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Abstract

The HYLIFE- inextial fusion power plant design study
uses & tiquid fall, in the form of jets to pratect the first
structural wall from neutron damage, x ray3, and blast to
provide 3 30-y lifetime. HYLIFES used liquid tithium.
HYLIFE Il avoids the fire hazard of lithium by using a melten
salt composed of flucrine, lithium, and beryllium (Li;BeFg)
called Flibe. Access for heavy-ion beams is pn.vided.
Calculations for assumed heavy-ion beam performance show a
nominal gain of 70 at 5 M producing 350 MJ, about $ 2 tmes lexs
yield than the 1.8 G) from a driver energy of 45 M] with gai of
400 for HYLIFE. The nomunal 1 GWe of power an be

by i g the jtion rate by a factor of
about 52, from 150 BHz A hxgher repetition rate requires
faster rrestabhshm\ of the jets after a shot, which can be

lished in pant by g the jot fall height and
mcmasmg the jet flow veloa'y Muluple chambers may be
ired. In addition, alth for HYUIFE-1,

there is undoubtedly liquid splash that must be forcibly clearced
because gravity @ too slow, especially at high repetition rates.
Splash removal czn be accomplished by either pulsed or
ocillating jet flows. The cost of electricity is cstimated ta be
0.09 $/kW-h in constant 1988 dollars, abou! twice Lhat of future
coal and light water reactor nuckar power. The driver beam
cost is about one-half the total cost.

Introduction

The HYLIFE-1 design (Blink et al, 1985) in which a
molten salt composed of fluorine, lithium, and beryllism
(Flibe) is substituted for liquid lithium is called HYLIFE-H
(Mair et al, 1990). It will work with minor modifications of
the HYLIFE- design (e.g., beam access} if targets having & yield
of 1.8 G) (a gain of 400 with a 45-M] driver) can be obtaired, as
assumed in HYLIFES. Splash dearing, however, was never
satisfactorily accomplished In HYLIFE-L. High galn (00}
results from advanced targets and iz beyond the state-of-the-
art Ci targets are predicted © have gains of 70 at
5 M) with projected beam parameters giving a yield of only
350 M. Such low yields (350 M) rather thar: 2000 M)} push the
design to high repetition rates to obhain either the same power
or higher driver energy and result in major departures from the
HYLIFEA design. Because, for any target design, the gain
increases with driver energy, # larger yield can be obtained
with higher driver energy, but drivers are expensive ind the
cost incmasesas |hedrivtrmﬂgyinaeascs The costof

lectrici P 23 the repetition rate
increases and mrrually to rise again when pumping power

becomes large. We find this rise is above 10 Hz. We looked at
three ways to oblain a higher repetition rate: use three
chambers, pulse the flow, and use osclllating nozzies.

Flibe Compared to Liquid Lithium

The lithiuia fire harard in HYLIFE-1 will be eliminated
by using the low-viscosity molten salt, Flibe (Li;BeFy). Flive
can operate compatibly with Hastellcy N or 316-stainless steel
at a much higher temperature than lithium (923 K vs 770 K).
The heat-transfer properties, while different, sthould remove
heat and serve the purpose of a liquid prolecting the permanent
structure from neutron damage and blast Because it s not 8
single clemnent like lithium, dissociation may slow

and limit the repeti rate. There is also a
potential corrosion problem from fluce.ne compounds formed
during the ¢vaporation process.

Plan: Parameters

The plant parameters (or the base case using pulsed
flow (Hoffman, 1991) are shown in Table 1. The power balance
diagram is Fig. . System studies are underway to vasy the
driver energy, thus changing the repetition rate. The driver
cost should drop as repefition rate increases, if the gain does nol
drop too fast with the increasing repetition rate. We have
shown the cost of eleciricity falls rapidly &3 the repetition rate
increases from 1.5 Hz to about 4 Hz. Theve is some further cost
d a3 the repetition rate i from 4 Hz up to our

Tzble 1. Plant Parameters

Driver energy SM]
Target gain 70
Yield 3I50M)
Blanket multiphication 118
Repetition rate 82. .2
Fusion power 2335 MW
Thermal pows 3312 MW
Recirculating power 282 MWe
Pumping power 37 MWe
Bearn electrical power 200 MWe
Auxiliary power 42 MWe
Net electrical power 1683 MWe

design point of 8 Hz. The 8 Hz repetition rate was chosen
somewhat arbitrarily and future anaiysis on condexsation,
chemical recombination, splash cleaiing, and many other
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71g. 1. Detalled power balance for the base case HYLIFE-IL

technical features might change the repetition rate. A key
concern is the Flibe flow rate (Table 2). The Slibe flow rte
needed to reestablish the liquid wall is much larger than that
needed to remove heat. We have reduced the flow rate from
the 96 m’/s of HYLIFE t0 66 m3/3 and the liquid inventory from
1600 m? to 750 mY. However, the demsity of Flibe is four times
that of ithium and we should try for further reductions. By
decreasing the radius to the first wall from 0.5 m to 03 m and
decreasing the flow speed, the flow rates and inventories might
be further reduced, thereby lowering the costs.

Table 2. Jet Amray and Primary Loop Parameters.

No. of chambers 1
Fall distance between shors (m) 2.1
Repetiton rate (Hz) 8.1
Injection velocity, Vo (m/s) 162
Static head required to produce Vo (m) 134
Vol. flow rates (m?/s):

Jetarmy (bypass flow) 835

Spray (max.} | g

First wall 26
Total Flow 5.9
No. of e pumps (rated flow per pump = 5 md/sx

Bypass flow

1HX flow 3

Method used ©© produce Vo Static  Press.
head pipes

Bypass pumping power (MWe): (for np = 80%) 37 37
Bypass punp head

Gravity heed above pool () 198 104

Friction + minor losses {(m) 25 167

Total pump head (m) 273 71
Bypass pipes: inner diameter (m) 10 10
Estimated total Flibe inventory (m?} 960 750

Target

The targed i designed for heavy lors such as ZPHg* at
10GeV. The gain on energy delivered 10 the targes,
beam radius (2 mem), and ion ange (0.1 g/an?). Target gain
curves for a zero~degree beam half angle are shown in Fig. 28
(Bangerter, 1988). We assume 30% of the energy, 5 M) for
example, is delivered on & fong “Toot™ pulse of sbout 30 ns and
70% is delivered in the main pulse lasting about 8 ns. If the
beam half angle is £10° then the gain i3 reduced by 16%

(Fig. 2b} (Moir e{ al., 1990). To obtain a yieid of 350 M} will
Tequire about 6 M} input encygy (a3 aan i worked out from Fig. 2
for 2 range of 0.1 mg/cm? and 2 mm focal spot s122). The
correction for beam angles keading to the 6 M| driver were not
incarporated in the rest of this work. The design work did not
consider Lhe target [actory, larget injection, and tracking.

Driver Interface Issues

The driver 13 assumed to be a heavy-ion beam,
although we ai50 considered Waser and compact-iorus drivers,
Because energy in 8 single beam is limited, 12 separate beams
are assumed to provide the nominal 5 M] wul energy. These
can be directed from two sides of the reacior or from only one
side. The difficulty i3 o get o ckise-packed armay with encugh
shielding, The beams are shown in Fig. J. A heavy-ion driver
at 5 MJ, based on ZHg"* at 10 GeV, costs in the range of $1 B to
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Fig. 2. Targel gain v3 driver enetgy and beam half-angle. The
beam spot slze r and range R are given as parameters,
The design point I+ § MJ, gain 70, range 0.1 g/a?, and
spot radlus 2 moi. The beam angle of about +10° has yet
to be put into the analysis.
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of HYLIFE-I] with 12 beams using heavy-

Fig.3. Asan ple weshow a

ly 4 km for charge +3 or three time

linear The length is app

longer for Charge #1. The final beam focusing magnets {last 50 en) are in a very prelimina
design stage. The half-angle exncompassing all beams is +10° for this array.

$2 B(10°$1, a factor of 3 or mare toa high for good economics.
Other dnivers, such as a recirculating induction accelerator
with fewer components are possible. Another possibility is the
murrortron, which has as a goal to shorten the heavy-ion beam
hines by obtaining an crder of magnitude highc . - crage
gradient than is possible with induction accelerators (400 m
long vs 4000 m). Compact 2ori Lhat are accelerated and focused
require a much different target and transport sysiem design and
are interesting because of their arder-of-nmagnitude lower cost
{about $100 M). However, they are speculative because the
expenmental parametevs of compact 1oras scceleralors are
orders of mayzitude sway from that needed. Laser drivers
have been ¢ nridered bul are not leading candidates at this
time because of high cost, low effidency, and poor
performance as well as Lhe need to illuminate of the argat from
many angla Our back-up strategy to cut the driver’s

ian to the costof icity is 1o either have one
driver swud.ed © up to four reactors, each of 1-GWe size, as
done in the HIBALL-II study (Badger, 1984) or to incrcase the
pownoulolutmdumberupbdc\ﬂe The costand
when the
Iohl power is a3 hughnl CWe.bul bno(u::vpublen 1GWe.

Chamber Mechanical Design

A liquid fall is used to protect the first structoral wall
from neutron snd blast damage. The liquid breaks up 23 a result
of sudden neutron heating and the wall musi be strong enough o
contain the flying liquid (Chen and Schrock, 1991a; and Chen
and Schrock, 1991b).

Steady Flow with Maltiple Chambers

The HYLIFE- chamber shown in Fig. 4 is 3 steady-flow
chamber. The structural wall is protected by weir flow. This
requires slow flow (10 m/s) and a long £z1! distance (about 5 m)

ta protect the noz2le parts fram neutron dacage by the
curvature of the flow over the weir. The repetition rate is low
(1.5 Hz) because of the long reformation time of the jet array.
Splash is only partially cleared by gravity. The large distance
above the target (over 8 m) would not be deared.

To obtain enough power in HYLIFE-, we considered
using up to three 2.7-Hz chambers (1/3 GWe each). This system
would have Lhe complication of switching beams, high
pumping powef, high cost for a 1-GWe power plant, and still
nol be deared of :phsh The three-chamber design opthon was

irable it was dropped from turther d

Puleed Flow

The pulsed flow case shown in Fig. 5 uses continuous
flow everywhere except for a slug of liquid 93 m in radius and
about 1 m lorg, injected at 1210 16 m/s for 6to 8 Hz The high
repetition rate is achizved by a short fall distance of oaly 2 m.
A pulsed pump 0 inject Lhe stug meds 0 be designed and
developed to withstand cyclic fatigue. The slug will dear
splash from the beam path rzar the target. 1t is vital that the
trailing edge of the liquid clug be sharply cut off snd not leave
o0 many splash droplets in the beam path. Other pulsed jets
may be needed tc dear splas!: from the rest of the heam path.
One Lssue that requires sotution is the isochoric neutron heating,
of the top of one slug that reduces its velocity and diminishes
the volume for the next shot (thereby possibly limiting the
repetition rate to 4 Hz). The downward snomentum of the
tiquid slug is farge compared to the upward impulse prodused
by the microexplosion. Many issues necd further thought.

Qsdillating Flow

Anather way to achicve a high repetition rate and
short fall distance with splash clearing is to osallate the ot
nozzies horizonlly, as shown in Fig. 6 (Pezoldt, 1991). A
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Fig, 6. HYLIFE-U], oscillating flow.

pocket is formed in the flow where a trget is injected and the

i pl occurs. The oscillating (low sweeps splash
liquid from the target regior. The heam path cun be cleared
with more oscillating flows or with pised flows of liquid. It
will bz neceswary 1o design mechanical moving parts, incdluding
bellows, o allow nozzles to oscillate al up to B Hz through a
motion of up to .1 m. Fatigue and vibration will bz design
problems. We have not yet chosen between oscillating flow and
pulsed flow for our referere desigr.

Iet Devign. Clearing., and Condensation

Steady harizontal and vertical, neugonicaily thick,
Liguid jets shown in Fig. 7 will clear the beam path and protect
the heam ports from radiation darrage. Fof gravity dearing of
the beam paths, the spacing between these jets should be less
than § (5 = 05 g?), where § is the distance liquid droplets ot
splash can fall by gravity between shots. For8Hz, $» 7.7 an
If splash siarts with an upward velocity, ihe distance S must be
cut by up to & factor of twa. With this system, splasa is not
deared from ] regions of the beam path and further work is
needed.

The energy from the 350 M] microedplosion will
evaporaie about 5.8 kg of liqold Flibe. The density of the vapor
cloud when it has filled the chamber is about 10//am),
assuming 88 kg a1 5000 K in & $n-high chamber with 3-m
radiuy. By the time of the next shet (0.125 ¢ for 8 Ho) the
dersity must dop from 10M/am? 10 about 3 « 101/’ in 0,125 8
for propagation of heavy ions, a tactor of 3 x 104, This density

dh about by of the vapnr on the
liquid jets and on the droplets left from the explosion (Bal and
Schrock, 1991). One atrategy & to inject “cool” Flibe at 873 K in
2 spray of droplets in the vicinity of the beam paths.
According 10 our cakulations, s injected spray can provide
enough cond ares without depending on the exploss
its2lf maldng enough small droplets of the Yiquid in the
chamber. Our present model indicates the tempetature in the
doud drops quickly (<< 1 ms) to 5000 K. Below 5000 K,
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Fig. 7. Thick horizontal and vertlcal iiquid jets protect the i
beam ports frot: radiation and help clear splash {
liquid for the next shot 1

is slow and condi and ion bring the

temperzture to about 1500 K wher the liquid surface and doud
temperature are equal, after about 1 ms. After this time,
condensation proceeds at the rate heat can be transported from
the liquid surface into the cool liquid interior. Although we
predict condensation will be hsl enough tp allow an 8-Hz

ition rate, we rec on
condensaticn with Flibe beause of the comphauon of
condensation of Flibe dissociation products, etc.

Neutronics

Neutronics analyses of the HYLIFE-I reactor concept
(Tobin, 1991} includes calculating the tritium breeding ratio
{TBR), the system energy multiplication factor (SEMF), the
energy deposition in the Flibe and first structural wall (F5W),
and the radiation damage rates for displacements per atom
{dpa)and hdium uction. The TBR is 1.17, 1.02 of which is
bred in the Flibe fall and 0.15 is bred in the reflector behind the .
FSW. Nearly 15% of the tritium is bred in 7Li. The SEMF s
1.15, bringing the 2835 MW of fusion power to 3260 MW,

Three candidate wall s were “for

active, in the form o Flibe it is well tied up and not volatile
Therefore special nuclear certification 2s in the ASME {so-
callod N-stamp) is not needed.

Tritium Systems

Practically all of the triium gas emilied by expleding
targets will be emoved by the vacuum pumping system, but
almost none of the tritium bred in the Flibe will diffuse out of
the Flibe droplets (Longhurst, 1991). At a fusion powrr of 2835
MWih with a breeding ratio of 1.17, the tritium production rate
in the Flibe 2 1.16 x lr(;g] atoms/s. The corresponding
radicactivity production rate is 4.8 MCi/d, of which most will
be recycloed in new targets. The fraction of tritium removed from
Flibe by the primary locp vacuum disengager (wherein a fine
spray of Flibe droplets permits tritium 10 diffuse out and be
pumped} is about 99%. The fraction of tritium leaking through
the intermediate heat exchanger (IHX) per pass of the coolant
through the [HX is 65%, ding to detailed ¢ of
ass transfer during turbulent flow in the [HX, The fraction of
tritium removed from the NaBF, intermediate coolant by the
gas exchanger is greater than 99%. Because aata on itium
behavior in NaBF, are lacking, the fraction of triium !eaking
from the NaBF through the steam generator tubes is
conservatively assumed to be about 1%. For these conditions,
the tritium leak rate is held o Jese than 40 Ci/d, vhich
satisfies the safety goal for routine relesses.

The tritium removal system could be very large because
the intermediate coolant flow rate is very large. The blast
chamber and Plibe piping should be double-walled, to prevent
significant tritium leakage under normal and off-normal
conditions. Beryllium metal will be used to neutralize free
fuorine liberated in the [iibe by nuclear reactions. The
greatest need (or future work is to design the vacuum disengager
and gas exchanger to quantify the size, power dissipation, and
cost associated with achieving 9% efficiencies.

Salt Technology

Materials and Mol

We chose a high-nickel steel for our vessel material
and pipes. A 316-suinless steed will work with adequately
low corrusion rates, and nodified Hastelloy N (s high-nickel
steel) will work even better. In the future we nught consider
the use of carbon-carbon composites for the vessel material
because graphite is compatible with the molter salt if rikum
resention is not koo serious. Pyrolytic graphite has low
retention but porous forms of graphite have higher retention.
The use of » graphite vessel will reduce activation, increase
tritium breeding, and reduce the heat leak to the shield.

Chem|cal Kinetics of Dissociated Flibe
We know um when Flibe is dissociated into it
the

the FSW, two Hastelloys and a modified 316 1

where manganese ks substituted for nickel. There hnymblcm

with of manganese so this option probably will be .
pped in favor of dified 316-stalnless steel. Results

show that the 316-stainleas steel is a superiar cholce for

helium-generation-limited lifetime, dpa-limited lifetme, snd

shallow burial index. The areas where the Hastelloy stecls

mmpz:lwhdudedeﬂylhnnnlpom,mnmhw

and Righ the itude is

lnsufﬂnmtbunsethesu:dtomdm The main issues

for HYLIFE-11 are the large shallow burial index (106) and the

requirement to contain 99.9964% of the WF inventory to prevent

its release to the public. Although fucrine is very chemically

i by about 9 kg of Flibe is raised
105000 K. (Recent Invungahons not forded into this work
suggest this temperature may be as much a ten times higher.)
These constituents will reform Fiibe and not other species. That
is, Flibe s stable under radiation and the recombination
reaction is sirong; however, based on preliminary study, we
believe that the recombination is sufficiently fast not ta be a
limiting factor in the condensation of Flibe vapor on liquid
droplet surfaces. An issue with condensation is that the
constituents of Flibe must chemically recombine and stick on
striking the droplet surfaces. Too low a sticking ratio vrill slow
condensatian. We think LiF will have a sticking coetficient of
atlcast 0.5. We an: concernod that the BeF; may bounce of



Tiquid surfaces miny times before sticking and joining the bulk
liquid (sticking coefficicnt may be 0.01 to 0.05). If the smull
sticking coefficient is not limiting, we have shown all ather
orocesses are fast enough to permit a repetition rate as high as
8 Hz. This is an arca for further study and a definitive
experiment is needed.

Chaice of Target Materlal

We chose tantalum for use in the target because it is
relatively high Z (Z = 73} and is soluble in Flibe. We can make
coalings by chemicai vapor or liquid depositicn. Many other
high-Z materials we could have chosen, such as tead’ and
tungsten, would precipitate on the wails of the vessel and
pipes, making recovery difficult and causing other problems.

Balance of Plant

The power flow disgram is shown in Fig. 1. The
components emphasizing the balance-of-plant {(BOP) (Hof(man,
1991) are shown in Fig. 8. We have shown the eutectic
composition of Fiibe that melts at 636 K (363 °C } is practical
but costly because of its high viscosity therefore the low-
viscosity composition Ut melts at 733 K (460 *C) was chosen.
Cur use of malten salt relies heavily on early work at ORNL on
the molten salt rezctor (Rosenthal et al. 1972). The
intermediate coolant NaBF was chosen (Briggs, 1971) in pant
because of its tendency to hold up tritium in the form of TZ0 and
retard its passing on into the steam systern and hence to the
environument.

Safety and Environment

An outstanding feature of the HYLIFE-Il reactor is its
favorable safety characteristics {Dolan and Longhurst, 1991).
Safety and environmental goals for HYLIFE-Il include:

» offsite dose fron: severe accident Jess than 2 Sv (200 rem) for
passive safety,

» no Nstamp q for most
than 0.25 Sv (25 rem offsite dose,

» working area dose rate less than 50 mSv/h (5 mrem/h) for a

iow pccupational risk,

 dose from mutine atmospheric effluents less than 50 uSv/y (5
mrem/y).

To evaluate the polential to meet these goais, the
consequences of a severe accdent involving blast chamber

requires less

Fig, 8. The ¢eaction chamber and power conversion system
for HYLIFE-IL

failure and breach of containment are studicd, induding the
effects of activation products, tritium, and beryllium toxicity.
HYLIFE-1| has no large sources of energy available to disperse
radioactive materils. The tritium inventory in the Flibe could
be kept very low (about 1 g). The dominant activation product
is about 300 MCi of '*F (half-life 110 m). A very snall fraction
46 = 10%) of the Flibe activation products would be mobilizad,
because the microexplosion vaporizes about 9 kg from the 1500 t
of Ribe. Only a fraction of the mobilized vapor would escape
from a hole in the blazt chamber, and only a fraction of that,
from s hale in the conainment building. The '2F ofisite dose
from a severc accident (breaching both the blast chamber and
the containment) would be 1ess than 0.2 mSv (20 mrem). Thus,
N-stamp requirements can be avoided in the main reactor
components, and the passive safety goal can be met.

1f the maximum vulnerable tritium inventory in the
target faclofy and tritium handling systems were less than 2.5
kg, then the maximum offsite dose from its relsase would be less
than 0.25 Sv (25 rem), and the N-stamp requirement could be
avoided for those systemns as well. Some contact i sintenance
should be feasible on the NaBF secondary loop, but not on the
Flibe primary loop (unless  very dfmwe impurity removal
System were op and did not plate
out on pipe walls). Activation of metallic impurities in the
Flibe from a NaBF, secondary coolant leak from cormosion
products, from target materials, or from & MoF corrasion
inhibitor (if used) could result in high dose rates. The
occupational risk goal can be met if personnel do not work in the
primary coolant loop area. The routine effluent goal is met
provided the tritium removal systems in the primary and
interrnediate coalant loops are made large enough. After 30y of
operation with a S0-an-thick Flibe jet curtain, the dose rate
ftam the blast chamber (made of high nickel stcel such as
Hastelloy or stainless steel) would be too high for shallow
“and burial.

Economic Analysis and Sysiems Issues

The Safire economics and systems analysis code was
ved to sludy some trends in HYLIFE-I (Bieri, 1991). Some but
not all of the algorithms in Safire were changed to model the
chamber and IHX using Alibe instead of lithium, therefore the
rends are only suggeslive. A series of curves plotte! against
repebition rale show the imporant features (Fig. §). As the
repelition rale drops, the yield per shot goes up dramatically
to maintain power. To get a higher yield, the driver energy
must go up, which sdds dramatically 1o the total plant cost,
especially as npemum Tate dmp: The elecirical power to the
driver is p ition rate abcve & few
Hertz for our Nseaseguncurve. Thzdnmpewzr ts about
100 MWe. As the repetition sate g power
increases, bul not encugh to compensale Ior lhe mhng driver
cost, thus the cost of electricity is a falting function of
repetition rate. The repetition rate of 1.5 Hz of HYLIFES has a
cost 60% higher than at 8 He. H'YLIFE-I was optimized for
targets that were then thought to have much higher gain.

The cost breakdown is given in Table 3 for & case with a
5-M driver operating at a 7.5 Hz repetition rate. This code
result is somewhat different from the 8.1 Hz of the rest of the
study. The cost of electricity is about 0.27 $/kW-h for current
dollars or 0.09 $/kW-h #or noninflated constant 1988 duilars. If
the driver direet cost were to drop by a factor of 4, from $1300 M
to 5325 M, the cost of electricity would drop by 40% (10 0.055
$/kW-h), which is close to that of future coal and light-water
reactor (LWR) auclcar power costs of 0.04 to 0.05 $/kW-h.
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Fig. 9. (a} Yield vs repetition rate. (b} Driver encigy v3
repetition rate. The gain is given as well. (c) Direct
capital cost vs repetition rate. (d) Recirculating power
vs repetition rate. The driver pawer differs from that
of the rest of the paper by a factor of 2 because the
injection efficiency used in Fig. 1 was 20% and about
5% was used In Saftre. (e) Cost of electricity v3.
repetition rate. Note that this cost is close for the
design polnt of the 9.6 ¢/kWe-h in the paper by
Hoffman, 1951.

G, v and Condlusi

In the design known a3 HYLIFE-I], we have substituted
Flibe for lithium and modified the HYLIFE-] design to obiain
repetition rates up to 8 Hz. We examined pulsed and
oscitlating flow concepts to oblain this high repetition rate and
o remave splash liquid from the beam lines before the next
shot. Condensation is predicted to reduce the Flibe vapor to
low enough values to permit an 8-Hz repetition rate. The fire
hazard has been eliminated and safety requi met (but
not shallow burial upen decornmissioning).

Table 3. Flant Cost Breakdown

A Ttem Cost (million 3)
20 Land and land rights 50
21 Structurcs and improvements 2802
22 Reactor plant equiprment 551.4

Tracking, align systems 304

First wall systems 16

Tritium extraction systems. 46

Blanket znd shicld 325

Heat transport system B4

1495
2 Turbine plant equipment 2298
24 Electric plant cquipment 90.9
25  Miscellancous plaat equipment 59.5
26 Main heat rejection equipment 413
27 Drive equipment 13973
28 Target factory equipment 1288
Total direct cost 27839
91 Construction scrvices 556.8
92 Home office engincering and services 4176
93  Field office engincering and services 278.4
94 Owner's cost 194.9
95 contingency 4232
Total overnight cost 4654.7
Currets  Constant$

1996 1588

96 Escalation during construction 15022 0.0

97  Intesest during construction 1955.1 4348
Total capital cost 820 5089.5
Cost of eleciricity (¢/kW h)

Capital .12 6.79
Fuel 6.03 0.01
oM 6.97 224
Total 28.11 9.04

At present, the design and performance of the system
depend on many assumptions that must be venfied by future
analysis and experiment before we can have 2 high level of
confidence in the predicted perfarmance. Some of the key issues
include verifying splash removal techniques, tritium remaval

i and p ion rates, ion ph
and sticking i heavy-i gy and
coct reduction, and beam propagation. To be competitive with
futune coaf and LWR nucdear power, the cost of ekcomaity needs
to be reduced by a factorof 2.
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