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INTRODUCTION 

Several conceptual designs for laser fusion power plants nave been 
1-4 put forth in the literature. All of these power plant studi:..- have 

been based on earlier target designs. This conceptual design study is 
being performed to exploit recent developments in advanced targets 

5 that greatly enhance the prospects for commercial laser fusion power. 
Advanced high-gain targets have been developed and make it possible to 
reduce the laser system requirements to parameters in the following range: 

• Pulse energy, kJ 300-3000 
• Peak power, TW > 200 
• Pulse rate, Hz 1-10 
• Havelength, nm 250-2000 
• Overall efficiency, % > 1.0 
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In addition to relaxing the laser system requirements, high-gain 
targets have features which significantly influence reactor design. 
These include: 

• High energy yield per pellet 
• Relaxed requirements for target illumination 
• Relaxed requirements for target surface finish tolerances. 

The high energy yield per pulse characteristics increase the damaging effects 
of x-rays and debris from the fusion microexplosion on the first wall. This 
led us to select a fluid wall reactor concept for our design. In this 
approach, the first structural wall is shielded from x-rays and debris by 
a thick falling region of liquid lithium. The fall will contain enough 
moderating material to also reduce neutron damage levels in structural 
materials by abor.t an order of magnitude. Therefore, we can consider 
smaller blanket structures which could survive for the useful lifetime of 
the plant. By relaxing the illumination requirements, we can consider 
fewer sided target irradiation with longer focal length optics. At focal 
lengths on the order of meters, the final optics would survive the micro-
explosion but they may have to be replaced at relatively short intervals. 
At focal lengths on the order of tens of meters, the damaging effects are 
reduced by two orders of magnitude, thus assuring the survival of the final 
focusing elements for intervals that are long enough not to affect 

adversely the plant capacity factor. The relaxation in target surface 
s 

finish requirements translates into a reduction in target fabrication costs. 

Our primary purpose in performing this preliminary conceptual design 
study was to determine whether the selected laser and reactor concepts 
had enough potential to warrant further analysis in a detailed power plant 
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conceptual design. We set for ourselves several intermediate objectives 
by which to gauge our success in the design study. 

1. Identify the laser and pellet performance required to efficiently 
produce electricity, 

2. Evaluate the integrated engineering performance of a complete 
conceptual design, 

3. Identify major technological problems associated with the concept, 
and, 

4. Perform a parametric study to reveal a set of attractive design 
choices for more detailed studies and to show the sensitivity 
of the design to uncertainties in physics and technology. 

PLANT DESCRIPTION AND MAJOR DESIGN FEATURES 

The characteristics of our laser fusion power plant are presented 
in Table 1 and a power flow diagram is shown in Figure 1. The laser 
system converts electrical energy to coherent light energy with an over
all efficiency of 2% and it requires 70 MW of input electrical power. 
The light energy interacts with the deuterium-tritium fuel in the reactor 
to produce thermal energy with a gain of Q = 700. Specifically, fusion 
targets producing 700 MJ of thermonuclear energy are ignited by a 1-MJ 
laser at the rate of 1.43 pulses per second. The fusion neutron energy, 
accounting for approximately 68% of the total yield, is multiplied by 
1.24 in the lithium blanket and this results in a power plant with a thermal 
power of 1160 MW. The thermal energy is converted to electrical energy 
at 38% efficiency. The laser waste heat is discharged at an average 
temperature of 350°C. As a result, this waste heat can be converted 
to electrical energy with an overall efficiency of approximately 2555. 
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Overall Performance 

Thermal power 
Thermonuclear power 
Gross electrical power 
Net electrical power 
Thermal cycle efficiency 
Recirculating power fraction 
System efficiency 

1160 MW t 

1000 MW t 

460 MW e 

380 MW e 

38 % 
17 % 
33 % 

Laser and Pallet Parameters 
Laser energy 
Pulse repetition rate 
Laser power 
Pellet gain (Q) 
Pellet yield 
Laser system efficiency (n L) 
Number of modules: operating, stand-by 
Number of 2-beam transport tubes 

1 MJ 
1.43 HZ 
1.43 MW 
700 
700 MJ 
2 % 
8, 2 
4 

Reactor Parameters 
Geometry 
Inner radius 
Height 
Lithium Fall thickness 
First-wall fusion neutron flux 
Tritium breeding ratio 
Blanket energy multiplication 
Reactor materials 

f. Structure 
Coolant 

Cylindrical 
4 m 
8 m 
.6 m 
4 MW/m2 

1.7 
1.24 

Stainless st 
Lithium 

Table 1 
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Of the total 460 HWfi produced, 8Q MW of electrical power is recir
culated for plant operation (laser and lithium flow). This leads 
to a power plant with a net electrical production of 380 HW e and an 
overall system efficiency of 33%. 

The power flow diagram shows two differences from our earlier 
studies. First, the fraction of thermonuclear energy in neutrons 
has decreased from 75% to 68%. Second, the blanket neutron energy 
multiplication (M) achievable with a lithium blanket has increased from 
1.1 to 1.24. Both of these changes result from selecting a target with 
a compressed density-radius product (pR) of 3 gm/cm . At this pR, the 
target provides some attenuation for 14 MeV neutrons. Neutron multipli
cation in the pellet occurs via (n,2n) reactions and approximately 
16% of the original neutron energy is deposited in the pellet. Blanket 
energy multiplication increases under these circumstances because the 
number of endoergic reactions with Li, which require high energy 
neutrons, decreases while the number of exoergic reactions with Li, 
which occur with low energy neutrons, increases. 

The plant layout is shown conceptually in Fig. 2. Energy processing 
begins with the input of electrical power from the switchyard to the laser 
system. Light energy is reacted with the DT fuel in the reactor to produce 
thermal energy and a lithium coolant system is used to transport the 
blanket energy to the steam generators. The steam is piped to the turbine 
facility where the electrical energy is generated and transmitted to the 
transformers which supply the electrical grid. 



• t 

COMMERCIAL LASER FUSION POWER PLANT 

to c -s 
(D 



-8-

A significant feature of this conceptual design is that the laser 
system is not housed in the reactor containment building. Several 
advantages result from separating the large volume laser system from 
the reactor. First, building costs and construction time are substantially 
reduced; second, access to the laser system for maintenance and operation 
is increased; finally, it becomes easier to isolate the final optics 
from vibrational disturbances. 

The laser light is transported to the reactor via evacuated 
pipes. The final focusing mirrors are located at the turning point 
of the beam tubes in a direct pathway to the thermonuclear micro-
explosion. As a result these mirrors will be exposed to the x-rays, 
debris and neutrons from the fusion reaction. Therefore, they have 
been placed far enough from the fusion microexplosion to assure their 
survival. With this arrangement it will be necessary to design a 
device which prevents radiation leakage from the final mirrors into 
the laser building. 

REACTOR DESIGN 

The liquid lithium waterfall reactor concept is shown in Fig. 3. 
. -. The vessel is essentially cylindrical in shape with hemispherical end-caps. 

The cylindrical portion has a height-to-diameter ratio of 1.0. The center 
of the fusion chamber is the focal point of an 8 beam laser system. 
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LIUUID LITHIUM "WATERFALL" CONCEPT m 
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-10-

The principal feature of this concept is a thick continuously re
cyclable first-wall of lithium. On each shot the waterfall is disassembled; 
between each shot it is reestablished. The lithium is continuously pumped 
to the top of the vacuum chamber through a reservoir region which separates 
the first-wall from the pressure vessel. A small fraction of the lithium 
flow is circulated as the primary coolant to the heat exchanger which in 
turn transfers heat to the steam generation cycle. Liquid lithium also 
serves as a neutron moderator and the fertile material for tritium breeding. 

As previously noted, a principal purpose of this concept is to reduce 
neutron damage in blanket structural materials. The primary neutron 
damage mechanisms are atomic displacements and gas production (primarily 
helium). Displacement damage is expressed as displacements per atom 
(dpa) and gas production is expressed as atom-parts-per-million (appm). 
The damage limits for 316-SS at an operating temperature of 500°C are 
estimated to be 150 dpa and 500 appm helium. For an unprotected first 
wall of 316-SS, the displacement damage rate is M O dpa per full power 
year, and the helium production rate is ̂ 220 appm per full power year 
at a neutronic wall loading of 1 MW/m . The damage limits for He pro
duction would thus be reached in only 2.3 years at this wall loading. 
As seen in Fig. 4 the allowable first-wall fluence increases exponentially 
with lithium thickness. Note that 40 cm of lithium is required to reduce 
helium production to the point where the first structural wall could last 
for 30 years at 1 MW/m (at 70% capacity factor). Displacement damage is 
less restrictive. 



ALLOWABLE FIRST WALL FLUENCE INCREASES EXPONENTIALLY 
WITH LITHIUM THICKNESS 
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e have selected a minimum thickness of 60 cm for our reference 
. In determining the neutron damage to the first structural wall, 
e also taken advantage of the fact that the emitted 14 MeV neutrons 
tenuated by compressed DT fuel; an advantage unique to inertial 
cment fusion. Our Monte Carlo neutronics calculations indicate 
fusion target with a compressed density-radius product, pR, of 

2* /cm is roughly equivalent to 13 cm of Li in terms of reducing 
production; hence, the compressed target increases the effec-
lanket thickness to 73 cm. Since helium production dominates, the 
•le fluence is 90 MW-Yr/m . In other words, the system could be 
•d at 4.3 MW/m for the 30-year plant life at a 70% capacity factor. 

•r reference design has a thermonuclear power of 1000 MWt- The 
2 'm wall loading limit thus requires a first wall radius greater 

.9 m. A first wall radius of 4 m has been selected resulting in a 
•ading of 4.0 MW/m2-

liquid lithium waterfall concept has excellent cooling and tritium 
characteristics. A total of 20.5 MeV is deposited in the system 
MeV fusion reaction and nearly 80% of this energy is deposited 

7 8 

i-cm-thick fal l . * Because lithium is the primary coolant, the 

jes not have to rely on conduction of heat through structural 

• to remove the reactor energy. Lithium is in fact an excellent 

:ith a specific heat capacity equal to that of water and 3 times 

•an that,of sodium. In addition, its low density of 0.5 g/cm is 

ous in terms of pumping power considerations. A major advantage 

•frig all the plasma energy and much of the neutron energy is that 

cal thermal stresses in the structural walls are essentially 

d. 
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Tritium is bred at a more than adequate rate. With no structure! 
material between the fusion neutrons and the lithium fall, the design 
takes full advantage of the high-energy Li (n.n'T) reaction. Our 
results show tritium breeding ratios of U Q in the 60 cm fall plus .7 
in the 100 cm recirculating reservoir region for a total breeding rate 

7 8 of 1.7. ' The excess tritium produced in this reactor could relieve 
other DT fusion application of the requirement to be self fueled, 

Our results indicated that beam defocusing and attenuation of 1 nm 
light by cascade breakdown and/or thermal blooming can be reduced to 

g acceptable levels with fusion chamber pressure of 0.1 torr or less. 
Corrosion considerations require that, for use with stainless steel, 
lithium temperatures must be limited to less than 500°C. The vapor 
pressure at this temperature is less than 5 x 10 torr. Each micro-
explosion will vaporize a certain amount of lithium,thus increasing 
the chamber pressure above the required 0.1-torr vacuum condition. There 
is so much liquid lithium in the chamber at the time of the microexplosion 
that the mixed-mean temperature rise of the fall per pulse is quite small. 
The vapor will therefore be in a supersaturated or superheated condition 
and proceed to recondense on the liquid lithium in the chamber. In effect, 
the liquid lithium waterfall acts as a condensing vacuum pump for the 
chamber. A worst case calculation, in which all the debris and x-ray 
energy is assumed to vaporize lithium, indicates the chamber pressure 
will return to the required 0.1 torr in less than 0.1 sec. Returning to 
operating vacuum conditions on this time scale is more than adequate since 
fall flow cons.i-'erations will limit operation to a pulse repetition rate 
of a few per second. 
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Figure 5 shows the model and constraints used to calculate the 
pumping power required to recirculate the lithium fall. The flow inlet 
forms an annulus of thickness ARQ with the inner edge of the ring at one-
half the chamber wall radius, R ^ The fall is injected vertically downward 
with an inlet velocity Vg. 

The pumping power is then calculated on the basis of the kinetic 
and static head requirements with the inlet conditions determined on the 
basis of three constraints. 

• The fall must have sufficient velocity to reestablish itself 
between microexplosions. 

• A minimum attenuating thickness of 60 cm must be maintained. 
• The inlet thickness must be less than half the chamber radius 
(a constraint of the selected geometry). 

The results of such calculations indicate that our 4 m radius system requires 
an inlet velocity of 8 m/sec which results in necessary inlet thickness 
of .9 m. The pumping power required to recirculate the fall is found 
to be ̂  10 MW with a total flow rate of 110 m/sec. This would require 
8 large 15 m/sec liquid metal pumps capable of operating with overall 
efficiencies of about 8055. Assuming a AT of 200 C at the heat exchanger, 
2.8 m/sec of the lithium flow must be diverted to the primary coolant 
loop to remove the 1160 MM of thermal power. 

LASER SYSTEM DESIGN 

A preliminary conceptual design is presented for a short wavelength, 
high energy, high average power gas laser system for this laser fusion 
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power plant. A previous study also used a photolytic (oxygen) laser system 
as a basis for a commercial power plant; in this present study however we 
consider a different range of operating parameters and offer improved esti
mates of efficiencies and sizes. 

This study begins the problem-finding process involved in the concep
tualization of full scale systems, using a promising class of optically 
pumped gas lasers which appear to satisfy the requirements listed above. We 
cannot say that the photolytic lasers considered in this study will indeed 
be the type to be developed to very large size, for much laser physics 
research yet needs to be done, but as a class, they adequately represent 
the pulsed power, e-beam, gas flow, chemical regeneration, optical quality 
and component damage problems characteristic of a high-average-power fusion 
laser. 

Figure 6 shows one possible configuration of a photolytic laser system 
that appears very scalable to large volumes and high energy per pulse. The 
fluorescer gas and laser gas regions are kept apart by the stability of 
coflowing streams of different gases. The pressure and velocity of the 
two gases are matched; the density, temperature, and Hach number generally 
will be different. This has the tremendous advantage of not requiring 
transmitting windows, which probably would not be able to withstand damage 
from high fluence levels of photons and 1-MeV electrons in addition to the 
steady and shock pressure loads over large spans (greater than 30 cm). 

'-. The lasing sequence is begun by the firing of two opposed 'v. 1-MeV 
e-beams for approximately 1 ps. In the case of the selenium laser sketched 
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in Figure 6 , electrons radiolyze the xenon, resulting in copius xenon 
excimer (Xe 2 ) fluorescence radiation. The lasing medium consist of approxi-

1 fi - 3 

mately 3 x 10 cm of COSe in 1 atm of helium buffer gas, which provides 
a pressure match to the fluorescer gas and provides sufficient heat capacity 
to minimize the increase in gas temperature. The fluorescence radiation 
dissociates the parent molecule; the resulting excited Se* atom stores the 12 energy long enough to achieve a high-energy storage fusion amplifier. 

The molecular absorber is optically thick to the fluorescence radiation. 
The photolysis occurs by a bleaching wave that is driven into the medium, 
dissociating the molecule and causing the mixture to become transparent. 
The sequence ends with injection of a 1-ns laser pulse that depopulates the 
medium during amplification. 

There are two very important and separate aspects to. a large laser 
system: efficiency and scalability. A laser system of high efficiency will 
have lower recirculating power needs and lower capital equipment costs. 
The efficiency depends on the losses due to power conditioning, fluorescence 
production, coupling to the laser molecule, optical extraction, and pumping, 
cooling, and chemical regeneration of the flowing gases. On the other 
hand, a laser built with a large single aperture size and energy per pulse 
lowers costs by reducing complexity in the number of beams and components. 
The scalability depends on optical and e-beam foil damage limits, pump 
constraints, flow and gas uniformity constraints, parasitic suppression, 
thermal distortion of optical elements, and a configuration that simul
taneously pushes all the important technology barriers. 
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We have considered both these important aspects in this conceptual 
design of a selenium laser. Keep in mind that the primary purpose of the 
study is to obtain a model of all the required power flows, mass flows, 
efficiencies and sizes within the known physics constraints, not to design 
a laser system to be built tomorrow. 

A summary of the design parameters of this photodissociation selenium 
laser, pumped by flowing xenon "flashlamps" in a windowless geometry, is 
given in Table 2 . The principal features of this system are as follows: 
ten 100 kJ modules operate at 1.4 pulses per second, producing 1.4 MW average 
optical power (1 ns pulses of 1000 TW peak power) at 489 nm wavelength (in 
the blue green). The optical power is produced at 2% overall efficiency. 
Each of the ten output beams have a 0.6 m x 2.32 m cross section. They are 
divided and combined into the four beam clusters which enter the reactor. 
The conceptual design is a conservative one from a materials and technology 
viewpoint - reasonable optical and materials damage limits have been used. 
Of course there are many laser physics uncertainties yet to be resolved, 
for this laser is still in a research stage. 

An accurate impression of such a full scale power plant driver is 
given in the artists conception of Figure 2 . The middle floor contains 
the laser cavities, electron beams and pulse transmission lines. These 
are the large cylindrical energy storage devices extending out horizontally 
on each side. The flow systems, one for the He+OCS flow and another for 
the xenon flow, ar& on the top floor. The bottom floor contains all the 
rectifiers, charging over supplies and electrical isolators. A key feature 
of the design is an optical tunnel which runs the entire length of the 



Etiergy on target 
Energy out of laser module 

125 kJ 
139 kJ 

Optical ef1 
Electr ical 

f iciency 
eff iciency 

95X 
3.5% 

Pulse repet i t ion frequency 
Pulse duration 

1.4 Hz 
1 ns 

Flow eff iciency 
Overall system eff iciency 

5.3* 
2% 

Optical cavity volume 4.63 m3 Volumetric eff iciency 15 O/A-atm 
Length in beam direction 2.55 m Flow velocity 5.5 m/s 
Width in flow direction 2.4 m 
Width in e-beam direction 0,75 m • 
Width of each fluorescer region 
COSe molecule density 

0,35 m 
10 1 7 cm"3 

• © • 

Pressure 2 atm. 
Mirror fluence 7,72 J/cm 2 

Table 2 . Parameters of 125 kJ, 1.4 pps Amplifier Module 
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building and is vibrationally isolated from the laser building. All the 
mirror mounts are attached to the tunnel structure, isolated from the 
compressors and e-beam pulsing loads. The laser beams from the ten modules 
are generated in the vertical direction, turned and carried in beam tubes 
to the reactor. 

Two system advantages to this design are immediately apparent. First, 
modularity of the laser system allows the use of spare modules, one being 
kept ready in case of unscheduled breakdown of an operating module, another 
being refurbished. This will greatly enhance system reliability and avail
ability. Second, the laser system should be separate from the reactor 
building, housed in an ordinary industrial building of far less expense. 

PARAMETRIC ANALYSIS 

Initial parametric studies have been performed to reveal attractive 
design choices for future studies. These results show the sensitivity of the 
design to the uncertainties in the physics and technology. 

One of the most important parameters of a laser fusion power plant 
is the fusion energy gain. It is defined as the product of the laser 
system efficiency, n L» and the thermonuclear pellet gain, Q. The fraction 
of the system electrical power production required to operate the laser 
decreases as the value of n,Q increases. 
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The power plant net system efficiency, defined as the ratio of net 
power to reactor thermal power, is plotted as a function of fusion energy 
gain in Figure 7 . At very large values of n.Q the recirculating power 
fraction is small and the net system efficiency approaches the thermal 
efficiency. This curve is based on a thermal cycle efficiency of 38%. 
This is consistent with the selected maximum operating temperature of 
500°C. Our reference design, with a value of n LQ equal to 14, has a 
net system efficiency of 33%. 

Also shown on Figure 7 is the relative cost of electricity as a function 
n LQ. The cost of electricity relative to our reference design point is 
inversely proportional to the net system efficiency. This is a direct 
result of the fact that, in general, plant capital costs scale with the 
gross electrical power (which is fixed for a given thermal power and thermal 
efficiency) while revenues scale with the net electrical power. At the 
reference design point the cost of electricity is much more sensitive to 
a decrease in n LQ than in an increase. Decreasing n.Q by a factor of two 
results in a 30% increase in electricity cost while increasing IJ. Q by 
an order of magnitude results in only a 20% decrease in cost. 

The cost of the reactor chamber relative to the reference design point 
is given in Figure 8 as a function of the chamber radius. The curve is 
based on the assumption that chamber costs are proportional to the chamber 
radius squared. Thus it is advantageous to use the smallest chamber 
possible consistent with neutron damage limitations. As previously stated, 
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The minimum radius for a structure that could last for the life of the 
plant at the selected thermonuclear power is 3.9 m. We have conservatively 
selected a 4 m first wall radius, slightly larger than the minimum. 

The fraction of the gross electrical power required to recirculate 
the liquid lithium fall has been estimated and plotted in Figure 9 as a 
function of the pulse repetition frequency. The results are based on a 
constant thermonuclear yield of 70C MJ per pulse and a constant wall loading 

2 of 4 MW/m . The fraction of the total power required for pumping increases 
with increasing pulse repetition rate and with decreasing first wall loading. 
Our reference design 4 m chamber operating at 1.4 Hz requires ^ 1 % of the 
gross power to recirculate the lithium fall. This reduces the net system 
efficiency by about .4%. 

The cost of a high average power, short wavelength fusion laser system 
cannot be determined st the present time, but we can estimate the sensitivity 
of cost to pulse repetition frequency and efficiency. Consider a power 
plant of fixed thermal power and fixed laser average power. The direct 
capital cost is made up of electrical conditioning equipment (energy 
storage, e-beam, etc.}, flow conditioning equipment, optics, building and 
instrumentation and controls. The electrical and flow systems account for 
the majority of costs in most gas laser concepts. In laser systems of less 
than ten percent electrical efficiency, the cost of energy storage is a 
significant fraction of the total cost. The costs of electrical power 
conditioning are proportional to the amount of energy storage required, and 
are therefore inversely proportional to the electrical efficiency. However, 
the additional cost of increasing the pulse repetition frequency a factor 
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of two is very slight. We would, therefore, expect that a laser system 
of fixed average power would have an electrical power conditioning cost 
decreasing with increasing pulse repetition frequency. 

The flow system is the other major cost category. The cost is generally 
proportional to the rate of removal of waste power, so we can say that the 
cost is propcstional to the laser average power divided by the efficiency. 
Varying the pulse repetition rate at constant power level, therefore, 
does not (to first order) affect the flow conditioning cost. 

In view of these considerations we would then expect the cost per 
megawatt of laser systems to decrease as pulse repetition rate is increased, 
since the volume and cost of energy storage and pulse conditioning equipment 
decreases with decreasing energy per pulse without an offsetting increase 
in flow costs. This is shown graphically in Figure 10, where the relative 
contributions of each category of a photolytic gas laser system to the 
total direct capital cost as a function of pulse repetition frequency are 
given. The relative costs are normalized to the total input electrical 
power recirculated to the laser system from the generating system. 
Absolute costs are impossible to give until a laser system can be much 
better defined. 

It appears most cost-effective from the viewpoint of laser capital 
cost to operate the laser at higher pulse repetition rates. We estimate 
that increasing the pulse repetition rate from 1 to 5 Hz might decrease the la 
laser system cost by a factor of 2 to 3. It remains to be seen how this affects 
the overall power plant cost and configuration. 
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RELATIVE CAPITAL COST OF LASER SYSTEM .119 
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Finally, the capital cost will vary inversely with overall system 
efficiency. 

CONCLUSIONS 

A preliminary conceptual design of a laser fusion power plant based 
on advanced high gain targets has been completed. A parametric analysis 
of this system was conducted to reveal attractive design points and to show 
the sensitivity of the design to uncertainties in both the physics and 
technology. Although still highly conceptual, this power plant design has 
provided an understanding of the integrated engineering requirements and 
potential problems. We are encouraged by the fact that no major problems 
were found for which there are not reasonable conceptual solutions. 

The lithium waterfall reactor has emerged as a promising concept which 
alleviates the major problems associated with inertial confinement fusion 
systems. It eliminates the first wall problems resulting from x-rays and 
pellet debris, and minimizes cyclical thermal stresses. Also, the thick 
falling region of lithium attenuates neutrons to the point where the blanket 
structure could survive for the lifetime of the power plant at high power 
densities. 

On the basis of the encouraging results of this study; a more definitive 
conceptual design study will be carried out next year. The lithium waterfall 
reactor will be coupled with one of the more promising laboratory stage 
lasers and a detailed analysis of the major power plant components (reactor, 
laser, lithium system, and optical transport system) will be performed. 
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The plant layout and costing of the design will also be carried out. The 
follow-on design will be able to take advantage of several results from this 
study. These include: 

1. The advantages resulting from separating the large volume laser 
system from the reactor containment building. 

2. The need to have fusion energy gains (n.Q) of 10 or more. 
3. The fact that laser system cost per unit of input power 

decreases with increasing pulse repetition frequency. 
4. The fact that the pumping power required to recirculate the 

lithium fall increases rapidly with pulse repetition frequency, 
becoming excessive at PRF's greater than 3 Hz. 

5. The third and fourth points suggest that it may be advantageous 
to have one laser system service several lithium waterfall reactors.. 
Several smaller reactor modules will lead to shorter construction 
times and increase the availability of the power plant. 

6. The laser system is composed of ten modules in parallel but 
only 8 are used at any time. Modularity and redundancy of 
the laser system will lead to a highly reliable laser system. 
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sponsored by the United States Government. 
Neither the United States nor the United States 
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nor any of their contractors, subcontractors, or 
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sibility for the accuracy, completeness or 
usefulness of any information, apparatus, product 
or process disclosed, or represents that its use 
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