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Indirect Drive TFF — major parameters & summary

1) Production rate— 500,000 usable targets/day (with hohlraum)

2) Assumes nth of-a-kind plant

3) Capsules are solid polystyrene

4) Plastic outer hohlraum caseto eliminate radioactive processing lines
(Flibe also consider ed but requires expensive glove box or hot cell handling)
5) Pb/Hf (70:30) ishigh Z material

6) Internal hohlraum components are made by LCVD only

7) Total employees estimated at 167 (24/7 shifts)

8) Installed capital cost estimated at $304M ($38 M annualized cost)

9) Annual materialsand utilities ~$11M

10) Annual maintenance costs (labor and materials) ~$18M

11) Annual operating labor costs~$10 M

12) Cost per injected target isestimated at ~40.8¢

&
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Steps for target fabrication are challenging

1) Fabricating the spherical capsule
2) Fabricating the hohlraum case

3) Fabricating the radiators

4) Filling the capsule with fuel

5) Cooling the capsule to cryo

6) Layering the DT into shell

7) Assembling the cryo components
8) Accelerating for injection

9) Tracking the target’s position

10) Providing steering/timing info

Some Possible Indirect Drive

Specifications

Capsule Material
Capsule Diameter
Capsule Wall Thickness
Out of Round
Non-Concentricity

Shell Surface Finish

Ice Surface Finish
Temperature at shot
Positioning in chamber
Alignment with beams

CH

~4.6 mm

250 mm

<0.1% of radius

<1% of wall thickness
10-200 nm RMS

1-10 mm RMS
~18.5K

less than = 1-5 mm
<200 mm

.... Process development programs for target fabrication and

target injection are underway

A
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> Los Alamos
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[The standard distributed radiator target of Tabak and
Callahan is the reference HIF design

Two sided illumination by heavy ion beams
Energy deposited along hohlraum materials
Radiation distribution tailored by material density
Unique materials required

LLNL Close- °F K ”
Coupled Heavy lo | 5 = ]
Driven Target 0.4¢ 1

0.4 0.6 0.8 1.0
z {cm)

Standard (not close coupled)
Ref: Nuclear Fusion, Vol. 39, No. 7 (1999) design used for calculatigns

=
» Los Alamos
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Preliminary “Target Fabri'cation Facility” (TFF) layout

Ethanol/Water Exchange

& Vacuum Drying Full-scale rotary

contactor: 50x50 cm,
50% liquid, 8% shells by
volume, 8h target supply

PS shell
generation

i
Y QaQcLa

1

¢“-..'0
0‘ ‘t
~ Hohlraum »
- Production
. L
°, Area
....ll“‘

Hohlraums —
\

LT DT Filling
~"Hohlraum . (Permeation Preliminary cost estimates indicate
° Cryo- - Cells) ~$0.11 per capsule for capsule
", Assembly ./ _ Layering fabrication, filling, and layering (not
IO Injector To (Fluidized Bed) including hohlraum materials and
Chamber assembly)

...Polystyrene capsule manufactureis similar to - £
and uses similar equipment - asthe direct drive capsule » Los Alamos
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Generation of Polystyrene Shells

Polystyrene ~

Polystyrene
Inner water Polystyrene Shell )
Outer water Generator Solid shell in Al
+ Polyacrylic acid suspension
— toparalle contactors
Water/PAA
(external)
Schematic of
microencapsulation
process
CAD model of lab unit for

H,O/PAA iv[ Polystyrene flow with the outer water into

| rotary contactors where the
targets comprise ~8% of the
contactor volume

Ol
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Filling of the capsules With DT can be done by permeation
through the capsule wall

e |Issue = Minimum T inventory “at-risk”
» Targets typically contain ~3-4 mg of tritium

« 1.5to 2 kg of tritium/day injected into reactor
Six shots per second

Cz‘ Void fraction - 5%
R CIOPQIBINGES 210 Hohlraum cryo-assembly HIE Target
Cool time - 0.5 h arge
Pressure cell EYaRUOINEy i Buckle Pressure 449 atm
. b-Layering time - 8 h
with trays 1
IR-Layering time - 2 h Fill Time 2.8 hours
Fill overpressure - 75%
of buckle Tritium Inventory with
beta-layering 0.57kg
JET . ,
PIERCE Tritium Inventory with
NEEDLE beta-layering + IR 0.27kg
Methodology by A. Schwendt, A. Nobile (LANL), Fusion
Science and Technology (to be published)
“Advanced” methods of filling have 7 )
also been evaluated @ LOSAIEITIQS
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Layering in-hohlraum or not?

1. In-hohlraum

Three routes for indirect drive target layering

processing are possible:
— [ Evacuate
~>
Q

2. Fluidized bed
layering of
“Cold Assembly” capsules

Cold

Assemble
Layer

DT Ice

DT
Diffusion
Fill Capsule

Hohlraum
Cryogenic
Assembly

Manufacture
Materials

“Warm Assembly”

Assemble
Hohlraum

DT
Diffusion
Fill

Layer
- DT Ice
Evacuate
3. Warm

Assembled
Hohlraum

... Trittum inventory will likely require cryogenic assembly /—1-;
» Los Alamos

WATIONAL LABCORATORY
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Temperature
Copper Rod

Hohlraum

Scalloped I.D.

...Fluidized bed layering is can be used for either direct or

ASSEMBLED
HOHLRAUMS ARE
STAGED IN
VERTICAL TUBES
WITH PRECISE
TEMPERATURE
CONTROL

—_ Helium Gas
Insulating
Space

| Contact

Felt

Indirect drive targets

Two potential HIF layering
methods identified

Cryogenic fluidized bed layering
(Requires “last second”
cryogenic assembly)

WAT

INJECT IR
Before
o 0.0
FLUIDIZED o O OQ
BED WITH oXe)
GOLD —_ O O
PLATED (IR @)
REFLECTING)
INNER WALL
' \ After
Neopentyl alcohol
as surrogate for
hydrogen - proof
of principle demo
COLD HELIUM
AN
s Los Alam

CMAL LAS
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Laser chemical vapor deposition allows very low-density
high-Z materials to be fabricated in-situ

Laser-assisted Chemical
Vapor Deposition is
being evaluated at LANL
(J. Maxwell, IAEA-TM

Each of 112 unit processor s have June 17-19, 2002)

e 16 basic Optical Assemblies $14k each

e 16 XYZ-Motion Systems $35k each

« 16 solid-state laser systems $130k each w/

« 8GasFlow Systems, and $12k each 148§
P ST P

e 2load-lock transfer systems $23k each ;:i:r:;j,;g_,j;
A e
T:T;Ei'-'ﬂ-‘-‘rr

Theestimated cost of each unit Processor isthen $3 Million. e

Hence the current cost for all 112 Unit Processorsis $336 Million but should drop for
the following reasons.

— Thecost of diodelaser systemsisfalling
— Themajority of the cost isthe laser system
— Very largenumbersof componentswill be ordered,

We estimate the system cost as $200 Million in 5-10 years.

A
o L?s Alamos
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Begin with a plastic
sleeve to provide a
non-radioactive
structural support
(or Flibe for
radioactive assembly)

foams by
LCVD

Add 20 mm Kapton film to hold capsule
high-Z layer
by CVD or
“exploding
wire”

Add final
. components by

N
= V| LCcvD )
N4 7
N \

“Last second” cryogenic
assembly isrequired to
prevent damageto the
cryogenic DT layer /

g
SAAANANAY
7777

Add high-Z by
LCVD

0

'V,
Y

Completed assembly with films to
seal in gas

...Final assembly Is similar to direct drive target in sabot Los Alamos
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The LCVD equipment dominates all equipment costs

$200,000,000+
$180,000,000-
$160,000,000-
$140,000,000-
$120,000,000-
$100,000,000-
$80,000,000
$60,000,000
$40,000,000
$20,000,000
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Operating costs account for half of the annual target costs

$20,000,000

$18,000,000 -

$16,000,000 -

$14,000,000 -

$12,000,000 -

$10,000,000 -

$8,000,000

$6,000,000

$4,000,000

$2,000,000

Operating Labor Materials Utilities (electrical) Annual Facility Waste Disposal Costs

(consumables) Maintenance
(materials + labor)

/"\
ey
> Los Alamos
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Costs would be higher with radioactive hohlraum fabrication

Indirect Drive Cost per Injected Target

350
300
O |Power Plant Size - 1000 MW
B |Power Plant Size - 3000 MW
£ 250
c
o
o
© 200 Preliminary estimates
(@)} .
= assume nominal cost factors of
5 150 Glovebox
by Capital 2X
§ Operating 1.5X
100 Hot Cell
Capital 10X
50 Operating 3X
Non-radioactive Glove Box Hot Cell Vs
Handling Processing ="
+ Los Alamos
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Costs would be lower with offsite hohlraum manufacture

and with higher plant power
Indirect Drive Cost per Injected Target

45

40

35

30

25
8 1000 MW
@ 3000 MW

20

15

Cost per target, cents

10

0 all fabrication on-site ' capsule & hohlraum
components fab off-site

P
» Los Alamos
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[Fingle use for hohlraum materials appears preferabl

Laila EI-Guebaly recommended single use of low cost materials
for the following reasons:

-Hohlraum walls represent lessthan 1% of total waste stream
-Recycling produces high level waste

-Recycling requiresremote handling in tar get fabrication
-Au/Gd materials cost $80 M /year

-Other materials are much cheaper and still effective

Ref: ElI-Guebaly ARIES presentation, October 2002

Single useresultsin lower cost of electricity

Alamos
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Summary - Target costing study

A first cut at cost of target fab including hohlraum

 Costis evenly split between capital and operating

 Major capital equipment is LCVD to fab hohlraum components
 Reference cost is 41¢ (For 1000 MWe plant and on site fab)
 Lowest cost estimate is 22¢ (For 3000 MWe plant and central fab)

 Radioactive handling (recycling) would increase costs
substantially

« We have a modeling structure that is easily updated as new
process information becomes available

P
» Los Alamos
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[Final selection of materials requires and overall
systems view -Fabricability
-Target energetics

-Radioactive inventory and handling

gi BI 8-2203 ?/CC -Materials compatibility

; : gl/cc I .

C: BegpggsBr 1.845 g/cc I nj ectability

D: Au 0.032 g/cc

E: CD,Aug (3 0.011 g/cc

F. Fe 0.064 g/cc ARG
G: Fe 0.083 g/cc o K

I:  AuGd 0.1 glcc E O} = ;
J: AuGd 0.26 glcc = ey ® o e r-uil i
K: AuGd 0.099 g/cc NC M/( v
L: AuGd 13.5 glcc ool Al el
M: Al 0.055 gl/cc 00 & e T
N: AuGd “sandwich» 0.1/1.0/0.5 -

o: D, 0.001 glec Nuclear Fusion 39, 883

iImplification and material substitutions are needed to reduce
complexity of the target LosAlamos

AL | Ay
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Final selection of materials requires an overall systems view

-Fabricability
\ -larget energetics
N\ -Materials separation

-Radioactive inventory and handling
_— -Materials compatibility

Al at 70 mgfcc -> Si02 _ eC 1l e
Fe at 16 mg/cc -> CH with Au Inj tablllty u /L ;
0.6-\\\\ i

- K
) [ D E !
Part Material Alternate Materials 0.4r

Plastic doped with Au at
10 mgfee to hald back wall

A DT - 5 EFEANENEE
B DT -- - G )
C Beyg9sBro00s Polystyrene (CH) ,,( N ]
D Au -- M ]
E (CD,)o.97AU( 03 R 0010 e e —— EEe—
F Fe Au-doped CH foam ( ?6 08 1.0
G Fe Au-doped CH foam z\em)
H  (CD,)yq/AUy 0 - (Nuclear Fusion 39, 883)
I AuGd [high-Z only] Various - Au, Pb/Ta, Pb/Ta/Cs, Hf/Hg/Xe/Kr, Pb/Hf
J AuGd sandwich (high-Z only) Various - Au, Pb/Ta, Pb/Ta/Cs, Hf/Hg/Xe/Kr, Pb/Hf
K AuGd [high-Z only] Various - Au, Pb/Ta, Pb/Ta/Cs, Hf/Hg/Xe/Kr, Pb/Hf
L AuGd [high-Z only] Various - Au, Pb/Ta, Pb/Ta/Cs, Hf/Hg/Xe/Kr, Pb/Hf
M Al CH or Doped CH
N AuGD Various - Au, Pb/Ta, Pb/Ta/Cs, Hf/Hg/Xe/Kr, Pb/Hf J/-‘,.._.}
O D He gas

2 J » Los Alamos

WATIOMAL LARC
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Hohlraum wall materials selection affects the target energetics

Materid Ewal/ Ewal Aucd

AU/ Gd (50:50) 1.00

Au 1.25

Pb 1.28

Hg 1.26 _ _

Ta 1.95 Uranium and thorium

W 1.25 may be undesirable due

Pb/ Ta (50:50) 1.08 to fission radioactivity

Pb/ Ta (70:30) 1.06

Hg/ Xe (50:30) 118 Pb/Hf has good performance,

Pb/ Tal Cs(50:20:30) | 1.01
Pb/ Tal Cs(45:20:35) | 1.01
Hg/ Ta/ Cs(45:20:35) | 1.03
Hg/ W/C s (45:20:35) | 1.04
Pb/ Hf (70:30) 1.04
Pb/ Hf/ Xe (45:20:35) | 1.00
Th/ Bi/ Ta S Cs 0.82
U/P b/ Tal Dy/ Nd 0.76

simplicity and low cost

Ref: D. A. Callahan-Miller and M. Tabak, “Progressin target physics and

e
design for heavy ion fusion,” Physics of Plasmas 7 (2000) 2083-2091 s Los Alamos
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Moir's screening of high Z materials leaves many
candidates

Z Element Comm ents separation methods
96 SR makes fiss on products, React with berylliu m
unst abl e, alpha emitter
95 A “
8 TNp
92 Y
9 [P
90 [ R
85T AE unstabl e, alpha emitter
88T Ra alphaemitter
& T1H— unstabl e
86— TR alphaemitter; short half-li fe volatility
too costly ~$300/target
84—+ unstabl e, alpha emitter
83 | Bi centrifuge
82 |[Pb “
81 | TI
. 80 | Hg volatility, centrifuge
Continued 291 Ay too costly ? centrifuge
Ei:lE=S too costly ? “
next page H [ too costlz ?
165 too costly ?
75 | Re
74 |W

7
*Ralph Moir, Flibe coolant cleanup and processing in the HYLIFE-II =2 Al
inertial fusion energy power plant, UCRL-ID-143228 (2001) . LO. S amos
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[Additional candidate high Z material

73 | Ta TaFs, volatility,
electrochemical
72 | Hf HfF,, electrochemical
71 | Lu reductive extraction/m etal
transfer = Bi extraction
70 | Yb YbF;, Bi extraction
69 | Tm TmF,;,  Bi extraction
68 | Er ErF;  Bi extraction
67 | Ho HoF; Bi extraction
66 | Dy DyF; Bi extraction
65 | Tb TbF;  Bi extraction
64 | Gd GdF; Bi extraction
63 | Bu too costly EuF;,  Bi extraction
62 | Sm SmF;, Bi extraction
61 | Pm unstable PmF;, Bi extraction
60 | Nd NdF;, Bi extraction
59 | Pr PrF; PrF,, Bi extraction
58 | Ce CeF, Bi extraction
57 | La LaF;, Bi extraction
56 | Ba not volatility, not
centrifuge, BaF,,chemically
similar toLiF,
55 | Cs CsF, volatility,
54 | Xe volatility

*Ralph Moir, Flibe coolant cleanup and processing in the HYLIFE-II

/N
inertial fusion energy power plant, UCRL-ID-143228 (2001) ;:L?sAlamos
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[Volatile, centrifugal and chemical processes are used
for impurity separation*

o)

Volatile HYLIFE-II Flibe
gases chamber A
pumped «— J .
from
chamber ™ g)?sligrlﬁ anup exchanger
- (| —H20
Precipitates (Hg,
Pb, C, Li20, etc)
Chem separations
C ) (Ta, Cr. Fe, etc) — Steam
¢ .| Yacuum disengager
—( ) Tritium recovery >
system 10 m3/s
1/10/2001 Pum% v
53 m3/s Volatiles (tritium, Hg, N, He, etc)
*Ralph Moir, Flibe coolant cleanup and processing in the HYLIFE-II ’f—j
inertial fusion energy power plant, UCRL-ID-143228 (2001) @ LOSA'EI'I'IOS
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[A centrifuge will effectively remove insoluble liquids
(and solids)

Motor Filters may remove
solid particulates
smaller than vacuum

disengager openings
(0.2 mm)
+—
VS iB ]
L 1 ‘;—> Pb + BeO
heavy
liquid
Separation
L +—1 zone
MS ——> [ .
light
Pb, Bee(t)é I=guid
\ o (@)
o Te. Flow rate
iXin
zoneg "o K ~11/s
Rotor/centrifuge s | L N
° 0 o _-'-r-"_‘}
* Los Alamos

12/27/2000
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[Target materials selection summar

Pb/Hf appearsto be acceptable but not necessarily optimum
-Room temper ature fabrication

-Good energetics

-L ow cost materials

-Some others are better energetically (e.g. U and Th cocktails)
-Some are mor e easily separated from Flibe (e.g. Hg and Kr)

-Pb may be separated by centrifuge

-Hf requires electrochemical separation by first contacting with Be

Specific suggested testing
-Carbon separation experiments using hydr ogen purge
-Strength tests of low density LCVD materials

&

Alamos



| +;* CENERAL ATOMICS

AND AFFILIATED COMPANIES.

[(We propose a qualitative materials ranking by elemen

The following factorswill be considered
-Target fabrication

-Target injection

-Flibe purification

-Target energetics

-Material costs

-Others

Element pairswill be suggested for further analysis

[Witimately, target materials selection must be based on a cost
analysis.

A thermomechanical process flow simulation can provide input to the
cost model.

,
. Los Alamos
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Backup dides

. Los Alamos

WATIOMAL LARC
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supply pathway
Step Methods

There are many decisions to be made when selecting a target

Comments/Issues

Capsule Fabrication Microencapsulation

GDP coating onto mandrels

Solution spray drying

Filling Permeation
Liquid filling
Layering Fluidized bed
In-hohlraum
Hohlraum Comp. Fab Casting
LCVD
Metal foams
Wire arrays

Doping of CH foams

Target Injection/Tracking Gas-gun, electromagnetic

Simple, suitable for hi-volume

Issues: sphericity, non-concentricity
Could solve NC problem; demo’d in
small coaters; Issues: multi-step adds
cost

Produce stronger, higher density PlI;
Issues: surface smoothness, cost
Demonstrated; Issues: T inventory
Developmental, capsule damage
Demo’d in principle, req’s fast assembly
Extreme precision/uniformity

For Flibe sleeve, remote handling

For high-Z matl's, developmental, cost
Pore sizes, density

Uniformity, structural integrity

For radiator matl’s, mass-prod
methods, handling, precision

Building demo system

... Many of the steps above have issues associated with remote /A
handling, dose rate, CTE mismatches on assembly » Los Alamos
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Approach to cost estimating of the TFF

« What this is not:
— afinal design and layout of the TFF plant
— doesn’t mean that R&D is done and process decisions are made

e Itdoes:

— assume that development is accomplished to allow scaling of current
laboratory methods to larger sizes

— provide a generous allowance for equipment, labor, and process time for
currently known processes

— uses chemical engineering scale-up principles and practices

— use established industrial and power plant cost-estimating methods and
factors for an nth of a kind plant

« Model provides:
— afirst cut at the facility design concepts and cost
— aframework to compare and contrast future design decisions
— atool to help guide future research directions

/"\
ey
> Los Alamos



o +:-~ CENERAL ATOMICS

AND AFFILIATED COMPANIES.

Target Mass Production

Classic “chemical engineering approach” to Target Fabrication Facility (TFF) design

The TFF is a chemical process plant

PFD's
N\
Mass-Bal. FS's E-Bal. FS's A

| l

Prel. Equip. Types/Sizes A

|

Preliminary TFF Layout
-Floor Space N
-Height Regs.

4

“Alternate Process”

Microencapsulation

“Baseline Process” % For Mandrels
: : v S v
Microencapsulation S8 -
Int. Polycondensation 3 F_"é'g'Pzed 212 C.
Sputter Coating Ss _Solution
l .....................................................
- Permeation Fluidization 2
£ Cooldown _, Eby IR/RF 5
T DT Removal Removal z Status
Transfer — -

l Completed preliminary
< Target Assembly layout and equip. sizing
< Removal & Recycle «Costing model for indirect
2| Prop. Gas R&R drive target

Tracking
*Cost results encouraging!

details

Demonstrate a credible _ _
Pl
-- pathway to producing 500,000 anning review & more
per day

A
.... Important step in showing feasibility of target fabrication uL?s

Alamos
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Use of plastic vs FLIBE outer shells

Using plastic rather than flibe for the target shell is a trade-off between recovery of much larger amounts of hydrocarbon material
from the chamber, and the potentially lower cost of the targets. Dr Peterson points out that since we must have at least some plastic
due to capsules and support membranes, this appears to be more of an optimization question than a viability question.

some of the advantages to plastic outer hohlraum shells would be:

(1) elimination of radioactive handling in the hohlraum production process, and,
(2) ability to produce the hohlraums at a central large-scale facility (instead of at each reactor site) - thus improving the economies of
scale and reducing costs significantly

the poly-CH2 plastic shell would char to produce solid carbon particulates suspended in the FLIBE - these char particulates could
potentially be controlled in 2 ways:

(a) filtration (they may be fairly fine and it may be tough to develop a sufficiently durable filtration media), or,

(b) gasification - the hydrogen-bearing reducing conditions in the reactor loop should favor (thermodynamically) the formation of light
hydrocarbons such as CH4, etc, which would separate easily as gases from the molten FLIBE

- the question is whether mass-transfer (getting the hydrogen to the carbon surface) or kinetics (is it hot enough?) will overly limit the
gasification reaction rate - but the process is favored by both the high diffusivity of hydrogen and the high surface area of the carbon
char - it may be that these factors coupled with long residence times can maintain reasonably low equilibrium concentrations of solid
char in the FLIBE

what we would need therefore is some initial data from a simple lab-scale test - wherein some plastic shards (such as poly-
propylene) are immersed in FLIBE at typical loop temperatures and varying hydrogen partial pressures to determine the evolution of
C (presumably as gaseous hydrocarbons) from the FLIBE as a function of time - this could be done in a standard thermogravimetric
analysis (TGA) set-up with a GC outlet gas analyzer

/"‘\
» Los Alamos
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Target Fabrication Facility capital costs are treated as an
annualized expense

Design and construction costs are typically paid for by a combination of
- Debt (bonds)
- Preferred dividend stock
- Common equity stock

« Standard financial treatments (Ref. 1) result in a levelized “fixed charge rate” of
expressing the annualized expense or repaying the design and construction costs to
these three sources.

* The fixed charge rate is calculated using inputs ranging from interest rates, stock
returns, tax rates, depreciation schedules, etc.

* For a 30-year facility with typical financial assumptions, the fixed charge rate is
estimated to be 12.5% per year.

Ref. 1. A Reference Data Base for Nuclear and Coal-fired Powerplant Power Generation Cost
Analysis, DOE/NE-0095, 1988.

A
=%
> Los Alamos
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Operating Labor Costs for Polystyrene Target Production

$3,000,000 -

$2,500,000 -

$2,000,000 -

$1,500,000 -

$1,000,000 -

$500,000 -

» Los Alamos

NATIONAL LABORATORY
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Materials Costs (consumables) for Polystyrene Target Production

$3,500,000

$3,000,000

$2,500,000

$2,000,000

$1,500,000

$1,000,000

$500,000

» Los Alamos

NATIONAL LABORATORY
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Target fabricator’s vision of an “ideal” distributed
radiator target

Functionally - 4 Components
1. Capsule

2. Beam Block

3. Absorber/Radiator

4. Structure & Radiation Case

Graded density
& composition

High Z surface
supplied by physical vapor deposition

paX
- Los Alamos
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Direct capsule fabrication by microencapsulation

Schematic of microencapsulation Power spectrum of 4.6mm CH
capsule, 45 nm wall, OOR <1% of
radius, NC <3% of wall, rate

Non agueous 36/minute (M. Takagi)
polymer solution Solid shell

Aqueous

phase
10° T
Droplet M St R
pa &
eneration 4 ] path(2): 0 0 0
J 10 E path (3): 0 0 @ Fe@ zasm]
] \\
10°
° 09,0
e (e -
10° 4 A
. ] ‘\A Approaching IFE
£ 10 3 A Requirements!
10
Laboratory scale o
rotary contactor /
1077 3 v
] NIF Spec (green) \
-3
1 10 100 1000
mode number

Microencapsulation may be most cost-effective pathway... 7§ Los Alamos

WAT I:_ AL | rl_'-!l::ll'l:.'rf: Y
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Cryogenic fluidized bed Iay'ering & transfer to assembly

station Solid layered
Polystyrene DT at ~18K

DT Recycle

Vacuum Pump
(scroll pump)

= ©)

Filter / A

Separator

\ . -
Batch Fluidized Bed
IR or —— Layering Stage
Recycled Microwave
FPurified o ‘
Helium L\QU\d Helium —s—1 (/‘OO J[O?’?’) LQy
} (18.6° K) ™ Tar
Liquid Helium —=— o

-
o

Liguid Helium Liquid Helium
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Ethanol exchange and vacuum drying occur in contactor

» Sequenced ethanol solution begins
drying process

« Ultrasound nucleates vapor in shell

 Vacuum completesthe drying process

« Ethanal rinse and vacuum drying
occur in same contactor

Production scale contactor

22

=
» Los Alamos
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DT filling in a permeation cell

DT Gas
Supply System

High Pressure
- Contactor
DT in —=f C—102b

Liquid Helium —=—1

} ™
Liquid Helium —| (~3 days)

DT

Recycle

Polystyrene

@‘

36" [.D. X 40" Tall, 8 trays,
290,000 targets

Perm cell with trays

Tritium Systems
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chemical vapor deposition allows very low
y high-Z materialsto be fabricated in-situ

~8

Unit Processor

Important System Componants

1) Pressure Viessel Compartmant
(2] Gas Inlet/Outiel

(3] Sample Mandrel

{#] Samgples (3 in parallel)

(5] Archived Samples |9 addfional around mandrel)

{6} Focusing Optics

(7] Diffractive Optic

(8] Beam Expandaer

9] Beam Splitter

{10) Stesring Optics and laservideo beam splitier

(11)} Narrow Band Filter{s} and Minl IR Speclromater

{12} Powar Mater

{13} Pockelzs Call

{14} Beam Polarizer

(15§ Mini 0.1-micren Precision Stages (2 n. Travel]

{10) Gaussian-Beam Output KW Laser Diode Arrays [30-T0% ofl.)
{171 Load-Lock and Transfer System

Modular Mass  ~
Production Facility
1512 Sq. Ft.,
excluding Office Space
and Power Facilities

ft.

— 1811

B4
/_\/
. Los Alamos
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The number of LCVD unit processors are estimated

based on axial growth rates

 Thetotal volume of all low-density hohlraum material is approximately 2100
mm?/tar get, based on current designs.

* Assume 100x100 spot arraysfor each beam, with 12 micron spacing between
fibers> 1.4 mm? cross-sectional area of each “pixel.”

e Axial growth rateson the order of 2mm/s> 2.8 mm?3/svolumetric growth rate for
each Hohlraum.

— Thisgrowth rateistypical, and potentially under estimatesthe actual growth
rate by an order of magnitude.

« Each Hohlraum takes 750sto grow—>12.5 minutes. Load-lock and Transfer times
are assumed to be negligiblein comparison.

 However, each Unit Processor grows 48 samples simultaneously, with 192 samples
per load-lock cycle; 112 Unit Processors are operating in parallel, so 5376
hohlraums ar e being made ssmultaneoudly.

 Theproduction rate of the Facility is 7 Hohlraums/s—>~17% over capacity

P
» Los Alamos
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Balance of plant costs for target fab are also significant

$16,000,000

$14,000,000

$12,000,000

$10,000,000

$8,000,000

$6,000,000

$4,000,000

NN NN

$2,000,000

$_ —
O @
Q\Q ((\)@(3‘*\ 6@6\
A
» Los Alamos
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AND AFFILIATED COMPANIES.

Target injection costs are estimated at less than 2 ¢ each

Less detail than fabrication study

Estimate 6 full-time staff and an installed capital cost of $20
million (negligible utility costs assumed for now)

Using factors developed in the fabrication study produces these

results:
— Annualized capital cost of 12.5% x $20M = $2.5M
— Operating costs = ~0.5M postion. ion1ardet
todiodeés
— Total annual costs = ~$3M o
o
— Cost per usable target =~1.6 ¢ Clant lon beams
arget
_Revolver (
/ﬁ.?argets = =
Nl sl
HYLIFE-Il power plant - e Qu@ g
con Cept reservoir “ i i
showing basic injector bg?'r’éclgg‘r,ggg,
components e 3
Sged

Alamos



f #—:‘r CENERAL ATOMICS

AND AFFILIATED COMPANIES.

[(Mercury, xenon, and krypton are volatile and easily
removed from Flibe*

l

Flibe 650 °C
Flibe droplets

500 °C

470 100 -50°C

.. ... - ..... ... 100 O

e\ S /

o 0 e P ) e ©®

00.::.0:004 éié / / /

ety 77 7 7 7 —=T2,H0 He,

®0es0ecreoe / ; 4 ; / / _>02,N2pump|ng

®e0cecp0eo0e / / / / é /

*0es00c0e0° / /Y 7 Y ; — Xe Kr

0000900000 / / / / 4

® 0o o000 © d

(LI BPA W I N

®0e 00000 0°°

0.0..00...

Flibe vapor condenses Hg vapor condenses

1/19/2001 l and collects as a liquid and collects as a liquid

Flow rate up to 10,000 /s

Thisallows much lower impurity concentrations and lower separation costs

*Ralph Moir, Flibe coolant cleanup and processing in the HYLIFE-II Jf‘—j
inertial fusion energy power plant, UCRL-ID-143228 (2001) ¢ LOSA'EI'I'IOS
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[Lanthanid -Fluorides may be removed by a bismuth

Processed

extraction Process saltto  =—— —
reactor \i |
Extragtor !
|
Fuel salt I !
(noUorPa) — | | Bj
Py
Extractor :
|
b | |
v - _ _ _BilLi
LiCl < | ¥ (0.5 mole frac. Li)
Extragtor
Bi-Li
Flow rate 1 ' - +Idi\|/alent
~0.1 |/S r ) rare earths
| <«— — Bi-Li
l (0.05 mole frac. Li)
Ektragtor
*Ralph Moir, Flibe coolant cleanup | BiLi
and processing in the HYLIFE-II 1212712000 T ~ " + trivalent r i
inertial fusion energy power plant, 7= - rare earths

UCRL-ID-143228 (2001)

gh===
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[Oxygen may be removed with HF or , purge*

Oxygen in Flibe produces BeO

Solubility is 125 wppm

For 1000 g/day oxygen, 75 days accumulation is allowed
Small dipstream may be processed with H2 or HF purge

Flowrate~0.11/s

It may be possible to remove carbon particulateswith an H2 purge
producing hydrocar bon gases (experiments needed)

*Dal Kal Sze - e-mail to Per Peterson, September 2002

A
o L?s Alamos



) +:-~ CENERAL ATOMICS
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[Order of magnitude cost estimates for cleanup

processes
Process Cost est. Processrate, Cost scaling Inventory/
PR concentration
/n oldup time
Volatility, Hg | 10’ 1001/s (PR)"® 0.17 kg/7
wppm/3 .3 hr
Centrifugation, | ¢10’ 11/s (PR)%® 1740 kg/700
Pb wppm/13 .9d
Reductive $2° 10’ 0.11/s (PR)%® 17,400
extraction, Gd kg/7000
wppm/139 d
Volatility, Xe $5 10° 1000 I/s (PR)%® 0.017 kg/0.7
w ppm/20
min.

*Ralph Moir, Flibe coolant cleanup and processing in the HYLIFE-
Il inertial fusion energy power plant, UCRL-ID-143228 (2001)
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