05 8,988
Hg/W/Cs 0.04 5,783
Pb/Hf 0.06 308

_________________
* Waste disposal rating averaged over condensed materials, FW, and blanket

Publications and Presentations:

L. El-Guebaly et al., “Activation Issues for Candidate Coating/Hohlraum Materials” and R. R. Peterson and D. A. Haynes, “Parametric Results for Gas-Filled 
Chamber Dynamics Analysis ,” ARIES Project Meeting, March 8-9, 2001.

R. R. Peterson, “Dry Wall IFE Chamber Science and Engineering,” Presented at the IFE Chamber Technology Program Review, UCLA, April 26-27, 2001.



Progress in IFE Technology: March - May 2001 (Cont’d.)
Laser Interactions and Final Optics Studies—University of California, San Diego:
M. S. Tillack, M. Zaghloul, T. K. Mau, F. Najmabadi (see: http://joy.ucsd.edu/RESEARCH/ife.shtml)

� Damage tests were performed on Al-6061 and Al-1100 GIMMs.  Damage 
was observed at 1 J/cm2 in Al-6061 but not in Al-1100 at the same
fluence.  Testing at higher fluence levels is proceeding.

� The reflectivity of damaged and undamaged GIMMs was measured using 
the ringdown reflectometer.  In-situ monitoring is used to determine the 
onset of damage when changes are not visible to the naked eye.

� Detailed beam characterization was performed.  Beam smoothing 
techniques are under examination.

� Modeling of beam scattering from rough surfaces was performed and used 
to establish criteria for damage.  Reflected light is less sensitive to 
roughness at grazing angles, but the stringent requirement on beam 
uniformity still suggests a roughness limit of a few nanometers.

Publications and Presentations:

Presentations at the 2nd Laser IFE Program Workshop (NRL), May 31-June 1, 2001:
- M. S. Tillack, “Progress on Laser-Induced Damage Studies on Grazing Incidence Metal Mirrors”
- F. Najmabadi, “Progress Report on Chamber Dynamics and Clearing”
- A. R. Raffray, “Assessment of Dry Chamber Wall Configuration”

M. S. Tillack, “Laser-Driven Chamber Interface Research,” Presented at the IFE Chamber Technology 
Program Review, UCLA, April 26-27, 2001.

T. K. Mau, "Effect of Mirror Defect and Damage on Beam Quality,” Presented at the ARIES Project 
Meeting, 8-9 March 2001.

Abstracts submitted to 19th IEEE/NPSS Symposium on Fusion Engineering, Oct. 2-5, 2001:
- M. Zaghloul, "Sensitivity of Metal Mirrors to Laser-Induced Damage Under Long-Term

Exposure at Shallow Angle of Incidence"
- T. K. Mau, "Modeling of Mirror Surface Damage Effects on Beam Propagation in a Laser

Driven IFE Power Plant"

Surface of Al 1100 showing no damage at 1 J/cm2

Intensity loss of reflected light vs. roughness height



Progress in IFE Technology: March - May 2001 (Cont’d.)
Safety and Environment—Idaho National Engineering and Environmental Laboratory:
D. A. Petti, L. C. Cadwallader, B. J. Merrill and R. L. Moore

� Performed parametric calculations to model air ingress into SOMBRERO plant:
� Original analysis performed by LLNL; confirmed by INEEL
� Sensitivity studies examined effects of draining solid breeder from blanket, initial blanket temperature 

following shutdown, and graphite reaction rate:
� Draining solid breeder from blanket has large temporal effect due to thermal inertia of system; peak 

temperature not very different
� If initial blanket temperature following shutdown is >550ºC, graphite oxidation causes heat up of blanket 

and burn through of first wall
� Peak temperature drops 75-150ºC for a reaction rate reduction of 2×
� Use of oxidation resistant material on back of blanket allows cooling with minimal consequences

� Studied implementation of confinement in number of IFE designs:
� Several previous studies used large building as primary confinement (building is only

confinement in SOMBRERO; vacuum provides additional barrier for HYLIFE-II)
� Large confinement barriers make annual testing a significant operational burden
� SOMBRERO confinement is 15× that of a PWR containment
� Goes against conventional wisdom of confining hazard as close as possible to its source
� Osiris uses high-vacuum chamber, double confinement systems, slight negative pressure

in confinement building, and Pb intermediate cooling loop to reduce tritium leakage.
Appears to be a good strategy.

� Enclosed beamlines could localize contamination/reduce its spread into building

� Reviewed safety issues associated with use of tungsten and molybdenum

� Identified key radiological and chemical hazards for the SOMBRERO design � release
of KrF gas in one amplifier could require public evacuation plan due to chemical hazards
associated with fluorine and HF

Publications and Presentations:

D. A. Petti, “IFE Dry Wall Safety Issues,” Presented at the 2nd Laser IFE Program Workshop (NRL), May 31-June 1, 2001.

D. A. Petti, “Status of ARIES-IFE Safety and Environmental Activities” and D. A. Petti, L. C. Cadwallader, and D. Steiner, “Systems Consideration Issues 
Relating to Reliability, Uncertainty, and Operation,” Presented at the ARIES Project Meeting, March 8-9, 2001.

Schematic of Air Ingress 
Event in SOMBRERO

MELCOR Air Ingress Parametric Studies

Base Case - Initial Temp 1000 C
Init ial Temp 730 C
Base Case - Oxidation Rate Reduced by 50%
Init ial Temp 730 C - Oxidation Rate Reduced by 50%

0 2 4 6 8 10
Time (days)

1200

1000

800

600

400

200

Te
m

pe
ra

tu
re

 (º
C

)



Progress in IFE Technology: March - May 2001 (Cont’d.)
Integration, Systems Studies, Safety & Environment and Driver-Chamber Interface—Lawrence Livermore National Laboratory:
W. R. Meier, J. F. Latkowski, R. W. Moir, S. Payne, S. Reyes (student), J. Speth

� Conducted IFE Chamber Technology Program Review as part of the ongoing peer review of all elements of the Virtual Lab for Technology.
� Completed modifications to the IBEAM heavy ion driver systems code to incorporate

a larger number of design optimization variables.
� Participated in the First Research Coordination Meeting for the IAEA Coordinated

Research Project on the Elements of IFE Power Plants in Vienna, Austria. The purpose
of this activity is to promote IFE in the international community and seek opportunities
to enhance collaboration on R&D activities.

� Began Alternate Chamber Concepts work by assembling team, reviewing literature
and identifying several concepts that might be implemented in a laser-IFE power plant.

� Fused silica samples were irradiated at LANSCE facility to a neutron dose of ~109 Gy;
Dose rate comparable to that which would be experienced by final optic in a laser-IFE
power plant (~100 Gy/s); Analysis of samples occurred during reporting period:
� Samples irradiated at 426ºC showed self-annealing behavior (desirable) but also displayed

scattering defect
� Samples irradiated at 105ºC had an absorption of 1.0 cm-1 at 350 nm prior to thermal annealing
� Self-healing of final optic (due to “local melting”) limits absorption to 1.0 cm-1 at wavelength

of 350 nm; Yields >90% transmission for 1-mm-thick final optic
� Photo shows 80-cm-diameter, 1-mm-thick Fresnel lens constructed as part of the Eyeglass Project

Publications and Presentations:
Presentations at the 2nd Laser IFE Program Workshop (NRL), May 31-June 1, 2001:
- J. F. Latkowski et al., “Update on Alternate Chambers Activities and Neutron Damage Modeling”
- J. F. Latkowski, J. Speth, and S. Payne, “Neutron and X-Ray Threat Modeling and Experiments for the Final Optic”
- S. Reyes and J. F. Latkowski, “Oxidation of Graphite Walls: Preliminary Results from Sombrero Safety Analysis”

S. Reyes, “Análisis de Seguridad de Plantas de Energía de Fusión por Confinamiento Inercial: Metodología y Aplicación al
Estudio de los Diseños Conceptuales HYLIFE-II y Sombrero,” Ph.D. thesis defense, UNED, Madrid, Spain, May 10, 2001.

W. R. Meier et al., “IFE Activities at LLNL,” Presented at the First Research Coordination Meeting for the IAEA 
Coordinated Research Project on the Elements of IFE Power Plants in Vienna, Austria, May 2001.

Presentations at the IFE Chamber Technology Program Review, UCLA, April 26-27, 2001:
- W. R. Meier, “Overview of IFE Chamber Related Activities”
- J. F. Latkowski, “Protection of Driver-Chamber Interface Components for Many-Beam HIF Designs”
- S. Reyes, “Progress in Safety Analysis for IFE”

Presentations at the ARIES Project Meeting, March 8-9, 2001:
- J. F. Latkowski, “Findings and Recommendations from Wetted-Wall Designs”
- W. R. Meier, “Heavy Ion Driver Systems Model Update” and “Direct Drive Gain Curve Update”

80-cm-diameter, 1-mm-thick Fresnel lens fabricated using 
2-mask lithography and HF etching (tabs allow folding for 

transport into space). Courtesy S. Dixit, LLNL.
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SiO2 irradiated at 105ºC to 109 Gy can be annealed at 
380ºC to an optical density of ~0.02 at 350 nm.


