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ABSTRACT-— ~ kwh-
The design of a conceptual 1000 MWe laser-fusion power plant is presented.

Twenty-four reactor cavities, based on the wetted-wall concept, are included in
this facility. Fusion pellets producing 100 Ml of thermonuclear energy release
per microexplosion are ignited by 1-MJ laser pulses at the rate of 1.2 per second
in each of the reactor cavities. Laser pulses are provided by a central laser “
system which serves all reactor cavities and which is based on short-pulse C02
laser technology.

Important considerations which led to design choices included conponent
reliability, redundancy of essential components, access to components for ser-
v~ce snd/or replacement, end minimization of hazards from radioactive naterials.

1. INTRODUCTION

The rapid development of laser fusion technology, together with the urgency
for providing sources of safe, clean, low-cost electrical energy have prompted
consideration of engineering required for fuaiou reactor power systems. [1,2,3]
A conceptual design of a central.station power plant for the production of ●

nominal 1000 MWe of electrical energy has been prepared. The purpose of this
conceptual design study is to assess some of the engineering problems which must
be faced in an integrated plant design with compatible 6ubayatem interface be-
tween complex components ●uch as lasers, optics, reactor cavities, and enargy
conversion systems, plus design compromises within tha conflicting constraints
of high performance, low environmental hazard and the coat of high-technology
components. Although still highly conceptual in nature, these design studies
have been useful in understanding potential engineering requirements.

11 ● PLA~ DESCRIPTION AND MAJOR DESICN FEATURES——

The conceptual 1000 MWe LCTN power plant has the characteristics shown in
Table 1. Pellets producins 100 NJ of thermonuclear energy per raicroexplosion
axe ignited by I=MJ, subnanosecond laser pulses occuring at 1.2 pulses per saconcl
for each of 24 reactor cavities. An energy multiplicat~.onfactor of 1.3 in the
lithium blanket and reactor Gtructure leads to a themal power per reactor cavity
of 156 MWt fo? a total of 3745 N’JLfor the whole plant.** Ausuming 7% laser
efficiency, 93% beam transport efficiency, 40% thermal to electrical conversion
efficiency and a net laser llght on target to thermonuclear energy production
.
*\J~rkperforn~edunder tileaUHpiCCS of the US Atomic Enar~y ComIniHsion,contract

Number W-7405-ENG-36.

**Calculation of energy deposition utilized kerma factora from Rcf. 40 Nore
recent data (Ref. 5) are apparently more conslntent, i~~., with respect to
enargy conservation, and will be used in the next itaration of syet=ti studies.
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gain of 100, :he circulating power is 33%. Of the total 1500
the total thermal power of 3745 FfiJt,approximately 500 MWe is
the lasers leaving a net electrical power of 1000 MWe. Thus ,
plant efficiency is 27%.

MWe-produced from,., .

required to d~ive
the net overall

Lasers and reactor cavities are arranged in a circular ar~ay around a cen-
tral optical switching device to provide for opt~rnumuse of the lasers. Maximum
pellet energy release of the order of 100 MJ and limitations on the maximum puJ.se
rate per caVity necessitate the malular arrangement of multiple reactcr chambers
to achieve total power outputs of 1000 MNe. T’h?.s, however, has advantages as
discussed later.

This version of an LCTR power-plant concept includes 16 separate laser
amplifiers, 24 reactor cavities with associated beam-transport systems, and 12
pairs of primary iithium-sodium and sodium-steam heat exchangers. A lithium-
processing and tritium-removal system is associated with each lithium-sodium
heat exchanger. Each set of heat exchangers and associated lithium processin:~
equipment serves two reactor cavities.

III. LASERS AND POWER STORAGE

Because of its potential low cost and high operating efficiency, an elec-
tron-beam su~tained-discharge C02 laser has been postulated for the conceptual
plant. The”annular power amplifier’design is shown schematically in Figs. 1 and
2. Eight of these laser amplifiers provide the required 1 MJ per pulse of laser
energy. A total of 16 laser amplifiers provide a redundant partner as a ready
back-up for each operating laser. Each annular lasing cavity is subdivided into
eight subcavities which can be pulsed simultaneously or individually in a pro-
grammed manner. Sequential pulsing of individual subcavities may provide some
capability for pulse-shaping by superimposing beams. Annular pulses are collected
and focused by means of a toroidal, catoptric beam-focusing device. At 29 pulses
per second, circulation of laser gas for convective cooling is required. Ass~uming
a permissible gas temperature r-:seof - 125 K, a gas flow rate of - 400 U% is
required to provide 52 MW of cooling capacity for each annular laser amplif”iez,
giving a total of 413 MW of thermal energy from the lasers. Pmping power for
the laser cooling loops is about 40 MW, and other auxiliary power requirements
are about 10 MW.

Because the lasers and laser energy storage subsystems represent a signi-
ficant fraction of the capital investment in an LCTR plant, it ie economically
advantageous for them to be centralized where they may serve a number of reactor
cavitiea. However, a centralized laser system requires rapid beam-switching
from laser power amplifiers to selected beam ports. This beam-switching might
be ●ccompliohad by a large rotating mirror such as shown in Fig. 3. The scheme
requiraa moving the optice in a vacuum system with associated requirements for
bearinga ●nd eaala, very long light pipes, precise alignment of optical cornpon-
ante and consideration of ●ffects such as temperature changes, earth tremors,
and plant vibrations~ Biological shielding, to pzevent radiation streaming
through the laser beam-transport eyetem, must be provided. It itibalieved that
thwa will be economic advantages in this schema, plus tho advantage thnt the
laaers ara well-shielded from the reactor cavitit~s.

xv, BEAM TRANSPORT Ml) OPTICAL WITCHINQ

The conceptual beam-ewitching subsystem is shown in Fi$. h. The laear
baams from 8 of the 16 laoer power amplifiers are reflected to mirroro mounted
on ● rotating assembly that successively directs the beams into the beam-transport
tubeo for each raactor cavity, The rotating mirror aeaembly hns a rotational
velocity of 1.2 revolutions per second, and tha laser eyetam l~as● pulse repeti-
tion rat~ of 29 pulees par anconcl. Each individual mirror of the rotating as#cm-
bly is controlled to aim thn beam ●t th~ appropriate beam tuba. Shown in Fig. 3b
is the arrangement to ●now the choice of either of two laser powar ampllfiaru
to provida ●ach of th eight bama raquired for each pulrneby uwitching a
solactor mirror.



Suce the ~eu~,th01 a u.3 nanosecond fight pu~se Is ‘ M cm, It can be
seen that either all-optical path lengths from the laser to the pellet must be
the same to within a fraction of a centimeter or the oscillator pulse for each
laser amplifier must be carefully timed and controlled. The direct beam-transport
path lengths between the beam-switching subsystem and a reactor cavity differ by
a fkw meters, which wodd lead to differences in arrival times of laser beams
incident o.~a pellet of the order of 10-8 s or ten tim=s the pulse width. This
may be compensated for by varying the position of the selector mirrors, Fig. 3b,
so that all path lengths are the same, or by varying the arrival time of the
incoming preamplifier pulse, Fig. 2.

.

Shielding of the laser system from neutrons and y rays originating in the
l-eactorcavity enclosures is provided by thick cencrete walls and catroptic
optics which provide an indirect laser-beam path through the wall as illustrated
in Fig. 4. A beam expander is necessary at this point to maintain beam intensity
below ~he damage threshold for a window which is located in the beam following
the beam expander. The beam expander includes neutron shielding as well.

The eight laser beams illumimte the target pellet quasi-symmetrically in
a pattern which does not have any two beams directly opposing. A possible layout -
of the beam tubes at the reactor cavity is shown in Fig. SD

v. FUEL INJECTION

A fuel-pellet injection system is mounted on each reactor cavity. A con-
ceptual fuel pellet injection system is shown in rig. 6. Liquid helium is uti-
lized to freeze a DT mtiture which is extruded and cut to size by a laser ~utting
and shaping pulse. The pellet is then pneumatically or electrostatically acceler-
ated through a rotating blow-back protection valve which operates synchronously
with pellet injection so that the pellet passes through the bore, but the in-
jection device is never directly exposed to x rays or pellet debris. Each cavity
will require 37.8 x 106 pellets per year at 10CM load factor, .

VI ● RXACTOR CAVITIES, BL.4NKE7’SAND COOLANT

Various containment concepts have been proposed which are compatible with
the general concept of a centralized laser and energy storage system- Among
them are the wetted wall concept, [2] magnetically protected wall concept, [6]
SATURN concept, [3] and the BLASCON. [7] For purposes af this study, we have
chosen the wetted wall concept. The major consideration is that, unless very
high puls~ repetition rates are achievable in each cavity (10-100 pps), signifi-
cant power levels appear very difficult to achieve economically by other than
this modulax reactor cavity approach.

VII . ENERGY CONVERSION

Energy released during the pellet burn is expected to consist of 1% in
x rays, 7% in 2 MeV a particles, 1.5%in plasma kinetic energy, and 77% in 14 MeV
neutrons, [1] In the wetted wall concept, [2] the x-ray, a, and debris enersy
is removed by ablation of liquid 1ithium from the cavity walls and subsequent
blowdown and energy recovery in a aup~rsonic spray condenser. The neutron mer-
gy is converted to heat in a liquid lithium blanket. Haated lithlum is pumped
from the blanket nnd the spray condenser to a Li/Na heat exchanger. Tha sodium
loop Is used to generato ~t~am. Liquid metal loops ●nd associated purnpoand
heat exchan~us aro Iocatsd in the shielded reactor building. Each liquid metal
loop ~erves two adjacent reactor cavities and ia accessible by the overhead main-
tcmanco systarn by which cumponunts can be removal to hot-call areas. Liquid
mcml loops operatin~ at low pressure ~hich allow the uso of free ●urfac- pumps
to handle thu lithium flow of 137 kg s 1 from ●ach raactcm. With the hiuh ovar-
ull heat transfer coefficient~ attninablo in liquid metal eyatsm~,the L1/Na
heat exchangoro arc nrnall(less than 3 m dim x 10 m low) ● steam s!@-at-

will borrow technology from the LllFBRprosrnm an it develops. Steam leaveu tha
rmctor kuilding and ie manifolded to t~la convantlonal turbina plant. Wamte
hmt will be iie~ipnted via natural draft corling towma of commntional deaf~n.
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in the 90 m dim x 120 m high class will be required.
‘.

VIII. FACILITY DESIG_NAND LAYOUT

The layout of major plant components is shown in Figs. 7 and 8. Figure 9
is an artist’s conception showing all major plant features.

Mechanicaland structural isdat~(Jn is provided for each laser system, radio-
active cavity and associated beam-transport and heat-transfer system, component-
servicing facilities, and operational and control areas. It is essential that
vibrational.disturbances to the optical and laser systems be minimized; thus,
laser systems, includtig power supplies, oscillators, power amplifiers, and
waste-heat removal systems, are located in a mechanically isolated, centralized
building which is anchored to bed rock. Reactor cavities are located in a sepa-
rate, annular building surrounding the laser-systa building. Each reactor cavity
is in a separate shielded enclosure with penetrations for laser beams, liquid-
metal coolant, and the introduction of fuel. Heat is extracted from reactor
cavities by flowing liquid lithium, is transferred to a sodium loop, and fimlly
to steam generators. The heat exchangers and lithium-processing equipment for - .
each pair of reactor cavities are located in a shielded enclosure adjacent to
the cavity enclosures. Components containing tritium are designed to minimize
component sizes and piping lengths. Control rooms and other work areas are
isolated from the reactor radioactive areas.

Overhead cranes are provided for removal and replacement of the laser power
supplies. The laser power amplifiers and optical systems are accessible through
the main access”corridor~ Reactor cavities and cavity components can be removed
remotely through removable shield plugs end transferred to shielded work areas.
Each reactor catity can be isolated from the system for service and/or replace-=
ment ~thout affecting the operation of the remainder.

Ix. MAINTENANCE

A major area of uncertalnty in fusion reactor design and operatien is the
reliability and lifetime of reactor components- This will be true until experi-
ence with reactor op~ration has been accumulated. Components which require fre-
quent maintenance and/or repair and which result iI reactor down-ttie can quickly
rendar a reactor economically unattractive, The conceptual power plant design
presented here has some major design features which are conducive to ease of
repair and maintenance~ Modular arrangement of reactor cavities will allow r e-
emplacement,at reduced plant power, of first wall and optics associated with each
cavity, i.e., only those modules which require maintenance need be shut down~
Redundant lasers and power supplies provide for rapid switching end full power
replacement and maintenance, On the other hand, the central optical switching
system must operate very reliably and must be easily maintainable during sche-
duled power shu%down.

TIM SATURN reactor concept has a very desirable feature,namely the dasign
for planned maintenance of the first wall to pre-empt catastrophic failure. The
advanta;~asof this approach to assure rellabl.epower productim are greats

x. SUl@lARYAND CONCLUSIONS

A first iteration on the design of a 1000 MWe laser-fusiok~power plant has
baen completed. This power plant is based on the wetted wall reactor concept
sml C02 laaor technology The conceptual plant is modular in nature and IS
characterized by the following major features: (1) redundancy of aaeential corn==
ponanto, including lasar power amplifiera and ●lectrical ener$y storage provLd~
for reliabla operation; (2) major subsystems euch as renttor cavitie~, heat
tranof● loopII,mid ltthium processing ayetems ●re isolated in eeparate atruc-
turea and bislo~ical shielding is i.~ovidedto minimize ●dverea vibrational effects
on ●anaitiva cornponentaao wall as to minimiza potantial radioactive hazarclo;
(3) rernota handling nystome ●re provid~d for servicins individual cornponunto
without raqulrins to~al plant rnhutdwn, thus ●nabling high load f ac tora to be
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obtained; and (4) utilization of the laser system, which represents a relatively .
large fractio.~of -the total capital investment, is maximized by arranging for
the laser system to serve all reactor cavities. .

Althougi.still highly conceptual in nature, these design studi~s have been
u~eful in providing an understanding of potential engineering requirements.
Many formidable problems have been identified; however, no problems have been
discovered for which there are not reasonable conceptual solutions.
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TABLE I

QNCEPTUAL 1000 MWe LCTR PARMETERS

Thermal power per cavity, MW

Number of cavities

Overall energy gain per pellet microexplosion

Total thermal power, MW

Circulating powerS %

Net plant efficiency, %

Thermal-electric conversion efficiency, %

Reactor Cavi_ty(Wetted Wall)

Pulse rate, s‘l/cavity

Reactor dimensions
Cavity radius, m
Lithium blanket thickness, m

Reactor materials
Structure
First wall

Lasez beams per cavity

Breeding ratio

Lasers and Beam Transport

Number of ‘laserpower

Beam energy per laser

Laser efficiency, %

amplifiers

156

24

134

.3744

33

27

40.

.

.

1.2

1.7
1.0

Ss
Nb

.8

- 1.2

8
(with 100% redundancy)

power amplifier, Ml 0.135

7

Total electric power storage, MJ 20

Pulse rate, Hz 29

Number of mirrors per beam 9

Overall light transmissivity,% 93
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FIGURE CAPTIONS

1. Cross-sectional view of conceptual C02 laser power amplifier.

2. Axial viewof conceptual C02 laser power amplifier.

3a. Conceptual beam-switching oubsystem.

3b . Fixed mirror

of two power

4.

5.

6.

7.

8.

90

pedestal and selector mirrors enabling the choice of either
.

amplifiers to be used to provide each laser beam~

Sch-tic illustration of optical components in laser-beam-transport

Systm.

Layout of bmm tubee at a reactor cavity providing eight-sided illumination

of fusion palletoc

Conceptual fuel pellet fabrication and injection system.

Conceptual1000 MWe L~ power plent (plan view).

Conceptual 1000 MWe LCTR power plant (elevattin).

conceptual1000 Mwa LCTR power plant●


