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1.0 ABSTRACT

The Westinghouse ICF Power Plant Design Study was undertaken 1) to investigate 
the comparative merits of commercial power plants based on ICF drivers, 2) to 
examine the technological problems that need to be confronted and solved in 
order to produce commercially competitive e le c tr ic ity  acceptable to u t il it ie s  
and 3} to explore the technological and institutional implications of using 
classified pellets. Two conceptual designs, based on a CO2 laser driver and on 
a heavy ion particle beam driver, were developed to provide the basis for the 
comparisons. Analytic descriptions of the performance and cost relationships 
for each of the subsystems that comprise the power plant were combined into an 
overall computer code which modeled the entire plant and permitted trade studies 
to be conducted. U t ility  requirements, based on legal and economic constraints, 
were identified.

This report contains a complete description of the subsystems of the power plant 
including driver, driver power supply, pellet fabrication, pellet injection and 
aiming, data handling and control, evacuation, tritium and radwaste handling, 
f ir s t  wall protection, f irs t wall and structure, heat removal, tritium breeding 
and neutron shielding, maintenance and repair and balance of plant. In addition, 
it  contains analytic support for the conceptual designs developed for each sub­
system. The emphasis of the effort was on designing a viable reactor cavity and 
on solving the problems of interfacing the driver systems with the reactor cavity. 
The reactors generate 3500 MWt by irradiating a pellet whose gain is 17'3 from 
two opposite sides with a total of 2 MJ driver energy at a 10 Hz repetition rate. 
Because the nominal laser driver efficiency is 10% and that for the heavy ion 
driver is 30%, the net e lectric power outputs are 1207 MWe and 1346 MWe; the net 
plant conversion efficiencies are ?8.1% and 31.3%; and the recirculating frac­
tions are 22.9% and 14,Ov respectively, The increased power output is, h o w e v e r ,  
only one of the factors considered by u t il it ie s  in performing a cost minimiza­
tion analysis of competing power sources for system expansion. These other 
factors include: capital costs, cost of construction time, operating costs, en­
vironmental and licensing costs and re lia b ility  cost.

The COg laser delivers 2 MJ of 10.6 urn radiation through a cavity pressure of 
10~1 Torr by combining 108 18.5 kJ beams arranged in 1? beam ducts (6 on a side), 
each carrying 9 beams. The driver efficiency of 10"/-. is achieved by sequential 
extraction of energy from the power amplifier by different lines of the 10.6 um 
complex. The final focusing mirror is 30 m from the target, allowing counter 
streaming gas to protect the mirror surface by absorbing the energy of the x-rays 
and debris ions. Neutron backstreaming to the entrance window is minimized by 
bending the laser beam through four right angle turns. The heavy ion driver 
accelerates singly charged Xe 131 ions to 10 GeV, accumulates and bunches them 
in 20 storage rings, each of which delivers 13 ns pulses containing 1 kA, and 
transport's the N l l is t ic a l ly  aimed beams to the target through a pressure of 
5x10"  ̂ Torr. Neutron backstreaming through the ^ccr'lerator tubes is prevented 
by magnetically bending the ion beam into the entry port and 1 apturing the
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undef1ected neutrons in a beam dump. Pellet injection at 300 m/s is accomplished 
by a "ra il gun" type accelerator; a precision bore tube provides accurate control 
over trajectory. The reactor cavity is spherical with a 10 m radius and contains 
two 6.5 m diameter openings on either side of the sphere for driver beam and 
vacuum system entry. Surface heating of 1.3 MW/nr due to x-rays and Ions from 
the pellet explosion is carried away by flowing lithium in circu lar tubes of 
HT-9 steel, which constitute the f irs t wall; protection of the f ir s t  wall is pro­
vided by a thin Ta coating on the HT-9 steel. Debris which deposits on the Ta 
coating is periodically removed by introducing special pellets which vaporize 
it  and collect it  in the beam ducts. Neutron energy is captured in flowing 
lithium, 58 cm thick, d irectly behind the tubular f ir s t  wall; the tritium breed­
ing ratio is 1.22. Maintenance and repair procedures for the spherical f ir s t  
wall assembly are compatible with u t il ity  requirements of 30 days down annually 
and/or 4 months down every 5 years. The lithium cooling c ircu it provides 
lithium at 369°C to the intermediate heat exchanger; the sodium hot leij is at 
363°C resulting 1n 1000 ps1a steam which generates e lectric ity  with a gross 
efficiency of 36%. The oerformance, size and cost of the two power plants were 
modeled and incorporated into a computer program called ICF.CAP.
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2.0 EXECUTIVE SUMMARY AND CONCLUSIONS

In this study, two different e lectric  power plants for the production of 
about 1000 MWe which were based on a COr, laser driver and on a heavy 1 o.ic
driver have been developed and anal> 'ed. The purposes of this study were:
(1) to examine in a se lf consistent way the technological and institutional 
problems th-̂ t need to be confronted and solved In order to produce commer­
c ia lly  competitive e le c tr ic ity  from an inertial fusion reactor that uses 
classified pellets, and (2) to compare, on a common basis, the consequences 
of using two different drivers to in itia te  the DT fuel pellet explosions. 
Analytic descriptions of size/perfomiance/cost relationships for each of the
subsystems comprising the power plant (see Figure 2-1) havu been combined into
an overall computer code which models the entire plant. This overall model 
has been used to conduct trode studies which examine the consequences of vary­
ing c r it ic a l design values around the reference point.

Our design irradiates the pellet from two opposite sides by using drivers
which deliver 2 MJ to the pellet at a repetition rate of 10 Hz. The pellets
have a gain of 175 and a yield of 350 MJ pe: shot. Because the laser e f f ic i ­
ency at 10% is much lower than the 30% e ffic  ency of heavy ion beams, the net 
e lectric  power available from the laser plant is about 140 MW less than that 
from a heavy ion plant. The features of our reactor design are summarized 
in Table 2-1; the power flow through the two plants is shown in Figures 2-2 
and 2-3.

The C0o laser delivers 2 MJ of 10.6 mid radiation to the pellet through a cavity 
-1pressure of 10 Torr by combining 108 18.5 kJ beams arranged in 12 beam 

ducts (6 per side) carrying 9 beams per duct. The nine beams in a given duct 
are sequentially extracted from a Power Amplifier Module (PAM) over a total 
period of 1.2 ms 1n order to achieve the design goal of 10* driver efficiency. 
These beams are recombined by introducing eppropriate mirrors in a laser/ 
mirror hall which equalize optical path length to the target. Entry windows
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TABLE 2-1

ICF ELECTRIC GENERATING PLANT SYSTEM PARAMETERS

Pellet Thermal Power 

Driver Energy 

Pellet Gain, Q 

Driver Efficiency, n

nQ

Pellet Yield 

Rep Rate 

Driver Power

Total Blanket Thermal Power

Gross E lectric  Power

Net E lectric  Power

Thermal to Net Electric 
Conversion Efficiency

Recirculating Fraction

Cavi ty Gas Pressure

Cavity Radius

Cavity Shape

F irst Wall Configuration

F irst Wall Material

F irst Wall Protective Coating

Coolant/Blanket

Tritium Breeding Ratio

Laser 

3500 MWt 

2 MJ 

175 

10%

17.5 

350 MJ 

10 Hz 

200 MWe 

4300 MWt 

1565 MWe 

1207 MWe

28.1%

22.9%

10"̂  Torr 

10 m

Spherical 

Tubular 

HT-9 Steel 

Ta

Liquid Lithium

> 1 . 2

Heavy Ion 

3500 MWt 

2 MJ 

175 

30%

52.5 

350 MJ 

10 Hz 

67 MWe 

4300 MWt 

1565 MWe 

1346 MWe

31.3%

14.0%

5 x 10‘ 4 Torr 

10 m

Spherical 

Tubular 

HT-9 Steel 

Ta

Liquid Lithium

> 1 . 2
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GROSS ELECTRICAL EFFICIENCY = 36.4%
NET ELECTRICAL EFFICIENCY = 28.1% 
RECIRCULATING POWER FRACTION = 22.9%

Figure 2-2. Power Flow Diagram fo r  the Reference Laser Fusion Reactor



NET
ELECTRIC POWER

GROSS ELECTRICAL EFFICIENCY = 36.4% 
NET ELECTRICAL EFFICIENCY = 31.3% 
RECIRCULATING POWER FRACTION = 14.0%

Figure 2-3. Power Flow Diagram fo r  the Reference Heavy Ion Beam Fusion Reactor



are made of salt (NaCl) which provides good transmission at 10.6 ym; however,
2salt windows are limited to peak fluxes of 3 J/cm for ns pulses and the 

mechanical strength of f la t  salt windows limits their aperture to about 100 cm 
for a one atmosphere pressure d ifferentia l. This defines the maximum energy 
per beam to be about 20 kO. Diffraction laws applied to 10.6 ym radiation 
require the distance from the final mirror to a 1 mm pellet to be  ̂ 30 m.
Since the cavity radius is 10 m, the additional length allows the introduction 
of gas flowing from the final mirror to the cavity to act as a shield against 
pellet debris, particulate radiation and soft x-rays. To protect the environ­
ment against neutron radiation effects, the laser beams are brought from the 
entry window to the final mirror through four right angle turns in a labyrinth 
surrounded by shielding material. Additional protection against leaks or 
fractures of the NaCl windows 1s afforded by reducing the beam cross sections 
and passing all nine of them through a single 0.9 m diameter ball valve.
The laser/cavity/containment building Interface is shown in Figure 2-4.

The heavy ion beam driver accelerates bunches of singly charged Xe 131 ions 
through a sequence of low beta (v/c) W1deroe linacs up to 800 MeV followed by 
about 4 km of high beta Alvarez linacs to reach 10 GeV. Each beam goes into 
a storage ring of radius 113 m which accumulates and compresses the bunches to 
make 13 ns pulses containing 1 kA each. A total of 20 storage rings generate 
the 2 MJ pulse. To prevent neutrons from back streaming down the open accel­
erator tube, the ion beam is bent into the entry port by a 1.2 Tesla
bending magnet that is 9 meters long; the neutron energy 1s absorbed in a 
neutron dump. A schematic representation of this design is shown in Figure 
2-5. Cavity pressure is set at 5 x 10"  ̂ Torr to allow b a llis t ic  aiming and
transport of the ion beam to the target. Since pressure in the storage rings
is set at 10"^ Torr to prevent excessive losses due to scattering during the
1 ms storage time, differential pumping is introduced over the distance between 
storage ring and cavity.

According to current understanding of pellet design, pellets capable of 
generating the required gain of 175 consist of an inner sphere containing the 
fuel and final tamper which 1s concentrically suspended inside an outer sphere 
containing the ablator and in it ia l tamper. We have devised a novel method for
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NEUTRON DUMP

Figure 2-5. Schematic Illustration  of the Interfaces Between the Storage Ring, 
Focusing Trip let, Bending Magnet and Reactor Chamber in a 
Heavy Ion Driven ICF Power Plant



suspending the inner sphere accurately and also maintaining the concentricity 
during injection into the reaction cavity. The essential concept is shown in 
Figure 2-6; i t  consists of an array of fibers in the two halves of the outer 
sphere which, when joined together, provide a confining nest for the inner 
sphere.

Pellets must be injected with velocity greater than 100 m/s in order to 
traverse the 10 m to the target region in a time small compared to the inter­
val between pulses. A novel injection system has been conceived which pro­
vides extremely accurate control over the pellet velocity and direction by 
utiliz ing a linear synchronous motor to accelerate a sabot which carries the 
pellet in the vertica lly  upwards direction. The pellet is separated from 
the sabot by introducing a coil near the end of the acceleration track which 
decelerates the sabot; the pellet continues through a precision bore tube at 
the final velocity while the sabot is captured and returned. This scheme 
maintains pellet cryogenic temperatures, does not introduce gas into the 
cavity and is compatible with high speed, repeated operat^oM.

Debris from the pellet explosions consists of non-condensible gases (H, D, T, 
He, 0, COg* e tc .) and the condensible Ta. The vacuum system is designed to
pump out the excess gas created by each explosion in less than 100 ms; total

5 6required pumping speed 1s 10 ?,/s for the laser case, and 10 p. / s  for the
heavy ion beam case. Condensibles deposit about 95% of their mass on the inner 
surface of the f ir s t  wall after each shot and about 5% in the major ducts on 
either side of the reaction chamber. The Ta deposit adds to the Ta which coats 
the f ir s t  wall; i t  is removed by intermittently vaporizing i t  and allowing 
5% of this vapor to redeposit outside the chamber on the duct walls. Vaporiza­
tion is achieved by inserting a pellet into the firing  system at preprogrammed 
intervals whose x-ray yield would cause the Ta to melt and vaporize. Final 
removal of the Ta deposit in the vacuum ducts is incorporated 1n the regular 
maintenance schedule.

The essential engineering problem to be solved in an ICF reaction chamber is 
to design a f ir s t  wall which can carry away the steady state average surface
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heat and at the same time survive the transient temperature increase generated 
by x-rays and ions from the pellet explosion. Conditions for transmission of 
the laser beam and the ion beam to the target require cavity pressure to be 
< 10 Torr and < 5 x 10“  ̂ Torr respectively. These pressures were chosen as 
reference points in our design. While the presence of 10"'* Torr background 
gas in the laser cavity does offer some protection to the f ir s t  wall against 
low energy x-rays and ions, 1t is not effective against the high energy x-rays 
and ions expected from high gain pellets. Thus, our design for the f ir s t  wall 
is the same for both the laser and the ion beam drivers.

Our solution to the problem of handling both the steady state and the 
transient heat is to divide the functions of the f ir s t  wall design. Thin 
steel tubes carrying flowing liquid lithium remove the steady surface heat 
while a metallic layer, whose melting temperature is above the peak tempera­
ture transient caused by the x-rays, protects the f irs t  wall surface of the 
tubes (facing the explosion). This coating buffers the steel tube from the 
large temperature transients which might otherwise destroy i t  due to thermal 
stress cyclic fatigue. Examination of the interaction between pellet heavy 
metal debris and f ir s t  wall showed that, no matter what the original f ir s t  
wall material was, the rate of condensible metal deposition on the f ir s t  wall 
was so great that the f ir s t  wall coating material must be considered to be 
the same as the pellet metal. The choice of heavy metal for the pellet 
therefore becomes a jo in t decision of the pellet designer and the reactor 
designer. Candidate heavy metals were reviewed and Ta was selected because 
of its  high melting temperature, ease of handling, cost, etc. The v ia b ility  
of the Ta layer was verified by computer calculations, including results from 
the CHART D code, which showed that: (1) the temperature of the Ta surface
was always below its  melting point, (2) internal stresses were not sufficient 
to cause spallation, and (3) the temperature increase at the Ta-steel in ter­
face was negligible.

This coated thin tube wall design handles fusion thermal power of 3500 MWt 
in a spherical chamber at a distance 10 m from the explosion. Because the 
x-rays and ions contain 45% of the fusion power and are absorbed on the 
surface of the wall, the surface heat flux is about 1.3 MW/m̂ ; this is 
removed by liquid lithium flowing through the tubes with a maximum velocity
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of 18 m/s. The neutrons, on the other hand, carry 55% of the power 
and are absorbed in the f ir s t  wall coolant and in the volume of the 58 cm 
thick flowing liquid lithium blanket situated behind the tubular f ir s t  wall. 
This arrangement is shown in Figure 2-7. Tritium breeding ratio for this 
configuration is about 1.22.

Maintenance of the reaction chamber is based on removing the complete f ir s t  
wall assembly and replacing i t  with a new or refurbished f ir s t  wall assembly 
during an annual planned down time of about one month. The time required to 
perform the sequence of operations is estimated to be about 27 days and con­
tains the following procedures: removal of components and equipwent which
block access; draining of the coolant; uncoupling of any connections to upper 
half of external spherical shell; removal of upper outer shell from lower 
shell; uncoupling of inner spherical shell from its support; l if t in g , removing 
and placing inner spherical shell in a hot cell for cooldown. This process 
is summarized in Figure 2-8. Since the entire structure is radioactive, 
these operations are performed remotely.

The connection between the reactor and the balance of the plant is through 
the lithium cooling c ircu it which provides lithium at 369°C to the inter­
mediate heat exchanger (liquid sodium). The sodium hot leg temperature is 
363°C, resulting in superheated steam at 358°C and with pressure of 7.24 MPa 
(1050 psia) which is adequate to generate e le c tr ic ity  with 36% efficiency.
The major features of the balance of plant are the heat transport, steam 
generator and turbine generator systems. These must be housed in containment 
buildings to ensure the safety of the environment against possible accident. 
Major buildings in the balance of plant are the Reactor Building, Hot Cell 
F a c ility  Building, Steam Generator Building, Turbine Building, Pelle t Factory 
Building, Waste Disposal Building, Control Building, Emergency Generator and 
Standby Generator Building and Argon Storage Building.

The computer code which models the size/performance/cost of these two ICF 
power plants is called ICECAP, Inertial Confinement Energy, Cost and Perform­
ance Code, ICECAP was constructed such that the component models (beam
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driver, blanket assembly, buildings/structures/equipment, e tc .) are clustered 
into five groups. The pellei</plant data (pe lle t mass, repetition rate, cavity 
radius, plant ava ilab ility  factor, e tc .) 1s read/calculated before the f ir s t  
component algorithm 1s called end the final calculations and output provide 
summary data for use 1n trade studies. The five  clusters group the component 
systems as follows: (1) fusion support systems (drivers, pellet systems, and
vacuum systems), (2) mechanical/thermal systems ( f ir s t  wall, blanket, shield, 
primary coolant loops), (3) power supply systems (for drivers, coolant pumping, 
distribution, e tc .) ,  (4) turbine plant systems (turbine, steam generator, heat 
rejection), and (5) fa c ilit ie s  systems (buildings, controls, remote mainten­
ance, e tc .). The pellet/plant data is a set of internally self-consistent 
parameters which is used in ea^h of the component models allowing for a 
single set of base assumptions in sizing and costing a ll subsystems. Various 
coding procedures are used to improve the user's ab ility  to follow the FORTRAN 
as well as to identify the calculational results which are provided 1n the 
output print.

Trade studies were performed using ICECAP to investigate the impact on relative 
cost of e le c tr ic ity  (COE) and on net eU ctrlca l power delivered to the grid 
(Pfiet) of varying the following pa ra s te rs  one at a time: driver efficiency,
rep rate, driver energy on target and cavity radius. Because our reference 
design operates at the maximum surface heat load that can be handled by our 
heat removal concept, parameter variations that led to heat loads greater than 
in the reference design were not allowed. Thus, rep rate and driver energy 
were varied below the reference values and cavity radius was varied above the 
reference value. Some interesting preliminary results for both laser and 
heavy ion driven reactors are listed below:

t  COE drops by about 50% as rep rate increases from 5 to 10 Hz.

t  COE increases by 5% as cavity radius Increases from 10 to 20 m.

• COE decreases by factors of about 3 as driver energy increases
from 1 to 2 MJ.
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CONCLUSIONS

The major conclusions developed from this study are:

1. Protecting the f ir s t  wall against temperature transients due to x-rays 
by using a Ta coating on steel appears to be viable and very attractive. 
This is a dry wall concept and 1s therefore compatible with cavity atmos­
phere requirements for a ll drivers. Py choosing Ta, the coating material 
becomes the same as the heavy element in the pe lle t, and problems of 
Incompatibility are removed.

2. Removal of the steady state heat load due to x-rays and 1ons 1s the
limiting factor in thermal and mechanical design of the reaction chamber.

2
The reference design generates 1.3 MW/m which must be removed by rapidly 
flowing lithium; our design velocity of  ̂ 20 m/s for this function is the 
maximum that is considered to be prudent 1n the absence of specific 
information on heat transfer coefficients and corrosion rates at these 
ve loc lties .

3. Increasing cavity radius beyond 10 m w ill relax thermal constraints at 
l i t t le  Increase in cost of e le c tr ic ity  but mechanical constraints may 
begin to emerge at larger sizes.

4. The penalty of the 10% laser efficiency, as compared to the 30% efficiency
assumed for the heavy ion driver, is about 140 MWe. Mt today's rates, and
assuming 50$ ava ilab ility , this represents a revenue of about $30M/year.
However, this is not the only factor considered by u t il it ie s  in choosing
a power source for system expansion.

5. Power source choice by u t il it ie s  is the result of minimizing the future
cost of e le c tr ic ity ; factors considered are: capital and construction
cost, operating and maintenance cost, re lia b il ity ,  environmental and 
licensing impact, safety and size of unit.
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6. Capital cost for the heavy 1on driven reactor 1s greater than for the 
laser driven reactor; both costs are about the same as for magnetic fusion 
reactors. The cost for the heavy ion accelerator is based on one-of-a- 
kind high energy physics machines 1n which there has been no effort to 
design components or systems for reduced cost. The costs for the COg 
laser are based on current experience at LASL so the error associated with 
this estimate is lower than for the heavy Ion driver.

7. Injection of the pellet can be done accurately, repeatedly and at 300 m/s 
by using the linear synchronous motor "ra il gun" concept.

8. Mass production of double shell pellets is made possible by using two
novel concepts: fabrication of the spheres using a porous ceramic called
M0D0X, arid concentrically suspending one sphere inside the other on a 
nest of crossed fibers.

9. I t  is possible to design a tritium handling system which reduces environ­
mental impact to 1 pCI/day and which minimizes proliferation problems. 
Concepts incorporated into the design include: double wall, counter
flushing pipes; inert atmosphere at reduced pressure in containment 
buildings; storage as a solid.

10. The tantalum processing system is self-contained and has no environmental 
impact.

11. Radioactive tantalum w ill have to be stored for 4.5 years before i t  can 
be chemically processed; depending on the pellet design, this represents 
up ',o $25M worth of tantalum.

12. Planned maintenance operations can be made compatible with time available 
during u t il ity  down times. The structures must be designed in advance to 
accommodate the operational steps and special machines must be available.
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13. Liquid lithium can be handled safely by using dry inert gas atmospheres 
and steel cover plates on floor and walls near lithium concentrations, 
removing crack causing stresses from pipes carrying lithium and surround­
ing lithium pumps with steel lined catch basins.

14. Radiation levels at the driver beam-reactlon chamber interface can be 
made safe for personnel by proper combination of shielding and right, 
angle bend labyrinths.

15. The ICECAP code provides a valuable tool for studying and comparing 
various ICF power plant designs and costs.
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3.0 INTRODUCTION

The objectives of the effort performed under DOE Contract DE-AC08-79-DP40086 were 
as follows:

• Identification of key plant design requirements and design solu­
tions necessary to allow the ICF plant to be used by u t ilit ie s  
in anticipated e lectric grids

• Development of a conceptual design of the subsystems which make
up ICF power plants based on two driver technologies and in ­
corporating classified pellet information

• Development of a coupled ICF power plant performance/cost/economic
assessment systems model suffic iently flexible to accommodate the 
major approaches and options for subsystems and component design

• A systematic assessment by means of trade-off, sensitiv ity, and
parametric studies of the effects of key design features on power 
production and plant capital and operating costs

» Identification of Research, Development and Demonstration (RD&D) 
needs for the commercialization of ICF

In order to assure that the conceptual designs and the cost estimates 
developed in the study would be re a lis t ic , feasible and responsive to u t i l i t y  
and government requirements, Westinghouse joined its  knowledge and experience 
in fusion driver design and technology and fission reactor power plant engineering 
with the knowledge and experience of Stone and Webster, Inc. in architectural 
engineering and with the u t il ity  perspective provided by Public Service Electric 
and Gas Research Corporation. These organizations contributed significantly 
to the effort and to this Final Report.

The original contract terminated April 30, 1980; however, the contract was 
extended to February 28, 1981 at no cost to the government.
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This volume is the f ir s t  of two volumes which contain the unclaf. Pinal
report of work done under the contract. A separate volume contains a classified
report of work done under this contract.

TECHNICAL ISSUES

A major long range goal of the United States Inertial Confinement Fusion (ICF) 
program is the successful development and demonstration of an ICF system for the 
generation of electrical power which is economical and competitive with other 
energy sources and can be successfully integrated into existing or projected 
commercial u t i l ity  systems. A number of vigorous experimental programs are in 
progress or planned, and these are expected to provide definitive answers to 
many of the key physics feas ib ility  questions associated with the various ICF op­
tions, particularly the demonstration of energetic breakeven at the beam-target 
level. I f  sc ien tific  breakeven is achieved in the 1980s, as expected, this could 
enable construction of an Experimental Test Facility  (ETF) in the 1990s.

In order to produce an ICF reactor suitable for ultimate power production in a
u t i l i t y  system, attention must be given to defining and solving technological 
and engineering problems in such a fa c ility . The current state-of-knowledge in 
ICF is such that the physics of the processes, and therefore, the engineering 
design requirements, are not known with certainty and are changing rapidly; as 
a consequence, a wide range of subsystem technologies, design options, and 
performance parameters has been identified for ICF reactor systems. For example, 
three main driver technologies are under active consideration for use in the 
commercial fusion reactor; lasers, light ion beams, and heavy ion beams. And, in 
response to the range of expected performance levels attributed to various com­
binations of drivers, targets, and operating scenarios, a number of design 
approaches have been identified for the f irs t wall cavity system or reaction 
chamber.

A clear requirement therefore exists for a systematic means for assessing the 
impact of the results of these ongoing experimental programs, and to provide 
guidance for the technical direction and priority of future programs which is 
consistent with the overall goal of the development of feasible central station
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electric  power plants based on ICF. I f ,  as 1s like ly , a ll three driver tech­
nologies demonstrate breakeven and can be extrapolated to commercial size, the 
commercial attractiveness w ill no longer be limited by driver-pel1et technology; 
rather, issues such as engineering feas ib ility , construction and operation costs, 
safety, re lia b ility , maintainability, and environmental impact w ill be of prime 
importance. The nation w ill need detailed appreciation of the consequences of 
the course leading to commercialization for each of the three driver systems.
The f irs t  step in the development of this information must be design studies to 
identify and define potential concepts and problems so that appropriate solutions 
can be developed and evaluated. This contract effort is a contribution to that 
program.

Some of the major issues that need to be addressed 1n designing an ICF power 
plant are:

• Design f irs t wall to withstand severe temperature transients

• Removal of surface heat deposited on f ir s t  wall by ions and x-rays 
from the pellet explosion

• Accurate, repeatable injection of pellets

• Mass production of complicated pellets

• Design for reliable and continuous supply of e lectric ity

• Isolation of radioactive sources from environment

• Design for minimum downtime due to planned maintenance/repair 
operations

• Failure and accident control and contingency

• Radwaste handling

Although the concepts that w ill be identified for the reactor systems in the 
present study may not be present in the ultimate design for a commercial 
reactor operating sometime after 2000, these concepts w ill have had to satisfy 
the joint requirements of technical feas ib ility  and compatibility with the 
overall objective of acceptability by u t il it ie s .  As such, they provide a 
rea lis tic  and acceptable basis for a plant design which w ill allow the identi­
fication of research and development efforts necessary to ensure the availa­
b ility  of key technologies in the 1990 time frame.
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The technical approach used to develop the conceptual designs of ICF power 
plants is based on the recognition that the plant can be naturally divided into 
two major parts as shown in Figure 3-1. One part, the reactor system, consists 
of the following subsystems:

• Driver and beam transport

• Driver power supply

• Pellet factory

• Pellet injection and targeting

• Reactor, which includes cavity f ir s t  wall and its protection 
system, blanket and shield, and heat removal system

• Evacuation system

• Tritium recovery and radwaste processing system

The second part, the balance of plant, consists of the steam and turbine gen­
erators and associated equipment, fa c ilit ie s , and structure necessary to produce 
and distribute the electrical power. The design of the balance of plant does 
not require access to classified data for successful execution, but it  does need 
specific requirements information from the reactor system design. In general, 
the structures and systems can be designed from well established procedures based 
on fission reactor experience once these requirements have been specified.

Design effort for the reactor subsystems concentrated on defining two subsystems; 
the reaction chamber itse lf (especially the f ir s t  wall and its protection and 
heat removal systems), and the interface between the two drivers and the reaction 
chamber. This approach was based on the recognition that driver and pellet 
design and development was a special responsibility of the national labs, while 
reaction chamber design was an area of special expertise in Westinghouse. How- 
i-v r, enough effort was spent on designing the drivers and pellets to understand 

implications of interface design solutions on the drivers and pellets them- 
s: Ives.
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In order to examine and compare the consequences on the power plant of using 
various drivers, two different drivers were selected for study, based on the 
following c rite ria :

9 Different cavity requirements

• One laser, one particle beam

• A b ility  to develop credible design 1n the shortest time

• Potential cost

Table 3-1 summarizes the analysis of the two laser candidates (CO2 and KrF)
of the two particle beam candidates (ligh t ion and heavy ion); U  identifies
our choices for this study as the C02 laser and the heavy 1on beam.

DRIVER SELECTION

TABLE 3-1

COMPARISON OF FEATURES DESCRIBING 
FOUR CANDIDATE DRIVERS FOR AN ICF POWER PLANT

Laser Systems 
CO2 KrF

Particle Beam Systems 
Light Ion Heavy Ion

Available Data Base Present Absent Present Present

Cavity Conditions <0.1 Torr <0.1 Torr 10-100 Torr 10~4 Torr

Generic Driver Design Yes Yes No No

1 MJ Driver Cost %$500M %$500M a$50M '41000M

1 GWe Plant Cost $̂3000M ■v$3000M $̂3000M $̂3000M

Basic Uncertainties Pellet 
Coupling

Scaleup of 
Laser; Pulse 
Compression

Beam
Transport & 
Stab ility

Demonstrate
System
Performance

Final Choice / /
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In analyzing the c rite r ia  for the laser candidates, we note that a large 10 kJ 
C02 system is presently operating and that a 100 kJ system is under construction 
at LASL, while the KrF laser is at the 10J level in development at LLL. However, 
both require <0.1 Torr gas pressure in the cavity and use electron beam excitation, 
flowing gas amplifiers and multiple pass mirror systems to shorten the pulse, in­
crease the efficiency or equalize optical path lengths. The driver and plant 
costs are estimated to be very similar, given the uncertainties associated with 
making cost projections some 40 years into the future. Our final decision to 
choose the COg laser was based on the absence of available data for a large KrF 
system and especially on the uncertainty as to which pulse compression scheme 
would be used.

The particle beam candidates are very different from each other. While both 
have a large data base to draw from, they are based on very different 
technologies. The light ion beam is accelerated e lectrostatica lly , while the 
heavy ion beam uses r f  synchronized with the particle bundle velocity. Because 
the light ions carry low kinetic energy, the required power on the target necessary 
for implosion is achieved by using multi-kA magnitude currents. To prevent space 
charge from blowing up the beam, neutralization by electron capture as the beam 
passes through high pressure gas is necessary. On the other hand, the heavy 
ions can be focused to achieve the required power on target but must be trans­
ported through a good vacuum. Another major difference between the two concepts 
is the cost; light ions can be accelerated very inexpensively, while heavy ions 
are the most expensive of the four candidates. Our final decision to choose the 
heavy ion beam was based on the ava ilab ility  of straightforward concepts for 
b a llis tic  focusing, while uncertainties remained as to the method by which the 
light ion beam would propagate repeatedly over several meters through the high 
pressure gas.

It  must be stressed that our choices in no way represent a judgment as to the 
driver that w ill utimately be selected by DOE for use in a Single Pulse Tebv 
Fac ility  (SPTF) or in an ETF. Future experimental results must be the basis 
for that choice.
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CONCEPTUAL OESIGN APPROACH

In performing the conceptual design of a commercial power plant, operating some 
40 years into the future, i t  was essential to assume that the drivers we had 
selected and their pellets had successfully demonstrated high gain operation at 
rates from 1 to 20 Hz. Furthermore, the overall design effort must optim isti­
ca lly  extrapolate today's capabilities and costs. Within the lim itations of 
available time and money, the goal of the effort was to develop a credible and 
viable conceptual design; however, 1n doing this, not a ll aspects of the design 
could be investigated, iteration within the design was limited to the most im­
portant issues, and optimisation and design Improvements were not undertaken, A 
further important element in the design approach was the early and continued 
incorporation of the u t i l i t y  point of view.

UTILITY REQUIREMENTS

Ideally , a u t i l i t y  needs an abundant fuel source, and a technology which is safn 
and clean and available at a reasonable cost with a plant potential capacity 
and re lia b il ity  that are attractive, The siting and maintenance requirements 
of a generating plant using this technology should also be reasonable. There 
are other c r ite r ia  which, i f  satisfied , would make the energy source ideal; 
but re a lis t ic a lly , a ll that commercialization of a new energy source requires 
is that it  be competitive with other available technologies.

Table 3-2 contains the principal parameters used to identify basic u t il i t y  needs. 
I t  should be recognized that most of the parameters on this l is t  can be traded 
off against each other. Ultimately, the final deployment decision for an ICF 
power plant, assuming the technological requirements can be met, w ill be based 
upon the cost of e le c tr ic ity  comparison with cost of e le c tr ic ity  of competing 
technologies.

The economic considerations are primary and w ill be treated in Chapter 0. The 
most significant remaining parameters are unit size, a va ila b ility / re lia b ility , 
and environmental impact. These w ill be discussed in the following paragraphs.

3-8



TABLE 3-2

PRINCIPAL PARAMETERS THAT IDENTIFY BASIC UTILITY CONCERNS

Unit size

Availabi1i ty/rel iabi 1 i ty

Site

Safety

Environmental impact 

Operation and maintenance 

Economics/finance 

Material ava ilab ility  

Public acceptance 

Constructibility 

Lead time

Plant ciectrical characteristics
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Unit size refers to the MW e lectric  power plant rating. The f ir s t  step 1n a 
generating expansion study 1s to evaluate unit sizes and types, I . e . ,  base load, 
Intermediate load, or peak load types, that are needed to provide the necessary 
Increase 1n system capacity. In general, the evaluations have shown that adding 
large, base load, units tends to increase reserve requirements because of the 
negative impact of the larger units on system re lia b ility . However, economics of 
scale result in lower unit costs for larger units. For overall economy, the 
tradeoffs must be evaluated. Intermediate load and peak load units are used to 
•intermittently supplement tho base load units; they have smaller capacity than 
the base load units and also are required to be much cheaper, since they are not 
in fu ll time use. The ICF reactor appears to be most appropriate for base load 
operation. Since the average size of base load units currently being installed 
on u t il ity  systems is approximately 1000 MWe, this size was selected as the 
reference size for the ICF power plant.

A va ilab ility  is the fraction of time a unit is capable of producing power and 
considers time losses from scheduled maintenance, inspections, refueling and 
forced outages.

I f  possible, all generation capability should be available during peak load 
times. This means that maintenance during winter and summer peak times should 
be avoided and should be scheduled for off peak times like the fa ll or spring on 
an annual basis. Existing generating units are typ ica lly  out of service for three 
to eight weeks each year for routine maintenance. Major maintenance on the tur­
bine generator system is required approximately every five years and the unit rnay
be out for as long as 16 weeks. Consequently, our design goal was to perform 
f ir s t  wall changes or driver maintenance at the same time as routine annual or 
turbine generator maintenance.

The u t i l i t y  requirements in the area of environment and licensing are the most 
complex of a ll the parameters and involve judgements which in turn impact other 
parameters of the plant. Regulations defining the degree to which the environ­
ment may be changed by power plants result from the many laws passed by Congress
over the last 10 years. The laws include the following:
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NEPA

• Coastal Zone Management Act

• Cleav Water Act

• Clean A ir Act

• Resource Conservation and Recovery Act

• Power Plant and Industrial Fuel Use Act

• OSHA

• Toxic Substances Control Act

These regulations provide the basis for u t i l i t y  acceptance of a given power plant 
design, It  is anticipated that these lim its w ill become more restrictive  over the 
next 40 years as resources, space, and environmental f le x ib ility  get used up. Thus, 
designs performed in 1980 for power plants for the 2020 time frame must be sensi­
tive to the anticipated stric te r regulations,

/' more complete set of u t i l i t y  requirements has been prepared as part of the 
Electric Power Research Institu te 's  (EPRI's) U t il ity  Requirements and Criteria 
for Fusion Options Project (RFP 1413). The project which is being carried out 
by Burns and Roe, Inc., Public Service E lectric  and Gas (PSE&G) and Northeast 
U t il it ie s , has as its  objective the development of a methodology to select the 
fusion options from those that, i f  successfully developed, w ill best satisfy 
the u t i l i t y  needs. Table 3-3, which is being included by special permission 

•om EPRI, l is ts  the dominant u t i l i t y  issues and rates them on a 0-5 scale of 
importance.

ORGANIZATION OF FINAL UNCLASSIFIED REPORT

The following chapters contain the complete technical report of our efforts 
in performing the design study of two commercial ICF power plants. Chapter 4,
Plant Descriptions, is intended to provide the general interest reader with an 
understanding of the design and operation of each subsystem that makes up the 
plant. More detailed, technical analysis is found in Chapter 5.
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TABLE 3-3

RELATIVE RANKINGS OF VARIOUS UTILITY REQUIREMENTS

Ranking of
Util1ty Requirement Importance

A. UTILITY PLANNING AND FINANCE

1. Plant Capital Cost 5*
2. Plant O&M and Fuel Costs 3
3. Forced Outage Rate 4
4. Planned Outage Rate 4
5, Plant Life 3
6, Plant Construction Time 4
7, Financial L iab ility 5
8,. Unit Rating 2

SAFETY, SITING AND LICENSING

1. Plant Efficiency 0
2. Plant Safety 5
3. Dependence on Other Systems 0
4 . F lex ib ility  of Siting 4
5, Hast Handling and Disposal 4
6. Decommissioning 3
7, Licensability 5
8. Weapons Proliferation 3

UTILITY OPERATIONS

1. Plant Operating Requirements 4
2. Plant Maintenance Requirements 4
3. Electrical Performance 4
4. Capability for Load Change 2
5. Part Load Efficiency 2
6. Minimum Load 2
7. Startup Power Requirements 3

MANUFACTURING AND RESOURCES

1. Hardware Materials A vailab ility 4
2, Industrial Base 4
3. Natural Resource Requirements 0
4. Fuel and Fertile  Material Available 4

*Notes: Meaning Code
Unimportant 0
Slightly  Important 1
Moderately Important 2
Important 3
Very Important 4
Vital 5
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In Chapter 4, the designer of each subsystem provides, as far as is possible, 
four kinds of information: 1) the functions or general purposes of tho sub­
system; 2) the design requirements on the system, that is , a quantitative state­
ment of what the system has to do; 3) a description of the subsystem in words, 
tables and drawings; and fin a lly , 4) a description of what the system does when 
the reactor is in operation. Because we have performed a design for two beam 
driven reactors, Chapter 4 contains two major sections; Section 4.1 - CÔ  Laser 
Driven Design, and Section 4.2 - Heavy Ion Beam Driven Design. Within each of 
these major sections, however, the subsystem descriptions are presented according 
to the above outline. In some cases, the design for a subsystem in the Heavy Ion 
Bearn Driven System is the same as that for the Laser Driven System; rather than 
duplicate the discussion in Section 4.1, the authors refer the reader to it  at 
the appropriate place in Section 4.2.

Chapter 5 provides the technical justification  for the design choices embodied in 
the final design described in Chapter 4; it  is intended for the specialist. As in 
Chapter 4, Chapter 5 contains two main sections; Section 5.1 - C02 Laser Driven 
Design, and Section 5.2 - Heavy Ion Beam Driven Design, each with the appropriate 
subdivision into subsystems. Each subsection describes the quantitative require­
ments as well as the constraints imposed on the subsystem either by other de­
signers or by nature. In many cases, information was incomplete or nonexistent.

In conformity with the design philosophy of the project, optimistic assumptions 
had to be made; these are also specified in Chapter 5. f in a lly , analysis or 
narrative is presented to provide convincing evidence that the design w ill meet 
its  goals. As in Chapter 4, i f  the discussion of the subsystem used for the 
Heavy Ion Driver is the same as that for the laser Driver, the reader w ill be 
referred back to Section 5.1.

Chapter 6 describes the architecture of the computer code which models cost, 
sue and performance of the entire plant. It  is called ICECAP: Inertia l Con­
finement Engineering, Cost And Performance code. This is not a documentation 
of the code; rather, i t  describes how the 20 subsystems are handled within the 
code to allow for their interaction and for rapid change of assumed operating

3-13



conditions. Chapter 7 reports on selected trade studies that were performed 
with this code. Our major interest was in identifying trends as particular 
parameters were varied, rather than striving for precision. This was especially 
important when we examined the cost of the plant and realized that many of the 
systems had never been built and that their cost could not be accurately e s t i­
mated. In addition, cost estimates made in 1980 cannot take into account cost 
reductions which are certain to occur in the future due to inventions, new solu­
tions to the problem, improved materials and manufacturing methods, nor to cost 
increases due to inflation, shortage of resources, d ifficu lty  1n achieving design 
solutions, and increased environmental and safety requirements. Finally, em­
phasis on an actual dollar estimate selves to deflect attention away from the 
more important issue of demonstrating technical feas ib ility . For these reasons, 
the total costs are normalized to unity for each reference driver.

Chapter 8 presents a review of the designs for the commercial ICF power plant 
from the point of view of the u t il it ie s  and also presents a description of the 
methodology used by u t il it ie s  in evaluating the cost of e lectric ity  duo to a 
given reactor.

Chapter 9 summarizes the technological areas which need further work, based on 
our efforts to arrive at conceptual solutions to design problems. In some cases, 
this listing  is design specific; in other cases, the problems are generic and 
v/ould apply to a ll reactors. No attempt has been made to generate an overall
RD&D program for ICF; such an effort would require resources far beyond that which 
we were able to bring to this task. However, this chapter does identify material, 
component, technology and design areas that should be included in such a program.

3-14



4.0 PLANT DESCRIPTIONS

This chapter provides a description of the entire power plant associated with 
each of the two drivers Investigated under this contract. Section 4.1 des­
cribes the CÔ  Laser Driven Power Plant and Section 4.2 describes the Heavy 
Ion Beam Driven Power Plant. The power plant has been divided into its  eight 
major subsystems and each subsystem is described in a subsection of 4.1 or 
4.2. The subsystem describing the reaction chamber and its  supporting systems 
is its e lf  divided into eight parts. These subsystems are listed in fho Table 
of Contents and w ill not be repeated here. The discussion for each subsystem 
contains the following elements.

(1) Statement of the function or purpose of the subsystem. This w ill be
in the form either of a short paragraph or an itemized l is t .

(2) Statement of the design requirements on the subsystem. This w ill be
a quantitative description of what the subsystem is required to do.
These requirements emerge from the overall design goals of the power 
plant and from the requirements of other systems which interface with it .

(3) A description of the design concept that was developed to satisfy the
design requirements. This w ill include narrative, drawings and tables 
of parameter values. This element of each subsection contains the major 
conclusions of the design effort and reflects the early decision to 
invest the major portion of time and resources available from the con­
tract to this task.

(4) The final element describes how the system operates, that is , what it
does when the reactor is in operation.

The purpose of this chapter 1s to provide the interested, but non-specialist, 
reader with a detailed overview and description of the power plant concepts 
that emerged during this contract effort. Quantitative analysis of each 
subsystem w ill be found in Chapter 5.0.
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4.1 C02 LASER DRIVEN DESIGN

4.1,1 DRIVER

REQUIREMENTS

The essential requirements on the driver point design are: (1) to deliver
1 MJ of 10 pm radiation to a 1 mm diameter spot on each of two opposed 
sides of a fuel pellet in a one ns pulse, repeated at 10 Hz, and (2) to 
accomplish this with an adequate overall ( i . e . ,  "wall plug") efficiency 
(design value - 10%) for an attractive power plant design. Other require­
ments include: to insure the survivability of the final focusing optics
for an economic period, to lim it the radiation field at the reactor build­
ing beam port windows to a safe level, to provide adequate isolation in 
the event of window fa ilu re , to provide for temporal pulse profiling i f  
needed, and of course, to contribute to overall system economy.

SYSTEM DESCRIPTION

We accomplish this with a highly modular driver system which is amenable 
to system trade-off studies which vary beam energy,, pulsr; length, repeti­
tion rate, e tc ., about the point design values.

The system is arranged as shown in plan view in Figure 4.1.1-1. Only one 
of two identical sides 1s shown —  a ll following discussions refer to 
this one-half. The opposing beam arrays are exactly co-ax1al, so that i f  
a pellet were missing (and the reaction chamber contained a good vacuum), 
each beam would appear as a particularly strong retro-pulse in the corres­
ponding opposite beam line, and be dealt with at the power amplifier 
module (PAM). Actually, this does not happen for two reasons: f ir s t ,
most missing pellets are predicted by the pellet tracking system su ffic i­
ently in advance to disable the PAM gain, and second, 1f a pellet 1s 
unexpectedly missing, the gas background 1n the reaction chamber 1s 
enough to produce electrical breakdown at the beam focus, and the beam 
energy is absorbed in the resulting plasma. One result of this co-ax1al 
arrangement 1s that the reaction chamber f ir s t  wall sees only reflected 
beam energy, which 1s negligible compared to design stress.



To describe the system, we b rie fly  trace an optical pulse from the PAM to 
the pellet and then examine the component parts and the low power section, 
1n more detail, following the same general order. There are six Identical 
PAM's, each having a discharge volume of 0.95 x 0.95 x 4 m and a NaCl
output window 1 x 1 m 1n size. Following one pumping discharge, we
sequentially extract nine collimated beams, each 0.9 m square, from each 
PAM over a total period of 1,2 ys. The nine beams are slightly angled, 
so that they reflect from nine separate mirrors* situated 110 m from the 
PAM. Only one, the earliest one extracted, is shown in Figure 4.1.1-1.

Following either one or three more reflections, yielding appropriate 
time delays, the nine beams are simultaneous and parallel and arranged in 
a 3 by 3 array which passes directly from the laser building through nine 
1 x 1 m NaCl windows into a tunnel in the reactor building. This tunnel 
is a four turn labyrinth designed to reduce the average fast neutron flux 
from the reactor chamber to a v̂ alue permitting human occupancy at the 
window. At the f ir s t  turn the beam pattern is converged to yield 0.6 
x 0.6 m beams at the second mirror. The second turning mirrors 
recolHrnate the beams. The third set of mirrors directs these reduced, 
collimated beams to cross at the midpoint of the long tunnel run, so 
that a ll nine may pass through a single 0.9 m diameter ball valve, s tr ik ­
ing the final focusing mirrors (FFM) in the original (although transposed) 
pattern. The ball valve serves to mechanically isolate the reactor chamber 
i f  one of the nine windows fractures or leaks. Each FFM is 30 m from the 
pellet, and brings its  beam to a focus at the pellet, through an open port
in the chamber f ir s t  v/a 11, which is 10 m from the pellet. The FFMs are
protected from pellet debris, particulate radiation and soft x-rays by an 
atmosphere of 0.5 Torr of Xe gas, which f i l l s  the beam tunnels. This gas 
is injected just inside the NaCl entrance windows, and extracted at pump­
ing ports located just outside the f ir s t  wall structure. The design

*Actually, three of the nine beams are separated on the second bounce, ana 
three on the third bounce.
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pumping rate provides a uniform gas velocity between the FFM and the 
pumping ports which exceeds the equilibrium diffusion velocity of the 
fastest diffusing particulate radiation.

The energy focused onto a 1 mm diameter spot on the pellet is 1 MJ, or
18.5 kJ per beam. The energy optically extracted from each PAM (total 
for nine beams) is 224 kJ. The input HV electrical energy to a PAM is 
1.23 MJ delivered to the gas discharge from the sustainer HV energy store, 
plus 0.3 MJ to the electron beam supply, giving a total efficiency from 
HVDC to energy on target of 10.9%. Additional energy costs include about 
0.08 MJ of compressor work for the PAM gas flow, e lectrical power condi­
tioning losses, pre-amplifier and fa c ility  power. In a l l ,  the "wall 
plug" efficiency of the laser driver is like ly  to be s lightly below the 
target of 10%.

The laser building is a one story structure 75 x 175 m, built on grade.
The height is 5 m for beam clearance, plus headroom for a crane system
having a capacity of 50 -100 Tonnes. The entire building space is moisture 
controlled to a dew point of -10°C, and is safe for occupancy whenever 
the driver optical pulse is absent. During operation, occupancy would 
be prohibited in output beam relay portion (from the PAM output to the 
reactor building) because these beams are exposed.

Because all input beams to the PAMs are derived from a single master 
oscillator pulse, an input beam delay fie ld is required to produce 
similar total path lengths.

The building foundation is in three sections, vibrationally isolated from 
each other; a foundation for the high power optical system, a foundation 
for the low power end, and a partial basement in the v ic in ity  of the PAMs 
which contains the low inductance portions of the PAM pulsed power sup­
plies and the flow loops for circulating working gas through the PAMs.
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Figure 4.1.1-1 traces the path of one beam (specifica lly , the f ir s t  
of nine beams to transit the indicating PAM) from source to fuel 
pellet. "Source" represents a master oscillator together with a ll the 
gating, amplification, temporal and geometric pulse shaping, etc., 
necessary to produce an appropriate 10J pulse of 1 ns duration. The 
pulse contains four different frequencies representing adjac; t rota­
tional transitions in the neighborhood of the highest gain line (P20 of 
of the 10 ym band). Because rotational relaxation times greatly exceed 
the chosen pulse duration, the multi-line operation utilizes more of the 
energy stored in the excited rotational manifold, thus giving  ̂ 30% 
greater efficiency than single line operation.

We do not specify the source any further. The applicable technology has 
been well developed in the LASL laser fusion program, and the details do 
not significantly affect either our system cost or the design of other 
subsystems.

The source pulse is shuttled back and forth across a 400 m total delay 
path by the eight mirrors (a). Nine beam sp litters (b) near the mid­
plane extract 1J pulses from the source pulse sequentially at buccessive 
time intervals which match the gain recovery function of the excited gas 
in the PAM. Each one of these nine pulses travels past the six PAMs; 
opposite each PAM, a beam sp litte r (c) and a translatable mirror (d) 
extract and direct a pulse of  ̂ 150 mO into the PAM. The elements (c) 
and (d) shown are only one of nine separate systems. Following three 
passes through the PAM, the beam emerges with a size of 90 x 90 cm, and 
an angular separation >_ 11 mrad* with respect to each of the eight other 
beams, sufficient to olace each beam on a separate mirror (e). The high 
power beam ''.uffers either 2 or 4 reflections, then enters a particular 
tunnel of the reactor building as one of nine parallel and simultaneous 
beams. The 54 now simultaneous beams undergo four more reflections before 
focusing on the pellet.

LOW POWER END AND OPTICAL LAYOUT

*Six of the beams are separated by lesser angles, and share one large mirror at (e).
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Note that level of plan is 23 m higher to the right of AA. Two turning mirrors per beam 
[(h ) and { i )  not shown] are at AA. The symbol (✓") represents a beam sp litte r. The course 
of one beam (the earliest extracted from the lower PAM) is shown. Optical elements (a) 
through (e) are defined in t »xt. Mirror (k) belongs to the visib le frequency beam aiming system.

Figure 4.1.1-1. Plan View of 1/2 of CO2 laser Driver System



The total path length of each beam, from source to pellet, equals 715 m.
Of th is, (220 + 400k) meters 1s the path length at fu ll power after leav­
ing the PAM, where 400k (0 <_ k <. 1) 1s the path length through the high 
power optical delay fie ld , and 400 (1-k) 1s the path length in the low 
power delay fie ld . Fine adjustments in total path length, to obtain 
simultaneous arrival at the pe lle t, are made by translating each of the 
54 mirrors (d) along the axis indicated. These are the only mirrors 
whose mountings require translation adjustment of any kind. The transla­
tion is under active control, governed by arrival signals from detectors 
near each of the FFMs.

The mirror locations in Figure 4.1.1-1 correspond to equal time intervals 
of 150 ns between the successive passage of each of the nine beams 
through a particular PAM ( i . e . ,  k has nine values equally spaced from
0 to 1). This would result in each successive beam extracting less power 
from the PAM excitation, thus imposing an unnecessarily large peak power 
requirement on some NaCl windows. To equalize the power per beam, the 
intervals between successive k values are chosen to increase in accord 
with the gain recovery function in the excited PAM medium. This 1s done 
by relocating mirrors (a) closer to the center line for the earlie r 
bounces, and correspondingly relocating mirrors in the high power delay 
fie ld .

Table 4.1.1-1 gives the inventory of mirrors and beam sp litters. Each of 
these has a very small range of motorized angular adjustment along two 
axes, and four simple diode detectors around the periphery. System align­
ment consists of an automatic sequence in which, beginning at the source,
each element is centered on the succeeding element to balance the periph­
eral detector signals. Alignment is not under active control, but is 
updated when called for by peripheral detector error signals. Beam 
aiming requires active control of one mirror per beam line. This could 
be either the FFM or a preceding mirror i f  fast neutron damage considera­
tions prohibit control at the FFM. Also, one deformable mirror per beam 
line might be needed to compensate for accumulated changes in optical figure.
This is not provided in the present design.

4-7



INVENTORY OF OPTICAL ELEMENTS FOR 1/2 OF LASER DRIVER SYSTEM.
ALL ELEMENTS HAVE TWO AXIS REMOTE ANGULAR MOTION. EXCEPT AS NOTED.

Energy 
Size per Beam

TABLE 4.1.1-1

Function Key* {cm/ (J) Figure Number Notes
Low power delay a 4 x 4 10 Plane 8
Sequence beam sp litte r b 4 X 4 10 Plane 9
PAM beam sp litte r c 4 x 4 1 Plane 45
PAM selector mirror c 4 x 4 1 Plane 27
Simultaneity adjustment d 4 X 4 0.15 Plane 54 One axis
PAM second pass f 20 x 20 < 80 Spherical diverging 6 9 beams,
PAM final pass 9 95 x 95 20k Spherical collimating 6 9 beams5
High power delay: e 175 x 250 20k Plane 6 6 beams

100 X 270 20k Plane 6 3 beams
100 x 100 20k Plane 102

Labyrinth: h 100 X 140 20k Spherical converging 54
1 60 x 84 20k Spherical collimating 54
j 60 X 84 20k Plane 54

FFM 60 X 84 20k Off-axis paraboloid 54
PAM output salt windows 100 x 100 20k 6 9 beams
Reactor building window 100 X 100 20k 54
PAM input salt window 25 X 30 0.15 6

translation 
f  ■i xed 
f  i xed

*Figure 4.1.1-1



POWER AMPLIFIER MODULE

The geometry of one PAM is sketched in Figure 4.1.1-2. I t  provides a 
rectilinear electron beam controlled discharge with a volume of 95 x 95 x 
300 cm. This is similar to one side of the dual PAM used 1n the HELIOS 
system at LASL, scaled up by a factor of four in discharge width and 
height, and has about the same energy input per unit volume of discharge 
(220 J/fc-atm), By sequentially amplifying nine beams over a total time 
of 1.2 ys, we expect to extract 18% of the energy in the discharge volume 
swept out by a 90 x 90 cm collimated beam. This amounts to 18 (90/95)  ̂ a 
16.2% of the total discharge energy, or 224 kJ distributed among the nine 
sequential beams.

The trip le  pass optical path of one beam is shown. A collimated 4 x 4  cm 
beam, from one of the nine mirrors (d) in Figure 4 .1 .i- l, enters through 
a 25 x 30 cm salt window in the upstream wall of the gas flow duct, 
crosses the excited region, is diverged by the 20 x 20 cm mirror (f )  which 
is common to all nine beams, is collimated by the 95 x 95 cm mirror (g), 
and exits through the 1 x 1 m salt window as a 90 x 90 cm beam containing 
25 kJ.

Each of the nine beams crosses the identical 90 x 90 cm area at the mid­
plane of the discharge during its final pass. Each of the eight outer 
beams is skewed from the central axis of the discharge by the angles in 
Table 4.1.1-2, which are sufficient to provide 150 cm center to center 
separation from a ll adjacent beams, when separated by an individual
1 x 1 m mirror at second or third bounce. Beams 7-8 are separated at the 
f ir s t  bounce, after having diverged 130 cm. The result is that a rec­
tangular area 96 x 95 cm of the 1 x 1 m PAM salt window is used. The 
corresponding area of mirror (g) which is used is 93.5 x 93 cm.

Assuming a f il l in g  factor = 0.8, where = peak beam intensity/average
beam intensity, the peak energy density at the salt window is 3.85 J/cm^.
This must be compared to an assumed safe lim it with respect to long term

0
window damage of 3 /t  ̂ J/cnr, where is the pulse duration in ns,
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Figure 4.1.1-2. Plan View of Discharge Region of PAM, Showing Three Pass Path
of One Beam. It  enters as 4 x 4 cm collimated beam from
mirror (d|, Figure 4.1.1-1, is diverged by 20 x 20 cm common 
mirror i f ) ,  recoilimated by 95 x 9b cm spherically figured
mirror (g), and exits as 90 x 90 cm beam. The 95 x 300 cm
discharge area is shaded.

TABLE 4.1.1-2

SKEW ANGLES OF SEQUENTIAL BEAMS

Beam ^hor f:)vert No. of Path Len>
No. (mrad) (mrad) Ref 1. (meters at
1 -9.5 + 4.9 4 515
2 -9.5 0 4 465
3 -9.5 - 4.9 4 415
4 -2.3 - 8.1 4 365
5 -2.3 + 7.2 2 315
6 -2.3 0 2 265
7 •<•9.5 +11.8 2 215
8 +9.5 0 2 165
9 +9.5 -11.8 2 115

Envelope 19.0 23.6

4-10



For Tp s 1 ns, the PAM window would be severely stressed. We anticipate,
however, that the eventual pellet design w ill call for a longer pulse
duration, perhaps = 2 ns, Then the peak energy density at the windowp o
would be a more conservative 2.7 /tl J/cm . The average power transmitted

P 2by the PAM window, at the worst location, 1s 347 watt/cm .

The mechanical design of the window is not specified. Given the presently 
known strength coefficients for sa lt windows, a 1 x 1 m planar slab would 
have excessive thickness. This results from portions of the window 
being 1n tension, which salt does not support well. Alternative designs 
include:

(1) A curved shape which is convex inward (toward the 2.4 atmosphere 
discharge medium), and is designed to be everywhere 1n compression.

(2) A curved shape which is convex outward, supported by a mesh of 
tensioned wires on the outside surface.

(3) A composite sectional window.

The gain medium in the PAM consists of 360 Torr CO,,, 360 Torr N2, and 
1080 Torr He. The sustainer power supply delivers 1.23 MJ to the dis­
charge in a pulse of 1 ys duration, having a rise time of  ̂ O.li ys.
The discharge voltage is 1 MV, giving a current density, over the 95 x 
300 cm discharge area, of about 43 A/cm .̂ The 1.23 MJ is delivered from
a 2 MV sustainer energy store. In addition, 0.3 MJ is delivered to the
electron gun at 1.3 MV. We have assumed that the electron beam energy 
is one-naif as effective as the sustainer energy in exciting the appro­
priate levels, which implies a discharge energy loading of 220 J/?,-atm.
The discharge turn-on time, re la tive  to the arrival of the f ir s t  input
beam, 1s controlled to ^ 20 ns, 1n order to control the fraction of
energy extracted in the f ir s t  beam.

This PAM is very sim ilar to the well characterized final amplifiers of the 
HELIOS system at LASL with respect to gain length, optical extraction 
geometry, use of multi-spectral lines, and discharge energy loading. I t  
d iffers primarily in being four times larger 1n both dimensions transverse
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to the optic axis, and 1n having much greater total extraction efficiency, 
due principally to using nine sequential extractions.

The gas is circulated transversely at 15 m/s through the 1 x 4 m flow 
cross section, sufficient to move the perturbed gas 1.6 discharge widths 
between successive pulses. The estimated pumping power is about 5% of 
the total power requirement of the PAM,

Light reflected from the pellet back through the PAM produces gas break­
down at some point in the converging pass between mirror (g) and ( f ) ,  and 
is absorbed harmlessly 1n the resulting plasma. Note that this plasma 
occurs on the downstream side of the gas flow, thus providing less dis­
turbance to the succeeding discharge. This method has worked re liab ly  
in the HELIOS system. It  1s less of a problem 1n the proposed PAM for 
two reasons;, much less gain remains in the medium because more was 
extracted, and the delay before the retropulse arrive ; is much longer.

HIGH POWER DELAY FIELD

Associated with each PAM are 19 plane mirrors, whose size and location are 
specified in Figure 4.1.1-3. Of the nine sequential skew beams listed in 
Table 4.1,1-2, beams 1-4 are reflected four times and beams 5-9 are re­
flected twice. This results in nine simultaneous and parallel beams 
arriving at the reactor building sa lt windows in a 3 x 3 array having 
adjacent beams separated by center to center distances of 150 cm. The 
individual beam paths can be traced in Figure 4.1.1-4 by the two-digit 
numbers attached to each mirror; the f ir s t  d ig it Identifies the sequential 
beam, and the second digit Indicates the nth reflection (n - 1 to 4) of 
that beam.

The total beam path through the laser building atmosphere varies from 
115 m for beam 9 to a maximum of 515 m for beam 1. The building atmos­
phere is maintained at a dew point of -10°C. Based on measured gross 
energy transmission of the P (20) lin e , the total absorption due to 
H2O plus COg then amounts to 3% over the longest path. After accounting
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REACTOR BUILDING
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Figure 4.1.1-3,

705314-2A

Schematic Arrangement of Mirrors to Introduce Optical 
Delay into Laser Beams. The thirteen dots show the 
location of the nineteen plane mirrors associated with 
one (of six shown) PAM. The path of the f ir s t  beam 
extracted from this PAM is shown. The broad arrow at 
the top of the sketch indicates nine, now simultaneous 
and parallel, beams from this PAM passing through nine 
sa lt windows into one tunnel of the reactor building 
labyrinth.
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for absorption and for mirror reflection losses, the effect of atmos­
pheric speckle on beam focusability is included in the blanket assumption 
that 80% of the remaining beam energy can be vocused onto the 1 mm diameter 
spot specified in the pellet design.

These mirrors are essentially static. Each is provided with a two-axis 
directional mounting having a modest pointing precision of about 100 yrad 
( i . e . ,  £ 1 cm beam displacement at the following mirror). However, the 
specified stab ility  of each mounting, when not energized is about 3 prad 
( i . e . ,  0.1 mm at 30 m) at a ll frequencies > 1/t^, where is the integra­
tion time of the active beam pointing control of the FFM.

Pointing correction of these 19 mirrors (and the 27 associated static 
mirrors inside the reactor building) is called for only when an error 
signal indicates a beam footprint more than 1 cm off center on some 
mirror. The error signal is derived from imbalance in four peripheral 
diode detectors on the rim of each mirror. Because of the large number of 
m irror involved, the pointing correction sequence is controlled by a 
mini-computer, and is integrated with pointing corrections of the low 
power input optical system.

In Figure 4.1.1-4, one sees that every mirror can have a direct, massive 
vertical mounting from the foundation, without obscuring any beam. The 
figure is drawn with up to three mirrors on a single 'vertical axis, but 
in every case the higher mirrors can be moved back slightly without 
penalty to provide individual vertical mounts.

OPTICS IN REACTOR BUILDING

Figure 4.1.1-5 illustrates the layout of the six optical tunnels on one 
side of the reactor building. The nine now parallel and simultaneous 
90 x 90 cm beams from one PAM enter a single 6.4 m diameter tunnel, 
through nine 1 x 1 m salt windows. The internal pressure is about 1/2 
Torr of Xe. The concave spherical mirrors (h) reduce each beam to 60 x 
60 cm at the recoilimating mirrors ( i ) .  The peak energy density normal



to the surface of mirrors (k ), ( j )  and (FFM) is 5 J/cm . After travers­
ing the 4.3 m diameter tunnel to plane mirrors { j ) ,  the beams cross at the 
midpoint between ( j )  and (FFM)* passing through the 90 cm diameter c ircu lar 
o rifice  of a ball valve. The nine FFM are off-axis paraboloids which focus
each beam on the pellet surface 30 m away.

At the radius of the f ir s t  wall (10 m from the pellet) the total trans­
verse area of the nine beam array is 80 x 80 cm. All six arrays together 
occupy only a small fraction of the 6.5 m diameter port in the f ir s t  wall 
structure.

The salt windows are less heavily stressed than are those in the PAM.
Peak energy density is about 10% lower, because of various transmission 
losses. Average power transmitted is nine times lower, because a separ­
ate window is required for each of the nine beams*. Also, the windows
support only 1 atm pressure d ifferen tia l, rather than 1.4 atm, as in the 
PAM.

The ball valve in each tunnel serves to isolate the contaminated reaction 
space in the event of window failure. It  is actuated by ultrasonic detectors 
behind each window of the appropriate tunnel. It  can also be closed to 
permit maintenance of windows, plus a ll mirror assemblies, except for the 
FFM. The associated tunnel restriction also contributes to fast neutron 
attenuation. Behind each mirror assembly is a flux trap suffic iently deep 
to insure that only neutrons scattered by the mirror assembly can see the 
following mirror assembly. The entire optical tunnel system is intended 
co reduce the average dosage from neutrons at the salt windows to a level 
which permits human occupancy of the laser building.

2

*This provides the opportunity of using only 1/6 as many salt windows; i f  six 
path lengths inside the reactor building each d iffer by 2.5 m, a single window 
could transmit six beams at 7.5 ns intervals, without exceeding the damage
lim it of 3 /t~ 0/cm̂ .

r
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Active control of the aim of the fifty-four FFM is provided by a mini­
computer processing diagnostic information over an integration time , 
which extends over many shots. Inputs to 1t include angle dependent 
yield data, pellet tracker output, and the most recent measurements of 
the location of the focal point of each of the 54 beams. These last 
data are obtained by a visib le frequency optical measurement as follows.

At preselected times, one beam only is generated, with no pellet injected. 
This one beam produces breakdown of the background gas at a point one or 
two cm from the focal point. Mirror (k) in Figure 4.1.1-1, 4 cm in dia­
meter, images the visib le light from the breakdown onto a semiconductor 
diode array located 20 m directly below. The position of this image can 
be measured to an angular precision slightly better than the diffraction 
limited 1R beam size at focus. The third dimension of the breakdown 
location is obtained sim ilarly by observing the visib le light directed 
toward the pellet injector (ve rtica lly  downward) with an identical optical 
sensor. The mini-computer has sufficient Information to calculate the 
IR focal point to the necessary precision, Absolute calibration of the 
visib le sensing system is updated continuously by comparison with the 
yield and pellet position data.

During normal operation, both mirrors (k) are shielded by mechanical 
shutters.

PROTECTION OF FOCUSING MIRRORS

Protection of the figure surface of the FFM against ions, x-rays, and 
blast debris is afforded by an atmosphere of 1/2 Torr Xe in the 20 m 
fligh t pa'h between the f ir s t  wall penetration and the mirror surfaces.
The gas is introduced into the tunnels near the salt windows and is 
exhausted through pumping ports just outside the f ir s t  wall penetration. 
The effective path length 1n 1/2 Torr Xe is 10-15 m. The pumping rate is 
sufficient to provide a gas velocity near the FFM which is well in excess 
of the free diffusion velocities of a ll the components of the pellet 
debris, to prevent deposition of thermalized material on the optical 
surfaces.
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Xe was specified as a compromise between high atomic number, which is 
effective in stopping x-rays, and high e lectrical breakdown threshold, 
to minimize the effects of IR Induced breakdown near the pellet due to 
the unavoidable background of the protective gas within the reaction 
chamber. The specified 1/2 Torr estimated to be well in excess of the 
amount needed to reduce erosion of the mirror surface to a tolerable
3 m over the l i f e  of the plant.

20 2The fast neutron fluence at rated power is about 10 n/cm -yr, a level 
which is not known to disturb bare Cu surfaces. However, the combined 
effect of this fluence level, and optical radiation intensities at near 
damage threshold, is not known. Our present assessment is that refurbish­
ment of FFM optical surfaces at either annual or five-year scheduled 
plant shutdowns should be sufficient.
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4.1.2 POWER SUPPLY 

FUNCTIONS

• Take power from the 60 Hz system and provide controlled 
current pulses to the electron guns.

0 Take power from the 60 Hz system and provide controlled current 
pulses to the gas discharge chambers 1n the power amplifier.

DESIGN REQUIREMENTS

Pulsing Power Supply System for the Gas Discharge Chambers

• The power supply system shall provide current pulse for each gas 
discharge chamber.

• The peak value of the current pulse for each chamber shall be 
regulated to a precision adequate for the laser needs.

• The current pulses in the chamber shall be brought up from zero 
to a specified peak and back to zero with a wave-shape determined 
by the parameters of the capacitor discharge circu its.

• The power supply system shall be capable of continuously supply­
ing the full current pulses at the required rep rate.

Pulsing Power Supply System for the Electron Guns

• The pov/er supply shall provide a current pulse for each cold 
cathode electron gun and a voltage for the grid of each electron 
gun.

• The grid of each electron gun shall be coupled to the supply so 
as to lim it the total emission from the gun to the desired value.

• The gun current pulse shall provide the proper penetration of
the anode fo il by electrons into the gas chamber so as to satisfy 
the requirements for the current pulse of the gas chamber.
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Each pulsing power supply system shall take power from the 60 Hz system 
in a manner that w ill not cause any unacceptable variations in the 60 Hz 
output of the main generator.

SUMMARY DESCRIPTION

The laser power supply consists of a gas pulser and an electron gun pulser. 
The c ircu its of each are basically the same. Each power supply takes power 
from the main 60 Hz system and feeds i t  through an isolation transformer and 
re c t if ie r . The power is stored in capacitor networks which w ill be Marx 
generators. I he capacitor energy of both systems is fed simultaneously 
into the laser power amplifiers as three microsecond pulses. The electron 
beam gun pulse may actually be slightly longer.

The basic system is shown in Figure 4.1.2-1. Ihe c ircu it configuration 
of the two systems are the same except the electron-beam gun pulser has 
a grid network whose power and costs are minor. The engineering require­
ments and considerations of the design are described in the following 
paragraphs.

Transformer (T)

The transformer provides isolation from the ac system and thereby permits 
the electron gun pulser and the gas pulser to have a common c ircu it 
connection.

Rectifier (TR)

The re c t if ie r  supplies the dc power for charging the Marx generator. The 
bridge is shown with thyristors which provides fine control for charging 
at a constant voltage to offset any ac voltage fluctuations. There w ill 
actually be a number of bridges in series (as shown in Figure 5.1.2-1).
Most of the bridges w ill actually have diodes which both reduces the cost 
and reduces the losses.
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A capacitor (C) charging through a reactor (L) has a peak voltage of 
double the source voltage. The back diodes are to block this additional 
voltage after the capacitor is charged.

Charg ing Reactor (L) and Capacitor (C)

The reactor and capacitor together set the basic operation of the c ircu it. 
The charging time is set by (ir/LC) which is the time of one cycle or 0.1 
seconds for ten Hertz. The capacitor is sized by the total stored energy

O

and peak capacitor voltage (energy 3 0.5 CV'). The Marx generator voltages 
and capacitance are naturally adjusted for the series operation during 
discharge and the parallel operation during charging.

Marx Generator Resistors (R)

The resistors carry the charging current for the capacitors and function 
as voltage dividers during the discharge pulse of the Marx generators.

Discharge Swit c hes (S)

The discharge switches in itia te  the dumping of the capacitor energy into 
the laser power amplifiers. They effective ly change the Marx generator 
capacitors from a parallel network to a series network thereby providing 
the high voltage required by the laser.

SYSTEM PARAMETERS

The parameters of the laser power supply base design are shown in Table
4.1.2-1. The laser gas chamber voltage of 1 MV sets the capacitor voltage 
at double this value (2 MV) in order to e ffic ien tly  transfer the capacitor 
energy to the gas chamber. In like manner the charging voltage of the 
re c t if ie r  w ill be one-half that of the capacitor voltage except the vo lt­
age used is that of the parallel capacitor network of the Marx generator. 
The electron-gun system voltages vary in the same maimer.

Back Diodes (BD)
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TABLE 4.1.2-1 

PARAMETERS OF THE LASER POWER SUPPLY BASE DESIGN

Rep Rate 10 Hz

Laser Beam Energy 2 MJ

Laser Efficiency 10%

Energy Input per Pulse 20 MJ

Input Power 200 MW

Driver Input Energy (Gas Chamber) 15 MJ

Peak Driver Capacitor Voltage 2 MV

Peak Gas Chamber Voltage 1 MV

Gas Chamber Pulse Width 3 ii s

J i t t e r  of Gas Chamber Pulse + 0.25 us

Electron Gun Energy 5 MJ

Peak Capacitor Voltage (EG) 1 MV

Peak Cathode-Anode Voltage (EG) 0.5 MV

Electron Guri Pulse Width 3-5 us

No. of Power Amplifiers on Driver Output 12

No. of Marx Generators

For Gas Chambers 12

For Electron Guns 12
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4.1.3 PELLET DESIGN AND FIRST WALL PROTECTION

FUNCTIONS

Tha pelle t must convert the Incident driver energy into an effic ien t Implosive 
force which heats the DT fuel until a thermonuclear burn releases a substanti­
a lly  greater amount of energy than the incident driver energy. This output 
energy must be 1n a spectrum which can be easily converted to useful thermal 
energy without destroying the f ir s t  wall.

The f ir s t  wall is a spherical shell composed of banana-shaped HT-9 steel tubes
which contain liquid lithium flowing at high speeds. This shell is large and 
heavy, and is th»: inner boundary for the liquid lithium neutron blanket. For
these reasons i t  cannot be rapidly replaced or repaired. Thus, in order to

5

have a long l i f e ,  i t  must be protected from the adverse effects of the 8.64 x 10 
daily explosions at the center of the chamber, This f ir s t  wall protection 
must satisfy the following requirements:

t  Convert the x-ray and ion energy from each explosion into thermal
energy,

• Transmit this thermal energy to the f ir s t  wall where i t  can be 
removed by the fast flowing liquid lithium within the steel tubes,

t  Minimize the thermal cycling of the steel tubes which could
eventually cause them to fa il from thermal fatigue,

• Allow the vast majority of neutrons to reach the neutron blanket.

DPiSIGN REQUIREMF.NTS

The nominal design goals for the pellet av’e to produce a yield of 350 MO for
an incident driver energy of 2 MJ, to drive the thermal cycle, and put as
much energy as possible into the kinetic energy of the thermonuclear neutrons.
To reduce the high temperatures of reactor chamber materials which absorb a
part of the pellet y ie ld , the x-ray and ion spectra should have as l i t t l e
energy content as possible.
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The f i r s t  wall protection scheme must use m aterials which are e ith e r long 
lived  or e a s ily  replenished, which are compatible with the p e lle t  m aterials 
and HT-9 s te e l, and which do not:

• Su ffer neutron damage,

• Allow high in ten s ity  shock waves to reach the HT-9,

• Introduce excessive ra d io a c t iv ity  problems,

« Overload the gas pumping system,

• Impede the transport of the d rive r beams to the target.

SYSTEM DESCRIPTION 

Pel le t

The COg lase r p e lle t  selected for th is  study is  the low fuel mass POLARIS B 
design This cryogenic p e lle t ,  shown in figure 4.1.3-1, features a double­
shell exploding pusher design where the CHOW material 1n the o rig ina l explod­
ing pusher shell has been replaced by TaCOII and the high L Au material in the 
o rig ina l ab la tive  pusher shell has been replaced by high 1 Ta. The TaCOH 
m aterial is a p la s t ic ,  polymerized CH^, that has been seeded with tantalum 
oxide, T^Ofj, u n til the tantalum constitu tes about 1 atomic percent of the 
exploding-pusher sh e ll.  Since the choice of the high Z material in the she lls  
is  not c r i t i c a l ,  Ta is  used in th is  design because i t  elim inates the need to 
process an add itional material (Au ), and because a s ig n if ican t component of 
the p e lle t  is  then completely compatible with the f i r s t  wall coating of 
tantalum.

This p e lle t was scaled to a gain of 175 for ari incident energy o f 2 MJ. The
2

scaled p e lle t  is assumed to give a pR of 6 g/crn for the compressed fuel 
which means that 55% of the y ie ld  w il l  be in the k in e tic  energy o f thermo- 
nuclear neutrons and 45% w ill be 1n x-rays and ionsv ' .  This p e lle t has a 
to ta l mass o f 55.2 mg divided into, 16.5 mg of oxygen, 14.7 mg of carbon, 10.5 
mg of s i l ic o n ,  9.0 mg of tantalum, and 4.5 mg of hydrogen and its  isotopes. 
These masses include a nominal amount of SiO^ from the glass she lls  which 
separate the d iffe re n t m aterials during p e lle t  fab rica tion .
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Although th is  p e lle t  design is  unc lass ified  and is  the resu lt of crude scaling 
from a very small s ize , i t  is  useful in e luc idating  many of the functional and 
design requirements of laser pe lle ts  and th e ir  e ffe c ts  on other systems of the 
reactor. However, the target design and systems studies groups at the Los Alamos 
S c ie n t if ic  Laboratory have furnished a deta iled  c la s s if ie d  design which has 
been extensively used ror the c la s s if ie d  studies which are contained in the 
accompanying c la s s if ie d  report, D0E/DP/40086-2.

F irs t  Wall Protection

A new concept fo r protecting the f i r s t  wall has been developed in th is  study. 
This concept is  s im ila r to the bare wall concept, but is  d iffe ren t in that i t  
re lie s  on a combination of two methods of protection : ( 1) a coating on the 
f i r s t  w a ll,  and (2) e ffe c t ive  design of c la s s if ie d  p e lle ts .
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The inner s h e ll,  or " f i r s t  w a ll , "  of the 10 m radius spherical reactor chamber 
is formed by 324 HT-9 steel tubes which are c lo se ly  nested and welded at th e ir  
points of tangency. The surface o f the tubes exposed to the in te r io r  of the 
chamber 1s covered with a 0.1 cm th ick tantalum coating. Tantalum is 
used for the coating because 1t has very good material properties such as 
high values o f density, thermal conductiv ity , heat capacity, and melting 
temperature. Furthermore, i t  is r e la t iv e ly  easy to fab rica te , remove, and 
process, is r e la t iv e ly  cheap and abundant, and can be used as the high I  
material in the p e lle ts . This coating absorbs the x-rays and ions from the 
p e lle t explosion, and transmits the resu lting  thermal energy to the HT-9 steel 
tubes, whose outer surface temperature is  nominally 773°K, with less than a 
+ 5% va r ia tio n . This small varia tion  minimizes the thermal stress at the 
tantalum-steel in te rface .

The gas pressure w ithin the reactor chamber is  lim ited to 0.1 Torr or less 
su as to not impede the transport and focusing of the CÔ  lase r beams. This 
pressure is high enough to give some f i r s t  wall protection. For th is  reason,
Xe is chosen as the gas species since i t  is an in e rt gas and is  a very good 
x-ray absorber.

The p e lle t  is  illum inated by 108 laser beams oriented within two opposing 
cones which have a 10° h a lf  angle. Each beam is focused to a 1 mm diameter 
spot s ize . The to ta l energy incident on the p e lle t  is  2 MJ and is  delivered 
in 1 nanosecond. This irrad ia tio n  produces a p e lle t  y ie ld  of 350 MJ, The 
p e lle ts  are designed to not only have a gain of 175, but also to give x-ray 
and ion spectra under which the f i r s t  wall and its  coating can best survive.
In p a rt icu la r , the selection of tantalum for the coating, of xenon for the 
gas, and of a properly designed p e lle t are a l l  based on the nremise that, in 
order to su rvive , the maximum temperature anywhere within the coating must 
be less than the melting temperature of the coating m aterial.

SYSTEM OPERATION

The CÔ  la se r p e lle t enters the reactor chamber from the very bottom at 
300 m/sec and is continuously tracked. At the appropriate time the C0? laser 
is  f ire d  so that 2 MJ of energy, delivered in 108 beams, irrad ia tes  two sides 
of the p e lle t  fo r one nanosecond at the exact moment that the p e lle t  is 
centered w ith in  the reactor chamber.
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The lase r rad iation on the p e lle t  1s absorbed by the TaCOH exploding-pusher 
sh e ll,  the Inner ha lf of which implodes with a high degree of symmetry. This 
imploding outer shell then co llid es  with the Ta ab la tive  pusher. The re su lt ­
ing ve lo c ity  m u ltip lica tion  o f the co llid in g  she lls  e f fe c t iv e ly  implodes the

2
Ta shell which compresses the cryogenic DT fuel to a pR value of 6 g/cm , and 
heats the fuel to a temperature near 20 keV.

Under these conditions thermonuclear reactions occur w ithin the fuel with a 
tremendous release of energy in the form of k ine tic  energy of thermonuclear 
neutrons and alpha p a rt ic le s . Since the center of the compressed fuel has 

the hottest temperature, most of the thermonuclear neutrons and alpha p a rtic le s  
o rig inate there and must traverse the bulk of the compressed fuel before leav ­
ing the p e lle t . The high value of pR 1n the fuel produces a high burn fraction  
of the fuel and s ig n if ie s  an e f f ic ie n t  laser-driven implosion process. How­
ever, i t  also produces a high absorption of neutrons and alpha p a rtic le s . 
O r ig in a lly , 80% of the energy y ie ld  is in the k ine tic  energy of the neutrons. 
Absorption by the compressed fuel reduces the neutron energy escaping the 
p e lle t to 55%. On the other hand, the alpha p artic les  hav» a much shorter 
range in the compressed fuel and are almost a l l  absorbed. This absorption is  
very helpful because i t  s ig n if ic a n t ly  heats the fuel and generates a thermo­
nuclear burn front which propagates ra d ia lly  outward through the fuel.

The to ta l energy y ie ld  from the p e lle t is  350 MJ, 55% of which is  in the 
k ine tic  energy of the neutrons which traverse the p e lle t  she lls  surrounding 
the central fuel region with very l i t t l e  absorption. The remaining 45% of
the energy y ie ld  is  in the form of x-rays and the k in e tic  energy of charged
p a rtic le s  formed from the p e lle t debris.

The neutrons traverse the Xe gas, the Ta coating, and the HT-9 steel tubes
with very l i t t l e  absorption, depositing th e ir  energy in the liqu id  Li 
neutron blanket.

The x-rays and ions are absorbed somewhat by the Xe gas. This absorption has 
two e ffe c ts : (1) i t  reduces the maximum temperature in the Ta coating, and
(2) i t  produces a pressure wave which acts against the f i r s t  w a ll. The former
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e ffe c t is  very desirable but not too s ign ifican t since the c la s s if ie d  ca lcu la ­
tions ind icate that the temperature reduction 1s only 94°K. The la t te r  e ffe c t 
is more s ig n if ican t since the maximum theoretical value of the pressure wave 
is about 1.7 atm, enough to cause the f i r s t  wall to cycle between states of 
compression and tension —■ an undesirable s ituation  which could reduce the 
life tim e of the f i r s t  wall by fatigue. However, because of d iss ip a tive  
mechanisms i t  is un like ly  that, in p ractice , i t  could be approached even w ith in 
a factor of two. This reduction is su ffic ien t to always keep th  f i r s t  wall 
safely in a state of compression.

The x-rays and ions are absorbed prim arily in the Ta coating in a thin surface 
layer a few t;ni th ick. I f  the temperature of th is thin layer exceeds the melting 
temperature, 3269°K, of Ta, the layer w ill l ik e ly  spall and the en tire  Ta coating 
would be gone in a few hundred shots. In the present design with the c la s s if ie d  
c e lle ts , the maximum temperature reached in the Ta coating is about 2870°K, 400°K 
telow the melting temperature and too low to in i t ia t e  sp a lla tion . Furthermore, 
'igh  temperatures in the Ta coating exist for such a short time that evapora­
tion of the Ta is an in s ign ifican t loss mechanism.

The temperature r is e  per shot at the Ta coating-HT-9 steel in terface  is about 
50°K fo r a 0.1 cm thick coating and proportionately lower for th icker coatings. 
This temperature increase introduces at most a + 5% amplitude o s c illa t io n  at 
10 Hz on the steady-state temperature of 773°K. The amplitude of th is  o s c i l la ­
tion is small enough that thermal fatigue at the in terface  should not be a 
problem.

These resu lts  indicate that, to f i r s t  order, the Ta coating should survive the 
reactor chamber environment. However, further analysis id en tified  two poten­
t ia l  problems. F ir s t ,  the numerous stress waves produced in the coating by 
each p e lle t  explosion may eventually fatigue the bonding between Ta and HT-9. 
Application of Ta by means of a detonation gun may produce a s u f f ic ie n t ly  
strong bond. This problem deserves further study. Second, although the 
absorbing surface layer does not become hot enough to melt or sp a ll, i t  does 
become hot enough to engage in p las tic  flow. This action w ill subsequently 
lead to thermal fatigue of th is surface layer. I t  is  not c lea r what e ffe c t
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the fatigue w ill have on the coating since the fatigued material is  in such 
a small volume at the surface. One possible scenario is  that a fte r  a few 
thousand shots, the fatigued material would crack orthogonal to the surface 
to a few m  depth. The resu lting  checkhoard pattern of cracks would then 
s ta b iliz e  with no fu rther crack growth and the coating would then have a 
very long life tim e .

This conclusion is supported by the following considerations. F ir s t ,  once 
the cracks are formed the la te ra l stresses which led to th e ir  formation are 

re lieved  and should no longer be e ffe c t ive . Second, the Ta from the p e lle t  
debris w ill be deposited on the wall and w ill tend to f i l l  the cracks with 
fresh m ateria l, a lb e it  at the slow rate of 11 um/month. However, i f  p la s t ic  
flow should be an insurmountable problem, the stresses can be restric ted  to 
the e la s t ic  regime by reducing the energy y ie ld  to 175 MJ. However, th is  
would require an increase in repetition  rate to 20 Hz to maintain the o rig in a l
thermal power of 3500 MWt.

The deposition on the Ta coating of the Ta in the p e lle t debris also tends 
to compensate for variations in coating thickness. The thinner portions w ill 
be nearer the cooler liq u id  lith ium  in the steel tubes and w ill therefore be 
at a lower temperature than the th icker portions. The Ta in the p e lle t  debris 
w i l l  more l ik e ly  s tick  to a cooler surface than to a hotter surface. The 
resu lt w ill be a p referen tia l buildup of the p e lle t debris Ta onto the thinner 
portions of the coating.

The deposition on the coating of the Ta ir; the p e lle t debris c le a r ly  has 
some advantages, but one disadvantage is  that at an accumulation rate of 136 
iim per year, the desirable thermal and physical properties of the coating may
be a lte red , p a rt icu la r ly  since the deposited Ta may not have the same c ry s ta l­
lin e  structure or be as pure as the orig ina l coating. The excess Ta deposited 
on the coating can be simply removed by occasionally in jec ting  a p e lle t  with 
a modified y ie ld  to evaporate the excess Ta which could then be removed by 
the gas pumping system.
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4.1.4 PELLET FABRICATION 

FUNCTION

The p e lle t  fab rica tion  system produces spheres of DT fu s ile  fu e l, encap­
sulated in various lig h t and heavy sh e lls , which are delivered to the 
center o f the reaction chamber where they are imploded by absorbing 
energy from laser beams.

DESIGN REQUIREMENTS

The p e lle t  fab rica tion  plant must be capable of producing approximately
10 p e lle ts  per day to fuel the power plant. In addition, i t  should have 
the f a c i l i t ie s  to store about a 30 day supply o f pe lle ts  to ensure con­
tinuous plant operation in the event of p e lle t  factory shutdown. The 
p e lle t  plant could be located in a separate build ing near the power plant 
since a day's supply of p e lle ts  would occupy about a cubic meter of space 
and be easy to transport to the power plant on a da ily  basis. Safety 
precautions against T leakage w ill be required in the transport process 
as well as in the plant i t s e l f .  Because the p e lle ts  under consideration 
for commercial fusion have extremely stringent requirements on tolerance 
and uniform ity, the plant should include inspection systems at various 
stages of p e lle t  manufacture to insure a high q u a lity  product.

A usefu l, high gain p e lle t fo r lase r fusion w il l  probably be o f the shell 
w ithin a shell design as shown in Figure 4.1.4-1. T.iere is  a near vacuum 
region between the she lls  which allows the outer shell to absorb much of 
the beam energy and accelerate inwards before s tr ik in g  the inner, fuel- 
rich  sphere. This resu lts in a nearly isen trop ic compression of the fuel 
which is highly desirable for maximizing gain. The inner sphere contains 
the DT fuel in gaseous form during manufacture but it  is subsequent y frozen 
to provide a so lid  inner shell before ig n itio n . The two she lls  w i l l  con­
s is t  of a low density m ateria l, probably p la s t ic ,  impregnated with a high 
atomic number metal such as tantalum to sh ie ld  the fuel from preheating 
due to x-rays and fas t electrons. The she lls  are required to be spherical
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o
to ^ ]%> to have surface imperfections not exceeding  ̂ 200A and to be 
concentric to ^ 1 pm,

The p e lle t  shown 1n Figure 4.1.4-1 is  somewhat idealized. I t  is  apparent, 
for instance, that some supporting structure is necessary to keep the inner 
sphere suspended w ith in  the outer sphere. The perturbation caused by a 
support system should be minimized, howe'er, in order to maximize the com­
pressive force on the inner sphere. Another compromise w il l  probably be 
necessary with regards to the p la s tic  inner sh e ll. I f  th is  inner shell 
is f i l le d  with DT by gaseous d iffu s io n , then i t  w ill not be able to w ith ­
stand the elevated temperatures and pressures normally associated with 
th is  d iffus ion  process. Thus, i t  w ill probably be necessary to include 
an additional glass or ceramic sh e ll, through which the DT f i l l in g  occurs, 
and to subsequently coat th is  with the required p las tic  sh e ll. Again, 
this extra glass shell should be kept as thin as possible so as not to 
g reatly  perturb the o rig ina l design.

Ihe fin a l step in the manufacturing process w ill be to s o lid ify  the DT 
into a uniform inner shell and to preserve this as a so lid  shell up to tfie 
instant of ign ition . This s o lid if ic a t io n  stop should probably occur near 
the pellet, in jecto r in the reactor building.

SUMMARY INSCRIPTION

The p e lle t  described above poses formidable manufacturing d if f ic u l t ie s ,  
p a r t icu la r ly  when we rea lize  that the requirement on shell surface per­
fection rules out the use of seams or jo in  regions. While the creation 
of near perfect sing le glass she lls can be accomplished by a drop tower 
technique, the creation of a shell w ithin a shell with both she lls meeting 
the stringent surface and concen tric ity  requirement.s discussed above has, 
to our knowledge, not been achieved. We propose a solution to this manu­
facturing  problem involving the development of new technology. We w ill 
present i t  in the context of the overall manufacturing process beginning 
with the inner sh e ll.
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We propose making the inner shell out of glass by means of a drop tower 
technique. This technology has been considerably advanced by the work at 
L L L ^ .  While the she lls  made so far are much smaller than would be use­
ful for commercial fusion, the method appears capable of working far larger 
sh e lls . E sse n tia lly  a droplet generator creates droplets of liq u id  glass 
at the top of a drop tower by v ib rating  a je t  of liq u id . As the drops 
f a l l  in the p a r t ia l ly  evacuated and heated top zone of the tower, they ex­
pand and form bubbles because of the entrapped gasses. These bubbles 
s o lid ify  in cooler regions of the tower and are eventually co llected  in an
o il bath at the bottom. The success of th is  procedure depends on careful 
control of conditions in the tower and on careful se lection  c f parameters 
such as the lengths of the heated and cooled regions of the tower, With 
proper care, the y ie ld  of acceptable she lls  is as high as 9 0 '^ ^ .

This in i t ia l  glass shell w il l  have to be f i l le d  with DT before additional 
she lls  are added. D iffusion ca lcu la tio n s , which w ill be presented in 
Section 5.1.4, show that f i l l in g  a glass shell with gaseous DT at 500'’C 
requires several days' time. This time would increase considerably were 
d iffus ion  required to occur through additional sh e lls . In addition , th is 
high temperature would be damaging to any p la s t ic  layers . The glass she lls  
should be made thick enough to withstand the internal DT pressure when they 
are removed from the d iffusion  chamber (autoclave) and brought to room tem­
perature and pressure for subsequent processing steps. This thickness 
depends on the ten s ile  strength of the glass which should be chosen as 
high as possible to minimize the thickness.

The glass shell is then coated with the required thickness of p la s tic  
impregnated with tantalum (TaCHO), This p la s t ic  coating w il l  be applied 
by physical vapor deposition with an RF discharge to polymerize the p las ­
t ic .  In addition, i t  w ill  be necessary to in d iv id u a lly  le v ita te  the 
p e lle ts  in a gas je t  during the coating process to prevent c o l l i s io n s ^ .

Conceptually, the method we propose for fab rica ting  the outer shell with 
the inner shell suspended inside it- involves making a temporary, sacri-
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f i c i a l  outer sh e ll. This s a c r if ic ia l  shell is formed by jo in ing  two 
hemispheres together. The jo in  region is acceptable here because th is  
she ll w ill not be present in the f in a l p e lle t . The two halves of th is  
she ll w ill  contain a network of quartz fibers to suspend the inner shell 
as shown in Figure 4.1.4-2. This network is designed so that when the 
two h a lf she lls  are jo ined , the quartz fibers are placed in tension for 
p o s itive  positioning of the inner sphere. The quartz fibers project 
beyond the s a c r if ic ia l  shell but are attached by glue or cement to the 
s a c r if ic ia l  shell in the region where they pass through i t .  The jo in  
region must be smoothed over by f i l l in g  in the crack and smoothing o ff 
any rough edges by polishing so that the outer surface of the temporary 
she ll has the required fin ish .

The s a c r if ic ia l  she ll with projecting quartz fibers  is then coated with 
a porous m ateria l, having a pore size smaller than the surface fin isho
tolerance of ^ 200 A, The projecting quartz fibers embed in th is porous 
she ll which is expected to be free o f imperfections because of the smooth­
ing of the surface of the s a c r if ic ia l  sh e ll. The s a c r if ic ia l  shell is 
then removed by a g as ifica tio n  reaction through the pores of the ju s t 
deposited outer sh e ll,  leaving the glass fibe r suspension system in tact 
s ince the fibers  are now attached to the porous sh e ll. The porous shell 
is  then coated with the desired thickness of TaCIIO, ju st as the inner 
she ll was coated previously. This method introducer, an additional shell 
which for reasons c ited  previously should be kept as thin as possible 
consistent with having su ffic ie n t strength to anchor the suspension system.

As a com re to rea liz a tio n  of the preceding fab rication  scheme, the s a c r i­
f ic ia l  shell w il l  be made of nickel and the g as ifica tio n  reaction w il l  be 
the carbonyl reaction : Ni 4 CO -> NifCO)^ where the nickel caroonyl
is gaseous at the reaction temperature of about 100°C. This temperature 
is low enough that the p la s tic  coating w ill be unaffected. The nickel 
may be recovered by e ssen tia lly  reversing the above reaction and may then 
be reused to make new s a c r if ic ia l  sh e lls ,
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For the porous sh e ll, we use a r e la t iv e ly  new type of ceramic ca lled  a 
metal-organic-derived-oxide (MODOX). This cerjm ic or glass is made by 
means of e a s ily  controlled chemicc.1 reactions that take place at low tem­
peratures (below 500°C), I t  is  formed by the molecular mixing and subse­
quent reaction of soluble metal alkoxides in the presence of water. The 
metal alkoxides ire  read ily  obtainable, often as liqu ids of high purity . 
Thus the composition of the MODOX can be varied by mixing together several 
metal alkoxides before allowing them to react.

l-'or example, a MODOX reaction involving s ilic o n  alkoxide, Si (OR)^* and 
aluminum alkoxide, AT(OR1) 3, where R and R' are hydrocarbon groups, would 
proceed as follows:

R
0

S i(O R ), f H90 > R0-Si-OH + R(0H)4 2 !
0
R

The active  OH group on the soluble s ilano l reacts further:

R R R1
0 0 0
I I I

RO-Si-Oil + A1 (OR* k  > R0-Si-0-Al '■ R1 (OH)
I I I
0 0 0
R R I*'

As more water is added, polymerization continues u n til the en tire  solution 
gels into a c le a r, s t i f f  single phase containing a matrix of s ilic o n  and 
aluminum cross-linked by means of oxygen bonds.

The glass formed by the above process is quite porous. The pores occupy 
about 60% of the volume. S ig n if ic a n tly , the pore size d is tribu tion  is 
sharply peaked about some mean value. The average pore size may be ad­
justed by varying su itab le parameters during the polymerization process.O
Average pore sizes in the range of 40-100 A are e a s ily  a tta inab le  with

(3)standard deviations of only a few Angstroms' .
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We note the p o s s ib ility  that the composition of the MODOX shell may be 
chosen to enhance p e lle t  performance; for example, a high atomic number 
metal may be incorporated. A fte r the nickel shell is  removed, any residu­
al gas in the p e lle t  may be evacuated through the pores of the MODOX shell 
before the outer p la s tic  shell is  deposited. The composition and pressure 
of the gas in the in ter-shell region may be selected by depositing the 
fin a l p las tic  shell in che desired gas mixture. Since the pressure is 
expected to be sm all, th is should not seriously in te rfe re  with the vapor 
deposition of the p las tic  sh e ll. The quartz fib e r support system should 
be designed to withstand the in e r t ia l forces which w il l  develop when the 
p e lle t is accelerated in the in jec tion  device. These forces appear to be 
modest for the inner shell masses of in terest and for the in jection  systems 
under consideration.

A diagram of a p e lle t  factory which provides for the major tasks outlined 
in this section is  shown in Figure 4.1.4-3. The factory w ill require a 
total floor space area of about lOOOm .̂ The drop towers w ill be about 20m 
high. The storage area keeps the pe lle ts  at liqu id  nitrogen temperatures, 
Su ff ic ien t cooling power should be provided to remove the heat generated 
by the tritium  beta decay. The inspection area w il l  contain the neces­
sary x-ray or optical inspection equipment and computer system for auto­
m atica lly  inspecting the p e lle ts . Possibly only a s ta t is t ic a l sample of 
the pe lle ts  w il l  need to be inspected. The factory is designed so that 
tritium  cannot escape to the outside in the event of an accident. A l i s t  
of the major subsystems of the p e lle t  factory and some important parame­
ters are given in Table 4.1.4-1. These parameters apply to a 350 MJ 
p e lle t  that is being fired  at the rate of 10 per second. The estimated 
total power consumption of th is  p e lle t  factory is 500 kW.
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TABLE 4.1.4-1 
MAJOR SUBSYSTEMS OF THE C02 LASER PELLET FACTORY

1. Drop tower (need at least ?. fo r redundancy)
Height 20 m
Diameter (o f structu re ) 7 m 
Power Consumption 50 kW

2. Autoclaves
Number requireu (500 l i t e r  capacity ) 
DT F i l l  Temperature 
DT F i l l  Pressure 
DT F i l l  Time 
Power Consumption

20
500°C
60 MPa (600 atm) 

1 week 
200 kW

3. Vapor deposition (fo r TaCHO s h e lls )  including je t  sources for 
lev i tation

4. Nickel shell processing with equipment to attacn quartz fibers

5. MODOX shell deposition

6. Nickel g as ifica tio n  f a c i l i t y
Closed system required because of gas to x ic ity

/. Inspection area
Computers, x-ray, optical equipment

8. Storage area (30 day supply)
Storage volume 
Storage temperature 
Cooling power

30 m3 
77°K 
50 kW

(including re frig e ra to r e ff ic ie n c y )
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PLASTIC

Figure 4.1.4-1- Shell Within a Shell P e lle t
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JOIN REGION 
(CIRCLE)

Figure 4.1.4-2. Suspension System fo r the Shell Within
a Shell P e lle t  —  (a ) Side View, (b ) Top View
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Figure 4.1.4-3. General Plan View Arrangement of a CCL 
Laser P e lle t  Factory
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4.1.5, PELLET INJECTION AND TRACKING 

FUNCTION

The function of the p e lle t in jec to r is to transfer the cryogenic p e lle t 
from the p e lle t factory to the center of the reaction chamber without 
s ig n if ica n t absorption of heat by the p e lle t . The p e lle t  ve lo c ity  
must be su ff ic ie n t for i t  to travel from the in je c to r to the center 
of the reaction chamber during the time in te rva l between shots. Very 
precise tra jec to ry  is necessary.

The function of the tracking system is to enable the d rive r beams to 
accurately s tr ik e  the p e lle t during its  free f l ig h t  through the reaction 
chamber. Alignment is  corrected by adjusting the aim of the in jecto r 
between shots.

DESIGN REQUIREMENTS

The nominal design goals for the p e lle t  in jection  and tracking system 
are presented in Table 4.1.5-1.

TABLE 4.1.5-1.

INJECTION PARAMETERS

Nominal p e lle t free f lig h t  path length 
T ra jectory precision at end of free f l ig h t  path 
Nominal p e lle t in jection  ve lo c ity  
Nominal p e lle t position accuracy (gating d rive r beams)
Nominal p e lle t  in jection  rate

DESIGN DESCRIPTION

Figure 4.1.5-1 presents an overall conceptual design of the fusion 
p e lle t  in jec tion  and tracking system. V ertica l in jection  is mandatory 
since any s lig h t deviation in p e lle t in jec tio n  ve lo c ity  would resu lt 
in varia tions of tra jec to ry  i f  g rav ity  were allowed to act on a p e lle t 
with a horizontal tra jecto ry  component. Upward in jec tion  is chosen to

15m
0 .25mm 
300m/s 
0 .25mm 
10/s

4-44



Figure 4.1.5-1. Conceptual Arrangement of P e lle t  In jecto r System 
In terface with Reactor
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allow fo r structura l and maintenance considerations re la t iv e  to the 
reaction chamber.

The p e lle ts  are encased in sabots which serve to iso la te  them from 
the acce lerato r tube while applying the accelerating  force to the 
p e lle ts . The mechanical iso la tion  provents the p e lle t from acquiring 
any components of ve lo c ity  perpendicular to the launch axis or from 
acquiring any spin components. Thermal iso la tion  afforded by the sabot 
prevents the p e lle t  from heating up during handling or launch. The 
sabot is  cooled to cryogenic leve ls  p rio r to insertion of the sabot. 
P e lle t  and sabot are placed in individual chambers in an in jec to r 
carousel which rotates each into position ju s t  prior to launch.

The launch tube is  a smooth bore guide tube with cryogen ica lly  cooled 
propulsion co ils  embedded a x ia lly  w ithin the tube w a lls . These 
co ils  act upon a permanently magnetized sabot with a frequency swept 
three phase current drive  in such a way as to form a lin ea r synchronous 
motor. Most of the in i t ia l  length of the guide tube acts to acce lerate 
the sabot while the fin a l portion decelerates the sabot by e le c tro ­
magnetic dynamic braking. This separates the sabot from the p e lle t  in 
a nonturbulent manner when the p e lle t reaches fu ll in jection  ve lo c ity .
The p e lle t then proceeds in free f lig h t  along the established tra jec to ry  
to the exact center of the reaction chamber.

The sabot catcher carousel rotates into position such that the p e lle t 
passes through an unobstructed hole enroute to the reaction chamber.
The sabot on the other hand has been g reatly  but not completely de­
celerated w ith in  the acce lerator tube and i t  is  brought to rest in the 
sabot catcher carousel. The carousel reta ins the sabot and rotates to 
remove the sabot from the launch axis. The sabot is subsequently ejected 
and routed back to the sabot recycler where i t  is inspected for possible 
replacement, remagnetized, cooled to cryogenic temperature and sent 
back to the in jec to r carousel.
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The p e lle t , a fte r  passing through the sabot catcher carousel, passes 
through one of the tunnels in the rotating neutron sh ie ld . This sh ield  
is rotated at constant ve lo c ity  ai.d synchronized with other p e lle t 
acce lerator components so that i t  o ffers a free f l ig h t  path to the 
reaction chamber during in jec tio n . During the p e lle t  f lig h t  time, 
the neutron shield rotates to obstruct the f lig h t  path and thus shield  
the in jection  mechanism during fusion.

The azimuthal tracking lasers (three 1 watt argon lasers ) are used to 
determine the extent to which the p e lle t  deviates from the intended 
in jection  axis. They are shielded from d irect reactor radiation by 
using mirrors to d e flec t th e ir beams. Optical rece iver ports corres­
ponding to these laser input ports are placed at the top of the reactor 
chamber and are also protected by deflection  m irrors.

In addition to azimuthal tracking, there is need for an accurate position 
sensor to determine when the p e lle t is  about to reach the exact center 
of reactor chamber, the designated target area. This is  done with a 
fourth laser beam positioned at right angles to the p e lle t  tra jec to ry  
and intersecting  the p e lle t 's  path about 1 cm. prior to the designated 
target point. The ve lo c ity  of the p e lle t is r e la t iv e ly  uniform from 
p e lle t  to p e lle t , and thus i f  one knows the exact instant that the p e lle t  
is w ithin 1 cm. of the target point, one can use th is time plus a s lig h t 
fixed delay to ensure that the fusion drivers pulse when the p e lle t  is 
in position.

D etails  of the p e lle t  accelerator tube are presented in Figure 4.1.5-2. 
Rather than apply the accelerating force d ire c t ly  to the p e lle t , i t  is 
advisable to acce lerate a recoverable sabot which ca rr ie s  the p e lle t  
to its  in jection  ve lo c ity  and then sepa.ates and is caught prior to 
entering the reaction chamber. The intent is to iso la te  the p e lle t from 
both the propulsive medium and undesirable fr ic t io n  and bumping on the 
walls of the guide tube. By doing so, i t  is f e l t  that the p e lle t  w ill  
acquire a minimum of heat, spin and ve lo c ity  normal to the intended 
in jection  path. The sabot w ill be precooled to the p e lle t  temperature
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or lower and by v irtue  of it s  mass and bulk thermal res istance, i t  w ill 
have l i t t l e  tendency to transfer heat into the p e lle t  during the b r ie f  
in terva l of acceleration. Although pneumatic propulsion has been 
considered, the problems introduced by the propulsive gas and the in ­
accuracies of p e lle t speed ind icate electromagnetic acce leration  is 
preferable,

To achieve practica l operation, the coupling of energy to the sabot 
must be accomplished by purely electromagnetic means. The necessary 
permanent magnetic f ie ld  of the sabot could be achieved by building i t  
of a permanent magnetic or ferromagnetic m ateria l, but these techniques 
are lim ited by the material saturation flux density and require re la t iv le y  
dense m aterials. Instead, one can take advantage of the cryogenic 
temperatures associated with the sabot and p e lle t to fab ricate  a 
permanent magnet by superconducting flux entrapment. This is  accomplished 
by building the sabot of some non-superconducting m aterial such as 
aluminum and fabricating superconducting bands around i t .

I f  such a sabot is placed in a reasonably intense magnetic f ie ld  of 1 
Tesla or more and then cooled to cryogenic temperatures, the flux 
becomes entrapped by the currents induced in the superconducting band 
and i t  is retained so long as the sabot tmeperature remains below 
the c r it ic a l  temperature of the superconductor. This allows the fa b r ica ­
tion of a high in tensity permanent magnet having the low mass of a 
hollow aluminum sabot.

The proposed accelerator configuration is a c y lin d r ic a l sabot w ithin 
a cy lin d rica l guide tube. Tne sabot is symmetrical so that i t  can be 
inserted e ither end forward and s t i l l  function properly. I t  has its  
magnetic flux entrapped a x ia lly  by means of two superconducting bands 
and thus the flux lines complete th e ir  required path by emerging ra d ia lly  
from the sabot to in teract with the drive  windings of the launch tube.
To minimize sabot mass, i t  is hollow.
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Superconducting windings in the launch tube are in the configuration 
o f a stack of fo il  washers in each s lo t. This is done to force a l l  of 
the sabot flux to cut each o f the drive windings and thus achieve 
maximum force. Every th ird  co il of the drive windings is driven by the 
same phase of a veriab le  frequency three phase current supply and thus 
the acce lerato r is ac tu a lly  a three phase linear synchronous motor.
To achieve proper operation, such a synchronous machine requires that 
the frequency of the power supply be lin e a r ly  proportional to the speed 
of the sabot. The sabot w ill thus move at exactly the same ve lo c ity  as 
the propagating magnetic f ie ld  and thus the p e lle t in jection  ve lo c ity  
can be contro lled  as p rec ise ly  as the frequency of the power source. 
C h arac te ris tic  of synchronous machine1;, the speed is not a function of 
applied dt iv^ power or p e lle t mass once a minimum threshold of drive 
is  exceeded.

The ve rtic a l p e lle t  in jection  system, made possible by the high force 
electromagnetic acce lera to r, avoids the influence of g rav ity  on the 
n e lle t  tra je c to ry . This overcomes the need for precise p e lle t tolerances 
and for dynamic p e lle t  or beam steering. Th eo retica lly , the p e lle t 
w il l  always pass through the exact centcr of the reactor chamber although 
it s  time of a r r iv a l is subject to some varia tion .

The p e lle t is  intended to be a fixed point of reference in this system.
In other words, the in iection  and tracking system w ill attempt to 
always cause the p e lle t  to pass through the exact center of the reaction 
chamber and to p rec ise ly  indicate ihe time when the p e lle t arrives at 
the chamber cenL r .

The p e lle t  tracking concept is il lu s tra te d  i .t Figure 4,1.5-3 Since 
i t  is d i f f ic u l t  to construct an isometric drawing of adequate c la r it y  
in th is case, perhaps i t  w ill  be helpful to describe the geometry es 
s im ila r  to the Chinese finger trap. Consider three para lle l Vmiiis 
passing p a ra lle l to the axis of in jec tio n  and through two imaginary 'fiscs 
which are perpendicular to the axis of in jection . Now imagine that the

4-50



Figure 4.1,5-3. P e lle t  Tracking Beam Concept



two discs are rotated with respect to each other while the beams 
in tersect each d isc at the same point as they did o r ig in a lly . The 
distance between any beam and the axis of in jec tion  is a function of 
the position along the axis and is  a minimum ha lf way between the imagin­
ary discs.

To i l lu s tra te  how this technique is employed, consider the beams as 
being positioned around the in jection  axis. Although the beams themselves 
are s tra ig h t, the beam to axis separation bows in toward the axis and 
back out again at both ends of the beam. The narrowest region of the 
beam array is positioned ha lf way between the chamber center and the 
f i r s t  w a ll. I t  is in fact made somewhat less than the diameter of the 
p e lle t so that any pellet, moving exactly along the axis w ill break a ll 
three beams simultaneously and w i l l  maintain the interruption for a large 
fraction of the f lig h t  path. I f  the p e lle t is not exactly on ax is, U  
w il l  break one of the beams sooner and maintain the interruption for 
longer than the other two beams. This is ea s ily  detected and since the 
detection occurs well in advance of the p e lle t reaching the chamber 
center, it  could be used to beam steer the drivers for each shot. I t  is 
anticipated that such dynamic corrections w ill not be necessary and 
thus the tracker w ill serve only to co riect p e lle t  or beam position 
on a consecutive shot basis.

Determination of the p e lle t 's  position in the axial d irection  is not 
important un til i f is at the target area. This w il l  be done by a fourth 
laser beam intersecting  the in jection  axis at a r igh t angle and positioned 
to intercept the p e lle t  1 cm p rio r to its  a rr iva l at the designated target 
point.

I  mcem over the long term e ffects  of neutron or d rive r radiation on 
the beam sources and detectors w il l  have to addressed, but. at present 
i t  looks as though the best approach is to use m irror deflection  and 
shielding such that the laser beam is reflected  more e a s ily  that! the 
d rive r beam or the reactor neutron output. This requires tracking
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lasers of much higher power than one would normally employ* I f  COg 
drivers are used, i t  is  possible to in se rt SFg absorption c e lls  in 
the optical sensor path to absorb the re flected  C02 lig h t . P e lle t  
heating should be no problem since the power leve ls  are s t i l l  very small 
and they intercept the p e lle t  only b r ie f ly  during its  f l ig h t .

Focusing and alignment of the d river beams is  a matter not d ire c t ly  
measured by the proposed instrumentation. Apparently, means ex ist to 
perform an in i t ia l  alignment of the d rivers  to some "optimal" standard. 
The problem is  that there 1s expected to be some alignment d r i f t  during 
extended operation. The proposed p e lle t  in jection  system can be con­
sidered capable of repeatedly placing the fuel p e lle t in the center of 
the target area and p rec ise ly  detecting I t s  position during repeated 
operations. Thus, the p e lle t  position can be considered as a fixed point 
of reference. Assuming that during the course of repeated shots the 
system w il l  d r i f t  to a new equilibrium  position , one would expect that 
an ite ra t iv e  optimization over many shots to be an e ffe c t ive  means of 
system alignment. Computer search and optim ization algorithms ex ist 
which allow optimization of a m u ltivariab le  system by methodically 
peaking one parameter at a time to maximize output. Although these 
techniques sometimes converge to local optima rather than true maxima, 
they generally perform well in systems where a good In i t ia l  starting  
point is  ava ilab le  and where the increments of adjustment are re la t iv e ly  
small for each ite ra tio n .



4.1.6 REACTION CHAMBER AND SUPPORTING SYSTEMS

4.1.6.1 MECHANICAL ANP STRUCTURAL CONSIDERATIONS 

FUNCTION

The functions of the reaction chamber are to accommodate the p e lle t  micro­
explosion energy release in a controlled fashion in order to breed tritium  and 
transfer the thermal energy to a heat transport system from which i t  can be 
converted to e le c tr ic a l power. In addition, the chamber should provide some 
degree of sh ield ing to attenuate irrad ia tio n  and reduce the amount of external 
shielding to protect the concrete building st: ucture and minimize activa tion  of 
reactor and au x ilia ry  system components. In order to perform these functions, 
a f i r s t  wall and blanket are necessary components of the reaction chamber. The 
f i r s t  wall must absorb energy prim arily  attributed  to x-ray irrad ia tio n  and ion
bombardment (about one half of the to ta l) while the blanket must absorb the bulk
of the neutron energy in order to produce tritium  and convert the neutron energy 
to heat. An ac tive  coolant system is  required to transfer the heat from the 
blanket for conversion to e le c tr ic a l power and for transferring  bred tritium  for 
processing for use as fue l. The chamber shall also provide su itab le  penetrations 
for in terfacing  with the laser d river beams, vacuum pumps, p e lle t in jec to r and 
p e lle t tracking system. The reaction chamber requirements and parameters are 
tabulated in the following section.

DESIGN REQUIREMENTS

The reaction chamber shall be designed to sa t is fy  the requirements and

parameters specified  in Table 4.1.6.1-1. Requirements for the chamber with
both the Heavy Ion Beam (H IB) and laser d rive r system are included for compari­
son and are seen to be identica l except for the d river in terface and chamber 
pressure.
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LASER HIB

TABLE 4.1.6.1-1. REACTOR CHAMBER REQUIREMENTS AND PARAMETERS

PELLET THERMAL OUTPUT 
ENERGY DISTRIBUTION 

X-RAYS AND IONS 
NEUTRON 

CHAMBER PRESSURE 
REACTION CHAMBER 

SHAPE
RADIUS TO FIRST WALL 

FIRST WALL AND STRUCTURE- 
MATERIAL 
TEMPERATURE 

PENETRATIONS/WALL COVERAGE

COOLANT
LIFETIME

CHAMBER 
FIRST WALL 

BLANKET
BREEDING MATERIAL 
REFLECTOR 

INTERFACING COMPONENTS

TOTAL NUMBER OF DRIVER BEAMS 
(2-SIDE ILLUMINATION)

3500 MWt

45%
55%

10 Torr

Sphere.
10 m

Steel
500° C Max
Consistent with 
achieving Tritium  
Breeding Ratio of 
> 1 ■!
Liquid Lithium

30 Years 
5 Years

Liquid Lithium 
Graphi to
Laser Beams, Vacuum 
Pumps, P e lle t  
In je c to r, P e lle t  
Tracking Systems
108

3500 MWt

45%
55%

5 x 10‘ 4 Torr

Sphere 
10 m

Steel
500° C Max
Consistent wi th 
achieving Tt itiuni 
Breeding Ratio of 
? t-t
Liquid Lithium

30 Years 
5 Years

Liquid Lithium 
Graphite
Ion Beams, Vacuum 
Pumps, P e lle t  
In je c to r, P e lle t  
Tracking Systems
20
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SUMMARY DESCRIPTION

The spherical shaped reactor chamber is  lined with 324 tapered HT-9 steel tubes 
which are c lo se ly  nested to form the f i r s t  wall surface located at a radius of 
10 m. The tubes enter at the equator at a penetration in the sphere, expand to 
a maximum diameter at the pole region beyond which the tubes converge in 
diameter un til they ex it at the chamber penetration at the opposite side (see 
lower schematic of reactor chamber, Figure 4.1.6.1-1). The tubes which are 
welded together at th e ir  points of tangency are contained in a surrounding 
HT-9 sphere to provide additional structural support. HT-9 was selected as 
the f i r s t  wall material because of its  greater strength and higher thermal 
conductiv ity (as compared to sta in less s te e l) .  The r e la t iv e ly  high operating 
temperature cap ab ility  (500° C) is  also compatible with removing the high heat 
flux on the f i r s t  wall while maintaining a reasonable temperature drop through 
the wall to achieve high coolant ex it temperatures necessary for acceptable 
thermal performance. The temperature drop across the wall is  low enough to avoid 
excessive thermal stress.

The f i r s t  wall surface of the tubes (see upper schematic of 4.1.6.1-1) io 
covered with ^ 0.1 cm tantalum coating to iso la te  the tube from the high 
thermal spikes that accompany each p e lle t microexplosion which occurs a t a ra te  
of 10 Hz. This coating prevents thermal cycling of the tube which could lead 
to high cycle stress fatigue. The f i r s t  wall is expected to have a 5 year l i f e .  
Flowing lith ium  serves as the f i r s t  wall coolant. A lith ium  blanket region, 
which contains a graphite re f le c to r  clad with s te e l, is  located behind the f i r s t  
w a ll. In-situ  tritium  removal can be accomplished by removing a porn'on of the 
to ta l flow from the reactor chamber and passing i t  through a tritium  extraction  
system. F in a lly  the en tire  assembly of f i r s t  w a ll, blanket and re f le c to r ,
Figure 4.1.6.1-2, is  enclosed in a steel outer sphere which acts as the overa ll 
support structure for the above components. The sphere is  s p l it  at the 
horizontal centerline and is  f it te d  with flanges on the upper and lower hemi­
sphere to permit the upper hemisphere to be l i f t e d  o ff fo r removal of the 
f i r s t  wall assembly. The flange w ill be clamped and seal welded to prevent 
leakage of lith ium  to the surrounding environment. The outer sphere is 
expected to la s t fo r 30 years.
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6 1 5 6 9 1 ■  2  A

Figure 4 .1.6 . 1-1. Schematic Representation o f the
'lubular F ir s t  Wall and Blanket Concept
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The reaction chamber provides for the penetrations necessary to in terface  with 
the laser d rive r beams, p e lle t in je c to r , p e lle t in je c to r tracking system,
vacuum pumps and primary heat transfer system piping and components. The
major penetrations (fo r the laser beams) are two 6.5 m openings on opposite 
sides of the horizontal cen terline . The outside o f the reaction chamber is 
covered with alumina s i l ic a  insulation to minimize heat losses from the chamber.

Performance and design parameters for the reactor system, which include the 
primary heat transport system In terfac ing  components and reaction chamber, are
tabulated in Table 4.1.6.1-2. Because of the s im ila r ity  between the reaction
chamber designs, both the laser and HIB reactor systems are included for 
comparison. The essential d ifferences in chamber confiquration l i e  only in 
the entry beam angle, beam penetration requirements and vacuum pumping loads 
and w il l  be discussed la te r .

The chamber concept depicted in Figure 4.1.6.1-2 shows the size re la tionsh ip  
of the chamber, f i r s t  w a ll, blanket, piping, and major penetrations. The 
concept description and operation w ill be addressed in more depth in the 
follow ing section.

INTERFACING SYSTEMS

The reaction chamber concept investigated to meet the requirements presented in 
the previous section and the pertinent features necessary for in terfac ing  systems 
and components w ill be discussed in greater d e ta il in th is  section. The chamber 
(Figures 4.1.6.1-1 and 4.1.6.1-2) contains two concentric sh e lls , consisting of 
an inner support shell surrounding the tubular f i r s t  wall and an outer shell of 
la rger diameter to provide for an annular primary blanket region between these 
sh e lls . Two 6.5 m diameter openings are provided Tor laser beam entry and 
vacuum pumping. Space is  provided in the blanket annulus for a graphite 
re f le c to r  to enhance breeding. Because the f i r s t  wall is  cooled by liqu id  
lith ium  flowing through the tubes, additional breeding is  achieved to supplement 
the tr it iu m  breeding obtained in the primary blanket region. Toroidal coolant 
manifolds are provided at each side of the chamber at the 6.5 meter penetrations 
to supply lith ium  to the chamber and from the chamber to ti'e primary heat 
transport system (PUTS) coolant loops.
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Figure 4.1.6.1-2. Reaction Chamber Concept ^or the la se r Driven Reactor



TABLE 4.1.6.1-2 REACTOR SYSTEM PERFORMANCE AND DESIGN PARAMETERS

Driver

Thermal Output 

Chamber Pressure 

Pro tective  Atmosphere 

Reaction Chamber 

Shape

Radius to F ir s t  Wall 

F irs t  Wall Configuration 

Material/Coating 

Tube Diameter - Variab le , OD 

Tube Wa11 Thickness 

Ta Coating Thickness 

Tube Temperature, Mix

Structural Support Sphere 

Materi al 

Thickness 

Blanket Annulus Thickness 

Lithium Thickness 

Graphite Re flccto r 

Graphite Clad Thickness 

Outer Sphere 

Material 

Outer Radius

Thickness (Exclusive of Flanges, 
' 't t in g s , e t c . )

CÔ  Lasei 

3500 MWt 

10" 1 Torr

Xenon

Sphere 

10 m 

Tubular

HT-9/Ta 

19.4-6.23 cm 

0.18 cm 

0.1 cm 

500° C

HT-9 

2.0 cm 

80 cm 

60 cm 

19.8 cm 

0.1 cm

HT-9 

^11 m 

2.5 cm

Heavy Ion Beam 

3500 MWt

5 x 10 4 Torr

Sphere 

10 in 

Tubular 

HT-9/Ta

19.4-6.23 cin 

0.18 cm 

0.1 cm 

500° C

HT-9 

2.0 cm 

80 cm 

60 cm

19.8 cm

0.1 cm

HT-9 

^ 11 m

2.5 cm
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Driver

Material

Thickness

Lithium Flow Requirement

F ir s t  W all, gallons per minute 
(mJ /s)

Outer Blanket, gallons per minute 
(nr/s)

Total Lithium Flow, gallons per 
minute, (m^/s)

Maximum Velocity (m/'s) 
f i r s t  Wal1 
Blanket 
Piping

Lithium Pump Requirement, gallons
per minute (m^/s)

F ir s t  Wall + Outer Blanket, 8 
requi red

Lithium In le t  Pipe Size (Equiv. D ia.)

F ir s t  Wall

B1anket

Lithium Coolant Temp., (T^n , 1 ^ )

Total No. of Beams (2-Sided
Penetrations)

Chamber Beam Penetrations

Beam Opening Requirements @
F ir s t  Wall (each side)

Outer Sphere Insulation

Availab le  Opening 

Beam Half- Anqle

TABLE 4.1.6.1-2 (Continued) 
CÔ  Laser

Alumina S il ic a

30.5 cm

261 ,400 (16.5)

213,900 (13.5)

475,300 (30)

17.8 
1 .2
9.1

60,000 (3.8)

-Vr 1.5 111 

 ̂ 1.4 m 

300, 369° C 

108

^ 2.3 x 3.0m

% 6.5 in Dia.
< 10°

Heavy Ion Beam

Alumina S i l ic a

30.5 cm

261,400 (16.5)

213,900 (13.5)

475,300 (30)

17.8
1.2
9.1

'v- 60,000 (3 .8 )

'v 1.5 m

1.4 m

300,369° C 

20

10 Openings, 'v 
Dia. on ^ 7.3 in 
C irc le

 ̂ 6.5 m D1a. 

23° (Cone)

(1)

(1) Min of 4 m diameter required for vacuum pumping
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TABLE 4 .1 ,6 , 1-2 (Cont.)

Dri ver C02 Laser Heavy Ion Beam

Vacuum Pumps
Type Roots Blower Hg Diffusion
Quanti ty 24 16
Pumping Speed (each) 10,000 1/sec per 100,000 1/sec per

pump pump
Wt. (each) -- 10,200 kg 1600 kg

E ffe c tive  Blanket Coverage, t 94.5 94,3
E le c tr ic a l Power Requirements, MW

Dri ver 200 67
Li Pumps (3.0 MW each) 24 24
Na Intermediate Loop (6.0 MW each) 48 48
Vacuum Pumps 4 4
A u x ilia rie s  (steam system, 76(2 ) 70( 2)

IIVAC, e tc .)
Net E le c tr ic  Power Output 1207 MW 1346 MW
Li Wt (Reactor Chamber Only)

F ir s t  Wall 63 Tonnes 63 Tonnes
Blanket 415 Tonnes 415 Tonnes
Toroidal Manifolds 32 Tonnes 32 Tonnes

Chamber Wt
Tubular Wall and Ta Coating 384 Tonnes 384 Tonnes
Toroidal Manifold Assembly {?. 62 Tonnes Total 62 Tonnes Total

required 31 Tonnes each)
Support Sphere 324 Tonnes 324 Tonnes
Graphite Reflector (Upper A Lower) 427 Tonnes 427 Tonnes
Outer Sphere (Upper) w/o Reflector 183 Tonnes 183 Tonnes
Outer Sphere (Lower) w/o Reflector 218 Tonnes 218 Tonnes

(2) f in a l Focus Magnet Not Included



F ir s t  Wall

Because of the high heat flux which must be removed from the f i r s t  wall 
(approximately one half of the p e lle t energy released) i t  was necessary to 
provide a wall which was as thin as p rac tica l to minimize the thermal stress 
through the wall while s t i l l  providing structural in te g r ity  and permitting the 
coolant temperature to be high enough to achieve a reasonable thermal performance.. 
In order to carry the c ircu la ting  coolant pressure with thin w a lls , an e f f ic ie n t  
c irc u la r  tube structural shape was necessary. The f i r s t  wall steel tubular 
structure is protected by a tantalum coating which is th ick enough to prevent 
any s ign ifican t thermal cycling of the HT-9 tubes during successive p e lle t  
microexplosions. The tubes taper from a 6.23 cm out«?r diameter at the 6.5 m 
penetration at each side of the chamber to a maximum of 19.4 cm at the polar 
region of the sphere. F ir s t  wall cooling is achieved by tapping o ff lith ium  
flow from the main toroidal manifold which also supplies lith ium  to the main 
blanket annulus between the support shell and the outer sh e ll. The flow area 
through the tubular wall is re la t iv e ly  small, compared to the 60 cm blanket 
lithium  annulus. However, because of the higher flow ve lo c ity  required to 
achieve f ir s t  wall cooling, the flow rate in the f i r s t  wall tubes is  22% higher 
than in the main blanket.

F'ne f ir s t  wall coolant flow energes from the tubular wall and exits into a 
toroidal manifold from which i t  is combined with blanket flow in the main toroidal 
outlet pipes to the lithium coolant pumps for d is tr ib u tio n  to the four PUTS 
coolant loops. A total of 8 lithium  pumps (2 per loop) of 60,000 gpm (3.8 in /s) 
capacity are required to supply the tota l flow of 475,300 gpm (30 m '/s).

Main Blanket

The main blanket region is supplied with lithium  coolant from the main toroidal 
mainfold. The lithium  flows through the 58 cm annulus between the support shell 
and graphite re flec to r to cool the shell and back of the re f le c to r . Another 
p a ra lle l 2 cm annulus between the re fle c to r and outer she ll provides a lith ium  
path for cooling the shell and back of the re f le c to r . A fter flowing through 
the blanket, the coolant mixes with that from the f i r s t  wall ou tle t toroidal 
main fold.
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Radial s t iffe n e rs  (Section  A-A of figure 1.1.6.1-2) are welded to the support 
shell and extend to the outer s h 'l l  in order to provide addif ional s tiffn ess  
to the support shell and to channel the coolant flow through the blanket so 
that sw irl w ill be reduced.

Laser Beam In terface

The reaction chamber in terfaces with the laser d river beams through main ducts 
at the two 6.5 id penetrations on each side of the reaction chamber, figures
4.1.6.1-3 and 4.1,6.1-4, which are plan and elevation  views of the containment, 
build ing, show the laser beam in terfacing  between both the reaction chamber and 
containment build ing, The beam penetrations in the containment building consist, 
of six separate c irc u la r  ducts which enter the containment from each of the two 
laser buildings near ground leve l. A fte r passing through sa lt  windows at the 
outer wall of containment, the beams undergo four % °  bends to minimi/e neutron 
streaming, figure 4.1.6. 1-3 shows a cross section through two of the beam ducts 
(containing nin' beams each) at the th ird  and fourth m irror or fina l bend. 7h<- 
duct arrangement is shown schematically in figure 4.1.6.1-5. At the , i ’-sf bend, 
the beams (which arc1 i n i t ia l ly  0.9 x 0.9 m square when they pass through the 
sa lt  w'ndows) are bent 90° and focussed to a smaller diameter to minimise space.

A fte r the firs t, focus, three additional 90° bends are incorporated before final
focus by the las t m irror to ■>. 1 inm at the center of the reaction chamber. The
sa lt  windows and mirrors are sized tc subject them to a maximum of 3 J/cm? and

2
5 J/cm " loads respective ly  in order to permit use with beam energy kMj to 5 M.J. 
Figure 4 .1 .6 .1-6 shows the duct space requirement and beam sizes at the s a lt  
windows, m irrors and a t the reaction chamber where the beam envelope converges 
to 2 .3 x 3.0 m, The k u r  bend arrangement is intended to lim it the rad iation 
level at the outside of the sa lt  windows so that personnel could occupy th is 
area tor a 40 hour week without exceeding the allowable dose.

By crossing the beams w ith in  the ducts, i f  is possible to converge the beam 
pattern and duct to less than 1 m diameter which permits incorporation of bali 
valves as shown in Figure 4.1.6.1-5. In the event of a fracture of a sa lt
window, the reaction chamber can s t i l l  be iso lated from the outside of the
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containment building by use of these valves. The valves need not be fab l acting , 
since the pressure is  normally inward toward the reactor to preclude release of 
any of the p e lle t  debris ouside of containment through the ducts.

The la s t m irror is located 30 meters from the center of the cav ity  and io 
protected from microexplosion debris by a counter streaming gas flow.

Vacuum Pumps ond Duet P ^rancjemen t

In order to minimize the number of penetrations in the reaction chamber, the 
vacuum pump ducts are connected to the main ducts which in terface with the 
laser beams at the wall of containment and the reaction chamber. These main 
ducts U igures 4.1.6.1-3 atiu 4.1.6 .1-4), because of th e ir  low impedance, are 
large enough to peimit pumping without extra penetrations in the reaction chamber, 
The pump and duct arrangement shown in the figures include 24 Roots blower pumps 
each of - 10,000 1/sec capacity to provide adequate pumping cap ab ility  to permit 
the 10 Hz repetition  rate . The intermediate ducts between the pumps and the main 
duct are long enough to permit a reasonable packaging arrangement of the pumps 
w ithin the containment building and short enough to provide low impedance for 
vacuum pumping.

Pel 1 et In.iector

The p e lle t in je c to r is  mounted the bottom of the reaction chamber and , 
in jection  is  upward along the ve rt ic a l centerline of the reaction chamber,
The p e lle t  in jec to r in terfacing  concept is  shown in Figure 4.1,6.1-6 and shows 
the penetration through the blanket, center sh e ll, support shell and f i r s t  
w a ll. The p e lle t  entry tube can be in s ta lled  in the tubular f i r s t  wall without 
s ig n ifican t perturbation to lith ium  coolant flow. In addition, the jo in t  
between the in jecto r and f i r s t  wall assembly is accessib le from below the 
reaction chamber. Location of the p e lle t in jecto r below the reactiun chamber 
has the inherent advantage of fa c i l i t a t in g  removal of the f i r s t  wall with minimum 
delay since both the p e lle t  in jecto r and the lower ha lf of the outer shell 
remain in place during th is  major maintenance and servicing  operation. The 
maintenance operation is discussed in Section 4 .;\ 6 -8 .
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Figure 4 .1 .6. 1-3- Plan V-iew of Reactor Containment Build ing and Reaction 
Chamber Interfaces for Laser Driven Reactor Concept
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Figure 4.1.6.1-4. E levation View of Reactor Containment Build ing and Reaction
Chamber Interfaces for Laser Driven Reactor Concept



The en tire  reaction chamber assembly, which includes the f i r s t  wall assembly, 
graphite re f le c to r , the outer shell and its  insulation is  supported by a 
circum ferential support ring surrounding the chamber and located ju s t below the 
equator of the chamber. The support ring is f it te d  with high capacity ro lle r  
assemblies s im ila r to the Hillman* Ro ller Assemblies. The ro lle rs ,  Figure
4.1.6.1-7, rest on the cy lin d rica l concrete support s k irt  below the reactor.
The ro l le r  arrangement between the support s k ir t  and support ring permits free 
radial motion of the reaction chamber due to temperature changes encountered 
between hot and cold operation of the reactor. Ro lle r assemblies in the 100 
tonne range are commercially ava ilab le  and there is  enough space around the 
chamber to provide for more than adequate v e rt ic a l support. The concrete 
s k ir t  which supports the reaction chamber extends to the base mat of the con­
tainment building and provides shielding to protect components below the center 
of the reaction chamber,

Reaction Chamber Support

*Hinman Equipment Co. In c ., W a ll, New Jersey
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Figure 4.1.6.1-5. Laser Duct and Beam Concept Showing Duct Arrangement
and Beam Pattern for 4-Bend Configuration
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S H IE L D IN G
P E L L E T
IN JE C T O R

Figure 4.1.6.1-6. P e lle t  Injector/Reaction Chamber In terface Concept



T U B U L A R  
F IR S T  W A L L

Figure 4.1.6.1-7 Reaction Chamber Support Concept Showing
Roller Arrangement to Accommodate Radial Expansion



The reaction products of the D-T p e lle t  micro-explosions create an extremely 
h ostile  environment at the reaction chamber in n e r—  i . e . ,  plasma-facing —  
surface. In contrast to the s ituation  for quasi-steady state devices such 
as tokamaks or m irrors, where the energy deposition occurs re la t iv e ly  uni­
formly with time and where the energy is  transported by neutrons and charged 
p a rtic le s  (D, T and a p a r t ic le s ) ,  the p e lle t  microexplosions in in e r t ia l ly  
confined concepts resu lt in s ig n if ican t energy transport to the reaction 
chamber wall in the form of x-rays and heavy ions as well as neutrons and 
lig h t  ions. Moreover, the c y c lic  nature of in e r t ia l confinement operation 
implies that c y c lic  thermal and mechanical stresses must be accommodated.

The major e ffe c t of the high energy x-rays and debris ions w il l  be extreme 
and rapid heating of the f i r s t  surface. This can lead to melting and evapora­
tion  and w ill also produce a stress pulse which w il l  propagate inward through 
the structure. This stress pulse can lead to sp a lla tion  of e ith e r the rear 
surface, or upon re fle c tio n , at the front surface of the chamber w a ll. In 
add ition , the phenomena of physical sputtering and bulk neutron rad iation 
damage must be considered.

In the in terests  of design s im p lic ity  a decision was made to use a bare, 
rather than liq u id  or wetted, wall design. Pre lim inary ca lcu la tions of the 
thermal stresses which would occur due to x-ray and debris ion heating 
indicated the y ie ld  strength of e s se n tia lly  any so lid  structural material 
used for the pressure boundary would be exceeded. Closer examination of the 
m aterials parameters which control the magnitude of the temperature r is e , and 
hence induced stress , suggests a d is t in c t  advantage for m aterials of low 
atomic num ber^ . For f i r s t  wall and blanket structures cooled with lith ium  
th is  is  not p rac tica l due to liqu id  metal corrosion of candidates such as 
carbon (g rap h ite ), aluminum, beryllium , etc. Therefore a decision was made 
to use a coating over the " f i r s t  w a ll1' structural m ateria l.

The reaction chamber wall therefore consists of two elements —  the structural 
load-bearing substrate and the overlayer or coating used to protect i t  by

4.1.6.2. MATERIALS SELECTION AND DESIGN CONSIDERATIONS
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attenuation of the e ffects  of the x-ray and debris ion depositions.
Selection of m aterials fo r these applications is  discussed in the following 
paragraphs.

STRUCTURAL WALL MATERIAL

As was mentioned in the preceding section , the reference structural wall 
concc^t employs an array of contiguous tubes, joined at th e ir  points of 
tangency and cooled in te rn a lly  by liqu id  lith ium . The maximum temperature 
of th is tube wall was set at 500°C. Primary candidate m aterials fo r th is 
application are the f e r r i t i c  a llo ys  such as Croloy (2-1/4 Cr-1 Mo) or HT-9 
(Fe-11,5 Cr-1 Mo + W, V, C), or one of the au sten itic  sta in less stee ls such 
as type 316. For temperatures above about 400°C the d is t in c t strength 
advantage of HT-9 over 2-1/4 Cr-1 Mo suggests HT-9 be considered as the 
favored f e r r i t i c  a llo y .

Factors which a ffe c t  the choice between HT-S and 316SS Include:

Strength at Maximum Temperature (500°C)

Coolant Choice (Liquid Lithium)

Thermal Stress Response

Bulk Radiation Damage Characteristics

Cost

Avai 1 ab i1i ty 

Fab ricab i1ity .

At 500°C the allowable design stress in ten s ity , S, is  roughly the same for 
both candidate a llo ys . Corrosion behavior in liq u id  lith ium  at that tempera­
ture, p a rt icu la r ly  at the high flow rates encountered in the present design, 
favors HT-9 as do considerations of cost and a v a i la b i l i t y  (c h ie f ly  due to the 
lack of nickel in the Cr-Mo-V-W f e r r i t i c  a l lo y ) .  Comparison of the thermal 
stress "figu re  of m erit," proportional to aE/k (1-v) where, a = co e ffic ien t 
of thermal expansion, k = thermal conductiv ity , v 3 Poisson's ra tio  and 
E = Young's Modulus reveals a facto r of two advantage for HT-9.
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On the basis of very lim ited  data, the irrad ia tio n  response ch a rac te r is tic s
of HT-9 appear to be somewhat better than those of austen itic  s ta in less
s tee ls . These data, developed on the LMFBR Advanced Cladding and Duct Program,
ind icate very l i t t l e  void swelling for a fas t reactor neutron fluence (EBR - II) 

0 3  2
of 10 n/cm {E > 0.1 MeV). There may be, however, some reason for concern
over an increase in the d u c t ile - b r itt le  tran s ition  temperature (DBTT) since
a s ig n if ica n t decrease in upper she lf impact energy and increase in the high

00 0
stra in  rate DBTT have been seen for HT-9 irrad ia ted  to only 10 n/cm 
(E > 0.1 MeV).

Consideration of the f in a l design facto r, f a b r ic a b il it y  and w e ld a b ility , 
favors au sten itic  sta in less  steel where pre- and postweld heat treatments 
are not required. HT-9, on the other hand, is  normally used in the tempered 
martensite m etallu rg ical condition. To achieve th is , a heat trea ting  schedule 
of 1050°C for one hour (plus a ir  cool) and one hour at 760°C (again a ir  cool) 
is  required. The need for the secondary heat treatment could imply d i f f i ­
cu lty  in design and fab rica tion  of complex hardware, p a rt icu la r ly  since fusion- 
welded structures require th is  heat treatment to avoid heat-affected zone 
cracking.

Potential lim its  on the rad iation data base and concerns over fa b r ic a b il it y
notwithstanding, HT-9 has been selected for detailed evaluation by the A lloy
Development program of the O ffice  of Fusion Energy as a candidate f i r s t  wall
a llo y  for magnetic fusion reactors. As the resu lt of th is se lection  the
fab rication  c h a ra c te r is t ic s , including mechanical performance of welded
structures, and the ir rad ia tio n  response of HT-9 are under considerable

(2 )investigation  at the present tim ev '.

In view of the advantages offered by HT-9 in the important areas of thermal 
stress response, lith ium  corrosion resistance, and cost, th is a llo y  was 
selected for use as the structu ra l wall tubing.
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FIRST WALL COATING

Since the energy deposition due to x-rays and debris ions occurs on a time 
scale which precludes accommodation by thermal d iffusion or relaxation pro­
cesses, there is  an advantage to choosing a material with low x-ray energy 
attenuation properties so that the effects  are spread over a re la t iv e ly  
greater volume (depth) of m ateria l. Other properties which are a ttra c t iv e  
for various reasons include the thermal conductiv ity, co e ffic ien t of thermal 
expansion, and Young's modulus; these w il l  a ffe c t  the magnitude of the thermal 
stress which develops due to the background "steady-state" temperature gradient 
which w il l  ex is t through the coating. I t  is  also advantageous to use a 
material which is r e la t iv e ly  soft or d u ctile , and which has a re la t iv e ly  high 
melting temperature.

As was mentioned previously, many of these factors suggest use of a low 1 
(low atomic number) m aterial. With the exception of melting temperature, 
unalloyed aluminum appears very a ttra c t iv e  and represented the in i t ia l  choice 
during th is  design study. Early  analysis of the effects of the x-ray and 
debris ion energy deposition indicated the aluminum coating would e f f ic ie n t ly  
suppress the thermal and mechanical cycling of the underlying structural tubes, 
However, a s ig n ifican t volume of A1 would be lost at each microexplosion due 
to the melting and evaporation of a (3 pm) surface layer. Even allowing for 
the 95-98% recondensation which should occur, th is  would lead to an unaccept­
able loss in a re la t iv e ly  short time.

This conclusion, coupled with selection of tantalum for the heavy element 
component of the unclassified  target p e lle t , forced reconsideration of the 
f i r s t  wall coating selection . Since selection of a higher melting point metal 
might preclude melting and evaporation ,it would also guarantee that essen­
t i a l l y  a l l  of the p e lle t debris and reaction product Ions would strike  the 
w a ll. [This seems certa in  to be the case for the heavy 1on design case where 
the chamber pressure 1s ^ 10" 4 Torr. I t  may not be equally true for the CÔ  
laser driven design where the 0.1 Torr in e rt gas background pressure w ill 
s ig n if ic a n t ly  attenuate both the x-rays and debris ions during th e ir  passage 
to the w a ll . ]  Hence, since accumulation of tantalum should occur on the
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chamber's Inner surface, a substantial argument could be offered for the use of 
unalloyed tantalum for the f i r s t  wall coating.

Unalloyed tantalum is quite ductile  at modest temperatures despite its  2996°C 
melting temperature and good mechanical strength. I t  possesses a combination 
of thermal and mechanical properties which appear to make i t  at least an 
acceptable coating se lection . Moreover, i t  is compatible with operation at 
cav ity  background pressures of in terest without suffering melting and evapora­
tion of its  surface.

Thus, unalloyed tantalum was chosen for the f i r s t  wall coating. I t  should be 
noted that a change of the high atomic number material 1n the p e lle t should be 
ca re fu lly  weighed since other possible heavy element choices may not 
possess the combination of properties required, for example, tungsten and 
molybdenum, despite high melting temperature'' (3410°C and 2610°C, respective ly ) 
and a ttra c t iv e  thermal properties are almost ce rta in ly  too b r it t le  to be used 
as a shock and heat absorbing coating.

4.1.6.2 REFERENCES

1. J .  Hovingh, "Design Issues and M aterials Problems in Inertially-Confined 
fusion Reactors," UCRL-B2943, preprint of a paper prepared for submission 
to the Proceedings of the Impact Fusion Workshop, Ju ly  10-13, 1979,
Los Alamos, NM.

2. A lloy Development for Irrad ia tion  Performance, Quarterly Progress Report 
for Period Ending March 31, 1980, U. S. Department of Energy, 
D0E/ER-0045/2, June, 1980.
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4.1.6.3 BLANKET AND SHIELD DESIGN 

FUNCTION

The blanket and shield of the ICF reactor plant perform the follow ing
functions:

(1) Absorb the neutron energy emerging from the p e lle t  and convert i t  to 
useable heat.

(2) Produce tritium  for makeup of fuel burned in p e lle ts .

(3) Provide bulk biological radiation shield for reactor build ing.

(4) Provide support wall rad iation damage life tim e  consistent with 
chamber servicing requirements.

(5) Reduce neutron activation  of components requiring regular service 
and maintenance (e .g ., lithium pumps, heat exchangers).

( 6) Provide adequate shielding of activated chamber during shutdown and 
servicing.

(7) Provide shielding against rad iation streaming through ducts and 
chamber penetrations.

DESIGN REQUIREMENTS

The design requirements w ill be discussed in the context of each of the
functions above.

(1) Approximately 55% of the thermonuclear energy of the exploding 
p e lle t , in the reference design, is  in the form of k ine tic  energy of 
the emerging neutrons. This energy is m ultip lied  by exothermic 
(energy producing) reactions as the neutrons are absorbed in the 
blanket. The blanket must be thick enough to absorb most of the 
energy. As an ob jective, the energy lost should be much less than 
rec ircu lating  power fraction of the ICF plant.

(2) The tritium  breeding ratio  (TBR) should be high enough to compensate 
for losses due to chamber penetrations, reprocessing, rad ioactive  
decay of the tritium , and ca lcu la tiona l uncerta in ties . An ob jective
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of approximately 1.2 for the T8R was established, considering typ ica l 
loss values.

(3) The bulk rad iation  b io log ica l shield must be adequate to provide
access by rad iation  workers during normal operation. Current lim its
are 5000 mr/year or 2500 mr/quarter, However,, i t  is l ik e ly  that these 
values w ill be s ig n if ic a n t ly  reduced in the near future,

(4) Radiation damage of the HT-9 support w a ll, in the form of gas
production and atomic displacements, w ill cause swelling, loss in
d u c t i l i t y ,  and eventual fa ilu re . A life tim e goal of f ive  years 
was established to be consistent with the major plant shutdown and 
overhaul schedule.

(5 ), ( 6) A number of p lant components w il l  require scheduled and unscheduled
maintenance while the plant is in a shutdown condition. I t  is impor­
tant that these operations be performed in a lim ited hands-on mode, 
This requires adequate care in the design of the sh ie ld , which serves 
a dual purpose in this case. I t  must shield against neutrons leak ­
ing througn the blanket, which may cause activa tion  of the components, 
and i t  must provide gamma ray shield ing of the activated chamber
i n terna ls .

(7) Radiation w il l  pass out of the reaction chamber through the openings
required for admitting the laser or ion beams. The rad iation con­
s titu te s  both a heating and a rad iation  shielding problem. Active 
cooling systems, so that primary duct walls and beam dump do not 
exceed allowable temperature lim its , are required. Duct configur­
ation and rad iation  traps must be designed to minimize neutron 
streaming e ffe c ts  so that excessive shielding and beam bends are 
not needed.

DESIGN DESCRIPTION

The 1-dimensional spherical geometry representation of the reference 
f i r s t  w a ll, blanket and shield used for the neutror.ic analysis is shown 
in Figure 4 .1.6 .3-1, arid is  Iden tica l for both d rivers . I t  consists of
12 concentric spherical she lls  or zones, centered at the p e lle t . The
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constituents o f each zone were homogenized over the shell volume, 
according to th e ir  respective volume fractions.

This one-dimensional representation does not allow description of 
penetrations and ducts, or the phenomena associated with them. These 
must be treated separately, and are discussed in Section 5.1.6.3.
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ZONE COMPOSITION THICKNESS (METERS)
1 CH AM BER (VCiO; 10.0
2 Ta COATING 0.01
3 Li IN H T -9  T U B E S 0 .1 2
4 HI -9  S T E E L  SUPPORT C.02
5 Li + 4  v/o S T R U C T U R E 0.58
6 G R A PH ITE R E F L E C T O R  + 10  v/o S T R U C T U R E 0.20
7 Li + 4  v/o S T R U C T U R E 0.02
8 S T E E L  S H E L L 0 .0 2 5
9 T H E R M A L  IN SU LA TIO N G.305

10 CO N C R ETE + 5  v/o IRON 1.0
1 1 M A C H IN ER Y  SPA C E 7.7
1 2 C O N C R E T E  + 5  v/o IRON 2 0

J

S 4.1 .5.3-1. Neutronics Vcde! for the Reference 
Peaction Chambe1'-

Arranger-en



4.1.6.4 HEAT REMOVAL SYSTEM

FUNCTION OF SYSTEM

The function of the reactor chamber heat removal system is to remove the 
thermal energy deposited in the f i r s t  wall and the b la r ^ t  from the 
p e lle t microexplosion and to transport the energy to a steam turbine/ 
generator system for power conversion. The f i r s t  wall surface heat flux 
amounts to about 45? of the p e lle t  y ie ld  and the neutron heatings results 
from the remaining of the p e lle t y ie ld . The f i r s t  wall is protected
from the x-ray and the ion debris heat load and p a rt ic le  in teractions 
by a thin coating of tantalum metal. Liquid lith ium  is used as the 
coolant of the f i r s t  wall and the blanket structures as well as the 
tritium  breeding m aterial. A sodium intermediate heat transfer loop is 
u tiliz ed  to separate the primary lithium  loop and the water/steam loop to 
minimize tr itiu m  transfer from lith ium  to water and to avoid possible 
1ithium-water in teraction ,

DESIGN REQUIREMENTS

The design requirements oi the heat removal system are:

• The coolant flow rate must maintain the temperature of the 
f i r s t  wall and the structures to a maximum of 500°C for the 
selected structural material of HT-9 f e r r i t i c  s tee l. The flow 
rates should not be excessive, so that liqu id  metal pumps of 
reasonable sizes can be u tiliz ed .

• The maximum coolant flow ve lo c ity  in a cooling channel is below 
20 m/sec.

• The coolant pressure in the blanket region should be minimized, 
so that the pressure acting on the f i r s t  wall structure is 
acceptable in view of the selected chamber radius of 10 m.

• The coolant operating temperature is to be as high as p ractica l 
to resu lt in a high power conversion cyc le  thermal e ff ic ie n cy  
to assure at least 1UOU MWo of power production.
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Note that the requirements given above are not en tire ly  compatible. For 
example, the maximum allowable structural operating temperature lim its  
how high the coolant ou tlet temperature can be. In order to ra ise  
the coolant in le t  temperature, to increase the power conversion e ff ic ie n cy , 
the coolant flow rate must be increased for a given thermal power input. 
High coolant flow rate resu lts  in high flow channel ve lo c ity  and attendant 
corrosion problems. Trade-offs must then be carried  out to obtain 
compromises, so that the design requirements can be sa tis fied .

SYSTEM DESCRIPTION

The reactor chamber heat removal system consists of three p a ra lle l cooling 
channels: (1) f i r s t  wall tubes; (2) main blanket region and, (3) outer
sh e ll. The f i r s t  wall construction of this reactor design is of the 
“ dry w a ll" concept consisting of c ircu la r  steel tubes. The diameter of 
each tube varies so the tubes can form a spherical shell covering the 
reactor ca v ity . The inner surface of the tubular shell is coated with 
a thin layer of tantalum metal which absorbs the cy c lic  surface heat 
flux spike a fte r  each microexplosion, so that the temperature response 
of the tubes outer wall would be in a nearly steady state pattern. In 
th is conceptual design analysis a steady state condition for the tubes 
and the blanket was assumed. The liqu id  lith ium  coolant flow rates in 
the three channels were sized to lim it the maximum temperature in the 
structures to about 500°C. A schematic of the three lithium  flow 
channels used in the analysis model is given in Figure 4.1.6.4-1.
The entrance ports of the laser beams are located on the two ends of the 
horizontal axis of the chamber. The coolant in le t  and outlet manifolds 
are located outside the beam ports. The manifolds are c ircu la r  rings 
connected to the channels by feeder tubes. The ha lf cone angle of the 
beam port opening on each side of the chamber is 19°. With these two 
openings the f i r s t  wall and blanket area coverage is reduced to about 
94.5% of the to ta l in te r io r  area of the chamber (the other penetrations 
and p e lle t in jec tio n  port are assumed to be small compared to the chamber 
a rea ). The incident heat flux directed toward the beam duct openings 
w il l  thus be deposited on the duct walls and the other hardware outside
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Figure 4,1.6.4-1. Heat Removal System of the Reactor Chamber



the chamber. This portion of thermal energy was not included in the heat 
removal systems for power conversion, but might be recovered and u t iliz e d  
for other purposes in the power plant.

The thermal power d is tr ib u tio n  on the various components of the f i r s t  
wall and the blanket as obtained from neutronic ca lcu la tions  (see 
Section 4 .1 .6 .3 ) is  shown in Table 4.1.6.4-1. With a to ta l of 3500 
MWt thermal power from the reference design p e lle t , the net f i r s t  wall 
surface heat load due to x-ray and ion debris is 0.45 x 3500 x .945 - 
i'489 MWt while the net neutron thermal power deposited in the structures 
and lith ium  is 2811 MWt because the blanket power m u ltip lica tion  is 1.54.
The to ta l heat to be removed by the cooling system is th e re fo re» 4300 MWt.

The thermal and hydraulic design parameters of the heat removal system 
are shown in Table 4.1.6.4-2. The lith ium  coolant in le t  temperature 
was selected to be 300°C. The tota l lith ium  flow rate required to main­
tain  the maximum structu ra l temperature to the allowable l im it  of 500°C

3
is about 30 m /sec. (475,000 gpm). For th is conceptual design study a 
four loop heat transport plant was selected with each loop having two 
pumps. The flow rate in each pump is hence 3.75 m /sec. (59,400 gpm).
A pump of th is capacity is well w ithin present liqu id  metal pump 
technology. The time averaged surface heat load from the p e lle t  x-ray
and debris amounts to about 1/^ of the to ta l thermal power which is equiv-

2
alent to a surface heat flux of 1.25 MW/m for the 10 m radius chamber. With 
th is heat flux the f i r s t  wall tube thickness must be thin to reducc Liie 
temperature drop across the tube w a ll. The tube wall thickness of the 
present f i r s t  wall design is  0.18 cm. The resu lting  average temperature drop 
across the wall is 87°C. Since the tubes are heated from the front h a lf  on ly, 
the temperature d ifference across the tube diameter is 129°C. With these 
temperature gradients the thermal stresses were found to be sa tis fa c to ry .

In order to keep the coolant pressure in the reactor chamber low, the liq u id  
pumps are to be located at the hot leg of the primary loop.
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TABLE 4.1.6.4-1 

FIRST WALL AND BLANKET THERMAL POWER DISTRIBUTIONS

F ir s t  wall and blanket coverage = 0.9455 of to ta l spherical area 

Total p e lle t  fusion power = 3500 MWt 

Blanket Power m u ltip lica tion  = 1,54

Full Coverage 94.55% Coverage 

F ir s t  Wall Surface Power 1575 1489

Tantalum Coating 297 281

F ir s t  Wall Zone: Lithium 703 665

Tubes 45 43

F irs t  Wall Support Shell 210 199

Blanket Zone: Lithium Main Channel 1405 1328

Lithium Outer Channel 40 38

Structures 113 107

Graphite Reflecto r and Structures 130 122

Chamber Outer Shell 30 28

Tota l, MWt 4548 4300
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THERMAL AND HYDRAULIC PARAMETERS OF THE FIRST WALL AND 
BLANKET HEAT REMOVAL SYSTEM WITH LASER DRIVER

TABLE 4.1.6 .4-2

Chamber radius, m 10

P e lle t  Fusion Power, MWt 3500

Percent X-Ray and Ions/Neutron, %H- 45/55

F ir s t  Wall Surface Power, MWt 1489

Neutron Thermal Power, MWt 2811
(blanket m u ltip lica tion  - 1.54)

Total Thermal Power, MWt 4300

Structural Material HT-9 Steel

Maximum Structura l Design Temperature, °C 500

Lithium Coolant In le t  Temperature, °C 300

Lithium Flow Rates:

F ir s t  Wall Tubes, m^/sec. ( gpm) 16.5 (261,000)

Blanket, m'Vsec, (gpm) 13.5 (214,000)

Total Lithium Flow Rate, m3/sec. ( gpm) 30.0 (475,000)

Lithium Temperature Rise:

F ir s t  Wall Tubes, °C 72.5

Blanket, °C 64.5

Lithium Mixed Mean Outlet Temperature, °C 369

Max 1 mum Lithium Flow V e lo c ity , (a F ir s t  Wall Tube
Ends, m/sec. 17.8

Temperature Drop Across Tube W all, °C 87

Temperature D ifference Across Tube Diameter, °C 129
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TABLE 4 .1 .6 .4-2 (CONT'D)

L ith iu m  C o o la n t  I n l e t  P r e s s u r e  MPa, abs . ( p s i a )  0 .45 (65 )

L i th iu m  C o o la n t  P r e s s u re  Loss Across  F i r s t  W a l l /

B la n k e t  C h a n n e ls ,  MPa ( p s i )  0 .27 (39 )

L i th iu m  P r im a ry  Loop Hot Leg Tem p era tu re ,  °C  369

L ith iu m  P r im a ry  Loop Cold Leg Tem pera tu re ,  °C  300

Sodium Seco n d a ry  Loop Hot Leg Tem pera tu re ,  °C  363

Sodium Seco n d a ry  Loop Cold Leg Tem p era tu re ,  °C  272

T o ta l  Sodium Flow R a te ,  m 'Vsec .  (gpm) 41.40 (656,000)

Steam Power C on vers ion  System

Steam P r e s s u r e ,  MPa abs. ( p s i a )  7.24 (1 ,05 0 )

Steam Tem p era tu re ,  °C  358

Es t im a te d  Gross C yc le  Thermal E f f . , % 36.4

Gross E l e c t r i c  Power O u tp u t ,  MWe 1565

Power C onsum ptions :

L a s e r  D r i v e r ,  MWe 200.0

L i th iu m  Loop, MWe 24

Sodium Loop, MWe 48

Vacuum Pumps, MWe 4 .0

T r i t i u m ,  P e l l e t  & Radwaste  Systems ^

P l a n t  A u x i l i a r y  Power, MWe ^6

T o ta l  Power Consumption, MWe 358

Net E l e c t r i c  Power O u tp u t ,  MWe i207

O v e ra l l  P l a n t  C onvers ion  E f f i c i e n c y ,  % 28.1

R e c i r c u l a t i o n  Power F r a c t i o n ,  % 22.9
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The l i t h i u m  p re s s u re  d i s t r i b u t i o n s  in the f i r s t  w a l l  and the b la n k e t  

channe ls  a re  shown in F ic ju re  4 .1 ,6 .4 - 2 .  In the f ig u r e  the p re s s u re  

d i f f e r e n c e  above the  p re s s u re  a t  the o u t l e t  m a n ifo ld  was p lo t t e d .  The 

p re s s u re  g r a d ie n t s  in c lu d e d  the f r i c t i o n a l  lo s s e s ,  e l e v a t i o n  and f lo w  

area  changes and the e n t ra n c e  and e x i t  lo s s e s ,  The o v e r a l l  p re s s u re  

lo ss  a c ro s s  the  f i r s t  w a l l  channel is  about. 0 .27 Mpa (39 p s i )  and th a t  

a c ro s s  the b lanket, channel is about 0.014 MPa (2 p s i )  wh ich  i s  sm all com­

pared to th a t  a c ro s s  the tub es .  The co o lan t  f lo w  to the b la n k e t  ch an ne ls  

would have to be o r i f i c e d  to drop the channe l i n l e t  p re ssu re  to the le v e l  

shown in the f i g u r e .  S in c e  the l i t h iu m  f lo w  is a x i a l l y  sym m etr ic  w ith  

r e s p e c t  to the h o r iz o n t a l  a x is  o f  the chamber, the e f f e c t  o f  e l e v a t i o n  

change on the c o o la n t  p re s s u re  is  riot the same a t  a l l  p lanes  th rough the 

a x i s .  The p re s s u re  p r o f i l e s  a long  the th ree  m ajor f lo w  d i r e c t i o n s  on the  

v e r t i c a l  and the  h o r iz o n t a l  p lan es  o f  the chamber' a re  shown in  F ig u re

4 .1 .6 ,4 - 2 .  The d i f f e r e n c e  in  shape is s m a l l ,  t h e r e fo r e  we can use the 

top cu rve  f o r  d es ign  purposes .

The s e l e c t i o n  o f  the o p e ra t in g  p ressu re  le v e l  fo r  the l i t h iu m  f low  loop 

depends on the ne:. p o s i t i v e  s u c t io n  head (Nf’SlH re q u ire d  to  o p e ra te  the 

l i t h iu m  pumps and the; c o o la n t  p re s su re  r e q u i r e d  in s id e  the b la n k e t  main 

c o o la n t  ann u lus  to a l l e v i a t e  the 'Jierma I s t r e s s e s  in  the f i r s t  w a l l  

support  s h e l l .  For t h is  r e f e r e n c e  p o in t  d es ig n  the c o o la n t  p re s s u re  a t  

the channel e x i t  was s e l e c t e d  to be 0.172 MPa abs . (25 p s i a ) .  T h is

r e s u l t s  in  a maximum coo lant, p re ssu re  in s id e  the tubes o f  0.448 MPa abs.

(65 p s i a )  and in s id e  the main b la n k e t  channel of 0.221 MPa abs. (30 p s i a ) .

These a re  the des ign  p re s s u re s  fo r  s t r u c t u r a l  des ign  o f the  f i r s t

w a l l  and b lanket,  sys tem s. 1 ho p ressu re  d i s t r i b u t i o n s  in the  p r im a ry  

l i t h iu m  loop  and the second ary  sodium loop a re  d is cu ssed  in  the  d es ign  

o f  the b a l a n c e - o f - p la n t .

4-88



PR
ES
SU
RE
 
DI
FF
ER
EN
CE
 
(M
Pa
)

FRACTIONAL DISTANCE FROM INLET (X/L)
615691-1A

Figure 4. 1.6 .4-2. Lithium Pressure P ro file s  in F irs t  Wall 
and Blanket Cooling Channels

4-89

PR
ES

SU
RE

 
D

IF
FE

RE
NC

E 
(P

SI
)



540

520

500

480

460

440

420

400

380

360

340

320

300

280

260

gure

FRACTIONAL DISTANCE FROM INLET, X/L

1 .6 .4 -3 ,  Tem perature  D i s t r i b u t i o n s  in the F i r s t  W a l l  and 
H eat Removal System  Comoonents and S t r u c tu r e s

4-90



The tem peratu re  p r o f i l e s  a long the c o o la n t  ch an n e ls  a re  shown in  F ig u re

4 . 1 .6 .4 - 3 .  The maximum m a te r ia l  tem p era tu re  o f  the  f i r s t  w a l l  tu b e s ,  

the tubes support s h e l l  and the chamber o u te r  s h e l l  a re  a t  o r  n ea r  ttie 

a l lo w a b le  l i m i t  o f  500°C. The g r a p h i t e  r e f l e c t o r  peak tem p e ra tu re  i s  

below 500°C. The l i q u id  l i t h iu m  c o o la n t  tem p e ra tu re s  a r e  a l s o  shown in  

the f i g u r e .  The mixed moan l i t h i u m  o u t l e t  tem p era tu re  i s  369°C.

The thermal param eters  o f  the sodium secondary  loop and the steam tu r b in e  

powsr co n ve rs io n  c y c le  a re  a ls o  shown in  Tab le  4 .1 .6 .4 - 2 .  The g ross  e l e c ­

t r i c  ou tput o f  t h i s  p la n t  des ign  is  1565 MWe. The t o t a l  power consumption

w ith  the la s e r  d r i v e r  is  358 MWe, so th a t  the n e t  e l e c t r i c  power o u tp u t  

is  1207 MWe. The o v e r a l l  p la n t  c o n v e rs io n  e f f i c i e n c y  i s  28.1% and the

r e c i r c u l a t i o n  f r a c t i o n  is  22.92.

The thermal power d ep os ited  in  the in s u l a t i o n  and c o n c r e t e  v e s s e l  o u t ­

s id e  the r e a c t o r  c a v i t y  amounts to about 60 MWt. S in c e  the  maximum 

s tead y  s t a t e  o p e ra t in g  tem pera ture  o f  a r e in fo r c e d  c o n c r e te  con ta inm ent  

v e s s e l  i s  on the o rd e r  o f  200 °C , the  c o o la n t  tem p e ra tu re  w i l l  be low er  

than 200CC which is  too low to be in c lu d e d  in  the r e a c t o r  hea t  removal power 

c o n ve rs io n  system. A s ep a ra te  c o o l in g  looo us ing  a i r  o r  he l ium  gas 

can be used to  cool the v e s s e l .  The hea t  cou ld  be d isp o se d  o f  in  the 

c o o l in g  tower o r  u t i l i z e d  fo r  o th e r  purposes in  the p la n t .
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4.1.6 . 5 VACUUM SYSTEM

FUNCTION

The f u n c t io n  o f  th e  vacuum system  i s  to  remove from the  r e a c t io n  chamber 

any  a d d i t i o n a l  gaseous m a te r i a l  in t r o d u c e d  d u r in g  a s in g le  p e l l e t  burn .

DESIGN REQUIREMENTS

The 3rnbient p re s s u re  in s id e  the vacuum chamber and d r i v e r  e n t ra n c e  d uc ts  

must be m a in ta in e d  a t  th e  p r e s c r ib e d  v a lu e s  p r i o r  to  each r e p e t i t i v e  sh o t .  

Any g a s e c j s  w as te  must be p r o p e r ly  d is c h a rg e d  to the w aste  h an d l in g  system . 

In  a d d i t i o n ,  p r o t e c t io n  o f  the  f i n a l  f o c u s in g  l a s e r  m i r r o r  s u r fa c e s  from 

chamber d e b r is  must be co m p a t ib le  w i th  th e  vacuum system  d es ign .

The vacuum system  must m a in ta in  a xenon b u f f e r  gas p re ssu re  o f  a p p ro x i ­

m a te ly  0.1 T o r r  ( e v a lu a t e d  a t  300K) in  the r e a c t io n  chamber a minimum o f  

once e v e r y  100 ms. A l l  o th e r  gases in  the  chamber must have a p a r t i a l  

p r e s s u re  sm all compared to the b u f f e r  gas p re s s u re .  I t  i s  assumed t h i s  

" d e b r i s "  p a r t i a l  p r e s s u re  i s  m a in ta in e d  a t  0.01 T o r r .  The gas removal 

sys tem  i s  " c l o s e d , "  t e r m in a t in g  a t  the  b eg in n in g  o f  the w aste  p ro c e ss in g  

sys tem . M i r r o r  p r o t e c t io n  r e q u i r e s  t h a t  none, o r  an amount small enough 

not to  a f f e c t  m i r r o r  p e rfo rm ance ,  o f  the  d e b r is  from the r e a c t io n  chamber 

i s  a l lo w e d  to  accu m u la te  on the m i r r o r  s u r f a c e s .

DESIGN DESCRIPTION

T a b le  4 .1 .6 .5 - 1  d e s c r ib e s  the  param ete rs  o f  the vacuum system and F ig u re

4 .1 .6 .5 - 1  i s  a s ch e m a t ic  o f  the  same. B a s i c a l l y ,  the system  in v o lv e s  a 

group o f  12 Roots b lo w ers  (m echan ica l  b o o s te r  pumps), backed by an a p p ro ­

p r i a t e  a r r a y  o f  b ack in g  pumps which  exhau s ts  the p e l l e t  d e b r is  from the 

vacuum chamber between sh o ts .  The gas i s  exhausted  through the main beam 

d u c ts .  Seco nd ary  d u c ts  connect  the  main d u c ts  <n'th the  pumps, Xe gas 

f lo w  from  the  m i r r o r s  to  the  pumps p ro v id e s  p r o t e c t io n  o f  the  m ir r o r s  from 

chamber d e b r is  by c o u n te r in g  d i f f u s i o n  o f  the  d e b r is  toward the m i r r o r s .  

The f i r s t  w a l l  i s  u t i l i z e d  as a co n d e n sa t io n  pump f o r  the  gaseous tan ta lu m  

in  th e  sys tem .
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TABLE 4 .1 .6 .5 - 1  

VACUUM SYSTEM PARAMETER L IS T  FOR THE LASER DRIVEN REACTOR

• Rep Rate

• Chamber P r e s s u re

• Chamber Rad ius

• Chamber Volume

i  W a l l  S u r fa c e  Tem perature

• Time Averaged Gas Tem perature

• B u f f e r  G a s/ D e n s ity

$ O p e ra t in g  D eb r is  D e n s ity

• Per  Shot P a r t i c l e  Load

» E f f e c t i v e  P a r t i c l e  Mass

• S in g le  Shot D eb r is  D e n s i t y  R ise

« Pump Speed a t  Chamber

• E f f e c t i v e  F i r s t  W a ll  Pumping Speed 
f o r  Ta

• Ta F i l t e r  S a t u r a t io n  Time

• P r im a ry  Vacuum Pump

• Number o f  P r im a ry  Pumps

• P r im a ry  Pump S iz e

• Pumping Power

• Pump Speed f o r  M i r r o r  P r o t e c t io n

• Back in g  System

10 Hz

1 0 '1 T o r r  @ 300K

1000 cm

-3.2 x 109 cm3

800 °K

832 °K

Xenon/3.2 x 1015 cm"3

3.2 x 1014 cm"3

1.9 x 1 0 ^  p a r t i c l e s

14.6 amu

0.1%

5.9 x 104 ?./sec

1.2 x 10^ £/sec

^ 2 weeks

104 ?./sec - Roots B low ers  

12

1.5 m x 2 .0  m x 3.2 m

1.0 MW

2.3  x 103 st/sec
3

One - 10 fc/sec Roots b lower

One - 250 ?,/sec R o ta ry  f o r  each

p r im ary  pump
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The system  o p e ra t io n  in v o lv e s  con t inu ou s  o p e r a t io n  o f  the vacuum pumps.

The pumps work a t  a c o n s ta n t  speed w h i le  th e  gas b u rs ts  due to  the 

p e l l e t  burns impose a c y c l i c  c h a r a c t e r i s t i c  on the  chamber p re s s u re .  The 

pumps a re  s iz e d  to  a lw ays  r e tu r n  the p re s s u re  to  about 0.1 T o r r  b e fo re  

the b e g in n in g  o f  a sh o t .  The Ta in  the  p e l l e t  condenses on the  f i r s t  w a l l  

w h i le  a p p ro x im a te ly  5% is  sucked through th e  vacuum ducts  and towards the 

pumps where t h a t  Ta which  does no t  p l a t e  ou t  on the  d u c t  w a l l s  i s  trapped  

by a Ta f i l t e r  b e fo re  r e a c h in g  the pumps. The n oncond en s ib les  f lo w  

through the  t r a p s  and a re  passed on to the  gaseous r e c o v e r y  system  v i a  a 

b u f f e r  tank a t  a tm osp h er ic  p re s s u re .  Xenon gas which  i s  drawn ou t  through 

the pumps i s  re co ve re d  and c o n t in u o u s ly  b led  back in to  the chamber to 

m a in ta in  the  one-ten th  T o r r  o f  Xe in  the chamber as a b u f f e r  gas.

Recovery  o f  the Ta which has p la te d  ou t on the  f i r s t  w a l l  i s  accom plished  

w ith  the a id  o f  a s p e c ia l  p e l l e t  which e v a p o ra te s  many t im es the amount o f  

Ta d e p o s ited  by a r e g u la r  p e l l e t .  About 9b% o f  t h i s  e va p o ra te d  Ta recon- 
denses on the f i r s t  w a l l ;  a p p ro x im a te ly  5% o f  t h i s  amount passes  in to  the 

vacuum ducts  and e i t h e r  p la t e s  ou t on the d u c t  w a l l s  o r  i s  caught up in  

the Ta f i l t e r s .  The a c cu m u la t io n  o f  Ta on the  f i l t e r s  makes i t  n e c e s sa ry  

to r e p la c e  the  f i l t e r s  about once e v e r y  few weeks. T h is  i s  a ccom p lished  

by rem o te ly  v a l v in g  in  a p a r a l l e l  f i l t e r  and removing the s a tu r a t e d  

f i l t e r  f o r  Ta r e c o v e ry .  Th is  p rocedure  need not in v o lv e  r e a c t o r  shu t 

down.

To p r o te c t  the  f i n a l  fo c u s in g  m ir ro r s  o f  the  l a s e r s ,  Xe gas i s  b le d  in to  

the beam tu n n e ls  a t  about 0 .3  T o r r .  T h is  gas f low s  towards the chamber 

where i t  i s  removed by the vacuum pumps. The f lo w  o f  gas d i s p la c e s  the  

f lo w  o f  d i f f u s i n g  p e l l e t  d e b r i s ,  e f f e c t i v e l y  s to p p in g  the  d e b r is  f a r  in  

advance o f the  m ir r o r  p o s i t i o n  (a p p ro x im a te ly  7 m eters  b e fo re  the  m i r r o r s ) .

SYSTEM OPERATION
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4 .1 .6 .6  TR IT IUM HANDLING SYSTEM 

FUNCTIONS

The fu n c t io n s  o f  the t r i t i u m  h an d l in g  system , which  1s p r im a r i l y  a 

chem ica l p ro c e s s in g  com plex, in c lu d e :

t  S t o r in g  the  f u s i l e  f u e l  i n v e n t o r i e s ,  in c lu d in g  any excess  bred 

t r i t i u m .

• S u p p ly in g  deuter ium  and t r i t i u m  to the  p e l l e t  f a c t o r y .

• P ro c e s s in g  the rn lc roexp lo s ion  d e b r is  to  r e c o v e r  and r e c y c l e  the 

r e s id u a l  f u s i l e  f u e l s  and r e a c t o r  chamber I n e r t  gas ,  and e l im in ­

a te  the  im p u r i t i e s  and fu s io n  genera ted  he lium  (H e-4 ).

• E l im in a t in g  the p ro t ium  from the mixed hydrogen Is o to p e  stream  

re c o v e re d  from the  m ic ro e x p lo s io n  d e b r i s .

• A d ju s t in g  the is o to p e  mixes o f  the f u s i l e  f u e l s  r e co ve re d  by 

p ro c e ss in g  the m ic ro e x p lo s io n  d e b r is  and su p p ly in g  th ese  to  the 

p e l l e t  f a c t o r y .

• A b s t r a c t in g  the t r i t i u m  bred in  the l i t h i u m  f lo w in g  through the 

b reed in g  b la n k e t  and hea t  t r a n s p o r t  modules.

• H o ld ing  the escape o f  t r i t i u m  in to  the f a c i l i t y  and in to  the  

env iron m en t  to  a c c e p ta b ly  low l e v e l s .
i

t  P r o v id in g  t r i t i u m  t r a p p in g  c a p a b i l i t y  to  in s u re  con ta inm ent

i n t e g r i t y  in  the  e v e n t  o f  em ergencies such as power o r  c r y o g e n ic  

system  f a i l u r e s  or lo s s  o f  vacuum.

• P r o v id in g  adequate p a r a l l e l  f lo w  path  and v i t a l  equipment 

red u nd an c ies  to ensure  o p e r a t io n a l  c o n t i n u i t y  o f  the f a c i l i t y  

in  th e  e v e n t  o f  p rocess  equipment m a l fu n c t io n s .

• C o l l e c t i n g  the bu lk  o f  the He-3 genera ted  by r a d io a c t i v e  decay 

o f  t r i t i u m ,  h an d l in g  i t  as a " s p e c ia l  n u c le a r  m a t e r i a l . "

• R e c o n s t i t u t in g  and r e c y c l i n g  t r i t i u m  t h a t  has been co n ve rted

in to  t r i t i a t e d  w a te r  by the m ic ro e x p lo s io n  d e b r is  p ro c e ss in g  o p e ra t io n s .

The f u n c t io n s  do not in c lu d e  the  h a n d l in g / p ro c e s s in g / re c o v e ry  o f  the heavy 

m eta l c o n te n t  o f  the  p e l l e t s  which  o p e ra t io n s  a re  the r e s p o n s i b i l i t y  o f  

Radwastfi H a n d l in g  o r  d is p o s a l  o f  o th e r  "h o t  m a t e r i a l s "  which o p e ra t io n s  a re  
th e  r e s p o n s i b i l i t y  o f  R a d io a c t i v e  Waste H and ling  (a Ba lance  o f  P l a n t  sub sys tem ).
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F u l f i l l i n g  the  a fo rem en t ion ed  fu n c t io n s  d i c t a t e s  t h a t  th e  t r i t i u m  h an d l in g  

complex com prise  seven  subsystem s, o p e ra te d  in  in te r c o n n e c te d  f a s h io n ,  

h a v in g  the des ign  req u irem en ts  enumerated below.

T r i t iu m  S to rage

• P ro v id e  compact, u l t r a - s a f e ,  f l e x i b l e  bu lk  s to ra g e  f o r  a l l  on­

s i t e  t r i t i u m  in v e n t o r y ,  w i th  b u i l t - i n  means f o r  m a in ta in in g

t r i t i u m  high p u r i t y .

• S to rage  c a p a b i l i t y  must accomodate: (1 )  a l l  fu e l  r e q u i r e d  f o r

p la n t  s t a r tu p  and " p i p e - l i n e  f i l l , "  (2 )  s teady  s U t e  o p e ra t io n

t r i t i u m  c o n te n t  in  the p regnan t l i t h i u m  s tream , ( 3 )  p e l l e t  

f a c t o r y  nominal s u p p l i e s ,  and (4 )  a ccu m u la t io n  ‘o f  excess  bred 

t r i t i u m ,  a p p ro x im a te ly  25% in  excess  o f  doub ling  o f  the p la n t  

s t a r tu p  re q u ire d  in v e n t o r y ,  amounting in  t o t a l  to  150 f u l l  

o p e ra t in g  d a ys '  w orth  o f ' t r i t i u m  i n j e c t e d  in  the  p e l l e t s .

• S to rage  subsystem must c o n s i s t  o f  m u l t ip l e  u n i t s  f o r  reasons  

o f  s a f e t y  and o p e ra t in g  f l e x i b i l i t y ;  c a p a b i l i t y  must e x i s t  f o r  
s im u lta n e o u s ly  d is p e n s in g  and r e c e i v in g  t r i t i u m .

• Design must in c o rp o ra te  means f o r  s e p a ra t in g  and c o l l e c t i n g  He-3 

genera ted  v ia  t r i t i u m  r a d i o a c t i v e  d e cay ;  decay amounts to  5.45% 

pe r  y e a r .

Deuterium S to rage

• P ro v id e  bu lk s to ra g e  o f  a l l  o n - s i t e  deu te r ium  su p p ly  in v e n to r y

in  h ig h ly  compressed gaseous form , in  amounts adequate  f o r  p e l l e t  

f a c t o r y  needs.

• Deuter ium , w hich  i s  to  be p rocu red  from a commercial s u p p l i e r ,  

i s  s to re d  o n - s i t e  in  p la n t  d e d ic a te d  tube t r a i l e r s  which  a re  

m an ifo lded  to  the  d isp e n s in g  l i n e s .

• A m u l t i p l i c i t y  o f  tube t r a i l e r s  i s  r e q u i r e d  to  a l l o w  f o r  p la n t  

o p e ra t in g  c o n t i n u i t y  when one o f  the  d e p le te d  t r a i l e r s  i s  in  

t r a n s i t  f o r  r e f i l l i n g .

DESIGN REQUIREMENTS
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The m ic ro e x p lo s io n  d e b r is  w i l l  c o n s i s t  o f  a host o f  m a t e r i a l s ,  tha  

p r i n c i p a l  ones be ing  H2 , Dg > T2 , He-4, HD, HT, DT, H^O, C02 , Xe,

S iC ,  S iH ^ ,  CgH^» S i0 2 , Ta among o t h e r s .  The u n d e r ly in g  d es ign  r e q u i r e ­

ments f o r  t h i s  subsystem  in c lu d e  a sequence o f  s tep s  and p r o v i s i o n s :

• S e p a ra t in g  ou t  the  p a r t i c u l a t e s  t h a t  may by-pass th e  vacuum system 

o r  t h a t  a re  g e n e ra te d  d u r in g  p ro ce ss in g  the  d e b r i s ,  m a in ly  S iC  

and S i0 2 -

• Removing the  r e a d i l y  c o n d e n s ib le  components ( CO^, C2H2 , S iH ^ »

H20 ) and r e c o v e r in g  t h e i r  co n ta in e d  D and T.

• Removing the  r e s id u a l  m inor im p u r i t i e s  (CO, H2S , NH3> PH^, AsH3 , 

H2n+2 > e t c . )  c a r r i e d  in  the  n o n - co n d e n s ib le s ,  g e n e ra t in g  a 

s tream  c o n s i s t in g  o f  the e lem ents  H, D, I ,  He-4, He-3, and Xe.

• S e p a r a t in g  the  hydrogen is o to p e s  (H ,  D, T ) from the  r a r e  gases 

(He-3, He-4, X e ) .

• R e c y c l in g  the bu lk  o f  the Xe back to  the r e a c t io n  chamber.

• D is p a tc h in g  th e  o f f- g a s e s  gene ra ted  to  th e  Second ary  P ro c e s s in g  

Subsystem  f o r  e l im in a t io n / r e c o v e r y  o f  the  con ta in e d  t r i t i u m .

• D is p a tc h in g  the p u r i f i e d  hydrogen is o to p e  s tream  to  the  H is o to p e  

mix ad jus tm en t f a c i l i t y  (C ry o g e n ic  D i s t i l l a t i o n  Su b sys tem ).

• P r o v id in g  seco n d a ry  con ta inm ents  about the p ro ce ss in g  equipment

to  m in im ize  T escape  to the p la n t  o r  e n v iro n m en t,  in c lu d in g  dynamic 

i n e r t  b u f f e r  gas f lo w  through the con ta inm ent  a n n u l i ,  wh ich  gases 

a re  d is p a tc h e d  to  th e  atm osphere c le anu p  u n i t s  o f  th e  P ro c e s s in g  

Atmospheres D e t r i t i a t i o n  Subsystem .

P ro c e s s in g  Atmospheres D e t r i t i a t i o n

The dynamic i n e r t  c o v e r  gases (He o r  A r )  t h a t  sweep th rough  the  seco n d a ry  

and t e r t i a r y  con ta inm en ts  around the  p ro c e s s in g  equipm ent ( i n c lu d in g  T 

s to ra g e  u n i t s  and T emergency dump f o r  the  C ryo g en ic  D i s t i l l a t i o n  

Complex) a re  c o n t in u o u s ly  d e t r i t i a t e d  in  c lo se d  loop f a s h io n  by the  
c le a n u p  u n i t s  o f  t h i s  subsystem , down to  l e v e l s  a t  o r  be low  MPC

Debris Prim ary P rocess ing
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(5 x 10”  pCi/cm ) a t  the c le a n u p  u n i t  d is c h a r g e .  Any t r i t i a t e d  w a te r  

gene ra ted  by th e se  o p e ra t io n s  i s  c o l l e c t e d  and d is p a tc h e d  to  th e  e l e c ­

t r o l y z e r  o f  the  Secondary  P ro c e s s in g  Subsystem f o r  r e c o v e r y / r e c y c l e  o f  

the  co n ta in e d  T.

Secondary  P ro c e s s in g

The Secondary  P ro c e s s in g  Subsystem  i s  a m u lt ip u rp o se  complex t h a t  f u l ­

f i l l s  the f o l lo w in g  d es ig n  re q u ire m e n ts :

• D e t r i t i a t e s  a l l  o f  the o th e r  gas stream s i n c lu d i n g :  He-3 g e n e ra te d

by r a d i o a c t i v e  decay o f  in - s to r a g e  T; He-4/He-3 g en e ra ted  in  th e  L i

o f  the T b reed in g  sys tem ; o f f- g a s  stream  o f  the H - iso top e  mix

ad jus tm en t o p e r a t io n s ;  0^ s tream  gene ra ted  by th e  t r i t i a t e d  w a te r  

e l e c t r o l y z e r ;  i n e r t  gas sweep through the s eco n d a ry  con ta inm en ts  

f o r  the  h ea t  t r a n s p o r t  sys tem ; a l l  o th e r  o f f- g a s e s  p r i o r  to  c o l l e c ­

t io n  o f  th ese  f o r  m o n i to r in g ,  ho ldup , and d is c h a r g e  to  the  e n v i r o n ­

ment.

• C o l l e c t s  and s to re s  the bu lk  o f  the  He-3 g e n e ra te d  by f a c i l i t y  

o p e r a t io n s .

• C o l l e c t s  a l l  t r i t i a t e d  w a te r  gene ra ted  by f a c i l i t y  o p e r a t io n s ,

d is p a tc h in g  r e c la im a b le  l e v e l  l i q u id s  to  th e  e l e c t r o l y z e r  and low 

l e v e l  l i q u id s  to the f a c i l i t y  r a d io a c t i v e  w aste  system  (b a la n c e  o f

p la n t  o p e r a t io n )  f o r  holdup o r  d is p o s a l .

• E l e c t r o l y z e s  the r e c la im a b le  l e v e l  t r i t i a t e d  w a te r ,  d is p a t c h in g  the  

H-D-T ca thode  p rod uc t  s tream  to the  H - iso to p e  mix ad ju s tm en t  f a c i l i t y .

Hydrogen Is o to p e  Mix Ad justm ent

The main d es ign  req u irem en ts  f o r  t h i s  subsystem a r e :  (1 )  a d ju s t in g  the 

i s o t o p i c  mix o f  the  D and T re c o v e re d  from the  m ic ro e x p lo s io n  d e b r i s ,  

in  c o n fo rm it y  w i th  th e  com p os it ion  needed a t  th e  p e l l e t  f a c t o r y ,  and 

(2 )  e l im in a t in g  p ro t iun i from the v a r io u s  feed s  to  the H is o to p e  mix 

ad jus tm en t  f a c i l i t y .  Because o f  d i f f e r e n c e s  in  th e  d i f f u s i o n  r a t e s  o f  

D and T through the  fu e l  e n c lo s in g  ca p su le  o f  a p e l l e t ,  th e  p r i n c i p a l  

p rod uc t  o f  t h i s  subsystem i s  a 55 a/o T :45 a/o D m ix tu r e .  To p ro v id e  f o r
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o p e r a t io n a l  f l e x i b i l i t y  a t  th e  p e l l e t  f a c t o r y  tow ard  p rod uc ing  p e l l e t s  

h av in g  a 1:1 D : T makeup* t h i s  f a c i l i t y  a l s o  p r o v id e s  sm all p rod uc t  

s tream s o f  e s s e n t i a l l y  pure D and T. The w as te  p ro d u c t  s tream  c o n ta in s  

the p ro t ium  fed  to  the  f a c i l i t y  a long  w ith  sm all amounts o f  D.

Bred T r i t iu m  A b s t r a c t io n

As d e t a i l e d  in  the s e c t io n  on B la n k e t  and S h ie ld  N e u t r o n ic s ,  t r i t i u m  is  

bred in  the  l i q u i d  l i t h iu m  f lo w in g  through the  b ree d in g  b la n k e t  and heat 

t r a n s p o r t  sys tem s. The b reed ing  r e a c t io n s  a l s o  g e n e ra te  equal a tom ic 

amounts o f  He-4 and T. A d d i t i o n a l l y ,  the  c i r c u l a t i n g  L i w i l l  c o n ta in  

He-3 r e s u l t i n g  from r a d i o a c t i v e  decay o f  T and sm all amounts o f  v a r io u s  

c o r r o s io n - e ro s io n  p ro d u c ts ,  in c lu d in g  a c t i v a t i o n  and decay d aug h te r  
n u c l id e s  o f  th e se .

A t p la n t  s t a r t u p  the c i r c u l a t i n g  L i  w i l l  be v i r g i n  m a t e r i a l .  R e a c to r  

o p e r a t io n  w i l l  c r e a t e  T which  w i l l  be a c c u m u la t in g  i n i t i a l l y  up to  a 

p o in t  where the  T le v e l  a t t a i n s  the  d e s ig n - p o in t  s te a d y  s t a t e  v a lu e ,  a t  

which  t im e  the  Bred T r i t iu m  A b s t r a c t io n  Subsystem  w i l l  s t a r t  t r e a t i n g  

the  p regn an t  L i  on a c o n t in u in g  b a s is .

Design req u irem en ts  f o r  t h i s  subsystem  in c lu d e  the  f o l l o w in g :

• S u p p ly in g  c a p a b i l i t y  to  a b s t r a c t  the bred T a t  a r a t e  equal to the 

p la n t  b reed in g  r a t e  p lus  adequate  s t r e t c h  c a p a c i t y ,  w h i l e  produc ing  

h igh  p u r i t y  T, f i r>e o f  L i ,  He-4, and He-3.

0 P r o v id in g  c a p a b i l i t y  to d e t r i t i a t e  a l l  o f  the  L i in v e n to r y  o f  the  

b la n k e t  and hea t  t r a n s p o r t  s ys tem s , i f  the  need f o r  t h i s  shou ld  

a r i s e .

• R e co ve r in g  and c o l l e c t i n g  th e  He-4/He-3, f o r  subsequent d is p a tc h in g  

to  a government f a c i l i t y  f o r  i s o l a t i o n  o f  the  s p e c i a l  n u c le a r  

m a te r i a l  He-3.
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In  b a s ic  makeup, the  d es ig n s  o f  th e  T r i t iu m  H and ling  System f o r  both the 

CO,, L a s e r  and Heavy Ion Beam d r i v e r s  a re  i d e n t i c a l .  Q u a n t i t a t i v e l y  th e re  

a re  some d i f f e r e n c e s  in  th e  nominal m a t e r i a l s  th roughput r a t e s  and hence 

des ign  c a p a b i l i t y  and hardware  c o s t  f o r  f i v e  o f  the  seven subsystem s, stem­

ming from the  v a r i a n c e s  in  th e  p e l l e t  co m p o s it io n s  f o r  the  two d r i v e r s  

shown in  T a b le  4 .1 .6 .6 - 1 .

DESIGN DESCRIPTION

TABLE 4 .1 .6 .6 - 1

PELLET COMPOSITION FOR THE DRIVER OPTIONS

P e l l e t  Mass Makeup, m g / p e l le t COg L a s e r Heavy Ion

Carbon 14.7 20.0

Oxygen 16.5 18,6

S i  1 icon 10.5 10.5

Tantalum 9.0 160.0

Hydrogen-Deuter ium -Tri t i  um 4.5 5.5

T o ta l 55.2 214.6

Because  the  b a s i c  d es igns  a re  i d e n t i c a l ,  m agnitudes f o r  subsystem  param eters  

and o th e r  r e l e v a n t  q u a n t i t i e s  f o r  both fu s io n  d r i v e r  o p t io n s  a re  rep o r te d  

in  t h i s  s u b s e c t io n  o n ly .  In a d d i t io n  to  making f o r  t e r s e n e s s ,  t h i s  a ls o  

p ro v id e s  rea d y  comparison o f  system d e t a i l s  f o r  the  two d r i v e r  o p t io n s  

t r e a t e d .

The des igns  o f  the  subsystems com p r is ing  the T r i t iu m  H and ling  System  are  

d i c t a t e d  d i r e c t l y  by some o f  the  param eters  p r e s c r ib e d  f o r  the  p l a n t  o p e ra ­

t i o n .  M agn itudes  o f  th ese  a re  l i s t e d  in  Tab le  4 .1 .6 ,6 - 2 .
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TA8LE 4.1,6.6-2

PLANT PARAMETERS THAT IMPACT ON TRITIUM HANDLING SYSTEM DESIGN

I tem  Magni tu d e

P e l l e t  DT f u s io n  e n e rg y  y i e l d ,  M J/m ic ro e x p lo s io n  350

P u ls e  r e p e t i t i o n  r a t e ,  m ic ro e x p lo s io n s / s  10

T r i t iu m  b ree d in g  r a t i o ,  atoms T c rea ted /a to m  consumed 1,220
by fu s io n

T r i t iu m  in v e n t o r y  in  p e l l e t  f a c t o r y ,  f u l l  o p e r a t in g  30
days worth

T r i t iu m  nominal in v e n to r y  in  s tandby  s to r a g e ,  f u l l  5
o p e ra t in g  days  w orth

T r i t iu m  s to ra g e  subsystem  f u l l  i n v e n to r y  c a p a b i l i t y ,  150
f u l l  o p e r a t in g  days w orth

L i th iu m  c i r c u l a t i n g  c o n te n t  in  t r i t i u m  b reed in g  and heat 4. 7  x 10^
t r a n s p o r t  s y s te m s ,  g atom L i

Mean t r i t i u m  c o n c e n t r a t io n  in  the  c i r c u l a t i n g  l i t h i u m

g atom T/g atom L i 1 .6 x 10 "5
wppm T 7

To the e x te n t  p r a c t i c a b l e ,  the d es ign  uses p ro c e ss in g  schemes t h a t  m in im ize  

moving p a r t s  in  the  i n t e r e s t  o f  a t t a i n i n g  h igh  p la n t  r e l i a b i l i t y  and 

m in im iz in g  need f o r  m a in tenance .  To t h a t  end the  p ro ce ss in g  hardw are  

des ign  in  the  main i s  based on f ix e d  bed typ e  o f  c o n t a c to r s .  T h is  a p p l i e s  

p a r t i c u l a r l y  to  the equipment s p e c i f i e d  f o r  t r i t i u m  s to r a g e ,  m ic ro e x p lo s io n  

d e b r is  p u r i f i c a t i o n ,  bred t r i t i u m  a b s t r a c t i o n ,  c o ld  t ra p p in g  o f  co n d e n s ib le  

compounds, and removal o f  t r i t i a t e d  w a te r  from gas atm ospheres. In t h i s  

k ind  o f  d es ign  approach  the  o v e r a l l  o p e ra t io n  i s  co n t in u o u s ,  a l th o u g h  the  

i n d i v i d u a l  components o p e ra te  on a batch  b a s i s .  T h is  e n t a i l s  the  need f o r  

a p a i r  o f  c o n t a c t o r s ,  one o f  w h ich  i s  in  o p e r a t io n  w h i le  the o t h e r  i s  in  

s ta n d b y  s t a t u s ,  go ing  on s tream  when i t s  tw in  is  removed from the  p ro c e s s ­

in g  f lo w  loop  by re m o te ly  c o n t r o l l e d  v a l v in g  f o r  r e g e n e r a t io n .  A d d i t i o n a l l y ,  

o p e r a t io n a l  c o n t i n u i t y  and s t r e t c h  c a p a b i l i t y  a re  ensured  by augmenting the
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p a i r s  o f  c o n t a c to r s  by a t h i r d  u n i t .  Design c o n s e rva t ism  i s  in c o rp o ra te d  

by in c lu d in g  excess  r e a c t i n g  medium w i t h in  a c o n t a c to r .

In  g e n e r a l ,  t h r e e  c o n t a c to r s  a re  lo c a te d  w i t h in  an Ar in e r t e d  h e r m e t i c a l l y  

s e a le d  s t e e l - l i n e d ,  t h ic k - c o n c r e t e  w a l l  v a u l t .  A c o n t a c to r  c o n s i s t s  o f  an 

in n e r  and o u te r  body, w i th  the  in t e r v e n in g  annu lus  in e r t e d  w i th  a c o n t r o l l e d  

He f lo w .  Counting  the s t r u c t u r e  t h a t  houses the  p ro ce ss in g  equipm ent, 

f o u r  l e v e l s  o f  con ta inm ent a re  p ro v id e d  f o r  tho se  p ie ce s  o f  equipment t h a t  

c o n ta in  s u b s t a n t i a l  amounts o f  t r i t i u m .  Each o f  the c o n t a c to r s  a re  p ro ­

v id e d  w i th  s e t s  o f  r e s i s t a n c e  h e a t e r s ,  rem o te ly  opera ted  v a l v i n g ,  and 

in s t ru m e n ts .  Each t r i p l e t  o f  c o n ta c to rs  i s  p ro v id ed  w ith  gas c o o le r s ,  

emergency p r o t e c t io n  u n i t  ( the rm a l q uench ) ,  and in s t ru m e n ta t io n  to  c o n t ro l  

tem p e ra tu re s  and f lo w  r a t e s .  The an n u l i  He in e r t e d  zones and v a u l t  Ar 

i n e r t e d  volumes a re  m an ifo ld ed  to  a d e d ic a te d  p a i r  o f  c o n t in u o u s ly  o p e ra ted  

a tm o sp h e r ic  d e t r i t i a t i o n  u n i t s ,  v a lv e d  so as to  a l t e r  f lo w  r a t e s  as may be 

r e q u i r e d .

T ab le  4 .1 .6 .G - 3  summarizes the  p ro cess in g  mu-Jes a p p l ie d  in  th e  des ign  o f  

the Fuel H and ling  System. Tab les  4 .1 .6 .6 - 4  and 4 ,1 .6 .6 - 5  p ro v id e  a d d i t io n a l  

d e t a i l s  r e g a rd in g  the  p r i n c ip a l  c o n t a c to r  u n i t  c o n f ig u r a t io n s ,  r e a c t i v e  

metal r e q u ire m e n ts ,  i n t e r n a l  d im ensions o f  the  c o n ta c to r  in n e r  b o d ie s ,  

e x te r n a l  d im ensions o f  the  con ta inm ent v a u l t s  and u n i t  o p e r a t in g  tem pera­

tu r e  ran g e s .

F ig u re  4 .1 .6 .6 - 1  i s  a s im p l i f i e d  f low  schem atic  t h a t  d e l i n e a t e s  the  e q u ip ­

ment hookup and f lo w  sequence f o r  p ro cess in g  the  m ic ro e x p lo s io n  d e b r is ,  

and companion F ig u re  4 .1 .6 ,6 - 2  is  a s im p l i f i e d  f lo w  schem atic  f o r  the bred 

t r i t i u m  a b s t r a c t i o n  o p e r a t io n s .  Not shown on these  a re  schem a tic s  f o r  the 

c r y o g e n ic  d i s t i l l a t i o n  com plex, which in v o lv e s  a fo u r  column a r r a y ,  and a 

t y p i c a l  atmosphere c leanup  system  based on c a t a l y t i c  o x id a t io n  o f  the 

t r i t i u m  and t ra p p in g  the r e s u l t i n g  t r i t i a t e d  w a te r  on m o le c u la r  s i e v e s .
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TABLE 4.1.6,6-3

SUMMARY OF PROCESSING MODES APPLIED FOR FUEL HANDLING

RESERVE FU S ILE  FUEL STORAGE

1. T r i t iu m  

?.. Deuterium

MICROEXPLOSION DEBRIS PROCESSING

1. Removal o f  p a r t i c u l a t e s  ( S iC ,  Ta 

w a l l  s p a l l a t i o n s )

?., Removal o f  c o n d e n s ib le  vapors

( c2h2 , s i h 4 , h2o , c o2 )

Reco very  o f  co n ta in e d  T

3. E l im in a t io n  o f  t r a c e  im p u r i t ie s  

( C , N , S i ,  S , P , A s )

4. S e p a ra t io n  o f He-3, He-4 and 

n o l l e  gases from H iso to p e s

5. F u r th e r  e l im in a t io n  o f  t r a c e  

im p u r i t i e s  to p re v e n t  column 

p lugg ing

6. E l im in a t io n  o f  H, r e c o v e r y  o f

D and T and ad ju s tm en t  o f  D:T mix

Mode

S o l i d i f i e d  on d e p le te d  uranium 

Compressed gas in  t r a i l e r  tubes

M echan ica l s e p a ra t io n  

R e g e n e ra t iv e  c r y o g e n ic  t rap p in g

C a t a l y t i c  o x id a t io n ,  m echanical 

s e p a ra t io n  o f  S i 0 2 , t ra p p in g  o f  

t r  i t  i a ted w a te r  cn m o le c u la r  s ie v e s  

fo l lo w e d  by d e s o rp t io n ,  e l e c t r o l y s i s  

o f  t r  i t i a ted  w a te r ,  r e c o v e ry  o f  T 

by c r yo g e n ic  d i s t i l l a t i o n  from H-D-T

Hot uranium t ra p p in g  

Cold uranium t ra p p in g

Cryogen ic  t rap p in g

Cryogen ic  d i s t i l l a t i o n
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Mode

TABLE 4.1.6.6-3 (Cont.)

SUMMARY OF PROCESSING MODES APPLIED FOR FUEL HANDLING

BRED TRITIUM ABSTRACTION

1. T-removal from L i b reed ing  s tream

2. Reco very  o f  T from Y g e t t e r  beds 

Removal o f  adher ing  Li

Recovery  o f  bred T

E l im in a t io n  o f  a s s o c ia te d  He-3 

and He-4

RECOVERY OF He-3 FROM IN-STORAGE 
TR IT IUM

1. S e p a ra t io n  o f  He-3 from 

a s s o c ia te d  T

RECOVERY OF TRITIUM FROM SWEEP 

STREAMS AND OFF-GASES

1. S e p a ra t io n  ( T  H iso top es  from 

c a r r i e r  gas

2. R ecovery  o f  T and D and e l im in a ­

t io n  o f  H

G e t t e r in g  on y t t r i u m  beds

D ra in in g  and m oderate  tem p e ra tu re  

vacuum d i s t i l l a t i o n

High tem p era tu re  d e s o rp t io n  - 

vacuum d i s t i l l a t i o n

G e t t e r in g  on Z r  A1 a l l o y  and s e l e c t i v e  

perm eation  through Pd-Ag d i f f u s e r s

G e t t e r in g  on Z r  A1 a l l o y  and 

s e l e c t i v e  p e rm eation  th rough  Pd-Ag 

d'i f f  users

C a t a l y t i c  o x id a t io n ,  t r a p p in g  o f  

t r i t i a t e d  w a te r  on m o le c u la r  s i e v e s  

fo l lo w e d  by d e s o rp t io n  and e l e c t r o l y s i s  

o f  t r i t i a t e d  w a te r

C ryog en ic  d i s t i l l a t i o n
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TABLt; 4.1.6.6-4

DESIGN CONFIGURATION AND MATERIALS FOR PROCESSING EQUIPMENT

T S to r a g e - G e n e r a t o r s , U Cold and Hot T ra p s ,  B red  T A b s t r a c t o r s ,  

C ry o g e n ic  D i s t i l l a t i o n  Emergency Dump

Number o f  U n i t s / C o n ta in m e n t  V a u l t s

T s to ra g e - g e n e r a to r s  

U c o ld - t r a p s  

U h o t- t r a p s  

B red  T a b s t r a c t o r s

C ry o g e n ic  d i s t i l l a t i o n  emergency dump

In n e r  Body 

M a t e r i a l

W a l l  t h i c k n e s s ,  cm 

Head t h i c k n e s s ,  cm 

In s id e  h e ig h t  to d ia m e te r  r a t i o
3

B u lk  g e t t e r  d e n s i t y ,  g/cm

In n e r  volume to bu lk  g e t t e r  volume r a t i o

O u te r  Body 

M a t e r i a l

W a l l  t h i c k n e s s ,  cm 

Head t h i c k n e s s ,  cm

V a u l t  L i n e r  

M a t e r i a l  

T h ic k n e s s ,  cm

V a u l t  E n c lo s u re  

M a t e r i a l  

Shape

T h ic k n e s s ,  cm

Uran i urn 
G e t t e r

3/1

3/1

3/1

1/1

316-SS

2.5

4 .0  

1

2

3

316-SS

2.5

4 .0

304-SS

1.0

C on cre te  

C y l i n d r i c a l  

30

Y t t r i  um 
G e t t e r

3/1

In co n e l

3.0

6.0 

2

1

3

316-SS

2.5

4 .0

304-SS

1.0

C on cre te  

C y l i n d r i c a l

30
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TABLE 4 .1 .6 .6 - 4  (C o n t . )

DESIGN CONFIGURATION AND MATERIALS FOR PROCESSING EQUIPMENT

Uranium
G e t t e r

C le a r a n c e s ,  cm

Annulus between in n e r  and o u te r  bod ies  3

R a d ia l  sp ac in g  between u n i t  o u t e r  60

bod ies  and v a u l t  c e n t e r - l i n e

R a d ia l  sp ac ing  between o u te r  bod ies  30

and v a u l t  i n t e r i o r  w a l1

Combined v e r t i c a l  sp ac in g  ( to p  p lu s  bottom) 120

between o u te r  bod ies  and v a u l t  i n t e r i o r

Y t t r iu m
G e t t e r

6

60

30

1?0

(Cont.)
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CONTACTOR GETTER MASSES, DIMENSIONS AND OPERATING TEMPERATURES

Item  Uranium G e t t e r  Y t t r iu m  G e t t e r
Laser ’ Tleavy'ToF 
D r iv e r  D r i v e r

TABLE 4.1.6.6-5

T o ta l  G e t t e r  Mass, kg

T r i t iu m  s to ra g e - g e n e ra to rs 6360 6360

Hot uranium t ra p s 1145 2190
Cold uranium t ra p s 2090
C ryogen ic  d i s t i l l a t i o n  emergency dump 570 1820
Bred t r i t i u m  a b s t r a c to r s 12000

In n e r  Body D im ens ions , r a d iu s / h e ig h t , c m

T r i t iu m  s to ra g e  g e n e ra to rs 80/160 80/160

Hot uranium trap s 45/90 56/112

Cold uranium t ra p s 46/92 55/110

C ryogen ic  d i s t i l l a t i o n  emergency dump 36/72 53/105

Bred  t r i t i u m  a b s t r a c to r s 96/385

V a u l t  Ex te rn a l  D im ens ions ,
d ia m e te r/ h e ig h t ,  m

T r i t iu m  s to ra g e  g e n e ra to rs 2 .9 /3 ,6 2 .9 /3 .6

Hot uranium t ra p s 2 .2 /2 .9 2 .4 /3 .2

Cold uranium t ra p s 2. 2/3.0 2.4/3 . 1

C ryogen ic  d i s t i l l a t i o n  emergency dump 2 ,0 /2 .8 2.3/3 .1

Bred  t r i t i u m  a b s t r a c to r s 2 .3 /6 ,0

O p e ra t in g  Tem perature Range, K

T r i t iu m  s to ra g e  g e n e ra to rs 290-660 290-660

Hot uranium t ra p s 800-830 800-830

Cold uranium t ra p s 330-830 330-830

C ryogen ic  d i s t i l l a t i o n  emergency dump 290-660 290-660

Bred t r i t i u m  a b s t r a c t o r s

T r i t iu m  s o r p t io n  phase 570

L ith iu m  d ra in  phase 570

L ith iu m  d i s t i l l a t i o n  phase 770

T r i t iu m  d e s o rp t io n  phase 950
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SYSTEM OPERATION

I n i t i a l l y  the r e a c t io n  chamber c o n ta in s  i n e r t  gas (X e )  and the  L i  in  the 

c o o la n t/ b re e d e r  loop i s  T f r e e .  W ith  the  o n s e t  o f  p la n t  s t a r t u p  two main 

t r a n s i e n t s  o ccu r  in  th e  fu e l  h an d l in g  p o r t i o n s ,  en rou te  to  e s ta b l is h m e n t  

o f  s te a d y  s t a t e  o p e ra t in g  c o n d i t io n s :

• The m ic ro e x p lo s io n  d e b r is  l e v e l  in  the  r e a c t io n  chamber in c re a s e s  

to  a s tead y  s t a t e  v a lu e  as de term ined  by the  r a t e s  o f  f u e l  a d d i ­

t i o n ,  gas removal by th e  vacuum sys tem , and r e c y c l e  o f  the  Xe.

A t the s tead y  s t a t e  c o n d i t io n  the r a t e  o f  d e b r is  removal by the 

vacuum system which  i s  passed a long  to  p ro c e ss in g  i s  equa l to  

the  r a t e  o f  d e b r is  g e n e ra t io n .

• A b s t r a c t io n  o f  the  bred T from the  L i  i s  d e fe r r e d  f o r  th e  f i r s t  

35 f u l l  o p e ra t in g  d a ys ,  du r ing  w h ich  t im e the  T l e v e l  b u i ld s  up

to  7 wppm. A t t h i s  p o in t  the  a b s t r a c t i o n  o p e ra t io n s  a re  i n i t i a t e d .  

A s s o c ia te d  w ith  the T r i s e  a re  s i m i l a r  t r a n s i e n t  b u i ld u p s  o f  the  

He-4 and He-3 l e v e l s  in  the L i to  9 .3  and 0.034 wppm r e s p e c t i v e l y .

Trea tm ent o f  the m ic ro e x p lo s io n  d e b r is  in v o lv e s  the  sequence o f  p ro c e s s ­

ing  s tep s  shown s c h e m a t i c a l l y  in  F ig u re  4 .1 .6 ,5 - 1 .  The not r e a d i l y  

condensed components, w hich  c o n s i s t  m a in ly  o f  H-D-T-He a re  p u r i f i e d  by 

hot U t r a p p in g ,  w i th  s e p a r a t io n  o f  the  H-D-T e f f e c t e d  by c o ld  U t r a p p in g .  

The hot U t ra p s  o p e ra te  c o n t in u o u s ly ,  whereas the  co ld  U t r a p s  o p e ra te  

in  a batch  mode, n o m in a l ly  on-stream  f o r  one f u l l  o p e ra t in g  day , fo l lo w e d  

by v a l v in g  ou t o f  the p ro ce ss in g  c i r c u i t  and r e g e n e ra t in g  th e  t rap p ed  

H-D-T by a heat-up. Subsequent to a cooldown the  denuded c o ld  t r a p  i s  

v a lv e d  back in to  the p ro ce ss in g  c i r c u i t ,  w h i l e  i t s  tw in  i s  removed f o r  

denud ing . O p e ra t ing  in  t h i s  tandem f a s h io n ,  the  n e t  r e s u l t  i s  an 

e s s e n t i a l l y  con t inuous  p ro ce ss in g  o p e r a t io n .

The feed  to  the  c r y o g e n ic  d i s t i l l a t i o n  complex c o n s i s t s  o f  th e  H-D-T 

stream  recu ve red  from the  co ld  U t ra p s  augmented by the s u b s t a n t i a l  H-D-T 

ca thode  p roduc t  o f  the  t r i t i a t e d  w a te r  e l e c t r o l y z e r .  The complex op e ra te s  

c o n t in u o u s ly  a ro u n d - th e-c lo ck  in  the  range 20-25 K, p roduc ing  th r e e  main
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produc t  s tream s 0 .4 5 :0 .5 5  D :T ,  T, D) and a waste  s tream  (H c o n t a in in g  D in  

the r a t i o  D;H = 0 .0 0 0 2 :1 ) .  When the  r e a c t o r  i s  shu t  down f o r  m a in tenance  o r  

o th e rw is e  not o p e ra t in g  the  complex i s  n e v e r th e le s s  kep t in  o p e r a t io n  under 

t o t a l  r e f l u x  c o n d i t i o n s ,  in  o rd e r  to  p re s e rv e  th e  c o n c e n t r a t io n  g r a d ie n t s

r e q u ire d  f o r  s u c c e s s fu l  pe rfo rm ance .

A b s t r a c t io n  o f  the  bred T from the p regnant L i i s  a ccom p lished  by the  p r o c e s s ­

ing s te p s  diagrammed s c h e m a t i c a l l y  in  F ig u re  4 .1 .6 .6 - 2 .  A t r i p l e t  o f  Y 

a b s t r a c t o r s  sorb  the  T ou t o f  the  p regn an t  L i ,  one o f  which i s  on-stream  in  

a ba tch  o p e ra t in g  mode a t  any t im e . The nominal on-stream  t im e  per c y c l e  i s  

one f u l l  o p e r a t in g  day. F low  to  the a b s t r a c t o r  amounts to  72 kg L i/m in

c o r re sp o n d in g  to  a d a i l y  t u r n o v e r  o f  3.2% o f  the c o n ta in e d  L i  in  the  b reed in g

b la n k e t- lo o p - h e a t  exchanger complex. A loaded  a b s t r a c t o r  i s  v a lv e d  ou t  o f  

the c i r c u i t  f o r  r e c o v e r y  o f  the  sorbed T , and one o f  the o th e r  a b s t r a c t o r s  i s  

v a lv e d  i n t o  the  L i  lo o p .  A b s t r a c t io n / r e g e n e r a t io n  o f  a lo aded  u n i t  i s  accom­

p l is h e d  by a th r e e  s te p  p ro c e ss :  (1 )  d r a in in g  o f  the  L i a d h e r in g  on the Y

c h ip s ;  (2 )  p r e f e r e n t i a l  c o n t r o l l e d  tem p era tu re  d i s t i l l a t i o n  o f  the  L i  not 

removed by the  d r a in ;  (3 )  r e c o v e r in g  the  sorbed T by combined therm al d i s s o c i a *  

t ion-vacuuni d i s t i l l a t i o n .  During th ese  o p e ra t io n s  the  a s s o c ia t e d  fle-4 and 

He-3 a re  a l s o  removed. S e p a r a t io n  o f  the T from the He-4 and He-3 i s  accom­

p l i s h e d  by s e l e c t i v e  pe rm eation  through Pd-Ag d i f f u s e r s .
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Raclwaste H and ling  i s  c o n f in e d  s o l e l y  to  c o n s id e r a t io n  o f  th e  heavy  meta l 

c o n te n t  o f  the  p e l l e t s .  T r e a tm e n t/ u l t im a te  d is p o s a l  o f  a l l  o th e r  r a d i o a c t i v e  

w a s te s  g enera ted  by ICFR o p e ra t io n s  a re  no t  in c lu d e d ,  and would n o rm a l ly  be a 

r e s p o n s i b i l i t y  o f  the  B a la n c e  o f  P l a n t  System s.

FUNCTIONS

The fu n c t io n s  o f  the  radw aste  h an d l in g  system , w h ich  l i k e  the  t r i t i u m  

h an d l in g  system i s  a l s o  p r im a r i l y  a chem ica l p ro c e s s in g  complex, in c lu d e :

• R e c e iv in g  the  neu tron  a c t i v a t e d  tan ta lum  c o l l e c t e d  in  the 

r e a c t io n  chamber and duct w a l l s  a f t e r  i t  i s  removed by the  

remote m a in tenance  o p e r a t io n s .

• Packag ing  and h o ld in g  up the  r a d io a c t i v e  t a n ta lu m  in  s a fe  

s u i t a b l e  c o n ta in e r s  f o r  the  n e c e s sa ry  decay  t im es  to a l lo w  

e s s e n t i a l l y  hands-on p ro ce ss in g  o f  the  decayed  m a t e r i a l .

• P ro c e ss in g  the  coo led  m a te r i a l  to  remove im p u r i t i e s  and a c t i v a ­

t io n  gene ra ted  e lem ents  so as to  r e s u l t  in g ross  r e c o v e r y  c f  

p u r i f i e d  tan ta lu m  and in  a chem ica l form b e s t  s u i t e d  f o r  fu e l  

p r e p a r a t io n  a t  the p e l l e t  f a c t o r y .

• Using  the  by-products  o f  the  tan ta lum  in c o r p o r a t io n  schemes o f  

the  p e l l e t  f a c t o r y ,  to  the  e x te n t  p o s s ib l e ,  in  the  ta n ta lu m  

r e c o v e r y / r e c y c le  p ro c e ss in g  f a c i l i t y .

• C o l l e c t i n g  and s to r in g  the  more v a lu a b le  b y-p rod u c ts  o f  the  

tan ta lu m  r e c o v e r y / r e c y c le  p ro c e ss in g  f a c i l i t y  f o r  p o t e n t i a l  

s a le  to  r a r e  and p rec io u s  m eta l p ro c e ss o rs / v e n d o rs .

DESIGN REQUIREMENTS

Com pliance w i th  fo re g o in g  f u n c t io n a l  d u t ie s  imposes the  d es ign  r e q u i r e ­

ments enumerated be low :

1. The tan ta lum  w i l l  be r a d i o a c t i v e ,  the p r i n c ip a l  n u c l id e  be ing  Ta-182

4.1.6.7 RADWASTE HANDLING SYSTEM
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w ith  a 115,1 day h a l f - l i f e  and w i th  most o f  th e  gammas hav ing  an 

ene rg y  o f  ^ 1 ,2 MeV. A batch  o f  m ach in ings  removed from the ducts  

may have a g ross  a c t i v i t y  o f  s e v e r a l  m i l l i o n s  o f  c u r i e s .  C on seq uen tly  

the  m ach in ings  i n i t i a l l y  w i l l  have to  be gene ra ted-hand led-packaged  

f o r  c o o l in g  under "ho t  c e l l  c o n d i t i o n s . "

2. In v iew  o f  the  115.1 day h a l f - l i f e  o f  Ta-182, a s to r a g e - c o o l in g  

p e r io d  f o r  the  m ach in ings  on the  o rd e r  o f  f o u r  y e a r s  w i l l  be r e q u ire d  

to lo w er  the  a c t i v i t y  by a f a c t o r  o f  6000 i f  something ap p roach ing  

"hands on" p ro ce ss in g  is  to  be a ttem pted .

3. Economics and c o n s e r v a t io n  o f  s t r a t e g i c  m a t e r i a l s  c o n s id e r a t io n s  

d i c t a t e  the need f o r  Ta r e c la m a t io n / r e c y c le  a t  the  p la n t  s i t e  r a t h e r  

than d is p o s a l  o th e rw is e ,

4. Due to the  chem ica l in e r tn e s s  and r e f r a c t o r y  n a tu re  o f  the  ox ides  

and n i t r i d e s  o f  Ta and the p ro ce ss in g  c o m p l ic a t io n s  t h a t  cou ld  a r i s e  

from the p resence  o f  th e s e ,  p re c a u t io n s  must be e x e r c is e d  to  m in im ize  

t h e i r  fo rm a t io n .  To th a t  end, s to ra g e  o f  the Ta m ach in ings  must be 

in  t i g h t l y  s e a le d  w e a th e r-p ro o f  d u rab le  c o n t a in e r s  t h a t  a re  e vacu a ted  

and b a c k - f i l l e d  w i th  an i n e r t  gas ( A r ) .

5. To the  e x t e n t  p r a c t i c a b l e  the p ro ce ss in g  scheme adopted f o r  r e c o v e r in g /  

r e c y c l i n g  the  Ta should y i e l d  a f i n a l  p rod uc t  t h a t  can be a p p l ie d  

d i r e c t l y  in  the  p e l l e t  f a c t o r y  f o r  in c o r p o r a t in g  the  heavy m eta l in to  

the fu e l  p e l l e t s .

6. I d e a l l y ,  the  p ro ce ss in g  scheme shou ld  a c h ie v e  v e r y  c lo s e  to  100%

c lo s e d - c y c le  o p e ra t io n  when t i e d  in to  the  o p e ra t io n s  o f  th e  p e l l e t  

f a c t o r y .  Reagents  consumed in  one p l a ; e  shou ld  be r e g e n e ra te d  e l s e ­

where in  the  o p e r a t io n s ,  w ith  minimal c r e a t io n  o f  w aste  p ro d u c ts  and 

need f o r  makeup o f  ch e m ic a ls .

7. In  a d d i t i o n  to  unreac ted  n a tu r a l  Ta ind r e s id u a l  Ta-182, th e re  i s  a

h igh  p r o b a b i l i t y  f o r  the p resence  o f more than  th r e s h o ld  l e v e l s  o f
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t r a n s m u ta t io n  n u c l id e s  o f  tu n g s te n ,  rhen ium , osmium, i r i d iu m  among 

o t h e r s ,  w h ich  i f  c a r r i e d  o v e r  in to  the  re co ve re d  Ta , may i n t e r f e r e  

w i th  o p e r a t io n s  a t  th e  p e l l e t  f a c t o r y .  C o n se q u e n t ly ,  the  re c o v e ry /  

r e c y c l e  p ro cess  e v o lv e d  must in c lu d e  means f o r  s e p a r a t in g / e l im in a t in g  

such p o t e n t i a l l y  o b j e c t io n a b le  n u c l id e s ,

8. To the e x t e n t  p o s s ib le  th e  p ro ce ss in g  schemes adopted should  be based 

on s t a t e - o f - t h e - a r t  t e c h n o lo g y ,  i n v o l v in g  m inimal o r  no development 

e f f o r t .

DESIGN DESCRIPTION

The d e s ig n  b a s is  and the  o p e ra t in g  modes o f  the Radwaste H and ling  Systems 

f o r  both th e  l a s e r  and heavy ion  d r iv e n  p la n t s  a re  i d e n t i c a l .  The on ly  

d i f f e r e n c e s  a re  in  the  r e q u i r e d  component s iz e s  and m a te r i a l s  th roughput 

c a p a b i l i t i e s .  The f a c i l i t y  f o r  the heavy ion d r iv e n  p la n t  i s  s i g n i f i ­

c a n t l y  l a r g e r  and c o s t l i e r  than  t h a t  f o r  the  l a s e r  d r iv e n  p l a n t ,  due to  

the  l a r g e r  Ta c o n te n t  in  the  fu e l  p e l l e t s ,  160 v s .  9 m g / p e l le t .  In v iew  

o f  the i d e n t i c a l  n a tu re  o f  the  d e s ig n s ,  m agnitudes o f  the  param ete rs  f o r  

the  f a c i l i t i e s  a re  r e p o r te d  o n ly  in  t h i s  s u b s e c t io n .

The d es ign  c a p a b i l i t y  o f  th e  Radwaste H and ling  System i s  s e t  a t  double  

the  nominal Ta i n j e c t i o n  Rate  (assuming 100% p la n t  a v a i l a b i l i t y )  to  

p ro v id e  s t r e t c h  c a p a c i t y ,  r e s u l t i n g  in d es ign  th roughpu t r a t e s  o f  5,700 

and 102,000 kg T a /y r  f o r  the l a s e r  and heavy ion  d r iv e n  p la n ts  r e s p e c t i v e l y .

The proposed means f o r  p a c k a g in g - s to r in g  the r a d i o a c t i v e  m ach in ings  is  

an a r r a y  o f  55 g a l lo n  s t a i n l e s s  s te e l  ( t y p e  304) s h ip p in g - s to ra g e  drums 

w ith  rem ovab le  s e a l - t i g h t  heads p ro v id e d  w i th  v a l v in g  f o r  e v a c u a t io n  and 

i n e r t  gas b a c k - f i l l i n g .  Based on a m ach in ings  a n t i c ip a t e d  bu lk  d e n s i t y  

o f  4 .2  g/cm , the  Ta c o n te n t  o f  a t y p i c a l  packed drum w i l l  amount to  870 

kg.

The main p ro d u c t  i s  h igh  p u r i t y  tan ta lu m  p e n ta c h lo r id e  (T a C lg ) .  The 

T a C l5 i s  d is p a tc h e d  to  the  p e l l e t  f a c t o r y  where i t  i s  used in  the
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p r e p a r a t io n  o f  the  TaCHO t h a t  i s  in c o rp o ra te d  in  the fu e l  and in  the 

a p p l i c a t i o n  o f  the  Ta m eta l c o a t in g  on the p e l l e t s  v i a  the  ch em ica l  

vapor  d e p o s i t io n  (CVD) t e c h n iq u e .  The by-p rod u c t  o f  the  Radwaste 

H and ling  System  is  a m ix tu re  o f  c h lo r id e s  o f  v a r io u s  t ra n s m u ta t io n  

d a u g h te r s ,  p a r t i c u l a r l y  W, Re , Os, I r .  S e p a r a t io n  o f  the  TaC lg  and 

by-p roduct  c h lo r id e s  w hich  r e s u l t  from th e  c h lo r i n a t i o n  o f  th e  aged 

m ach in ings  i s  accom p lished  by f r a c t i o n a l  d i s t i l l a t i o n ,

The d r y  c h l o r i n e  r e q u ire d  f o r  the metal c h o r in a t io n  o p e ra t io n s  i s  gen ­

e ra te d  by the e l e c t r o l y s i s  o f  aqueous po tass ium  c h lo r id e  ( K C I ) ;  the 

e l e c t r o l y s i s  ca thod e  p rod uc t  i s  hydrogen , w h ich  is  d is p a tc h e d  to  the  

p e l l e t  f a c t o r y  and used th e re  in  the  chem ica l vapor d e p o s i t io n  o p e r a t io n s .  

A t h i r d  p ro d u c t  o f  the  e l e c t r o l y s i s  i s  aqueous potassium  h y d ro x id e ,  

which is  a l s o  d is p a tc h e d  to  the  p e l l e t  f a c t o r y  where i t  s e r v e s  to  t r a p  the 

hydrogen c h l o r i d e  ( 11C 1) b y-p rod uc t  o f  the Ta chem ica l vapor d e p o s i t io n  

o p e r a t io n s ,  th e re b y  form ing  KC l.

The s i m p l i f i e d  f lo w  sch em a tic  shown in  F ig u re  4 .1 .6 ,7-1  in d i c a t e s  the  

p ro c e ss in g  sequence and i n t e r f a c e s  between the in v o lv e d  ICF m a jo r  system s.

C o m p le te ly  100% c lo s e d - c y c le  o p e r a t io n  w i l l  no t be a c h ie v e d .  T a ,  KCl 

(o r  KOH), and HgO rep la cem en ts  w i l l  have to  be in tro d u ced  from time to  

time to make up p ro c e ss in g  and t ra n sm u ta t io n  lo s s e s .

T a b le  4 .1 .6 .7 - 1  p ro v id e s  d e t a i l s  reg a rd in g  the  c h lo r i n a t o r  and e l e c t r o l ­

y z e r  c o n f i g u r a t i o n s ,  o p e r a t in g  modes and te m p e ra tu r e s , number o f  u n i t s  

i n s t a l l e d ,  and o p e ra t in g  c h a r a c t e r i s t i c s .

SYSTEM OPERATION

P a c k a g in g - s to r in g  o p e r a t io n s  f o r  the Radwaste H and ling  System  w i l l  

commence a t  the  time o f  g e n e ra t io n  o f  the f i r s t  batch  o f  r a d i o a c t i v e  

Ta m ach in in g s ,  On the b a s is  t h a t  t h i s  w i l l  o c cu r  a f t e r  o n e - h a l f  y e a r  

o f  u n in t e r r u p t e d  o p e ra t io n  o f  the  p l a n t ,  the  amounts o f  m a t e r i a l s  to  be 

packaged and p la ce d  in t o  s to ra g e  w i l l  amount to 1,420 and 25,230 kg
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DESIGN CONFIGURATION - 

OPERATING MODES OF KEY RADWASTE PROCESSING COMPONENTS

TABLE 4.1.6.7-1

HEM LASER DRIVER

C h lo r in e to r s

Number o f  u n i t s  12

In n e r  Body

M a t e r ia l  H a s t e i lo y  C

W a ll  T h ic k n e ss ,  cm 3

Head T h ic k n e s s ,  cm 6

In s id e  H e ig h t/D iam e te r  R a t io  2
3

B u lk  M ach in ings  D e n s i t y ,  g/cm 4 . ?

In n e r  Volum e/Bulk M ach in in g s ,  Volume R a t io  3 

In n e r  D iam ete r ,  cm 19.3

In n e r  H e ig h t ,  cm 38.5

Outer Body

M a t e r ia l  i l a s t o l i o y  C

2.5

4 .0

6.0 

Batch

1

44

8

3

600

570-620

750

Hooker S 

7000
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W all T h ic k n e ss ,  cm 

Head T h ic k n e ss ,  cm 

A n nu la r  C le a r a n c e s ,  cm 

O p e ra t io n s  Mode 

Load ing  Time, hr 

Evacu a t io n -D eg ass in g  Time, hr 

C h lo r in a t io n  Time, hr 

P ro d u c t  S u b l im a t io n  Time, hr 

Tem perature  Range, K 

E va cu a t io n -D eg ass in g  

C h lo r in a t io n  

P ro d u c t  S u b l im a t io n  

E l e c t r o l y t i c  Diaphraqm C e l l s  

Type

C u r r e n t ,  Amp

HEAVY ION DRIVER 

12

H a s t e i lo y  C 

3 

6

2

4.2

3

50.3

100.5

H a s t e i l o y  C

2.5

4 .0

6.0 

Batch

1

44

8

3

600

570-620

750

Hooker S 

7000



TABLE 4.1.6.7-1 (CONT'D)

ITEM LASER DRIVER HEAVY ION DRIVER

P o t e n t i a l  Drop, v o l t s / c e l l  

C u r re n t  E f f i c i e n c y ,  % 95

360

3.5

95

3^0

3.5

O p e ra t in g  Tem perature , K

T o ta l  Design C a p a b i l i t y ,  kg KC1 
e le c t r o ly z e d / d a y
Number o f  C e l l s  I n s t a l l e d

32

2

570

3

r e s p e c t i v e l y  f o r  the l a s e r  and heavy ion d r iv e n  p la n t s .  Th is  m a te r i a l  

would then be held  in  s to rag e  fo r  f o u r  y e a r s  o f  r a d i o a c t i v e  decay  b e fo re  

be ing  w ithdrawn for1 p ro c e s s in g / r e c o v e r y / r e c y c le  o f  the Ta . On the b a s is  

t h a t  the h a l f- y e a r  frequency  a p p l ie s  th roughout f o r  removal o f  the a c ­

cum ulated p e l l e t  heavy m e ta l ,  the amount o f  Ta he ld  up in  s to ra g e  and 

the r e a c t o r  n o m in a l ly  would amount to  12,770 and 227,100 kg r e s p e c t i v e l y  

f o r  the l a s e r  and heavy ion d r iv e n  p l a n t s ,  and the co r re sp o n d in g  number 

o f  drums would t o t a l  15 and 261.

The packag ing  campaigns nom ina l ly  o ccu r  a t  h a l f - y e a r  i n t e r v a l s .  The 

m ach in ings  genera ted  by the Remote M a in tenance  o p e ra t io n s  a re  w e ighed , 

p laced  in the drums, the l i d s  a re  a p p l ie d  and c la m p - se a led .  The drums 

a re  then evacuated  to 0.1 T o r r ,  back f i l l e d  to  760 T o r r  w i th  d ry  A r ,  

a p p r o p r i a t e l y  marked, logged in to  the  m a t e r i a l s  in v e n to r y  r e c o rd s ,  

and then conveyed to the drum s to ra g e  a re a ,

Subsequent to undergoing s to rage  f o r  r a d i o a c t i v e  d e c a y ,  the  drums a re  

e x t e r n a l l y  m onitored (gamma ray  sp e c t ro m e t ry )  fo r  d e te rm in a t io n  o f  

r e s id u a l  a c t i v i t y ,  and passing  t h i s ,  a re  t ra n s p o r te d  to the  Radwaste  

H and ling  f a c i l i t y .  Here the f o l lo w in g  p ro ce ss in g  s tep s  a re  conducted  

on the  heavy m e t a l :
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• The m ach in ing s  a re  charged in to  the  c h lo r i n a t o r s  by au to m a t ic  

lo a d in g  d e v i c e s .

• The u n i t s  a r e  heated  to  600K and s u b je c te d  to  an e vacu a t io n -d e-
-5 -6

g a s s in g  o p e r a t io n  (10 -10 T o r r )  f o r  a p e r io d  o f  44 hr to  d r i v e

o f f  the  imbedded/sorbed gaseous e lem ents  ( I I ,  D, T ,  He-3, H e-4 ) ,  

w hich  gases  a r e  d is p a tch e d  to the  D e b r is  P r im a ry  P ro c e s s in g  Sub ­

system  o f  th e  T r i t iu m  H a n d lin g  System .

• The heavy m eta l c h lo r i n a t i o n  phase i s  conducted  under batch  

c lo se d  c o n d i t io n s  a t  570-620 K and n o m in a l ly  a t  760 T o r r  ove r

an 8 hr p e r io d ,  w i th  the  c o n t r o l l e d  a d d i t io n  o f  d ry  c h lo r in e  gas 

to  the c h l o r i n a t o r s .  P ro g re s s  and co m p le t io n  o f  the  c h l o r i n a t i o n  

i s  in d i c a t e d  by m o n ito r in g  th e  system  p re s s u re .

• Removal o f  th e  heavy metal c h lo r id e s  from the c h lo r i n a t o r s  is  

accom p lished  by su b l im in g  th e s e  compounds v i a  a 750 K, 3 hr 

t re a tm e n t  phase .

• S e p a r a t io n  o f  the t ra n sm u ta t io n  daug h te r  n u c l id e  c h lo r id e s  from 

the  TaC l^ p r i n c ip a l  p roduc t  i s  accom p lished  by a subatm ospneric  

m u lt icom ponent f r a c t i o n a l  d i s t i l l a t i o n  o p e r a t io n .

• The TaClf- i s  d isp a tch e d  to  th e  p e l l e t  f a c t o r y ,  and the b y ­

p rod uc t  heavy  m etal c h lo r id e s  a re  s t o r e d ,  pending d isp o sa l  by s a le  

to  p re c io u s  m etal p r o c e s s o r s / v e n d o rs .

The a s s o c ia t e d  main a c t i v i t y  conducted  a t  the Radwaste H and ling  f a c i l i t y  

i s  the  e l e c t r o l y s i s  o f  the  spent aqueous K0H-KC1 gene ra ted  a t  the p e l l e t  

f a c t o r y  to  produce: (1 )  c h l o r i n e ,  wh ich  i s  consumed in  the  heavy  metal

c h l o r i n a t i o n  o p e r a t io n s ;  {?.) h yd rogen , which  i s  d is p a tch e d  to the p e l l e t  

and consumed th e re  in  the  fu e l  p e l l e t  Ta c o a t in g  o p e r a t io n s ;  (3 )  r e ­

g e n e ra te d  aqueous K0H, which i s  d is p a tc h e d  to the  p e l i e t  f a c t o r y  and 

used th e re  to t r a p  the  HC1 g e n e ra te d  by the fu e l  p e l l e t  Ta c o a t in g  

o p e r a t i o n s .
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Although  f u l l  s c a l e  o p e ra t io n  o f  the Radwaste H and l ing  f a c i l i t y  on Ta 

m ach in ings  would be d e fe r r e d  on the  o rd e r  o f  4 .5  f u l l  o p e ra t in g  y e a r s  

o f  th e  r e a c t o r ,  the  e l e c t r o l y s i s  a c t i v i t i e s  co u ld  beg in  w ith  r e a c t o r  

s t a r t u p .  T h is  would m in im ize  a ccu m u la t io n  o f  l a r g e  amounts o f  spen t 

aqueous KOH and consum ption o f  hydrogen , a l b e i t  w i th  the a s s o c ia te d  

a ccu m u la t io n  o f  s u b s t a n t i a l  amounts o f  c h lo r i n e .  I-i t h i s  co n n ec t io n  

the f o l lo w in g  numbers would a p p ly :

ITEM

Nominal T rea tm en t R a t e ,  kg/day 

KCl E l e c t r c l y z e d  

KOH G enera ted  

G enera ted  

C l 2 G enera ted  

C h lo r in e  A ccu m u la t ion  in  4 .5 y ,  kg

LASER DRIVER HEAVY ION DRIVER

16

12

0.22

6

12,510

285

214

3.9

107

222,450

The Ta c o n te n ts  o f  the  p e l l e t s  a re  r e l a t i v e l y  lo w ,  a t  9 and 160 mg fo r  

the l a s e r  and heavy ion d r iv e n  cases  r e s p e c t i v e l y .  C on seq u en t ly ,  

the time re q u ire d  to  b u i ld  up a s u b s t a n t i a l  t h ic k n e s s  o f  d e p o s ited  Ta 

on the  r e a c t o r  chamber a re  l a r g e ,  co r resp on d in g  to  22,870 and 1,290 

f u l l  o p e r a t in g  days f o r  a 1 cm t h i c k  s h e l l .

The v a lu e  o f  th e  4 .5  y e a r  held-up Ta is  s u b s t a n t i a l ,  amounting to 

$1.5M and $2 6 .6M r e s p e c t i v e l y  f o r  the  l a s e r  and heavy ion d r iv e n  p la n t s .
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4 .1 .6 .8  MAINTENANCE AND SERVIC ING SYSTEM 

FUNCTION

The fu n c t io n  o f  the  m a in tenance  and s e r v i c in g  system i s  to :

a )  de te rm ine  which  m ajor components or p o r t io n s  o f  the r e a c to r  

r e q u i r e  in s p e c t io n  and o r  r e p a i r ,

b) p rov id e  the means o f  d is a s s e m b l in g  the  r e a c t o r  to remove the 

i d e n t i f i e d  components,

c )  r e i n s t a l l  new o r  r e fu r b is h e d  components in to  the  r e a c t o r ,

d) tho rou gh ly  in s p e c t  and r e p a i r  the  removed components f o r  subsequent 

e v a lu a t io n  and reu se .

DESIGN REQUIREMENTS OR CR ITER IA

• The "P la n n e d "  m ain tenances and/o r  r e p a i r  f u n c t io n s  should  be 

capab le  o f  be ing completed d u r in g  the  normal u t i l i t y  annual and/or 

f i v e  y e a r  shutdown p e r io d s .

• The m aintenance  and s e r v i c in g  f u n c t io n s  shou ld  be cap ab le  o f  be ing 

performed rem o te ly .

• " S t a t e - o f - t h e - a r t "  concep ts  shou ld  be u t i l i z e d  to  the  maximum 

e x te n t  p r a c t i c a l  w i th  advancements in  te ch no log y  u t i l i z e d  i f  found 

n ece ssa ry .

• The o p e ra t io n  must be cap ab le  o f  be ing performed in  a manner so th a t  

the s a f e t y  o f  the  personne l and r e a c t o r  a re  f u l l y  guaran teed .

• The m a in tenance  equipment must be ca m p a t ib le  w i th  the  environm ent 

to  which th e y  w i l l  be exposed when used in  and near  the  r e a c t o r  

chamber and th e  r e a c t o r  v e s s e l  i n t e r v a l s .

SYSTEM OPERATIONS

The m a jo r  m a in tenance  o p e ra t io n s  w h ich  a r e  to be performed on a y e a r l y  b a s is  

in v o l v e  the  removal and r e i n s t a l l a t i o n  o f  a com plete  f i r s t  w a l l  assem b ly , 

a d e t a i l e d  in s p e c t io n  o f  t h i s  f i r s t  w a l l  and a means o f  r e f u r b i s h in g  th e  f i r s t
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w a l l  by c ra c k  r e p a i r  and the  removal o r  a d d i t io n  o f  tan ta lu m  to  the  f i r s t  w a l l  

in n e r  s u r f a c e .  Once e v e r y  f i v e  y e a r s  the  vacuum d u c t s ,  which  a re  the  co n n ec t io n  

between the r e a c t o r  v e s s e l  and the  l a s e r  beams, would a l s o  be removed, in sp e c te d  

and r e fu r b is h e d .

The p a r t i c u l a r  o p e ra t io n s  which  must be performed s t a r t  w i th  the d r a in in g  o f  

the l i t h iu m  c o o la n t  fo l lo w e d  by the  removal o f  components, equ ipm ent, s h i e ld in g ,  

e t c . ,  which b lo ck  a c ce s s  to  the  o u te r  s p h e r i c a l  s h e l l  o f  the  r e a c t o r  and the 

vacuum d u c ts .  Then any j o i n t s  o r  co n n e c t io n s  which  a re  a t ta c h e d  to th e  upper 

s p h e r i c a l  h a l f ,  such as c o o la n t  l i n e s ,  support  s t r u c t u r e  b o l t s ,  c lam ps, e t c . ,  

would be d is co n n e c te d  o r  uncoupled so t h a t  th e  upper s p h e r i c a l  h a l f  ( a p p r o x i ­

m a te ly  23 m d ia m e te r ,  400 tonnes ) can i t s e l f  be p a r te d  from the  lo w er  s p h e r i c a l  

h a l f  and then l i f t e d  and moved to  tem porary  s to ra g e  by the  1000 tonne overhead 

c ra n e .  Once t h i s  i s  a ccom p lish ed ,  the  f i r s t  w a l l  assem b ly  (a p p ro x im a te ly  750 

ton nes )  w i l l  be d is co n n e c ted  from i t s  suppo rt  s t r u c t u r e ,  a l l  c o o la n t  c o n n ec t io n s  

between the f i r s t  w a l l  assem bly and the o u te r  sphere  d isassem b led  and the  f i r s t  

w a l l  u n i t  l i f t e d  and moved to the hot c e l l  ( F ig u r e  4 . 1 .6 .8 - 1 ) .  T a b le  4 .1 .6 .8 - 1  

l i s t s  the  w e ig h ts  and s iz e s  o f  some s e r v i c in g  equipm ent.

S in c e  the f i r s t  w a l l  assem bly which  i s  being removed i s  h ig h ly  r a d i o a c t i v e ,  the  

m a jo r i t y  o f  the  o p e ra t io n s  would have to  be perform ed r e m o te ly  and a pe rsonne l 

e x c lu s io n  a rea  e s t a b l i s h e d  so t h a t  the  movement o f  th e  u n i t  w i l l  no t p re s e n t  

r a d i o a c t i v e  exposure  problems to  any p e rso n n e l .  I t  w i l l  a l s o  be n e c e s s a r y  f o r  

numerous remote c o n t ro l  a c t io n s  to  be used d u r ing  the  m a in tenance  o p e ra t io n s  

which  w i l l  r e q u i r e  s p e c i a l l y  des igned  components to  be in c o rp o ra te d  in t o  the 

r e a c t o r  d es ig n .  T h is  w i l l  i n c lu d e :  a ) means o f  g u id in g  and a l i g n in g  components

such as the  upper s p h e r i c a l  h a l f ,  the  f i r s t  w a l l  assem b ly  and the  vacuum ducts  

f o r  i n s t a l l a t i o n  and rem o va l,  b) the  p lacem ent and o p e ra t io n  o f  a u to m a t ic  sea l 

w e ld ing  and c u t t in g  equipment and c )  the in c o r p o r a t io n  o f  f la n g e d  j o i n t  c „:c t 

i n s t a l l a t i o n  and removal equipment.

A f t e r  the  r e a c t o r  has been reassem b led , the f i r s t  w a l l  assem b ly  which was 

removed from the  r e a c t o r  w i l l  be th o ro u g h ly  in s p e c te d  and reworked f o r  subsequent
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R E A C T O R  S U P P O R T  

IN C O N T A I N M E N T  

B U I L D I N G

FIRST W A L L  A S S E M B L Y  

S U P P O R T  S T A N D  

!N H O T  C E L L

705310-7A

igure 4.1.6.8-1. Sequence of Operations for the Maintenance of the First Wall



r e i n s e r t i o n  in to  the r e a c t o r  a t  a la t .e r  shutdown. T h is  s c e n a r io  p ro v id e s  

maximum usage o f  m aintenance  personne l by p ro v id in g  u se fu l  work w h ich  can be 

performed on a normal ' ' e a r l y  work schedu le  and not have an a d ve rse  e f f e c t  on 

the  p la n t  a v a i l a b i l i t y .

During the m ajor f i v e  y e a r  shutdown, in  a d d i t io n  to  the  f i r s t  w a l l  assem b ly , 

the  two vacuum d uc ts  {ap p rox im ate  w e ig h t  o f  125-150 tonnes each ) w i l l  be removed 

and r e p la c e d .  These d uc ts  w i l l  be d is co n n e c ted  a t  the  s id e  p o r t s  o f  the  sp h e re ,  

coupled to  the  l i f t i n g  rods o f  l i n e a r  a c tu a to r s  w hich  would be mounted on a 

com m e rc ia l ly  a v a i l a b l e  G a n try  typ e  s e l f  p ro p e l le d  h an d l in g  d e v ic e .  The duct  

would be r a i s e d  and s im u lta n e o u s ly  ro ta te d  to  a v e r t i c a l  p o s i t io n  where i t  would 

be l i f t e d  through an access  hatch  and p o s i t io n e d  in  en a rea  where i t  cou ld  be 

a t ta ch e d  to  move i t  to  the t r a n s f e r  bay and then in to  the  hot c e l l  (See  F ig u re

4 .1 .6 .8 - 2 ) .

These ducts  w i l l  a ls o  be f u l l y  examined and a d e te rm ir . j t io n  made as to any 

r e fu rb is h m e n t  r e q u ire d  f o r  f u tu r e  use. These r e p a i r s  would in v o lv e  c ra ck  

lo c a t io n  and the removal or a d d i t io n  o f  tan ta lum  c o a t in g  on the  in n e r  s u r f a c e s .

D e ta i le d  s tep  by s tep  p rocedures  were deve loped  f o r  the v a r i o i s  m a in tenance  

o p e ra t io n s  d is cu ssed  above. These p rocedures  a re  d is cu sse d  in  C hap te r  5 and 

appear in  the  Appendix to  t h i s  r e p o r t .  The a n a l y s i s  o f  these  ta s k s  in d i c a t e d  

th a t  the com plete  f i r s t  w a l l  assem bly  (w i th o u t  the vacuum d u c ts )  co u ld  be removed 

and re p la c e d  in  a p p ro x im a te ly  26 days which is  c o n s i s t e n t  w ith  the  c r i t e r i a  o f  

being performed w i t h in  the normal y e a r l y  u t i l i t y  shutdown p e r io d .
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ATTACHMENT Of DUCT 
TO LIFTING MECHANISM

SIMULTANEOUS TILTING ANO VERTICAL 
LIFTING OF DUCT TRANSFER OF DUCT TO OVERHEAD CRANE

MOVING DUCT FROM REACTION 
CHAMB£F TO TRANSF£R BAY

DUCT POSITIONED ON AIR PALLET 
IN TRANSFER BAY

DUCT IN HOT CELL 
FOR REWORK

F ig u rp  £ .1 .6 .8 - 2 .  Schem atic  Showing the  Removal O p e ra t ion s
f o r  the  Vacuum Duct f o r  the  L a s e r  D r i v e r

705317-28



TABLE 4.1.6.8-1

L IS T  OF WEIGHTS AND S IZ E S  OF SERVIC ING EQUIPMENT 
FOR BOTH LASER AND HEAVY ION DESIGNS

D r i v e r

Components to  be L i f t e d

Upper S p h e r ic a l  H a l f  (w i t h  
G ra p h i t e  R e f l e c t o r  A t ta c h e d )

C02 L a se r

400 Tonnes 
'■̂ 23 m d ia .

S p h e r i c a l  F i r s t  W a ll Assembly 
( P r i o r  to  Tantalum D e p o s it  
caused  by P e l l e t s )

Vacuum Duct

Tan ta lum  B u i ld - u p / Y e a r  
(50% p la n t  a v a i l a b i l i t y ,  
95% s u r fa c e  a re a )

L i f t i n g  D ev ice  f o r  La rge  
Components

S h ie ld in g  B lo ck s

750 Tonnes 
'^25 m d ia .

M 2 5  Tonnes
12.3 in Long

% 2,4 Tonnes

^ 34 Tonnes 
24 m long x 0 .6  m 
w ide x 1 .0  m deep

20 Tonnes each

Crane f o r  R e a c t io n  Chamber

Main Hook 1000 Tonnes

H o is t  Speed (M e te rs / M in u te )  S low  0 ,3
Medium 0.45
High 0 .6

A u x i l i a r y  Hook 75 Tonnes

T r o l l e y  Speed (M e te r s / M in . )  S low  3 .0
Medium 6 .0
High 9 .0

B r id g e  Speed (M e te r s / M in . )  S low 4 .0
Medium 6 ,0
High 9 .0

Bridge Span

Heavy Ion  Beam

400 Tonnes 
r̂ 23 m d ia .

700 Tonnes 
^26 m d ia .

^150 Tonnes 
'v 10 m Long

% 43 Tonnes

^ 34 Tonnes 
24 m long x 0 .6  m 
w ide  x 1 .0  m deep

20 Tonnes each

1000 Tonnes

0,3
0.45
0.6

75 Tonnes

3.0
6.0
9 .0

4 .0
6.0 
9.0

33. 5 m
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L IS T  OF WEIGHTS AND S IZ E S  OF SERVIC ING EQUIPMENT 
FOR BOTH LASER AND HEAVY ION DESIGNS

Dri v e r

TABLE 4.1.6.8-1 (C on t.)

Remote Operated S h ie ld e d  M ob ile  
F lo o r  U n i t

Remote Opera ted  S h ie ld e d  Crane Cab

Main S e a l  W e ld in g / C u t t in g  Machine 
T ra c k  Mounted on O u te r  Sphere

G enera l U t i 1i t y  Tool

Rem ote ly  Opera ted  T ra n s p o r t  U n i t s  
O p e ra t in g  Between T r a n s f e r  Bay , 
Hot C e l l  and S to ra g e  Areas

COp L a se r

^4 m x 3 m x
4 m High

M  m x 3 m x
3 -n High

M  m x 1 m x 0 .5  m

^'i'4 m ( lo n g )  x 
5 m d ia .

A i r  P a l l e t  - S iz e d  
to  Handle ?.?. m 
S p h e r ic a l  U n i t

Heavy  I o n Beam

M  m x 3 m x
4 m High

^4 m x 3 m x 
3 m High

^1 m x 1 m x 0 .5  m

^14 m ( lo n g )  x
5 m d ia .

A i r  P a l l e t  - S ized  
to Hand le  22 m 
S p h e r ic a l  U n i t
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4.1 .7  DATA HANDLING AND CONTROL

FUNCTION

The f u n c t io n s  o f  the  d a ta  h an d l in g  and c o n t ro l  system a re :

a )  to  read  t r a n s d u c e r s  connected  to p l a n t ,  b) to  read o p e ra to r  in p u t s ,

c )  to  p ro v id e  c o n t ro l  s i g n a l s  to  a c t u a t o r s  gove rn ing  p la n t  o p e r a t io n ,

d) to  m a in ta in  o p e ra t io n  w i t h in  p r e s c r ib e d  param eter  sp ace ,  e )  to  log 

o p e ra t io n  f o r  d ia g n o s t i c  p u rp oses ,  f )  to lo g  param eters  f o r  a r c h i v a l  

p u rposes ,  g ) m a in ta in  s a fe  o p e r a t in g  c o n d i t i o n s ,  and h) p ro v id e  t im e ly  

w arn ing  o f  d r i f t  from e s t a b l i s h e d  p a ram ete rs .

DESIGN REQUIREMENT

The b a s ic  r eq u irem en ts  o f  the system a re :  1) t h a t  i t  be a b le  to  a ccep t

data  a t  th e  r a t e  gene ra ted  by the p l a n t ,  2) t h a t  i t  be a b le  to a n a ly z e  

the  data  in  acco rd ance  w ith  the d e s i re d  p la n t  o p e ra t in g  p a ram e te rs ,

3) t h a t  i t  be a b le  to  produce the a p p ro p r ia t e  c o n t ro l  s i g n a l s ,  4 )  t h a t  

i t  be a b le  to  p ro v id e  s u i t a b l e  i n d i c a t io n s  to  the o p e ra to rs ,

SYSTEM DESCRIPTION

The system  i s  a d i s t r i b u t e d  system w hich  communicates between u n i t s  by 

a CAMAC p ro to c o l  using  o p t i c a l  f i b e r s .  The c e n t e r  o f  the system  i s  a 

main fram e computer w i th  a r e a l  t ime o p e ra t in g  system . The subsystems 

a r e ,  in  g e n e r a l ,  m in icom puters  which may in  tu rn  have m icrocom puters  

under them. The subsystems in  most cases  behave as se t  p o in t  con ­

t r o l l e r s  w i th  p r o v is io n s  f o r  data  r e d u c t io n ,  a la rm  s e t t i n g ,  and lo c a l  

d i s p l a y .  The i n j e c t o r ,  p e l l e t  t r a c k in g  and a im ing  system d i f f e r s  from 

the o th e r  system s in  t h a t ,  a t  t h i s  t im e ,  i t  i s  f e l t  t h a t  d e d ic a te d  

hardware i s  r e q u i r e d  f o r  t h i s  fu n c t io n ,  A b lo ck  d iagram o f  the system 

i s  shown in  F ig u re  4 .1 .7 - 1 .  The da ta  lo g g in g  fu n c t io n  has th re e  

c l a s s e s  o f  s to ra g e .  A s h o r t  term s to ra g e  which  may be d i s c ,  o r  in  the 

near  f u t u r e  m agnetic  b ubb le ,  i s  used f o r  s t o r in g  data  f o r  the  l a s t  N 

hours and may be used f o r  d ia g n o s t i c  purposes and t r e n d in g .  The long 

term s to ra g e  may bo magnetic, tape  and i s  used f o r  a r c h i v a l  s to ra g e  o f  

o p e ra t in g  d a ta .  The hard copy i s  a p r i n t e r  which  may be used to  produce
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F ig u re  4 .1 .7 - 1 .  B lo c k  Diagram o f  System  to  C on tro l P e l l e t  I n j e c t i o n ,  
P e l l e t  T r a c k in g  and Beam Aim ing
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d a i l y  o p e ra t io n s  r e p o r t s  and o th e r  d a ta  f o r  which  human a n a l y s i s  i s  

r e q u i r e d .  The d i s p l a y  fu n c t io n s  a re  p ro v id ed  on an o p e r a t o r ' s  panel 

in  the  form o f  s ig n a l  and a la rm  l i g h t s ,  d i g i t a l  and ana lo g  in s tru m en ts  

and a CRT d i s p l a y  f o r  v a r io u s  data  and in fo rm a t io n .

The t y p i c a l  subsystem  w i l l  be a remote m inicom puter which  w i l l  r e c e i v e  

i t s  o p e r a t in g  param ete rs  from the m a s te r ,  o r  from the o p e ra to r  through 

the  m a s te r ,  by means o f  a f i b e r  o p t i c  communications c h a n n e l .  The 

f u n c t io n  o f  the  subsystem i s  to  m a in ta in  o p e ra t io n  a t  the  p r e s c r ib e d  

p aram ete rs  and to send to  the  m aster i t s  s t a tu s  and any out o f  t o le r a n c e  

cond i t i o n s .

The c y c l e  t im ing  i s  used to i n i t i a t e  the p e l l e t  i n j e c t i o n  c y c l e .  The 

m aste r  p ro v id e s  to the  c y c le  t im e r  the d e s i re d  r e p e t i t i o n  r a t e  o f  

p e l l e t  i n j e c t i o n s  and the c y c l e  t im e r  w i l l  p ro v id e  the  r e q u ire d  i n j e c ­

t i o n  sequence s t a r t i n g  p u lse .

The i n j e c t i o n  subsystem  p rov id es  the sequencing  n e c e s sa ry  to  perform  

the  p e l l e t  i n j e c t i o n .  T h is  in c lu d e s  the  d e l i v e r y  o f  the p e l l e t  and 

sab o t  a t  an a p p ro p r ia t e  t im e ,  the i n i t i a t i o n  o f  i n j e c t i o n ,  t im ing  o f 

the  f l i g h t  o f  the p e l l e t ,  d e te rm in a t io n  o f  p o s i t io n  o f  the p e l l e t ,  

g e n e ra t io n  o f  an a b o r t  s ig n a l  i f  p e l l e t  i s  not p r o p e r ly  p o s i t io n e d  and 

a im ing  c o r r e c t io n  s ig n a l s .

SYSTEM OPERATION

In  response  to  the ene rgy  demand, which  i s  an o p e ra to r  in p u t  s u b je c t  

to  param ete r  l i m i t s ,  the  m aster w i l l  g e n e ra te  a number f o r  the  i n j e c t i o n  

c y c l e  p e r io d .  Th is  w i l l  be passed to the  c y c l e  t im e r  w hich  w i l l  produce 

the sequence o f  s ig n a l s  re q u ire d  to  load  a p e l l e t  and sab o t  and i n i t i a t e  

an i n j e c t i o n .  The i n j e c t o r  subsystem w i l l  t ime the  f l i g h t  o f  the p e l l e t  

from i n i t i a t i o n  to  e n t r y  in to  the chamber f o r  an i n d i c a t i o n  o f  p roper  

o p e r a t io n  o f  the i n j e c t o r .  The tim e o f  f l i g h t  from e n t r y  in t o  the
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chamber u n t i l  i n t e r c e p t  o f  the t r a c k in g  beams pe rm its  the  c a l c u l a t i o n  

o f  the ETA a t  the  c e n t e r  o f  the chamber. The v a r i a t i o n  in  the  time o f  

b reak in g  o f  the  t r a c k in g  beams pe rm its  a measure o f  the p e l l e t  p o s i t io n  

r e l a t i v e  to the a x i s ,  and the g e n e ra t io n  o f  an a b o r t  s ig n a l  i f  the 

p o s i t io n  e r r o r  i s  too  g r e a t .  I f  the  p e l l e t  p o s i t io n  is  s a t i s f a c t o r y ,  

a beam f i r i n g  s ig n a l  i s  g enera ted  a t  such a time as to pe rm it  the boams

and p e l l e t  to  a r r i v e  a t  the  c e n te r  o f  the chamber s im u lta n e o u s ly

At the  same t im e ,  o th e r  subsystems a re  m on ito r in g  the  vacuum, co o la n t  

f lo w s ,  and te m p e ra tu re s ,  e t c . ,  and i f  an abnormal c o n d i t io n  i s  d e te c te d  

the a b o r t  s ig n a l  may be produced. In the e ven t  o f  an a b o r t ,  a p r in t o u t

cou ld  be made e i t h e r  a u t o m a t i c a l l y  o r  upon demand g iv in g  the cause o f

the ab o r t  and the s t a tu s  o f  a l l  system s,

For each shot the  r e s u l t s  w i l l  be m on ito red  and s to red  on the sho rt  

term s to ra g e .  Th is  re co rd  may be examined to a id  in the  d ia g n o s is  o f  

f a u l t y  o p e ra t io n  to see i f  a t rend  had been e s t a b l i s h e d  p r e v io u s ly  

which e v e n t u a l l y  le d  to  the  f a l s e  o p e ra t io n ,
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4 . 1 . 8 . I INTERFACE WITH REACTOR

FUNCTION

The ICF  p la n t  has two p r i n c ip a l  l i q u id  metal c i r c u i t s ;  th e  l i t h i u m  c o o l in g  

c i r c u i t  f o r  the R e a c t io n  Chamber in  s e r i e s  w i th  the  p r im ary  l i t h i u m  h ea t  t r a n s f e r  

lo o p ,  and the secondary  sodium heat t r a n s f e r  loop .

fhe l i t h i u m  c o o l in g  c i r c u i t  e x t r a c t s  the  pu’ s e J  fu s io n  e n e rg y  from w i t h in  the  

R e a c to r  Chamber and co n ve r ts  i t  to heat energy  and t r a n s f e r s  the  h ea t  to  the  

secondary  sodium heat t r a n s f e r  loop w i t h in  the  In te rm e d ia te  Heat Exch ange rs .

The sodium heat t r a n s f e r  loop t r a n s f e r s  the  hea t  to  the steam c i r c u i t  w i t h in  

the Steam G e n e ra to rs ,  p roduc ing  superheated  steam.

DESIGN REQUIREMENTS

Tab le  4 .1 .8-1  enumerates the param eters  imposed on the Heat T ra n s p o r t  System  by 

the R e a c to r  D es ign , namely maximum heat lo a d ,  l i t h i u m  f lo w  and l i t h i u m  i n l e t  

anci e x i t  tem pera tu res .  In a d d i t io n ,  the param eters  th a t  a re  im ;ised on the 

system as a consequence o f  these and the Tu rb ine  G e n e ra to r  req u ire m e n ts  a re  

in c lu d e d .

4.1.8 BALANCE OF PLANT

TABLE 4.1 .8-1 HEAT TRANSPORT PARAMETERS

In te rm e d ia te  
Heat Exchangers Steam G e n e ra to r s

Maximum Heat Load 

L i th iu m  Flow

L i th iu m  I n l e t  Temperature 

L i th iu m  E x i t  Temperature 

Sodium Flow

Sodium I n l e t  Temperature 

Sodium E x i t  Temperature 

Steam F low

Feed W a te r  I n l e t  Temperature 

Feed W ate r  I n l e t  P re s su re

272° C 

363°C

2500 m'Vmin

4,300 MW 

1800 m'Vmin

363°C

272°C

2500 m3/min

4300 MW

134,000 kg/min 

254°C

7.34 MPa a b s o lu te
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TABLE 4 .1 .8-1  HEAT TRANSPORT PARAMETERS (CONT.)

In t e rm e d ia te  
Heat  Exch ange rs Steam Gene ra to r s

Superheated  Steam E x i t  Tem perature  358 C

Superheated  Steam E x i t  P r e s s u re  7 .24 MPa a b s o lu te

DESIGN DESCRIPTION

Because o f  l i m i t a t i o n s  in  s cop e , many o f  the  d e t a i l s  d is cu sse d  in  the  f o l lo w in g  

paragraphs  have not been shown on the  l i s t i n g  o f  d raw ings  t h a t  i l l u s t r a t e  the 

Heat T ra n s p o r t  System.

F ig u re  T i t l e  F ig u re  Number

Conta inm ent S t r u c t u r e  - P la n  E l .  0.15 M e te rs 4.1 8-1

Conta inm ent S t r u c t u r e  - P la n  E l .  42.75 M eters 4.1 8-2

Conta inm ent S t r u c t u r e  - S e c t io n  1-1 4.1 8-3
Conta inm ent S t r u c t u r e  - S e c t io n  2-2 4.1 8-4

Steam G e n e ra to r  B u i ld in g  - P la n 4.1 8-5
Steam G e n e ra to r  B u i ld in g  - S e c t io n 4.1 8-6
Steam G e n e ra to r 4.1 8-7
L iq u id  M eta l Heat T ra n s p o r t  System F low  Diagram 4.1 8-8
In te rm e d ia te  Heat Exchanger 4.1 8-9

Four In t e rm e d ia te  Heat Ex ch ang e rs ,  each w i th  two s e t s  o f  p a r a l l e l  l i t h i u m  and 

two sodium p ip e s  pe r  loop lo c a te d  w i t h in  the  Conta inm ent S t r u c t u r e  a long  w ith  

the R e a c to r  Chamber, as shown on F ig u re s  4 .1 .8-1  to  4 .1 .8 - 4 .  L i th iu m  i s  c i r ­

c u la t e d  through  the  R e a c to r  Chamber and each  o f  the  In t e rm e d ia te  Heat Exchangers 

by one L i th iu m  C i r c u l a t i n g  Pump in  each o f  the  e ig h t  l i t h i u m  p ip e s .  The e ig h t  

L i th iu m  C i r c u l a t i n g  Pumps a re  a l s o  lo c a te d  w i t h in  the  Conta inm ent S t r u c t u r e .

Four Steam G e n e ra to rs  each w i t h  two sodium p ip e  systems and one steam loop a re  

lo c a te d  w i t h i n  the  Steam G e n e ra to r  B u i l d i n g ,  as shown on F ig u re s  4 .1 .8 -5  and

4 .1 .8 - 6 .  Sodium i s  c i r c u l a t e d  through each  Steam G e n e ra to r  in  s e r i e s  w i th  an 

In t e rm e d ia te  H eat Exchanger by one Sodium C i r c u l a t i n g  Pump in  each o f  the e ig h t  

sodium p ip e s .  The e ig h t  Sodium C i r c u l a t i n g  Pumps a r e  lo c a te d  w i th  the  Steam 

G e n e ra to r  B u i l d in g .  The L i th iu m  D ra in  and S to ra g e  Tank i s  lo c a te d  in  the  C on ta in-
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Figure 4.1.8-1. Containment Structure. Plan E l. 0.15 meters
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Figure 4.1.8-2. Containment Structure, Flan £1. 42.75 Meters
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Figure 4.1.8-3. Containment Structure, Section 1-1
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Figure 4.1.8-4. Containment Structure Section 2-2
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Figure 4.1.8-5. Steam Generator Building, Plan View
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F ig u re  4 .1 .8 - 6 .  Steam G e n e ra to r  B u i l d i n g ,  S e c t io n  View



merit S t r u c t u r e  a d ja c e n t  t o  th e  In t e rm e d ia te  H eat Exchangers  and the  Sodium 

D ra in  and S to ra g e  Tank i s  lo c a te d  in  th e  Steam G e n e ra to r  B u i l d in g .

The R e a c t io n  Chamber, each  In t e rm e d ia te  H ea t  Ex ch anq er ,  each Steam G e n e ra to r ,  

each L i th iu m  C i r c u l a t i n g  Pump, each  Sodium C i r c u l a t i n g  Pump, th e  L ith iu m  D ra in  

and S to ra g e  Tank, the  Sodium D ra in  and S to ra g e  Tank and a l l  o f  the  p ip in g  

com p r is ing  the  l i q u i d  m eta l loops  a r e  lo c a te d  w i t h in  i n d i v i d u a l  compartments 

to c o n t a in  a c c id e n t a l  l i q u i d  m etal s p i l l s .

A l l  o f  th e  equipment and p ip in g ,  and v a l v e s  c o n t a in in g  l i q u i d  metal a re  

e l e c t r i c a l l y  heated  to m a in ta in  s u r fa c e  tem p e ra tu re  a t  a minimum o f  205°C 

to  ensu re  t h a t  the  l i q u i d  m etal does not s o l i d i f y  d u r in g  an a c c id e n t a l  ou tag e .

As i l l u s t r a t e d  on F ig u re s  4 .1 .8 -7  (Steam  G e n e ra to r )  and 4-1.8-8 (H ea t  T ra n s p o r t  

System ) a Steam G e n e ra to r  i s  com prised  o f  an e v a p o ra t io n  s e c t i o n ,  a steam drum 

w i th  s e p a r a to r  and sc ru b b e r  e lem ents  and a s u p e rh e a t in g  s e c t io n .

Sodium from the  In t e rm e d ia te  Heat Exchanger sodium hot loop  e n t e r s  a t  the  

upper chamber and f lo w s  by g r a v i t y  th rough the  s u p e rh e a t in g  s e c t io n ,  in to  the  

c e n t r a l  h o ld in g  chamber and thence  by g r a v i t y  th rough  the  e v a p o ra t io n  s e c t io n  

in to  the  lo w er  chamber. From th e  lo w er  cham ber, th e  sodium e n te r s  the  sodium 

co ld  loop  where i t  i s  pumped through the  In t e rm e d ia te  Heat Exchanger. The f lo w  

o f  sodium through both th e  s u p e rh e a t in g  s e c t io n  and the  e v a p o ra t io n  s e c t io n  i s  

r e g u la t e d  by a f ix e d  o r i f i c e  f i t t e d  a t  th e  d is c h a r g e  end o f  each tube .

One o f  the  fu n c t io n s  o f  t h e  u p pe r ,  c e n t r a l  and lo w er  chambers i s  to  p ro v id e  

adequate  expans ion  volume to  accommodate o p e r a t io n a l  v a r i a t i o n s  in  sodium 

tem p e ra tu re  and r a t e  o f  f lo w .  A second f u n c t io n  o f  th e se  chambers i s  to  p ro v id e  

p re s s u re  e q u i l i b r iu m  a t  th e  e n t ra n c e  and e x i t  o f  the  sodium tubes  in  both the  

s u p e rh e a t in g  s e c t io n  and th e  e v a p o ra t io n  s e c t io n .  A l l  t h r e e  chanbers  a re  i n t e r ­

connected  and c o n t in u o u s ly  i n e r t e d  w i th  argon  gas.

Feed w a te r  e n t e r s  th e  steam drum and washes th e  s a tu r a t e d  steam e n te r in g  from 

the e v a p o ra t io n  s e c t io n .  The fe e d w a te r  and th e  f r a c t i o n  o f  steam condensed in  

the wash ing  p ro c e s s ,  f lo w  downward from th e  steam drum and e n t e r  the e v a p o ra t io n
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Figure 4.1.8-8. Liquid Metal Heat ansport System Flow Diagram



s e c t io n .  S a tu r a t e d  steam le a v e s  th e  e v a p o ra t io n  s e c t io n  and e n t e r s  the  steam 

drum where i t  i s  w ashed , d r ie d  in  i t s  passage through th e  s e p a r a to r  and sc rub b e r  

e le m e n ts ,  and then i s  superhea ted  in  i t s  passage through  the  su p e rh e a t in g  s e c t io n .

Bo th  the  e v a p o ra t io n  and the  s u p e rh e a t in g  s e c t io n s  a re  c o n s t ru c te d  as a m u lt i t u d e  

o f  c o - a x ia l  t u b e s ,  w i th  the  sodium f lo w in g  downward through  th e  c e n t r a l  tube and 

the  steam f lo w in g  upward through th e  annulus formed by the  c o n t ro l  and o u te r  

t u b e s .

The volume bounded by th e  o u te r  s h e l l  and the e v a p o ra t io n  and s u p e rh e a t in g  

s e c t io n  tubes i s  f i l l e d  w i t h  argon gas m a in ta in ed  a t  0 .2  MPa a b s o lu te .  The 

argon i s  a t  a p p ro x im a te ly  the same tem p era tu re  as the  steam w i t h in  the  tubes 

th e reb y  m in im iz ing  hea t  lo s s e s  and therm al s t r e s s e s .

As i l l u s t r a t e d  on F ig u re s  4 .1 .8-9  ( In t e r m e d ia t e  Heat Exchanger)  and 4 .1 .8 - 8 ,  

the Heat Exchanger i s  composed of a m u l t i t u d e  o f  c o a x ia l  tubes w i th  l i t h iu m  

f lo w  downward through the  c e n t r a l  tube and sodium f lo w in g  upward through the 

annu lus  formed by the  c e n t r a l  and o u t e r  tub es .

L i th iu m  from the  R e a c to r  Chamber i s  pumped through the  l i t h i u m  hot le g  where 

i t  e n te rs  the upper l i t h i u m  chamber, f lo w s  downward by g r a v i t y  th rough the  

c e n t r a l  tubes in to  the  low er l i t h i u m  chamber, then in to  the  l i t h iu m  co ld  leg  

where i t  is  r e tu rn e d  to the  R e a c t io n  Chamber.

Sodium i s  pumped through  the sodium co ld  leg  to  the  lo w er  sodium chamber, 

f lo w s  upward through the  annulus formed by the  c e n t r a l  and o u te r  tube to the 

upper sodium chambe.', i n t o  the sodium hot leg  and then conducted to a Steam 

G e n e ra to r .

The fu n c t io n  o f  the  upper l i t h iu m  chamber is  to p ro v id e  adequate  expans ion  

volume to  accommodate o p e r a t io n a l  v a r i a t i o n s  in  l i t h i u m  tem pera tu re  and r a t e  

o f  f lo w .  The l i t h i u m  chamber i s  in e r t e d  w ith  argon gas m a in ta in e d  a t  0.b3 MPa 

a b s o lu te  f o r  th e  purpose  o f  c o n t r o l l i n g  th e  minimum p re s s u re  w i t h in  the  R e a c t io n  

Chamber.
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The volume bounded by th e  o u t e r  s h e l l  and the sodium tubes  is  f i l l e d  w i t h  argon 

gas m a in ta in e d  a t  0 .2  MPa a b s o lu te .  The argon is  a t  a p p ro x im a te ly  the  same 

tem p e ra tu re  as the  sodium w i t h in  th e  tubes the reb y  m in im iz in g  heat lo s s e s  and 

therm al s t r e s s .

The L i th iu m  D ra in  and S to ra g e  Tank and th e  Sodium D ra in  and S to ra g e  Tank a re  

each  h o r iz o n t a l  r e c t a n g u la r  c r o s s - s e c t io n  tanks supported  at two p o i n t s ,  and 

e l e c t r i c a l l y  hea ted  and in s u la t e d  on a l l  s u r fa c e s  to  m a in ta in  the s to re d  

p rod uc t  a t  205° C minimum. Both tanks  a re  in e r t e d  w i th  argon gas.

The pumps f o r  the l i t h i u m  c i r c u i t s  a re  v e r t i c a l l y  mounted, f r e e  s u r f a c e  doub le  

s ta g e  c e n t r i f u g a l  pumps, w ith  s in g le  bottom s u c t io n  and s id e  d is c h a rg e .

T a b le  4 .1 .8 - 2  enumerates the s a l i e n t  f e a tu r e s  o f  the  Heat T ra n sp o r t  Equipment 

t h a t  com prise  the Heat T ra n s p o r t  System .

TAIiLc 4 .1 .8-2  HEAT TRANSPORT EQUIPMENT

In te rm e d ia te  Heat Exchanger

Number R e q u i r e d .................. ....  . . .

D iam ete r  o f  S h e l 1 ................................

Length  o f  S h e l l  ....................................

O v e r a l l  H e ig h t  ....................................

O .D. of Sodium Tubes .......................

Th ick n e ss  o f  Sodium Tubes . . . .

O .D . o f  I i th iu m  Tubes .......................

T h ick n e ss  of L i th iu m  Tubes , . .

Number o f  L i th iu m  Tubes ..................

Number o f  Sodium Tubes ..................

Tube P i t c h  .............................................

T o ta l  H eat T r a n s f e r  S u r fa c e  . . .

T o t a l  Sodium Plow ................................

V e l o c i t y  o f  Sodium Through Tubes

T o ta l  L i th iu m  Plow ...........................

V e l o c i t y  o f  L i th iu m  Through Tubes

. 4

8 .8  in 

33 m 

42 m

5 cn.

3 I'Mil

2 .5  cm

2.8  mm

14.334

14.334

6.35 cm T r ia n g u la r  P i t c h  

28,600 m2

10.3 m3/s 

0 .6  m/s

7 .5  m3/s 

1.7 m/s
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TARLE 4.1.8-2 HEAT TRANSPORT EQUIPMENT (CONT.)

Steam Gene r a t o r

Number Req u ired  .................................................................... 4

D iam eter  o f  S h e l l ............................................................... 10.4 m

Length o f  S h e l l ....................................................................35 rn

O v e ra l l  H e igh t ...................................................................  46 .5  m

O.D. o f  Sodium T u b e s ...................................................... 2 .5  cm

Th ickness  o f  Sodium T u b e s .............................................2 .8  mm

0 .0 .  o f  Steam Tubes in  each o f  the Evap o ra to r
S e c t io n  and Su p e rh e a te r  S e c t i o n ...................... 3 .3  c!«

Thif.Kness o f  T u b e s .......................................................... 2 .8  mm

IW/iber o f  Sodium Tubes in  each o f  the  E v a p o ra to r  
and S u p e rh e a te r  S e c t io n  ........................................

Number o f  Steam Tubes in  each fo  the  E va p o ra to r  
S e c t io n  and S u p e rh e a te r  S e c t io n  ......................

T o ta l  Heat T r a n s f e r  S u r fa c e  in  the E va p o ra to r  
S e c t io n  ............................................................................

To ta l fleat T r a n s fe r  S u r fa ce  in  the Su perh ea te r  
S e c t io n  ............................................................................

Tube P i t c h  ............................................................................

T o ta l  Sodium Flow ...............................................................

V e l o c i t y  o f  Sodium Through Tubes ...........................

T o ta l Steam F l o w ..........................................................

V e l o c i t y  o f  Steam in  E vap o ra to r  S e c t io n  . . . .

V e lo c i t y  o f  Steam in  Su p e rh ea te r  S e c t io n  . . .

L i th iu m  C i r c u l a t i n g  Pump

Number Requ ired  ...................................................................

Flow Rote ............................................................................

Number o f  S tages  ...............................................................

Speed . . .  ...........................

Developed H c n d ........................................ ..........................

Net P o s i t i v e  S u c t io n  Head, (NPSH) Requ ired  . .

S p e c i f i c  Speed, N s ..........................................................

S u c t io n  S p e c i f i c  Speed, Ss .........................................

Power Consumption (e a ch )  .............................................

14.334

14.334 

25,700 m2 

6,000 m2

6.67 cm Square P i t c h  

10.4 m3/s

2.3 m/s 

557 kg/ j

6 .2  m/s

6.2  m/s

8

3.75 m3/s

2

430 '’pm 

108 m

15.1 m 

2160 

2,056 

3 MWe
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TABLE 4.1.8-2 HEAT TRANSPORT EQUIPMENT (CONT.)

S()dium_Circul a t i ng Pump

Number Required ......................................................... 8
Klow R a t e .................................................................... 5.2 m3/s
Number of Stnges .....................................................  1
Sp eed ............................................................................ 480 rpm
Developed H e a d .........................................................84.7 m
Net Pos itive  Suction Head, (NPSH) Required . . 15.1 m
Specific  Speed, N s .................................................  2020
Suction Spec ific  Speed, Ss ..................................  6150
Power Consumption (each pipe) ............................... 6 MWe

Lithium Hot Leg

Number of Pipes ......................................................... 8
Pipe Inside D ia m e te r ..............................................73.3 cm
Pipe T h ic k n e s s .........................................................14.3 mm

3
Lithium Flow (each pipe) ......................................3.75 m /s
Lithium Temperature .................................................  309° C
flow V e lo c i t y ............................................................ 8.9 m/s

Iithium  Cold Leg

Number of P ip u . : .........................................................8
Pipe Inside D ia m e te r ..............................................73.3 cm
Pipe Thickness ......................................................... 14.3 mm
Lithium Flow ( e a c h ) ................................................. 3.75 m3/s
Lithium Temperature .................................................  300° C
Flow V e lo c i t y .............................................................8.9 m/s

Sodium Hot Leg

Number of Pipes ......................................................... 8
Pipe Inside D ia m e te r ..............................................86 cm
Pipe Thickness .........................................................14.3 mm

3
Sodium Flow (each pipe).......................5.2 m /s
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TABLE 4.1.8-2 HEAT TRANSPORT EQUIPMENT (CONT.)

Sodium Hot Leg (Cont'd)
Sodium Temperature .................................................  363° C
Flow V e lo c i t y .............................................................8.9 m/s

SPdi UTTi jCol d JL e  q

Number of Pipes ......................................................... 8
Pipe Inside D ia m e te r ..............................................86 cm
Pipe T h ic k n e s s .........................................................14.3 mm
Sodium Flow (each p ip e ) ......................................... 5,2 m /s
Sodium Temperature .................................................  272° C
Flow V e lo c i t y ............................................................ 8.9 m/s

SYSTEM OPERATION
3

The sodium and the lithium  are received at the plant in so lid  form in 114 m 
(30,000 gallon) capacity tank c.irs equipped with heating co ils .

Because both lithium and sodium Ignite spontaneously in a i r ,  both the Lithium
Storage Tank and the Sodium Storage Tank and a l l  of the pumps and piping from
the receiving docks to the storage tanks are purged and inserted with dry 
argon gas heated to 370° C, The argon is circu lated  un til surface temperatures 
of 205° C are attained. These surface temperatures are maintained with e le c tr ic  
heaters.

The lith ium  and the sodium are melted in the tank car by c ircu la ting  "Downtherm
A" dt a temperature of 260° C througn the heating co ils  and the melted metal is
pumped to its  drain and storage tank. Each metal has its  own melting and
storage f a c i l i t y  to obviate the p o ss ib ility  of mixing the metals. Before the
heat transport systems are loaded with the liqu id  metals, the Reaction Chamber, 
the Intermediate Heat Exchangers, the Steam Generators and the c ircu la ting  
pumps, piping and valves are purged and inerted with dry argon gas, heated to 
370° C, u n til a l l  of the metal parts that contact the liqu id  metal are heated
to a minimum of 205° C. The surface temperature of *.11 of the above items is
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prevented from dropping below th is  l im it  fo r a l l  in-plant conditions, except 
for maintenance or replacement, by e le c t r ic  s tr ip  heaters.

The A u x ilia ry  B o ile r  produces 205° C, 1.72 MPa absolute steam. This steam is 
c ircu la ted  through the Steam Generator, the turbines and the heaters to warm 
up the steam system and to augment the argon heating of the sodium conducting 
tubes w ithin the Steam Generators. While the heat transport system is  being 
heated, a l l  of the compartments w ith in  the Containment Build ing and the Steam 
Generator Bu ild ing , in which a l l  items of equipment or runs of piping that w ill 
contain e ith e r lith ium  or sodium is located , are purged and inerted with dry 
argon gas to a pressure s l ig h t ly  below atmospheric.

The argon gas from each compartment is  maintained at 32° C with individual unit 
coolers and is  provided with an atmospheric clean-up system.

Each atmospheric clean-up system consists of a fan, a d e tr it ia t in g  adsorber and 
a HF.PA f i l t e r .  A ll tr itium  removed is returned to the Waste Handling Bu ild ing.

The ind ividual un it coolers are each provided with an intermediate heat exchanger 
c ircu la tin g  re frigeran t R-11 as the coolant.

Once the heat transport system has had its  temperature raised to it s  minimum of 
205° C, lith ium  is  pumped from the Lithium Drain and Storage Tank to f i l l  the 
lith ium  system, sodium is  pumped from the Sodium Drain and Storage Tank to 
f i l l  the sodium system, the lith ium  and Sodium C ircu lating  Pumps are started , 
and normal Steam Generator water leve ls  are established.

In the Turbine/Generator Bu ild ing , the Main Condenser C ircu la ting  Water System 
is placed into operation, the condenser dump valves are placed in the pressure 
control mode and set fo r "no-load" pressure and the condensate system is  prepared 
for operation.

The a u x ilia ry  feedwater system is aligned to feed a l l  Steam Generators, and a l l  
valves are positioned. The Turbine Driven Feed Water Pump is  started , using the 
steam generated in the A u x ilia ry  B o ile r ,  and the Main Turbine is ro lled  up to 
600 rpm.
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A fte r a l l  Turbine Generator A u x ilia ry  Systems are placed in operation, the 
Reactor is  placed in operation and the Turbine Generator is  brought slow ly up 
to 1,800 rpm. The Turbine Driven Feed Water Pump is  placed in main steam 
operation, and when required steam flow has been estab lished , the Generator 
output is  synchronized and tied  into  the grid .

4.1.8 .2 INTERFACE WITH GRID 

FUNCTION

The Turbine Generator portion of the plant receives superheated steam from the 
Steam Generator and transforms the thermal energy in the steam to e le c tr ic a l 
energy.

DESIGN REQUIREMENTS

Table 4.1.8-3 enumerates the sa lien t parameters of the e le c tr ic  generating 
portion of the Balance of Plant.

TABLE 4.1.8-3 TURBINE GENERATOR PARAMETERS

Turbine Type Tandem compound, 6-flow condensing, double reheat 
machine consisting of one double-flow high pressure 
cy lin d e r, and three double-flow low pressure 
cylinders

1 ,800 rpm

7.78 x 106 kg/hr

72 kg/cm2

Turbine Speed

Thro ttle  Flow

Thro ttle  Pressure

Generator Type Liquid-cooled stato r and hydrogen inter-cooled 
ro to r, with exc ite r to control the voltage o f the 
generator

Generator Power Factor 0.9

Total Generator Power 1 ,565 MWe

Unit Output 1 ,207 MWe
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Unit Heat Rate 3,063 kcal/kWhr

Unit E ff ic ien cy  28%
Condenser Duty 2.34 x 10^ kcal/hr

A u x ilia ry  Power 358 MWe

DESIGN DESCRIPTION AND SYSTEM OPERATION

Because of lim ita tio n s  in scope, many of the d e ta ils  discussed in the following 
paragraphs have not been shown on the l is t in g  of drawings that i l lu s t r a te  the 
Turbine Generator System.

The Turbine Generator System is  i l lu s tra te d  on the follow ing drawings:

Figure T it le  Figure Number

Heat Balance Diagram 4.1.8-10
General Arrangement, Turbine Build ing - Ground Floor 4.1,8-11
General Arrangement, Turbine Bu ild ing - Operating Floor 4.1.8-12
General Arrangement, Turbine Bu ild ing - Section 4.1.8-13
E le c tr ic a l Main One tine  Diagram 4.1.8-14

A moisture separator-reheater un it is. provided to dry and superheat the steam 
between the high and low pressure cy linders.

An e lectrohyd rau lic  control system provides speed and acceleration control for 
startup , load con tro l, load lim it in g , emergency t r ip ,  manual t r ip ,  and valve 
testing function.

Steam from the Steam Generators is carriP-' in four carbon steel lin es , which 
jo in  into a common manifold. A main steam iso la tion  valve and a main steam 
iso la tio n  bypass valve are located in each lin e  in the Turbine Bu ild ing, Four 
carbon steel lin es  carry steam from the manifold, located in the turbine 
bu ild ing , to four main steam turbine stop valves and four main steam turbine 
control valves.
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Figure 4.1.8-11. General Arrangement, Turbine Building Ground Floor
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Figure 4.1.8-12. General Arrangement, Turbine Building Operating Floor
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Steam leaving the high pressure turbine passes through the moisture separator- 
reheaters to the in le ts  of the three low pressure turb ines. Each of the steam 
lines between the reheater ou tle t and low pressure turbine in le t  is  provided 
with a combined intercept-stop va lve . Main steam stop-check valves in the steam 
supply connections autom atically prevent reverse flow of steam in the event of 
accidental pressure reduction in any Steam Generator or i t s  piping and also 
provide a manual shutoff of steam from its  associated steam generator.

The main steam system is  capable of disposing of heat from the heat transport 
system following sudden load re jection  or un it t r ip ,  by autom atically bypassing 
main steam to the condenser through the turbine bypass system and/or by re liev ing  
to the atmosphere. R e lie f  valves in s ta lled  in the moisture separator-reheater 
protect th is  vessel and the crossover system from overpressure. These valves 
are designed to pass the steam flow resu lting  from a complete turbine load 
re je c tio n , or other shutoff of main steam flow, to the condenser.

The extraction steam system conducts steam from the high pressure turb ine, 
cold reheat lin es , and the low pressure turbines to the feedwater heaters. The 
extraction steam is required for feedwater heating to increase cycle e ffic ien cy .

The A u x ilia ry  B o ile r  provides steam for process systems when plant steam is not 
a va ilab le , in addition to steam for heating the Turbine Plant and the Steam 
Generator when s ta rtin g  from a cold condition. This includes an o il fired  water- 

tube b o ile r , a condensate rece ive r, a condensate pump, a condensate makeup 
pump, a deaerator, a b o ile r feed pump, and controls. Fuel o il is supplied t.o 
the A u x ilia ry  B o ile r  from one above ground fuel o il supply tank. A fuel o il 
supply pump transfers o il from the supply tank to the A u x ilia ry  B o ile r .

The condenser is  a t r ip le  sh e ll,  m ultipass, m ultipressure, divided water box 
design. During normal operation, two steam je t  a ir  e jecto rs remove nonconden- 
s ib le  gases from the condenser sh e lls . The feedwater system receives p a r t ia l ly  
heated feedwater from the condensate system. I t  completes heating the feedwater 
and ra ises i t s  pressure to the values required to feed the Steam Generators.
Two one-half capacity , variab le  speed turbine-driven feedwater pumps with one 
one-half capacity motor-driven backup pump take suction from the condensate
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system and discharge to a common header. Three stages of regenerative feedwater 
heating are provided to two feedwater heater strings connected in p ara lle l 
between the pump discharge header and a headering system designed to provide 
su ffic ie n t mixing to ensure that uniform temperature feedwater is  supplied to 
each Ste-'m Generator.

The feedwater is  d irected to the Steam Generator feed lin es . Each feed lin e  
has a feedwater flow control valve and two feedwater iso la tion  valves. The flow 
control valves are positioned by a signal from th2 Steam Generator Water level 

control system. The flow control valves in conjunction with the variab le speed 
feedwater pumps maintain the desired Steam Generator water level during normal 
operation. The redundant feedwater iso la tion  valves ensure iso la tion  of feed­
water flow to the Steam Generator on a feedwater iso la tio n  signal.

The au x ilia ry  feedwater system is  used to supply an emergency source of feedwater 
to the Steam Generators in the event of loss of the normal feedwater system.
The a u x ilia ry  feedwater system can also be used to provide feedwater to the Steam 
Generators in conjunction with the condensate pumps during plant startup and 
shutdown when su ff ic ie n t  steam cannot be generated to operate the turbine-driven 
main feedwater pumps. The au x ilia ry  feedwater system can also be used to provide 
feedwater to the Stenm Generator during an operation as hot standby.

The c ircu la tin g  water system 1s a closed loop cooling system using one natural 
d ra ft cooling tower. The turbine plant service water system cooling water 
discharge is  used as makeup water for the cooling tower. The c ircu la tin g  
water system consists of four c ircu la tin g  water pumps, pumphouse, c ircu la tin g  
water piping, steam condenser, cooling tower and associated hydrau lic, mechani­
c a l, and e le c tr ic a l equipment. The to ta l design c ircu la tin g  water flow rate 
is  constant at 2,050 m /min.

To control and maintain the required system water chemistry, chemical solutions 
are fed to the main condensate system, to the A u x ilia ry  Bo ile r condensate system, 
and to the makeup and c ircu la tin g  waters of the natural d raft cooling tow 'r.
To perform these functions, the follow ing systems are provided: Steam Genera­
tor wet layup, chamical feed hydroch lorite , chemical feed-condensate, chemical
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feed - A u x ilia ry  B o ile r  and Chemical feed-acid, The Steam Generator wet layup 
system allows chemistry control when the Steam Generator is iso lated in a fu ll 
wet layup condition during cold shutdown. Hydrazine and ammonia solutions are 
added to the water for conditioning while the Steam Generator is being H lle d  
to provide corrosion protection during cold shutdown periods.

The chemical feed-hypochlorite system allows sodium hypochlorite so lution t.o 
be in jected into the makeup water l in e , c ircu la tin g  water, and the service water 
systems for biofoul ing control, The chemical feed-coridensote system introduces 
hydrazine and ammonia solutions into the condensate system to scavenge the oxygen 
and control the pH, respective ly . The chemical feed - A ux ilia ry  B o ile r  system 
introduces hydrazine and morpholine solutions to the A ux ilia ry  B o ile r  feodwater 
to scavenge oxygen and control the pH of the feedwater, re sp e c tive ly . The 
chemical feed-acid system feeds the makeup water lines to the natural d ra ft 
cooling tower with su lfu ric  acid for scale control during the summer months.

The station e le c tr ic a l system, Figure 4.1.8-14, receives ac power from the 
turbine generator during normal operation. The power flow is v ia  r throe winding 
normal station  serv ice transformers. The power ou11 ;t of the main generator is 
s p l it  between two generator lead iso lated  phase bus runs connecting the generator 
to two-ha I f  size main transformers. L-ach normal station  service transformer 
(NSST) is connected to cne of the bus duct runs. The NSST are rated 100/50/50 
MVA, 22-13.8 kV.

The tap bus duct to the NSST jo ins the yenerator leads between the main trans­
formers and the two generator load break switches; the la t te r  being in s ta lled  
in lin e  with the generator leads. The isolated phase bus duct is rated at 
18,000 amps. The NSST tap buses have a symmetrica! fau lt current rating  of 
345 KA. The generator load break switches have an interrupting cap ab ility  of 
180 KA. The laser d river power is  also taken from the generator output. The 
top busses (SF6) jo in  the iso lated phase bus duct between the qenerator terminals 
and the generator load break switch.

Generator output voltage regulation w il l  be maintained by integrating generator 
f ie ld  forcing with the 10 Hz voltage pulse rate of the laser d r ive r . Generator
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frequency s tab iliz a tio n  w il l  be maintained using a su itab ly custom-designed f l y ­
wheel on the turbine generator,

The two ha lf size main step up transformers are rated 22 kV-230 kV, 600 MVA.
A th ird  main transformer is  also provided as a spare un it. A 230 kV switchyard 
is provided with three incoming lines and three outgoing lines . A breaker and 
a half scheme is provided. The three Unes interconnecting the station  and the 
switchyard include the two high voltage main transformer secondary lines and 
a th ird  line  connecting the switchyard to a three winding reserve station  service 
transformer rated 100/50/50 MVA, 230-13.8 kV, capable of providing power to the 
station e le c tr ic a l system when the main generator output is  not ava ilab le  and 
when back feed v ia  the main trarsformer is not ava ilab le .

The station  e le c tr ic a l system configuration includes four 13.8 kV buses, four 
4,160 V buses, two Class IE ,  4 kV buses, and one 13.8 kV back-up bus. Unit 
substations are fed from the 13.8 kV buses. Four au x ilia ry  step drum transformers 
rated 10 MVA, 13.8-4.16 kV provide power to the 4 kV buses. Two 4,160 V Class 
1L buses are provided with two 16 MWe dedicated standby diesel generators. In 
addition, a backup nonclass IE bus is provided with two 30 MWe gas turbine 
generators to supply power to nonsafety but important p le c tr ica l loads during 
loss of station  power events. Part of the po ier furnished by the gas turbine 
generators is  dedicated to operate the heat tracing systems and the liqu id  metal 
c ircu la ting  pumps at reduced flow to ensure that the liqu id  metals do not s o lid ify  
during an accidental outage.

The laser d rive r e le c tr ic a l load is 200 MW. The to ta l station serv ice load is 
358 MW.

Control storage batteries and chargers are provided for control o f equipment in 
the normal station  service ac power system. Separate control storage b a tte r ie s , 
with chargers, are provided for one redundant tra in  of engineered safety features. 
A separate storage battery and charger is  provided for non-safety class essentia l 
systems and for inverters to serve computers and essentia l 120 V ac instrument 
buses.
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The design of a l l  equipment and the buildings in which they are housed complies 
with Appendix A, 10CFR50, General Design C r ite r ia  fo r Nuclear Power P lan ts, 
wherever applicab le. Structures, systems, and components important to safety 
are designed to withstand the e ffects  of natural phenomena such as earthquakes, 
tornadoes, hurricanes, floods, tsunami and seiches without loss of cap ab ility  
to perform th e ir safety functions. Figure 4.1.8-15 is a p lot plan showing a l l  
of the buildings and f a c i l i t ie s  comprising the plant and th e ir  locations and 
o rien tation  re la tiv e  to each other. The containment and other major buildings 
are discribed in the following paragraphs.

4.1.8.3.1 REACTOR BUILDING 

FUNCTION

The Reactor Building houses the Reaction Chamber, the Lithium C ircu lating  Pumps, 
the Intermediate Heat Exchangers, the Lithium Drain and Storage Tank, the lith ium  
c ircu la tin g  piping and va lves, a portion o f the sodium c ircu la tin g  piping and 
va lves, and provides "hot" storage for the upper half of the Reaction Chamber and 
the F ir s t  W all. M irrors for the Laser D river beams are also housed in th is 
bu i1d i ng.

DESIGN REQUIREMENTS

The Reactor Building is  designed to support a ll of the ho'ised equipment under 
seism ic, tornado and other severe environmental loads. The building 

is  also m iss ile  protected and provides rad iation  shielding from the Reaction 
Chamber. A ll areas subject to potential liq u id  metal s p i l ls  or escaping tritium  
are lined with steel and are maintained at a pressure s lig h t ly  below atmospheric 
to assure that any building leakage is  inward. A 1,000 ton bridge crane is 
provided for handling the upper ha lf of the Reaction Chamber, the Reactor F ir s t  
W a ll, the c ircu la tin g  pumps, and other major items o f equipment.

DESIGN DESCRIPTION

The Reactor Building is  il lu s tra te d  on the following Figures, previously shown 
in Section 4.1.8.1.

4.1.8,3 CONTAINMENT AND OTHER MAJOR BUILDINGS
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Figure Title Figure Number

Containment Structure - Plan E l. 0,15 m
Containment Structure - Plan E l. 42.75 m
Containment Structure - Section 1-1
Containment Structure - Section 2-2

4.1.8-2
4.1.8-3
4.1.8-4
4.1.8-5

The building is  a reinforced concrete structure 125 m long by 105 m wide. The 
high bay area over the Reactor Chamber and Storage Area is  82.5 m high. The 
roof over the Intermediate Heat Exchangers and the Lithium Drain and Storage 
Tank is  52 m high. The Reactor Chamber, each Lithium C ircu la ting  Pu,n(), the 
Lithium Drain and Storage Tank, the Storage Area, the lith ium  c ircu la tin g  
piping, the sodium c ircu la itn g  piping and each Intermediate Heat Exchanger are 
in separate compartments. S lid in g  shielded doors are provided over the Reaction 
Chamber and at the entrance to each compartment w ith in  the Storage Area. A ll 
shielded doors s lide  on hydrostatic bearings and are sealed, where required, with 
in fla tab le  gaskets, using argon as the in f la t in g  medium. This de ta il is  not 
shown on the drawings.

The building is founded on a mat a t grade. Walls are provided to support the
Bridge Crane and shear w alls  are provided to carry la te ra l loads. The thickness
of a l l  w a lls  and slabs are governed by both shielding and structura l requirements.

The flo o r and walls of each compartment are protected with an insulated steel 
lin e r  to a height exceeding the depth of liq u id  metal that would resu lt from 
a maximum possible s p i l l .  Channels, through which cooled argon is  c ircu la ted  
continuously, are embedded in the concrete to insure against it s  overheating 
in the event of a s p i l l .  The remaining surfaces of each compartment are clad 
with a steel l in e r  to insure containment of the argon that constitutes the inert 
atmosphere w ith in  each compartment. This d e ta il is  not shown on the drawings.

The uppermost portion of the Reaction Chamber support is  subject to neutron 
heating, and is  cooled by Freon-11 continuously c ircu la tin g  through tubing 
embedded in the concrete w a ll. This d e ta il is not shown on the drawings.
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4.1 .8 .3 .2  HOT CELL FACILITY BUILDING 

FUNCTION

The Hot Cell F a c i l i t y  Build ing (Figure 4.1.8-16) consists of a Hot Cell fo r 
remote work on the Reactor F ir s t  Wall and other rad ioactive  components, three 
separate storage sections for rad ioactive  Reactor F ir s t  Walls and/or ducts and 
other rad ioactive  components, a storage compartment for a new reactor F ir s t  
W a ll, an open storage compartment for non rad ioactive  equipment, a receiving/ 
assembly/dismantling area and an area w ith chemical cleaning c e lls  for decon­
tamination of equipment.

DESIGN REQUIREMENTS

The building is  designed to withstand seism ic, tornado and other severe environ­
mental loads and is  m iss ile  protected. A ll compartments in which rad ioactive  
components are stored or serviced are a minimum of one meter th ick , and are 
furnished with shielded doors that s lid e  on hydrostatic bearings. The Hot 
Cell is  completely furnished with remote handling and servicing  equipment and 
the receiving/assembly/dismantling area is  equipped with a 150 tonne bridge 
crane. These d e ta ils  are not shown on the drawings.

DESIGN DESCRIPTION

The build ing is a reinforced concrete structure 160 m by 111 m. I t  is  50 m 
high over the receiving/assembling/dismantling area and 30 m high over the 
remainder of the build ing. I t  is  founded at grade and is  divided into separate 
compartments with a centra l transport a is le  for serv icing  a l l  compartments.
A ir f lo a t  p a lle ts  are provided to furn ish  omni-directional/low moving fores 
transportation f j r  the equipment w ithin the build ing. This deta il is not shown 
on drawings.

4.1 .8 .3 .3  STEAM GENERATOR BUILDING 

FUNCTION

The Steam Generator Build ing houses the Steam Generators, the Sodium Drain and 
Storage Tank, the Sodium C ircu lating  Pumps, and the sodium c ircu la tin g  piping 
and valves.
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The building is  designed to support a l l  of the housed equipment under seism ic, 
tornado and other severe environmental loads. The building is  also m issile  
protected. A ll areas subject to liqu id  metal s p i l ls  or escaping tr it iu m  are 
lined with stee l and are maintained at a pressure s lig h t ly  below atmospheric 
to insure that any building leakage is  inward.

DESIGN DESCRIPTION

The Steam Generator Building is  il lu s tra te d  on the following Figures:

DESIGN REQUIREMENTS

The building is a reinforced concrete structure 72 m by 135 m by 52 m high, and 
is  founded on a concrete mat at grade. Each Steam Generator, each Sodium 
C ircu lating  Pump, the Sodium Drain and Storage Tank and the sodium c ircu la tin g  
piping are in separate compartments. Removable concrete slabs are provided in 
the roof area over each Steam Gene^*'-,. and each Sodium C ircu lating  Pump in 
order to provide for removal and replacement of the components.

The flo o r and w alls  of each compartment are protected with an insulated steel 
l in e r  to a height exceeding the depth of liqu id  metal that would re su lt from 
a maximum possible s p i l l .  Channels, through which cooled argon is  c ircu la ted  
continuously, are embedded in the concrete to ensure against i t s  overheating in 
the event of a s p i l l .  The remaining surfaces of each compartment are clad with 
a steel l in e r  to ensure containment of the argon that constitu tes the inert 
atmosphere w ith in  each compartment. This d e ta il is  not shown on the drawings.

4.1.8 .3 .4 LASER DRIVER BUILDINGS 

FUNCTION

The Laser D river Buildings house the lase rs , Marx generators, canacito rs , 
m irrors, am p lifiers and th e ir  coolers. There are two d rive r bu ild ings, located 
on d iam etrica lly  opposite sides of the Reactor Bu ild ing.

F igure T it le

Steam Generator Build ing - Plan View 
Steam Generator Building - Sections View

Figure Number

4.1.8-17
4.1.8-18
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Figure 4.1.8-17. Steam Generator Building Plan View



Figure 4.1.8-18. Steam Generator Building Section View



The buildings are humidity controlled to maintain a dew point of -10° C 
(R e la tive  humidity of 3% at 22° C) and are designed so as not to in f l i c t  any 
damage to the Reactor Building under seismic or tornado conditions. The mirrors 
are each iso lated from the building slab in order to be free from a l l  v ib ra tion .

DESIGN DESCRIPTION

Schematic drawings for these buildings are found in Section 4.1.1.

The buildings are founded at grade with reinforced concrete footings and a 
reinforced concrete slab. The buildings are each 175 m long by 75 m wide by 
42.75 m high. The superstructure consists of a structural steel frame with 
insulated metal siding and roof deck and is  sealed to maintain a vapor b a rrie r
to maintain the low dew point within the building. The roof deck is  furnished
with asphalt and gravel built-up roofing,

One wall of each building is common with a Reactor Building w a ll. The lower 
section of each of these common w alls is  provided with 54 s a lt  windows for the
transmission of the laser beams into the Reactor Build ing.

4 1.8.3.5 TURBINE BUILDING 

FUNCTION

The Turbine Building houses the turbine generator, main condenser, feedwater 
heaters and other pertinent equipment of the power conversion system.

DESIGN REQUIREMENTS

The building is designed in compliance with the Uniform Build ing Code.

DESIGN DESCRIPTION

The Turbine Build ing is illu s tra te d  on the following figures shown in Section 
4.1.8 .2 .

DESIGN REQUIREMENTS
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General Arrangement Turbine Bu ild ing  - Ground Floor
General Arrangement Turbine Bu ild ing  - Operating Floor
General Arrangement Turbine Bu ild ing - Section 1-1

Figure Title Figure No.

4.1.8-11
4.1.8-12
4.1.8-13

The building is  a m ulti-story steel framed structure with insulated metal siding 
and and roof deck. The three general areas of the building are the turbine bay, the 
heater bay and the condensate polishing area. The turbine bay is  107 m long by 
40 m wide by 41 m high. The heater bay is  95 m long by 24.4 m wide by 26.5 ni high. 
The condensate polishing area is  95 m long by 13.7 m wide by 9.2 m high.

The turbine generator is  set on a reinforced concrete pedestal.

Laydown space for maintenance is provided on the operating floo r and is  serviced 
by a bridge crane.

4.1.8.3.6 PELLET FACTORY BUILDING 

FUNCTION

The P e lle t  Factory Build ing houses equipment for the recycling of tr it iu m  and 
the manufacture of the p e lle ts .

DESIGN REQUIREMENTS

The building is  designed in compliance with the Uniform Build ing Code and is 
maintained at a pressure s lig h t ly  below atmospheric to insure that any building 
leakage is  inward.

DESIGN DESCRIPTION

Schematic drawings for th is  building are found in Section 4.1.4.

The P e lle t  Factory is  a rectangular building 37 m long by 25 m wide by 9 m high.
At one end of the bu ild ing , provision is  made for two p e lle t  towers. In th is
area, the building is  16 m high.

The building is  steel framed with insulated metal siding and roof deck.
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It is founded at grade ")n a reinforced concrete foundation.

4.1.8.3.7 WASTE DISPOSAL BUILDING 

FUNCTION

The Waste Disposal Build ing houses equipment for co lle c t in g , separating, 
treating and packaging gaseous, liqu id  and so lid  waste products from the P e lle t  
Factory, the Reactor Building and the Steam Generator Build ing.

DESIGN REQUIREMENTS

The portion of the building that houses the waste processing equipment is 
designed to withstand seismic, tornado and other severe environmental loads, and 
is m issile  protected. The remainder of the building is designed in compliance 
with the Uniform Build ing Code.

DESIGN DESCRIPTION

Drawings for th is  building have not been prepared.

The Waste Disposal Building is  121 m long by 38 m wide by 9 m high.

The portion of the building that houses the waste processing equipment is 
constructed of reinforced concrete and is 40 m long by 38 m wide by 9 m high.
The walks and slabs are 0.6 m thick for rad ioactive  shielding.

The remainder o f the building is  for drum storage and is 8.4 m long by 38 m wide
by 9 m high. This portion of the building is  structural steel framed with
insulated metal siding and roof deck. A 15 tonne bridge crane is provided in
th is area.

4 .1.8 .3 .8 CONTROL BUILDING 

FUNCTION

The Control Build ing houses tne power, control and instrumentation equipment 
necessary for s tation  personnel to operate the plant and, in the event of an 
accident, to e ffe c t a safe shutdown of the p lant. The building includes the
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control room, switchgear rooms, cable spreading area, computer rooms, and 
environmental control equipment. The e le c tr ic  cables are carried  to the Reactor 
Building in  concrete tunnels on grade.

In the event that the outside atmosphere becomes contaminated with airborne 
rad ioactive contaminants, the building provides complete protection for the 
operating personnel w ith in.

DESIGN REQUIREMENTS

The building is  designed to withstand seism ic, tornado and other severe environ­
mental loads, and is m iss ile  protected.

DESIGN DESCRIPTION

Drawings for th is  building have not been prepared.

The Control Building is  a reinforced concrete structure, 32 m by 35 m by 23 m 
high and is  founded at grade. I t  has three floo r le ve ls , with the control room 
iso la tion  area on the top f lo o r , the cable spreading room on the second f lo o r, 
and the switchgear room on the ground floo r.

4.1.8.3.9 EMERGENCY GENERATOR AND STANDBY GENERATOR BUILDING 

FUNCTION

The building houses two 16 MWe emergency diesel generators and two 30 MWe gas 
turbine generators and the equipment necessary to provide e le c tr ic  power to 
operate both the safety-related systems and nonsafety-generating equipment and 
o ff- s ite  power.

DESIGN REQUIREMENTS

The building is  designed to withstand seism ic, tornado and other severe environ­
mental loads, and is m issile  protected. Provisions are made fo r removal and 
replacement of a l l  equipment housed w ith in .

DESIGN DESCRIPTION

Drawings for th is  building have not been prepared.
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The building 1s a reinforced concrete structure 30 m long by 50 m wide by 18 m 
high. The a ir  intake and exhaust hoods r ise  above the main roof and are located 
at opposite ends of the building. An e le c tr ic a l tunnel connects th is  building to 
the control build ing. The generators are separated from each other by concrete 
d iv id er w a lls .

4.1.8.3.10 EMERGENCY GENERATOR AND STANDBY GENERATOR FUEL OIL STORAGE 
TANKS AND PUMP HOUSE

FUNCTION

Two fuel o il storage tanks and a pump house provide fuel for the emergency and 
standby generators.

DESIGN REQUIREMENTS «

The fuel o il tanks and pump house are designed to withstand seismic tornado and 
other severe environmental loads and are m issile  protected.

DESIGN DESCRIPTION

Drawings have not been prepared.

The fuel o il tanks are underground in a reinforced concrete vau lt. The pump
house is  located on grade on top of the vau lt.

4.1.8.3.11 ARGON STORAGE BUILDING 

FUNCTION
The Argon Storage Building houses the argon storage tanks and the argon p u r i f i ­
cation system and serves to she lte r them from the elements.

DESIGN REQUIREMENTS

The building is  designed in compliance with the Uniform Building Code.

DESIGN DESCRIPTION

Drawings for th is building have not been prepared.

4-174



The building is  a steel framed structure w ith metal siding and roof deck, and is 
86 m wide by 92 m long by 7.6 m high. The argon tanks are supported on concrete 
saddles.

Louvers, v en tila to rs , windows and doors are provided to allow cross ven tila tio n  
1n the building.

4.1.8.4 SAFETY AND CONTROL

SODIUM WATER REACTION WITHIN STEAM GENERATOR

In the event of a sodium tube perforation allowing contac1 between steam and 
sodium, both the escaping steam an'! the hydrogen produced by the resu lting  
sodium-water reaction, are conducted to a separating drum where the steam is 
condensed and discharged to the cooling tower. The hydrogen, along with the 
argon carryover, is  discharged to atmosphere.

I f  tritium  should be detected in the discharge, the Steam Generator w il l  be 
removed from service by iso la tin g  i t  from the sodium loops and the b o ile r feed 
ard steam loops, the hydrogen w; M be sent to Waste Handling, the sodium 
contained w ithin the tubes and chambers of the Steam Generator w il l  be returned 
to the Sodium Drain and Storage Tank and the steam discharged to the condenser.

A fter the perforated tube has been plugged, the Steam Generator w il l  be returned 
to serv ice . This system does not appear on the drawings.

LIQUID METAL LEAKS

Both lith ium  and sodium, in the range of operating temperatures encountered in 
the p lant, ign ite  spontaneously on coming into contact wi-',h a ir .  The only posi­
t ive  means of preventing e ither lith ium  or sodium f ire s  in the event of a leak 
ranging from small to catastroph ic, is  to in e rt a l l  of the compartments in which 
a leak can occur, with e ith e r argon, helium or neon gas.

From the standpoint of ease of containment and cost, argon has been selected as 
the inertlng  gas for th is  p lant. To in e rt , each compartment is  f i r s t  evacuated 
to 2.5 Torr, followed by f i l l in g  with argon to a pressure s l ig h t ly  below 
atmospheric pressure.
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Argon gas can be contaminated by contact w ith a i r ;  therefore, in order to be 
assured that no traces of oxygen or nitrogen are introduced into the Argon 
Storage Tanks, an argon p u rifica tio n  syst ;m is  provided. In th is system, the 
argon is  heated to a temperature range of 425 to 480° C and is passed to a 
Deoxidizer Unit where the oxygen contaminate is  removed by a copper ca ta lys t.
The remaining argon and nitrogen gas mixture is then air-cooled, water-cooled and 
liquefied  at approximately -196° C and e sse n tia lly  atmospheric pressure, f in a l 
liquefaction  of the mixture is  obtained by cooling with purchased liqu id  nitrogen. 
The resu lting  argon and nitrogen liqu id  mixture becomes the feed stream to the 
Argon Recovery D istribution Column. In the Argon Recovery Column, the nitrogen 
contaminate and some argon pass overhead from the column. Subsequently, the 
column overhead is  vaporized and discarded to the atmosphere. Pure liqu id  arqon 
is  recovered from the bottom of the Recovery Column. The argon product is then 
vaporized, cooled and sent to the Argon Tanks. This system does not appear on the 
drawings.

TRITIUM LEAKAGE INTO REACTOR BUILDING OR STEAM GENERATOR BUILDING

Because of the necessity of inerting the Reactor Building and the Steam Generator
Building with argon, i t  was decided to cope with escaping tritium  in the following 
manner rather than resort to the double pipe helium purge system that is generally 
used for the purpose.

Each compartment within the Reactor Build ing and the Steam Generatoi Building is 
provided with an atmospheric clean-up system, consisting of a fan, a d e tr it ia t in g  
adsorber and a UEPA f i l t e r .  Any tritium  entering a compartment, e ither through
leakage of the liqu id  metal or by permeation, is  removed by c ircu la tin g  the
contaminated argon atmosphere through the d e tr it ia t in g  adsorber and HEPA f i l t e r ,  
The removed tritium  is returned to the Waste Handling Bu ild ing. This system is 
il lu s tra te d  on the Heating, Ventilating  and A ir Conditioning (HVAC) Diagram,
Figure 4.1.8-19.

SALT WINDOWS

To prevent breach of containment and loss of vacuum w ithin the Reactor Chamber 
in the event of a leak or breakage of any of the s a lt  windows, each beam duct.
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Figure 4.1.8-19. Heating, Ventilating and Air Conditioning Diagram



through which a lase r beam is  passed, 1s provided w ith a motor operated ball 
valve.

An u ltrason ic  detection un it is  positioned w ithin a s a lie n t chamber, made a part 
of each beam duct and located 0.5 m from the s a lt  window w ith in  the Reactor 
Build ing. The rapid inrush of a i r  flowing from the D river Building into the 
beam duct through a leaking or broken s a lt  window, w il l  be detected by the 
u ltrason ic detection unit and the resu lting  signal w il l  sound an audible alarm 
in the Control Room, simultaneously id en tify in g  the broken window. The same 
signal w il l  also tr ig g er the motor operated ball valve to c lose, and terminate 
the laser beam w ithin the duct. This system does not appear on the drawings.

LASER COOLING

Because the Main Ducts and the fin a l la se r beams turning and focusing m irrors 
are subject to in tensive rad iation from the Reactor Chamber, a cooling system 
is provided to maintain surface temperatures of these items at acceptable 
leve ls .

The gas flowing through the laser am p lifiers  is  heated by the e le c tr ic a l 
discharge and must be continuously cooled in order to maintain the gas at an 
acceptable temperature leve l (60.5 ° C average).

Each am p lifie r is furnished with a coo ler and a centrifugal compressor to 
c ircu la te  the gas through the am p lifie r and the cooler.

The gas passes through the cooler tubes where i t  is cooled by water taken from 
the cooling tower. As the water leaves the coo ler, i t  is  returned to the 
cooling tower, The to ta l heat removed from each am p lifie r amounts to 14.5 MWt. 
This system does not appear on the drawings.
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4.1.9 ELECTRICAL SYSTEM 
FUNCTION

The p rincipa l function of the e le c tr ic a l system w ill be to take power 
from the main generator and supply each reactor load at it s  required 
u t il iz a t io n  voltage. In add ition , the e le c t r ic a l system w il l  provide 
adequate le ve ls  of equipment and personnel sa fe ty , during both normal 
f a c i l i t y  operation and abnormal occurrences. A lso, the e le c tr ic a l 
system w il l  receive power from an emergency generator system and d e live r 
i t  to the emergency reactor loads.

DESIGN REQUIREMENTS

• D istribu te  power to each reactor load.

• Provide the power at the appropriate voltage of each reactor load.

• Provide switching c a p a b ilit ie s  for both energizing and disconnecting 
loads.

• D istr ib u te  emergency power to loads designated as requiring power 
for safe operation a f te r  any loss of the main generator power.
At the same time power w i l l  be removed from unnecessary loads.

SUMMARY DESCRIPTION

The e le c tr ic a l system w ill include primary d is tr ib u tio n  switchgear, 
secondary load centers, and primary and secondary d is tr ib u tion  c ir c u its  
as shown in Figure 4.1.9-1.

The primary d is tr ib u tio n  switchgear w il l  rece ive power from the main 
generator fo r d is tr ib u tio n  to appropriate areas of the ICF reacto r. The 
primary d is tr ib u tio n  points w i l l  e ith e r be f a c i l i t y  loads or be secondary 
load centers i f  further voltage transformation is  required. The sw itch­
gear w ill provide overcurrent protection and a means for iso la tin g  
loads from the power supply. I t  may also provide special control func­
tions such as motor s ta rtin g . The d river power supplies are the largest 
reactor load and w ill be operated d ire c t ly  o ff  the main generator termin­
a ls .
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The secondary load centers w il l  be provided when additional voltage 
transformation is  necessary to supply appropriate voltage leve ls  for 
sm aller loads. The load centers w il l  also provide overcurrent protec­
t ion , as well as motor starting  and other equipment control functions.
The secondary load centers w il l  consist of transformers, main fuses, 
c ir c u it  breakers, motor s ta rte rs , and other power conditioning equipment 
as required.

The primary and secondary d is tr ib u tio n  c irc iu ts  w il l  transm it power 
between the various components of the e le c tr ic a l system. The d is t r i ­
bution c irc iu ts  w il l  consist of insulated power cables. The sizes and 
insu lation  type w il l  be selected to be compatible with the voltage and 
current leve ls  of the c ir c u it ,  as well as the environmental conditions 
to which the cable w il l  be subject.

The configuration of the reactor e le c tr ic a l system is dependent on the 
ch a rac te r is tic s  of the reactor loads. The estimated parameters of the 
reactor e le c tr ic a l system are summarized in Table 4.1.9-1 fo r both the 
lase r and heavy ion driven systems. As shown, the to ta l p lant e le c tr ic a l 
load is  358 MW for the laser system and 219 MW for the heavy ion system. 
The d rive r power supply of the laser system required 133 MW of power more 
than did that of the heavy ion system. Table 4.1.9-1 also indicates 
the several voltage leve ls  required to d e live r the power, Including 13,800 
vo lts , 4,160 vo lts , 480 vo lts , and 120 vo lts . The lase r d rive r power 
supply w ill be operated at 22 kV in order to operate d ire c t ly  o ff the main 
generator.
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POWER FOR POWER FOR
REACTOR LOAD LASER SYSTEM HEAVY ION SYSTEM

TABLE 4.1.9-1

ELECTRICAL DISTRIBUTION PARAMETERS

D river Power Supply 200 MW 67 MW
Lithium C ircu lating  Pumps 24 24
Sodium C ircu la ting  Pumps 48 48
Vacuum Pumps 4 4
Tritium  Recovery System 2.5 2.5
Tritium  Processing System 1.5 1.5
P e lle t  Fabrication 0.5 0.5
P e lle t  In jecto r System 0.3 0.3
Radwaste Removal System 0.7 0.7

Total Reactor Load 282 MW 149 MV)

Plant A u x ilia rie s  (Balance of P lant) 76 MW 70 MW

Total Plant Load 358 MW 219 MW

E le c tr ic a l Inputs for Reactor Loads 
Three-Phase, 60 Hz

13.8 kV, 4160V, 460V, and 120V
22 kV for the Laser and Heavy Ion Driver Power Supplies

Emergency Load Requirements for the Reactor System Not Including Plant
A u x ilia rie s  (Balance of P lan t)

Tritium  Processing Recovery 1.2 MW
Lithium C ircu la ting  Pumps 3.4
Sodium C ircu la ting  Pumps 2.4
P e lle t  Fabrication  0.05
Heat Tracing Loads 10.6
Total 17.65 MW

4-182



4.2 HEAVY ION BEAM DRIVEN DESIGN

4.2.1 DRIVER 

FUNCTION

The function of the d rive r 1s to d e live r  a properly shaped pulse of 
energetic heavy ions to the p e lle t . For a heavy ion d rive r th is  implies 
ions of atomic mass from Xe 131 to U 238 at k in e tic  energies from 5 GeV 
to 20 GeV.

DESIGN REQUIREMENTS

These ions are to be focused on a target spot ranging from 1 mm to 5 mm 
in radius. The pulses are to be 6 to 20 n sec long containing 1 MJ 
to 10 MJ of energy per pulse.

Table 4.2.1-1 summarizes the requirements on the heavy ion driver to be 
used in th is  reference design.

TABLE 4.2.1-1 

PARAMETERS REQUIRED FOR HEAVY ION DRIVER

Ion: Xe+ or Xe++

Ion Energy: 10 GeV

Target: 2.5 mm Radius

Beam Energy: 2 MJ

Beam Power: 150 TW

Pulse Length: 13 nsec

SYSTEM DESCRIPTION

The heavy ion d r ive r  system is divided into 7 blocks, as lis te d  below.

1) Ion source and pre-accelerator

2) Low e acce lerato r 6 < 0.1

4-183



3) High 8 acce lerator ft > o .l

4) Debuncher, m u ltip lie r rings, compressor

5) Storage rings

6) Beam transport lines

7) Final bending and focusing elements and reactor.

The f i r s t  six of these blocks comprise the d river.

Because the charge state has an extreme influence on system size and cost, 
two almost identica l systems meeting the design requirements are described 
in Tables 4.2.1-2 through 4.2.1-7. The systems are based on e ith e r Xe+ or 
Xe (s ing le  and doubly ionized xenon). When only one value of a paramete 
is  lis te d  i t  1s the same for both systems. Figures 4.2.1-1 and 4.2.1-2 
are schematic, representations of heavy ion drivers based on a Xe+ or on a 
Xe++ ion. In general, a ll parts of the Xe++ system are h a lf  the size of 
the corresponding part of the Xe system. However, the number of storage

4*4-rings required by the Xe system is  fnur times greater than that required 
by the Xe system. The low g, Wideroe, accelerator ends at "a" on these 
figu res ; the high $, Alvarez, acce lerato r starts  at "a" and continues to 
"b" on the figures.

The following tables w ill describe the seven blocks comprising the d rive r 
and reactor In terface by l is t in g  important parameters and th e ir  values.

TABLE 4.2.1-2

PARAMETERS DESCRIBING THE ION SOURCE AND PREACCELERATOR

Normalized Emlttance

Ion

t s * 3.2 x 

1S a 25 mA 
Z * 1

Xenon

= 3.2 x 10~7 m-rad
Current per source 

Charge state of ion 
Atomic mass of ion A « 131 

T0 » 2 x 10” 3 
Xe++,ns = 4

K in e tic  Energy of Preaccelerator 
Number of Sources

GeV
Xe+,ns = 8
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615669-7A

Figure 4.2.1-1. Schematic Representation of 10 GeV Xe+ Heavy Ion RF 
Linac Driver
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F ig u re  4 .2 .1 - 2 . Schem atic  R e p re s e n ta t io n  of 
RF L in a c  D r iv e r

GeV Xe ' Heavy Ion



TABLE 4,2.1-3

PARAMETERS DESCRIBING THE LOW & ACCELERATOR WIDEROE CAVITIES

Total energy 0.16 MJ

Xe++

Total power to beam 37.9 MW
to ca v it ie s  58.3 MW

F ir s t  Section
Operating Frequency 12.5 MHz
2 MeV in/20 MeV out; 1:1 Beam Loading
Maynefio f;•;o 1 dv B > 1 Tesla
Number of Sections 4
Length of each Section 18 m

Second Section
Operating Frequency 50 MHz
20 MeV in/100 MeV out; 1:1 Beam Loading
Magnevlc F ie ld , B % 0.65 Tesla
Nin'ib^v’ -1 * Sections 2
Length of each Section 80 m

Third Section
Operating Frequency 100 MHz
100 MeV in/800 MeV out; 2:1 Beam Loading 
Magnetic F ie ld , B 1.67T
Number of Sections 1
Length of each Section 350 m

75.8 MW 
116.6 MW

8

4

0.056T
2

700 m
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TABLE 4.2.1-4

PARAMETERS DESCRIBING THE HIGH B LINAC ALVAREZ CAVITIES

Total energy 1.84 MJ

Total power to beam
to cav it ie s

4*4'
Xe

460 MW 
614 MW

Xe__

920 MW 
1227 MW

Operating Frequency

0.8 GeV in/10 GeV out; 3:1 Beam Loading 

Magr.atic F ie ld , B 

Length of Linac

200 MHz

0.002 Tesla 

2760 m 5520 m

TABLE 4.2,1-5

PARAMETERS DESCRIBING THE DEBUNCHER, MULTIPLIER RINGS AND COMPRESSOR

Debunchor

Operating Frequency 
Power
Length of debuncher

Multi p iver Rings 

2 Rings
10 revolutions to f i l l  
Average- dipole f ie ld  
Radius of Ring

Compressor

aT Introduced to produce compression 

Length of compressor

Xe
++

2 MV 
50 m

45 m

55 m

200 MHz

1.8 Tesla

Xe

4 MW 
100 in

90 m

1% T - 0.2 GeV

110 m
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TABLE 4.2,1-6 
t

PARAMETERS DESCRIBING THE STORAGE RINGS

Storage time

Number of rings

Radius of rinys

Average dipole f ie ld

Vacuum in Ring

F i l l  factor

Stacking in ring

e,^ Normalized Emittance

Number of bunches per ring

Compression in ring

Revolutions to compress

Time per revolution

Current at extraction

Xe++

4 msec 

16

45 m

1.8 Tesla 

1.3 x 10“ 9 Torr

50%

(10 x 10)

Xe+

2 msec 

4

90 m 

2.7 x 10-9

2.6 x IQ "5 m-rad

7X

8

2,94 usee 

70 A

5.89 usee 

70 A

Torr
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TABLE 4.2.1-7

PARAMETERS D E S C R I B E  THE PINAL TRANSPORT SYSTEM

Xe++ Xe*

Number of lines 16 20

Compression from storage ring to target 26.8 10.7

Paraxial distance from storage ring to 
p e lle t

1 334 m 500 m

In i t ia l  current per 1ine 70 A 70 A

fin a l Current at p e lle t 1875 A 750 A

Current at end of transport 752 A 306 A

F ir s t  quad pole tip  f ie ld 0,026 Tesla 0.01P, Tesla

Last quad pole t ip  f ie ld 0.92 Tesla 0.17 Tesla

Geometric mean B 0.025 Tesla 0,016 1 os 1 a

Bending and Pinal Focusing Elements

The heavy ion d river is defined as ending with the beam transport l in e ; 
the fin a l bending and focusing elements are considered part of the reactor 
block because of the strong influence of the neutron flux on the ir design. 
The essentia l elements of the In terface  are: benuing magnet (to bend the
ion beam away from the neutron path), neutron dump (to  capture the back- 
streaming neutrons) and fin a l focusing t r ip le t .  These are shown 1n Figure 
4,2,1-3. A g reatly expanded ve rt ic a l view of the action of the fina l 
focusing t r ip le t  is shown in Figure 4.2.1-4. The fin a l focusing t r ip le t  
causes the ion beam which is expanding a fte r  leaving the f i r s t  focusing 
magnet to converge towards the focal spot some 15 meters away from the 
edge of the magnet.
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NEUTRON DUMP

Figure 4.2.1-3. Schematic I l lu s t ra t io n  o f the In terfaces Between tne 
Storage Ring, Focusing T r ip le t , Bending Magnet and 
Reactor Chamber in a Heavy Ion Driven ICF Power P lan t
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FINAL FOCUSING TRIPLET AND DR IFT TUBE

Figure 4.2.1-4. Detail of the Heavy Ion Beam Focusing Concept



TABLE 4.2.1-8

PARAMETERS DESCRIBING THE FINAL FOCUS AND REACTOR

Reactor inner radius 10 m
Xe++ Xe+

Distance from p e lle t  to front o f f in a l
focusing magnet 13.9 m 15 m

8max of element 4.1 T 4.8 T

Total length o f focusing t r ip le t 6 m 8 m

Distance from p e lle t  to f i r s t  focusing 
magnet 48 m 78 m

Bending Magnet fo r Heavy Ion Beam 

FUNCTION

A bending magnet for the heavy ion beam lin e  is  needed to prevent back- 
streaming neutrons from d r ift in g  back into the beam lin e  and destroying 
sensitive  components along the way. The magnet bends the ion beam lin e  
away from the s tra igh t lin e  path of the neutrons, allowing the neutrons 
to be captured in a neutron dump.

REQUIREMENTS

The magnet must bend 1 kA of 10 GeV sing ly charged Xe 131 ions through a 
small arc ('v 5 ° ) .  I ts  bore must be large enough to accommodate both the 
curved path o f the ions and the backstreaming neutrons; to minimize the 
bore diameter it s  length should be as small as possible consistent with 
minimal magnetic f ie ld  and cost. There w i l l  be one magnet for each of 
the 20 ion beams.
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DESCRIPTION

The location  of the bending magnet with respect to the focusing magnets, 
reaction  chamber and beam dump is  shown in Figure 4.2.1 -3. Table 4.2.1-9 
summarizes some of the s ig n if ic a n t features of the system.

TABLE 4.2.1-9 

BENDING MAGNET INTERFACE WITH REACTION CHAMBER

Distance of Neutron Dump from Reaction 40 m
Chamber

Length of Bending Magnet 9 m

Bending Angle 5.6°

Deviation of Ion Beam from Stra igh t Line Path 0.44 m
at Ex it of 9 m long Magnet

Displacement of Ion Beam from Stra igh t Line 3.5 m
Path at Neutron Dump

Figure 4.2.1 -5 shows the dimensional d e ta ils  of the bending magnet.

Focuslng Magnet for the Heavy Io n Beam 

FUNCTION

The focusing magnet is  a quadrupole t r ip le t  which is intended to accept an 
expanding cloud of ions from a source located 40 to 50 meters from the focus­
ing magnet. The ion beam w il l  occupy a region up to 0.387 meters in radius 
as i t  passes through the focusing magnets. Beyond the focusing magnet the ion 
beam w il l  converge to a 5 mm diameter at the p e lle t  located at the center of 
the fusion reaction chamber and situated some 15 meters away.

REQUIREMENTS

The magnetic f ie ld s  must focus a 1 kA beam consisting of s ing ly charged 10 
GeV Xenon ions. The overa ll design of the magnets is  g reatly  influenced by 
the constra in t that no stray  f ie ld  from any of the companion focusing magnets 
can d is to r t  the f ie ld  produced by the magnet that is  active  in focusing a 
p a rt icu la r  beam.
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Offset 0.438

2.0
_ A -

L.............................. .......

...
1.62

9.0
*2.0

2.44“ *

(A11 distances above in meters.)

Bending Magnet

A is  path of neutrons 
B is  path of ions

Overall height 
Overall length 
Wide width 
Narrow width
Iron weight 
Copper weight 
Overall weight

1.62 meters
9.00 meters 
2.44 meters
2.00 meters 
195 Tonnes
23 Tonnes 

218 Tonnes

Ixc ita tion  requirement 2.57 megawatts

Figure 4.2.1 -5. Dimensions of Bending Magnet for Heavy Ion System
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DESCRIPTION

A superconducting magnet without Iron 1n the neighborhood would, in the absence 
of other magnets, be a lig h t weight e ffe c t ive  quadrupole magnet. Without iron 
to co lle c t  the useful f lu x , the flux leakage is  considerable and a sh ield  is 
required. In the current application the shield  is a th ick  cy linder of iron 
placed around each quadrupole winding to accept and to carry the external 
flux from pole to pole without giving r is e  to any leakage f ie ld  beyond the 
iron cy lin d er. The required winding, when a shield is  used, if, almost id e n t i­
cal to an a ir  core magnet winding without a sh ield  except that the required 
excita tion  and winding thickness would be nearly halved.

When an iron shield is  used, the iron takes very l i t t l e  exc ita tion  i f  the 
iron section is  large enough to allow the flux to flow w ith in  the iron at a 
density equal to or less than the saturating level fo r iron. The flux  leak ­
age control is  ideal when appropriate shield ing (enough thickness is  provided) 
is  used and the amount of superconductor needed is  held to a minimum. The 
only drawback introduced by the iron is  a s lig h t f ie ld  d is to rtion  produced i f  
the local flux  density in the iron is  above the saturation le v e l,  a possi­
b i l i t y  in an area near the pole center where the useful flux  entering the 
iron has a local flux density that is  higher than the saturation leve l for 
iron.

Generally the quadrupole flux density gradient, the individual quadrupole 
length, the radius of the clearance bore, and the dewar insu lation  space 
requirements are known. These items are conveniently lis te d  in Table 4.2.1-10 
and described in Figure 4.2.1-6.
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TABLE 4.2.M O

PARAMETERS DESCRIBING THE THREE MAGNETS COMPRISING THE FOCUSING TRIPLET

Overall T r ip le t dimensions

Gross length 11.1 meters
Maximum diameter 2,016 meters
Minimum bore 0.576 meters
Gross Tonnes 97.49 Tonnes

Magnet 11 Magnet #2 Magnet #3

F ie ld  g rad ient, Tesla/meter 6.0 5.25 6.0
Length, meters 2.0 4.1 2.0
Radius of clearance bore, meters 0.288 0.358 0.387

Dewar plus In su la tio n , meters 0.100 0.100 0.100
Inner radius of S.C. winding,meters 0.388 0.458 0.487

S.C. winding thickness, meters 0.0365 0.0376 0.0503
Outer radius of S.C. winding,meters 0.4245 0.4956 0.5373

Iron thickness 0.2666 0.3181 0.4199
Outer radius, iron sh ie ld , meters 0.6911 0.8137 0.9573

Dewar plus in su la tio n , meters 0.100 0.102 0.100
Overall radius, meters 0.7311 0.9137 1.053

Principa l Iro n , Tonnes 14.48 41.57 30.56
End S h ie ld , Tonnes 2.41 3.38 5.09
Total , Tonnes 16.89 44.95 35.65

Bore diameter, meters 0.576 0.716 0.774
Length (p rincipa l + ends),meters 2 + 1 = 3 4.1 +1 - 5.1 2 + 1  = 3
Maximum diameter, meters 1.582 1.827 2.106

Weight, Tonnes 16.89 44.95 35.65
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L PRINCIPAL IS THE LENGTH OF THE MAIN POLE (AXIALLY)
L END IS THE LENGTH OF END WINDING SHIELD
1. 80RE RADIUS
2. DEWAR SPACE
3. INNER WINDING RADIUS
4. WINDING THICKNESS RADIALLY
5. OUTER RADIUS OF WINDING
6. IRON THICKNESS RADIALLY
7. IRON OUTER RADIUS
8. DEWAR SPACE
9. OVERALL RADIUS 

10. OVERALL DIAMETER
615670-2A

Figure 4.2.1-6. Dimensions for One of the Shielded Triplet Quadrupoles
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A 1 meter long iron cy lind er between ind ividual magnets of the t r ip le t  is 
assumed. Subsequent en tries In Table 4.2.1-10 re f le c t  ca lcu la tions and serve 
to specify the overa ll geometry of the focusing magnet. The tabulation also 
provides tonnages for the magnet Iron shield . By re ferring  to Figure 4.2.1-7 
the dimensions of each magnet may be v isua lized .

For scoping purposes, no account is  taken of the superconductor weight as 
i t  w ill  not appreciably Increase the overall weight. The structura l support 
size w ill be based on the "sh ie ld " weight and enough margin 1s presumed to 
accommodate the winding and any cryogenic supporting services.

SYSTEM OPERATIONS

The acce lerato r portion of the d rive r stores 2 MJ of energy 1n the storage 
rings in the form of energetic ions 10 times per second. Each storage 
ring has one kicker magnet to ex tract each bunch from the ring. The total 
time for the beam to compress is  28 usee for Xe and 35 psec for Xe .
The beams must be in phase with each other to less than 1 nsec, but the 
absolute timing is  not c r i t ic a l  since the p e lle t  trave ls  a neg lig ib le  d is ­
tance in one cycle period of a storage ring. The synchronization of the 
beams requires a phase accuracy w ith in  the ring of 1:10^ which is  well 
w ith in  the state of the a r t . The f in a l magnet systems focus the Ions 
onto the p e lle t  and bend the beam Into the lin e  of sight of the p e lle t  
allowing the neutrons to stream Into the neutron dumps.
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4.2.2 POWER SUPPLY

FUNCTION

The power supply must convert 60 Hz lin e  voltage into RF output power which is  
then delivered  to Ind ividual segments of the linea r acce lerato r.

DESIGN REQUIREMENTS

The RF power must be between 100 kW and 1 MW at frequencies between 25 MHz and 
200 MHz as specified  by the d river designer and delivered in pulses 2 or 4ms 
long with a 10 Hz rep ra te . The design should be directed toward achieving 
maximum r e l ia b i l i t y  and a v a i la b i l i t y .

DESIGN DESCRIPTION

Acceleration of the heavy ions from source to target is  accomplished in several 
stages of the lin ea r acce lerato r. Ea^h stage requires RF power of d iffe ren t 
frequency and magnitude in order to produce its  lim ited amount of p a rtic le  
acce leration .

RF energy fo r the linac is supplied from m ultiple RF power sources. Each source 
consists of a fin a l power am p lifie r tube and associated equipment to provide RF 
power equal to e ithe r 500 kW or 125 kW.

Each stage consists of several RF ca v it ie s  which couple RF energy to the p a rt ic le
beam. A ll ca v it ie s  of a given stage operate at a single phase locked frequency
as shown in Figure 4.2.2-1. As tho p a rtic le s  accelerate to a succeeding stage, 
a d iffe ren t set of RF parameters <-*re required. The output of an immediately 
preceding stage is  the input to the succeeding stage so a ll  RF systems are 
specified  by sequentia lly  defining output to input demands. The following 
tables describe the parameters ;jf the la s t  two stages in the linea r acce le r­
ator.

The f in a l acce lerato r stage contributes 92% of the to ta l output beam energy. 
E ff ic ie n c y  of RF power input to beam acceleration is estimated to be 90% and
overall beam transport e ff ic ie n cy  is estimated to be 78%.
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TABLE 4.2.2-1

RF POWER SUPPLY FOR FINAL STAGE OF LINAC

RF Output Frequency 120 MHz
Output Power 30 MW
Du ty Cyc 1 e 1.0
Number of IU: C avities  2000
Number of Cavity Groups 20
Number of RF C av ities  per Group 100
Number of RF Power Sources 60
RF Output Power per Source BOO KW
Input Power per Source 789 KW
Beam P a rt ic le  Transport 0.9998
E ffic ien cy  per Cavity

TABLE 4.2,2-2 

Rf POWER SUPPLY FOR PENULTIMATE STAGE OF LINAC

RF Output Frequency 60 Mllz
Output Power 8.95 MW
Duty Cycle 1
Number of RF Cavities 1000
Number of Cavity Groups 20
Number of C avities  per Group 50
Number of RF Power Sources 72
RF Output Power per Source 125 KW
Input Power per Source 202 KW
Beam P a r t ic le  Transport 0.9998
E ffic ien cy  per Cavity

A s ig n if ic a n t d ifference in RF peak power requirements ex ists when the linac 
operates at a duty cycle of 0.02 or 0.04. At 0.02 duty cy c le , the peak output 

q
beam power is 10 watts; at 0.04 duty cyc le , th is  is reduced by a factor of 2 
for the same pulse energy which would allow a corresponding reduction in the 
tota l number of RE sources.

4-202



ZO
Z'f

f

RF INPUT

CAVITY

BEAM
ENTRANCE 1 f

I

1

J

1 i 1 BEAM 
EXIT

t J I I
V ACCEL

Figure 4.2.2-1. Schematic of a Single Stage Containing Several 
Cavities in a L inear Accelerator



4.2.3 PELLET DESIGN AND FIRST WALL PROTECTION

FUNCTIONS

The functions of the p e lle t  design and f i r s t  wall protection for the heavy 
ion beam d rive r are exactly the same as those described in Section 4.1.3 for 
the laser d river.

DESIGN REQUIREMENTS

The design requirements of the p e lle t design and f i r s t  wall protection for 
the heavy ion beam d river are exactly the same as those described in Section
4.1.3 for the laser d river.

SYSTEM DESCRIPTION 

P e lle t

The heavy iori p e lle t selected for th is  study is the tamped pusher design of
Bangerter and Meeker^ \  This p e lle t , shown in Figure 4.2. 3-1, features a
low Z pusher m aterial, TaCOH, positioned between a high 1 tamper, Ta, and the 
cryogenic fuel of DT in a 1:1 mixture. The TaCOH (notorial is a p la s tic ,
polymerized CH ,̂ that has been seeded with tantalum oxide, Ta20^, until the
tantalum constitutes about 1 atomic percent of the pusher. R. iJangerter 
o r ig in a lly  used Pb for the high 1 tamper but since the choice of th is material 
is not c r i t i c a l ,  Ta Is used 1n th is design because i t  elim inates the need to 
process an additional m ateria l, and because the major component of the p e lle t 
1s then completely compatible with the f i r s t  wall coating of tantalum.

This p e lle t  has a gain of 88 for an Incident energy of 1.28 MJ and can be
crudely scaled to a gain of 17G for an incident energy of 2 MJ. The scaled

2
p e lle t  is  assumed to give a pR of 6 g/cm for the compressed fuel which means
that 55% of the y ie ld  w ill be in the kinetic-energy of thermonuclear neutrons

(2}and 45% w il l  be In x-rays and ions' \  This p e lle t has a tota l mass of
214.6 mg divided into 160,0 mg of tantalum, 20.0 mg of carbon, 18.6 mg of 
oxygen, 10.5 mg of s il ic o n , and 5.5 mg of hydrogen and its  isotopes. These 
masses Include a nominal amount of S102 from the glass she lls  which separate 
the d iffe re n t m aterials during p e lle t fab rica tion .
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Although th is  p e lle t  design Is  un c lass ified , i t  Is  useful in elucidating many 
of the functional and design requirements of heavy ion p e lle ts  and th e ir  
e ffe c ts  on other systems of the reactor. However, the target design group at 
the Lawrence Livermore Laboratory has furnished a c la s s if ie d  design which has 
been used for many of the c la s s if ie d  studies which are contained in the accom 
panylng c la s s if ie d  report, D0E/DP/40086-2.

F ir s t  Wall Protection

The concept for protecting the f i r s t  wall described in Section 4.1.3 for the 
lase r d river is  also applicable to the heavy ion d rive r except that the gai.' 
pressure of 5 x 10"^ Torr allowed within the reactor chamber for the heavy ion 
beams 1s too low for the gas to play any ro le in the protection concept.
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The p e lle t 1s Illum inated by 20 heavy ion beams oriented within two opposing 
cones which have a 23° h a lf angle. Each beam 1s focused to a 5 mm diameter 
spot size. The to ta l energy Incident on the p e lle t  1s 2 MO and 1s delivered 
in 13 nanoseconds. This ir ra d ia t io n  produces a p e lle t  y ie ld  of 350 MJ, In ­
somuch as i t  is  possib le, the c la s s if ie d  p e lle ts  are designed to not only have 
a gain of 175, but also to give x-ray and ion spectra under which the f i r s t  
wall and its  coating can best survive (see the accompanying c la s s if ie d  volume). 
In part'-^ular, the se lection  of tantalum for the coating, and of a properly 
designed p e lle t  are a l l  based on the premise that, in order to su rvive , the 
maximum temperature anywhere w ith in  the coating must be le s r than the melting 
temperature of the coating m ateria l.

SYSTEM OPERATION

The basic system operation as described in Section 4.1.3 1s e sse n tia lly  the 
same for the heavy ion d rive r and the lase r d rive r. The only d ifferences are 
in the implosion process of the p e lle t ,  in the material composition of the 
p e lle t ,  and in the gas pressure allowed w ithin the reactor chamber. Con­
sequently, those aspects of system operation which are d iffe ren t are examined 
in th is  section , and rep e titio n  is  avoided whenever i t  Is not useful for c la r i ­
f ic a tio n .

The heavy ions incident on the p e lle t  penetrate the Ta tamper shell and are 
stopped 2/3 of the way into  the TaCOH pusher. The Inner th ird  of the pusher 
then implodes, compressing and heating the cryogenic DT fuel to a pR value of 
6 g/cm , and heats the fuel to a temperature near 20 keV. The implosion and 
thermonuclear burn then proceed as described for the laser-driven p e lle t . The 
f in a l resu lt is again a to ta l energy y ie ld  of 350 MJ, 55% of which is  in the 
k in e tic  energy of the escaping neutrons, and 45% is  1n the form of x-rays and 
the k in e tic  energy o f charged p a rt ic le s  formed from the p e lle t debris.

Since the gas pressure 1s too low to s ig n if ic a n t ly  absorb any of the p e lle t  
y ie ld ,  the x-rays and ions are absorbed in the Ta coating by a thin surface 
la ye r a few ym th ick . I f  the temperature of th is  th in  layer exceeds the 
melting temperature, 3269°K, o f Ta, the layer w ill l ik e ly  spall and the en tire
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Ta coating would be gone in a few hundred shots. In the present design with 
the c la s s if ie d  p e lle ts , the maximum temperature reached in the Ta coating is 
about 2960°K, compared to 2870°K fo r the lase r d r iv e r , but s t i l l  300°K below 
the melting temperature and too low to in i t ia t e  sp a lla tio n , or to produce 
s ig n if ic a n t evaporation.

Since the heavy 1on p e lle t  is  much more massive and contains a much higher 
proportion o f Ta than the la se r p e lle t ,  the deposition rate on the coating 
of the Ta w il l  be s ig n if ic a n t ly  higher. In fa c t ,  the deposition rate from the 
heavy ion p e lle ts  is  199 yin/month or 2420 um/year compared to 11 ym/month or 
136 nm/year from the lase r p e lle ts . This higher deposition rate should be 
more e ffe c t iv e  in f i l l in g  the surface cracks and in thickening those portions 
of the coating which are abnorm&lly th in . I t  would also require more frequent 
usage of the higher y ie ld  p e lle ts  to evaporate the excess Ta from the coating. 
This w il l  lead to more frequent replacement of the vacuum ducts which capture 
the evaporated Ta.

4.2.3 REFERENCES

1. R. Bang,;?ter and D. Meeker, "Ion Beam Fusion Target Designs,"
Paper P rep rin t UCRL-78474 (1976).

2. J .  A. B lin k , P. E. Walker, and H. W. Meldner, "Target-Dependent E f fe c ts ,"  
p. 8-25, Laser Program Annual Report UCRL-50021-77 (1977).
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4.2.4 PELLET FABRICATION

An u nc lass ified  heavy 1on fusion p e lle t  1s shown schem atically 1n Figure 
4.2.4-1. This 1s taken from Reference (1) except that tantalum has been 
substituted fo r the lead outer sh e ll. This p e lle t  1s simpler than the laser 
fusion p e lle t  described in Section 4.1.4. I ts  fab rica tion  would be s im ila r 
to that of the inner shell o f the lase r fusion p e lle t . That 1s, an inner 
glass shell would f i r s t  be manufactured by the drop tower technique. This 
would then be f i l l e d  by gaseous DT d iffusion  at high temperature and pressure. 
The DT f i l l e d  glass shell w i l l  then be coated with a TaCHO layer by vapor 
deposition. The tantalum outer shell could be s im ila r ly  deposited by vapor 
deposition.

A factory to manufacture the heavy 1on p e lle t  would be s im ila r to that for 
the laser p e lle t  except that a f a c i l i t y  fo r depositing the tantalum shell 
would be necessary while the equipment for fab ricating  the MODOX outer shell 
and suspension system would be absent.

4.2.4 REFERENCES

1. R. Bargerter and D. Meeker, "Ion Beam In e r t ia l Fusion Target Designs," 
Lawrence Livermore Laboratory, Preprin t UCRL-78474, October 20, 1976.
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Figure 4.2.4-1. Schematic Drawing of Heavy Ion Pellet Concept
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4.2.5. PELLET I N J E C T I O N  AND T R AC K I N G

P e lle t  in jection  and tracking for the Heavy Ion D river involves a p e lle t  of 
the same dimension as for the C0£ Laser D river and the performance speci­
fica tio n s  of th is system are nearly equal. Although the mass of the p e lle ts  
in the two systems is considerably d iffe re n t, in both cases, tho p e lle t  mass 
is n eg lig ib ly  small re la t iv e  to the sabot mass. The p e lle t  in jec tion  and 
tracking system is thus identical to that described in section 4.1.5.

4.2,6 REACTION CHAMBER AND SUPPORTING SYSTEMS

4.2.6.1 MECHANICAL AND STRUCTURAL CONSIDERATIONS 

FUNCTION

The functions of the reaction chamber for the Heavy Ion Beam Driver are 
e sse n tia lly  the same as those described in Section 4.1.6.1-1 for the Laser 
D rive r, except that penetrations must be supplied for the ion beams instead of 
la s e rs .

DESIGN REQUIREMENTS

The reaction chamber shall be designed with the requirements and parameters as 
specified  in Table 4.1,6.1-1 for the HIB d river which is  repeated here fo r 
convenience, as Table 4.2.6.1-1,

SUMMARY DESCRIPTION
Except for the penetrations for the 1on beams, the reaction chamber design 
concept is the same. Since operating temperatures and thermal load into the 
blanket and f i r s t  wall are id en tica l, the same m ateria ls , temperature lim its  
apply fo r the chamber and the same design is  employed. Table 4.1.6.1-2, 
repeated here as Table 4.2.6.1-2 shows that p ra c t ic a lly  a l l  of the parameters 
are id e n t ic a l. Exceptions occur only 1n the area of the chamber beam penetra­
tions required fo r the ion beams and chamber pressure which w ill impact the 
vacuum pumping requirements. The reactor system is  affected in the f i r s t  w a ll,
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TABLE 4.2.6.1-1. REACTOR CHAMBER REQUIREMENTS AND PARAMETERS

LASER ' H IB

PELLET THERMAL OUTPUT 
ENERGY DISTRIBUTION ' 

X-RAYS AND IONS 
NEUTRON 

CHAMBER PRESSURE
REACTION CHAMBER 

SHAPE
RADIUS TO FIRST WALL 

FIRST WALL AND STRUCTURE 
MATERIAL 
TEMPERATURE 

PENETRATIONS/WALL COVERAGE

COOLANT
LIFETIME

CHAMBER 
FIRST WALL 

BLANKET
BREEDING MATERIAL 
REFLECTOR 

INTERFACING COMPONENTS

TOTAL NUMBER OF DRIVER BEAMS 
(2-SIDE ILLUMINATION)

3500 MWt

45%
55%
< 10 '1 Torr

Sphere
10 m

Steel
500° C Max
Consistent with 
achieving Tri tium 
Breeding Ratio of 
> 1 ■ 1
Liquid Lithium

30 Years 
5 Years

Liquid Lithium 
Graphi te
Laser Beams, Vacuum 
Pumps, P e lle t  
In je c to r , P e lle t  
Tracking Systems
108

3500 MWt

45%
55%
 ̂ 5 x 10“4 Torr

Sphere 
10 m

Steel
500° C Max
Consistent with 
achieving Tritium  
Breeding Ratio of 
> 1.1
Liquid Lithium

30 Years
5 Years

Liquid Lithium 
Graphi te
Ion Beams, Vacuum 
Pumps, P e lle t  
In je c to r, P e lle t  
Tracking Systems
20
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T ABLE 4.2.6.1-2. REACTOR SY ST E M  P ERFORMANCE AND DESIGN P A R A ME T E R S

Dri ver

Thermal Output 

Chamber Pressure 

P ro tective  Atmosphere 

Reaction Chamber 

Shape

Radius to F ir s t  Wal1 

F irs t  Wall Configuration 

Material/Coating 

Tube Diameter - Variab le, OD 

Tube Wall Thickness 

Ta Coating Thickness 

Tube Temperature, Max

Structural Support Sphere 

Materi al 

Thickness 

Blanket Annulus Thickness 

Li thium Thickness 

Graphite Reflector 

Graphite Clad Thickness 

Outer Sphere 

Material 

Outer Radius

Thickness (Exclusive of Flanges, 
F it t in g s , e tc .)

CO2 Laser 

3500 MWt 

"v 10” 1 Torr

Xenon

Sphere 

10 rn 

Tubular 

HT-g/Ta 

19.4-6.23 cm 

0.18 cm 

0.1 cm 

500° C

HT-9 

2.0 cm 

80 cm 

60 cm 

19.8 cm 

0.1 cm

HT-9 

^ 11 m

2.5 cm

Heavy Ion Beam

3500 MWt

n- 5 x 10  ̂ Torr

Sphere 

10 m 

Tu bu1 a r 

HT-9/Ta

19.4-6.23 cm 

0.18 cm 

0.1 cm 

500° C

HT-9

2.0 cm 

80 cm 

60 cm

19.8 cm

0.1 cm

HT-9 

 ̂ 11 m

2.5 cm
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TABLE 4 .2.6.1-2. (Cont.)

Dri ver

Outer Sphere Insu lation

Material

Thickness

Lithium Flow Requirement

F ir s t  W a ll, gallons per minute 
(m3/s )

Outer Blanket, gallons per minute 
(m3/s)

Total Lithium Flow, gallons per 
minute, (mtys)

Maximum V e lo c ity  (m/s)
F ir s t  Wal 1 
Blanket 
Pi ping

Lithium Pump Requirement, gallons
per minute (m3/s)

F ir s t  Wall + Outer Blanket, 8 
required

Lithium In le t  Pipe Size (Equiv. D ia .)

F ir s t  Wal1

Blanket

Lithium Coolant Temp., (T, Tout>
Total No. of Beams (2-Sided 

Penetrations)

Chamber Beam Penetrations

Beam Opening Requirenients @ 
F ir s t  Wall (each side;

CO., Laser

Alumina S i l ic a

30.5 cm

261,400 (16.5)

213,900 (13.5)

475,300 (30)

17.8
1.2
9.1

% 60,000 (3 .8 )

-V 1.5m 

^ 1.4 m 

300, 369° C 

108

A vailab le Opening 6.5 m Dia.

Beam Half- Anqle <10°

(1) Min of 4 m diameter required for vacuum pumping

Heavy Ion Beam

Alumina S i l ic a

30.5 cm

261 ,400 (16.5)

213,900 (13.5)

475,300 (30)

17.8
1.2
9.1

 ̂ 60,000 (3 .8 )

^ 1.5 m 

'v 1.4 m 

300,369° C 

20

10 Openings, ^ 
Dia. on  ̂ 7.3 m 
Ci rc le

•^6.5 m Dia. 

23° (Cone)

(1)
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TABLE 4.2.6. 1-2 (C o n t 'd .1

Dri ver'
C0o Laser

Vacuum Pumps L

Type Roots Blower
Quanti ty 24
Pumping Speed (each) 10,000 1/sec per

pump
Wt. (each) - 10,200 kg

E ffe c t ive  Blanket Coverage, ;> 94.5
E le c tr ic a l Power Requirements, MW

Ori ver 200
Li Pumps (3.0 MW each) 24
Na Intermediate Loop (6.0 MW each) 48
Vacuum Pumps 4
A u x ilia rie s  (steam system, 82(2)

HVAC, e t c . )
Net E le c tr ic  Power Output 1207 MW
Li Wt (Reactor Chamber Only)

F ir s t  Wal1 63 Tonnes
Blanket 415 Tonnes
Toroidal Manifolds 32 Tonnes

Chamber Wl.
Tubular Wall and Ta Coating 384 Tonnes
Toroidal Manifold Assembly (2 62 Tonnes Total

required 31 Tonnes each)
Support Sphere 324 Tonnes
Graphite Reflecto r (Upper & Lower) 427 Tonnes
Outer Sphere (Upper) w/o Reflector 183 Tonnes
Outer Sphere (Lower) w/o Reflecto r 218 Tonnes

(2) Final Focus Magnet Not Included

Heavy Ion Beam

Hg Diffusion 
16
100,000 1/sec per 
pump
^ 1600 kg 
94.3

67
24
4fl
4
76<2>

1346 MW

63 Tonnes 
415 Tonnes 
3? Tonnes

384 Tonnes 
62 Tonnes Total

324 Tonnes 
427 Tonnes 
183 Tonnes 
218 Tonnes
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the duct configuration, and to some extent in the area o f maintenance. The 
extent to which the reactor system varies from that required for the laser 
d r ive r  w il l  be discussed and c la r if ie d  in the following paragraphs.

INTERFACING SYSTEMS

The reaction chamber, except as discussed below, is that described previously 
and 1s depicted 1n Figures <1.1.6.1-1 and 4.1.6.1-2.

HEAVY ION BEAM INTERFACES

The ion beams penetrate the reaction chamber in a conical pattern from both 
sides of the chamber at the horizontal cen terline . The penetrations consist 
of 10 openings in the f i r s t  w a ll. The penetrations are about 0.3 m in d ia ­
meter and uniformly spaced on a pitch c ir c le  of 7.8 m diameter which corres­
ponds to a beam entry cone ha lf angle of 23°. The pitch c ir c le  for beam 
entry is  located between the coolant in le t  and ou tlet to r i .  Total penetration 
openings at least 4 m diameter on each side are required for vacuum pumping, 
therefore more than adequate area 1s ava ilab le  through the two main ^ 6.5 m 
penetrations. Figure 4 .2 ,6.1-1 shows the reaction chamber in terface area 
and the beam ducts, focusing magnet duct, and vacuum pump arrangement to 
achieve proper in terfacing .

The magnets are placed a t a p itch diameter which permits in s ta lla t io n  of vacuum 
pumps and th e ir ducts between magnets to minimize the length and the number of 
pump ducts. In add ition , adequate spacc is ava ilab le  between the main ducts 
and magnets to shield the superconducting magnets from ca v ity  rad iation . The 
focusing magnets which are approximately 2 m diameter, 10 meters in length 
and weigh about 100 tonnes each, occupy a s ig n ifican t portion of the containment, 
buiId ing.

Each of the beams enters the chamber through a small duct which penetrates 
chamber and f i r s t  wall as shown on Figure 4.2.6.1-2. The penetration is 
achieved by inserting  a small donut shaped manifold in a hole in the f i r s t  
wall tube array and welding i t  Into position. Coolant flow enters the donut and
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continues around to food the tubes at the other side so that f i r s t  wall cooling 
can s t i l l  be accomplished around the penetration. A duct is  welded to the donut 
and ex tends into the blanket. A larger mating duct can then be connected by 
inserting it  through the chamber outer sphere and making a connecting weld from 
outside the chamber. A bellows is provided between this larger duct and the 
outer sphere to allow for any misalignment or re la tiv e  motion. The ducts 
continue out from the chamber and magnets can then be in s ta lled .

VACUUM PUMI’/MA ■ N DUCT INTfRFACr

As in the <,.j s o  of the laser d r ive r , the two main ducts which connect to the two
G,!', m upming:. In litf ■ •eai.tion clunnber provide the. in ter!ace between the chamber 
and dud ', to the vacuum pump?. The pumps (f igure 4.2.6, 1-1) are connected in 
pair?, to shaped ducts each of which converges to a sing le penetration in
Die tm.irt duct. Ineref'ore four openings in each of the two main ducts are required 
lo accoifi<ind.i !:e the total of 16 vacuum pumps. There is a s ig n ifican t d ifference 
lii;l.weeri the laser d rive r system main vacuum duct and th is configuration. Where- 
.■is the former dud, is open at. the end to accommodate the laser beams, the end 
of this die t is dosed ol f wi th a domed end which absorbs the major portion 
of the heat energy which escapes through the large penetration. About 45 MW 
of heat flux (X-rays and ions) emanates from the opening. Of th is amount, 
approximately l!» MW are absorbed in the domed end. The remaining 30 MW heat 
flu/ is  absorbed in the cooled convergent portion of the duct.

The duct cooling system was not designed or analyzed in d e ta il since the heat 
flux in the front of the duct is approximately orte half of that to the f ir s t  
w a ll,  which is the c r i t i c a 1 point of the design. The heat flux at the domed 
end of the duct is approximately 721. of f i r s t  wall surface heat flux. The 
bulk of the neutron energy w il l  continue on through the duct and be absorbed 
by shield ing around and behind the duct.

Removal of a main duct fo r maintenance requires a d iffe ren t procedure from that 
fo r removing the duct fo r the laser system, because of the proximity of the 
surrounding focusing magnets. This w ill be discussed in Section 4 .2 .6 .8 , 
Maintenance and Servic ing .
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Figure 4.2.6.1-1. Reaction Chamber Interfaces Showing Relationship Between Focusing
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BEAM DUCTS, NEUTRON BEAM DUMP, AND BENDING MAGNETS
Each 1on beam duct emerges from the chamber through the focusing magnet and 
through the containment wall; beyond which, 1t 1s bent away from the neutron 
dump, as shown 1n Figures 4.2.6.1-3 and 4.2.6.1-4, to prevent neutron stream­
ing down the 1on beam ducts toward the HIB storage system. At the point of 
merging, the ducts are about 60 cm 1n diameter and remain that size until the 
beam 1s converged 1n the triplet focusing magnet near the chamber. Between 
the focusing magnet and the reaction chamber, a smaller duct 1s used to mini­
mize the chamber penetration size and collimate the particles which are emitted 
from the chamber as a result of the pellet mlcroexploslon. This colHmatlon 
minimizes heating of the Inner bore of the superconducting focusing magnets,

The bending magnets are approximately 9 meters 1n length. They are rectangular 
1n cross section and taper along the length from  ̂ 1.6 x 2 m to 2.4 x 1.6 m 
at the end where the neutron drift tube and 1on beam duct separate. Each 
magnet weighs approximately 200 tonnes.

The neutron dumps are located approximately 40 meters from the containment 
building outer wall. This distance 1s necessary to provide clearance between 
the ion beam duct and neutron dump without having excessively large bending 
magnets which would be necessary to bend the beam. The lengths of the drift 
tube or bending magnet have not been optimized and some tradeoffs are possible 
to shorten the drift tubes and permit using a smaller building (Section 4.2.8.3) 
to house the magnets and neutron dumps. The dump walls are approximately 2 m 
thick to provide adequate external shielding and are actively cooled to dissi­
pate the energy deposited from neutron, X-ray and ion energy coming from the 
chamber duct penetrations. Additional shielding (not shown) is provided 
around the drift tubes.

A valve is incorporated in each duct near the containment building to isolate 
this building from the containment building. This isolation simplifies the 
design of the heavy ion beam driver building, since it need not be an extension 
of the containment building. The magnet and neutron dump structural support 
and valving considerations are addressed in Section 4.2.8.
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The only conditions which are d iffe ren t for the heavy ion beam (H IB) driven 
design from those of the C02 laser driven design which a ffe c t  m aterials per­
formance are the lower allowable chamber pressure and greater p e lle t  mass fo r 
the HIB design. Both of these imply greater potential fo r m ateriais-reiated 
phenomena in the HIB design case. However, the p e lle t  composition 1s un­
changed and there are no reasons to a lte r  m aterial? se lections, The reader 
is thus referred  to Section 4.1.6 .2 .

4.2.6.3 BLANKET AND SHIELD DESIGN

The design of th is  system for the heavy ion case is  the. same as for the laser 
case. The discussion in Section 4.1.6.3 applies here.

4.2.6.4 HEAT REMOVAL SYSTEM

The heat removal system fo r the reactor with the heavy ion d rive r is  id e n ti­
cal to that fo r the reactor with the laser d r ive r. The thermal and hydraul­
ic  parameters of the system are therefore the same as those shown in Table
4.1.6.4-2 except that the power requirement for the heavy ion d river is 67 
MWe instead of the 200 MWe required by the laser d rive r. For completeness 
the parameters table which includes the change mentioned above is  reproduced 
here in Table 4.2.6.4-1. The to ta l power consumption with the heavy ion 
d rive r is  219 MWe and the net e le c tr ic  power output is 1346 MWe. The 
overa ll plant conversion e ff ic ie n cy  is 31.3% and the rec ircu la tio n  fraction  
is 14.0%.

4*2. 6 . 2  M A T E R I A L S  S E L E C T I O N  AND DESIGN C O N S I D E R A T I O N S
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TABLE 4.2.6.4-1 

THERMAL AND HYDRAULIC PARAMETERS OF FIRST WALL 

AND BLANKET HEAT REMOVAL SYSTEM FOR REACTOR WITH HEAVY ION DRIVER

Chamber rad ius, m 10

P e lle t  Fusion Power, MWt 3500

Percent X-Ray and Ions/Neutron, %/% 45/55

F ir s t  Wall Surface Power, MWt 1489

Neutron Thermal Power, MWt 2811
(blanket m u ltip lica tion  = 1.54)

Total Thermal Power, MWt 4300

Structu ra l M aterial HT-9 Steel

Maximum Structura l Design Temperature, °C 500

Lithium Coolant In le t  Temperature, °C 300

Lithium Flow Rates:

F ir s t  Wall Tubes, m^/sec. (gpm) 16.50 (261,000)

Blanket, m'Vsec. (gpm) 13.5 (214,000)

Total Lithium Flow Rate, m'Vsec. (gpm) 30=0 (475,000)

Lithium Temperature Rise:

F ir s t  Wall Tubes, °C 72.5

Blanket, °C 64.5

Lithium Mixed Mean Outlet Temperature, °C 369

Maximum Lithium Flow V e lo c ity , @ F ir s t  Wall Tube
Ends, m/sec. 17.8

Temperature Drop Across Tube W a ll, CC 87

Temperature D ifference Across Tube Diameter, °C 129
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TABLE 4.2.6.4-1 (Cont.)

Lithium Coolant In le t  Pressure MPa, abs. ( ps1 a ) 0.41 (59)

Lithium Coolant Pressure Loss Across F i r s t  Wall/
Blanket Channels, MPa (ps i) 0,27 (39)

Lithium Primary Loop Hot Leg Temperature, °C 369

Lithium Primary Loop Cold Leg Temperature, °C 300

Sodium Secondary Loop Hot Leg Temperature, °C 363

Sodium Secondary Loop Cold Leg Temperature, °C 272

Total Sodiurn Flow Rate, m'Vsec. (gpm) 41.40 (656,000)

Steam Power Conversion System

Steam Pressure, MPa abs. (ps ia ) 7.24 (1,050)

Steam Temperature, °C 357

Estimated Gross Cycle Thermal E f f . ,  % 36.4

Gross E le c t r ic  Power Output, MWe 1565

Power Consumptions:

Heavy Ion D river, MWe 67,0

Lithium Loop, MWe 24

Sodium Loop, MWe 48

Vacuum Pumps, MWe 4.0

Tritium, Pe l le ts  & Radwaste Systems 6,0

Plant A ux ilia ry  Power MWe 70

Total Power Consumption, MWe 219

Net E le c t r ic  Power Output, MWe 1346

Overall P lant Conversion E f f ic ien cy ,  I  31.3

Recircu la tion  Power Fraction, % 14.0
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4.2 .6 .5  VACUUM SYSTEM 
FUNCTION

The function of the vacuum system In the heavy ion beam case is  id en ti­
cal to the laser d river case with one exception. Rather than finding a 
laser m irror protection scheme compatible with the vacuum system, an
appropriate in terface  must be made between the d river vacuum system which 

-91s at 10 Torr and the reaction chamber vacuum system which is at 
5 x 10"4 Torr.

DESIGN REQUIREMENTS

The vacuum system must maintain a chamber pressure of 5 x 10~4 Torr
(evaluated at 300K) for ion beam propagation a minimum of once every
100ms. Again, the gas removal system must be closed, terminating at the
beginning of a waste processing system. In terfacing with the heavy ion

-9beam i-ystem requires that the pressure be reduced to 10 Torr at a point
about 7b meters up the beamllne from the f i r s t  w a ll. The pressure should

- •  fkbe reduced to abojt 5 x 10“ Torr in the region of the fina l bending
magnet which is about 35 meters from the f i r s t  w a ll.

DESIGN DESCRIPTION

Table 4.2.6.5-1 describes the parameters of the vacuum system and Figure
4.2.6.5-1 is  a schematic of the same. The system pumps out the gas
Introduced during operation via mercury d iffusion  pumps backed by the
appropriate mechanical pumps which exhaust the noncondensible gases to 
a surge tank at a atmospheric pressure. The recovery and disposal system 
then removes the waste gas from th is tank. The chamber gases are exhausted 
through two large (5m diameter) vacuum ducts provided s p e c if ic a lly  for 
th is purpose. The d iffusion  pumps are connected to these main ducts 
via short secondary ducts (1.5m diameter). As in the laser driven case,
the f i r s t  wall is  used as a condensation pump for Ta. Each of the 20
beam ducts are pumped by smaller Hg d iffus ion  pumps in the f i r s t  35
meters and turbomolecular pumps reduce the pressure to 10"^ Torr along
the fina l 40 meters to the d rive r in terface .
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Figure 4.2.6.5-1. Vacuum System Schematic fo r the Heavy Ion Beam Driver Realtor



SYSTEM OPERATION

Operation is  s im ila r to the lase r driven system.

TABLE 4.2,6.5-1 

VACUUM SYSTEM PARAMETERS

Rep Rate
Chamber Pressure
Chamber Radius
Chamber Volume
Wall Surface Temperature
Time Average Gas Temperature
Operating Debris Density
Buffer Gas/Density
Per Shot P a r t ic le  Load
E ffe c t iv e  P a r t ic le  Mass
Sing le Shot Debris Density Rise
Pump Speed at Chamber

E ffe c t ive  F ir s t  Wall Pumping 
Speed for Ta

Primary Vacuum Pump

Number of Primary Pumps 
Primary Pump Size 
Pumping Power, Chamber Evacuation 
Backing System

HIB In terface  Vacuum System 
(one beamline)

10 Hz 
5 x 10-'1 Torr

1000 cm.
9 34.2 x 10 cm

800° K
800°K

1.6 x 1013 cm"3

None
2.4 x 1021 p artic les

13.6 amu 
3 .6%

1.5 x 10

5.6 x 10

6
sec"

7 £ _ 
sec

HIB In terface  Power 
(one beam!ine)

105 - Hg D iffusion Pumps

<50
1.2m diam. x 2 m high 

<5.5 MW
P

200 -- mechanical pumps for each 
d iffusion  pump

16 - 104 r~ r  Hg D iffusion Pumps 

3 916 - 10' Turbomolecular Pumps

180 KW
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4.2.6.6 TRITIUM HANDLING SYSTEM

The processing requirements and the design concept for handling tritium  from 
the Heavy Ion d river option have already been described in Section 4.1.6.6 in 
Tables 4,1.6.6-1 and 4.1.6.6-5 so they need not be repeated here. The reader 
is referred to Section 4.1.6.6 for d e ta ils .

4.2.6.7 RADWASTE HANDLING SYSTEM

While the Ta content of the p e lle t designed for a heavy ion d river is much 
greater than that designed for a laser d rive r. The essentia l processes for 
extraction , storage and p u rifica tio n  are the same. The schematic diagram 
shown in Figure 4.1.6.7-1 therefore applies to the heavy ion case. The 
d iffe ren t quantities involved are specified  in Table 4.1.6.7-1 and in the 
text of Section 4.1.6.7. The reader is referred to that section for d e ta ils .

4.2.6.8 MAINTENANCE AND SERVICING SYSTEM

The maintenance and servicing  requirements for the CÔ  laser d river and the 
heavy ion d rive r are b as ica lly  the same for the portions of the operation 
which involve the f i r s t  wall assembly and removal. However, the heavy ion 
d river requires that the vacuum ducts be removed and replaced on a yearly  
basis rather than once every f iv e  years. This is due to the fact that the 
heavy ion p e lle t contains much more Ta than does the laser p e lle t . In addition , 
the design does not have protective gas flow which d irects the tantalum debris 
from the reactor chamber to f i l t e r s .  The tantalum therefore deposits d ire c t ly  
on the vacuum duct w alls. This w ill resu lt in a tantalum build-up on the ducts 
of approximately 0.6 cm (0.24 inch) thickness per year which is so heavy that 
i t  must be removed on a yearly  basis.

Because the focusing and bending magnets for each of the ten beams completely 
surround the vacuum ducts, i t  is necessary to f i r s t  remove the magnets that 
are above the duct in order to provide su ff ic ie n t  clearance to move the duct 
away from the reactor chamber. I t  w il l  be feasib le  to remove and replace the 

lucts during the time of the f i r s t  wall assembly replacement; the complete 
. jition can be accomplished within the normal 30 day shutdown. Tables I I  and 

I I I  o f the Appendix l i s t  the steps required to perform th is  operation.
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HORIZONTAL MOVEMENT OF VACUUM DUCT 
FROM REACTOR TO LIFTING MECHANISM

SIMULTANEOUS TILTING AND VERTICAL MOVEMENT 
OF VACUUM DUCT MOVING TO CRANE ELEVATION POSITIONED FOR TRANSFER 

TO CRANE

MOVING DUCT FROM REACTION 
CHAMBER TO TRANSFER BAY

OUCT POSITIONED IN TRANSFER 
BAY ON AIR PALLET

IN HOT CELL 
FOR REWORK

Figure 4.2.6.8-1. Scherrat’5c Showing the Disassembly Operations
fo r the Vacuum Duct fo r the Ion Driver
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The system fo r the heavy ion d rive r is e s se n tia lly  the same as fo r the laser 
d rive r described in Section 4.1.7. Because o f the longer time of f l ig h t  of 
the ion beam, i t  is  necessary to place the tracking beams e a r l ie r  in the 
f l ig h t  path in order to provide a timely abort "1gnal. D ifferen t parameters 
must be measured fo r the two d r ive rs , but i t  does not a lte r  the basic system.

4.2.8 BALANCE Of PLANT

4.2.8.1 INTERFACE WITH REACTOR

The discussion is the same as in 4.1.8.1 except Figures 4.2.8-1 and 4.2.8-2 
should be viewed in place of Figures 4.1.8-1 and 4.1.8-4.

4 .2 .8 .2  INTERFACE WITH GRID

The discussion is  the same as 4.1.8.2 except for the station e le c tr ic a l system
which is  e s se n tia lly  the same as fo r the Laser Power Concept except for the
fo l1 owing:

The heavy ion beam driver power is also taken from the generator output. 
The tap buses (SF6) jo in  iso lated phase bus duct between the generator 
term inals and the generator load break switch.

Generator output voltage regulation w ill be maintained by in tegrating
generator f ie ld  forcing. Generator frequency s tab i1i t i o n  w i l l  be main­
tained using a su itab ly custom-designed flywheel on the turbine generator,

The heavy ion beam driver e le c tr ic a l load is  67 MW. The to ta l station  
serv ice  load is  219 MW.

4.2.8 .3 CONTAINMENT AND OTHER BUILDINGS

The discussion is the same as 4 .1 .8 .3  except that "Laser Driver Bu ild ing " is 
replaced with the fo llow ing;

4.2.'/ D A T A  H A N D L I N G  A N D  CONTROL
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HEAVY ION BEAM DRIVER BUILDING 

FUNCTION

The Heavy Ion Beam Driver Bu ild ing supports the ion beam ducts, bending nagnets, 
neutron beam ducts, and the neutron dumps. There are two d river buildings, located 
on d iam etrica lly  opposite sides of the Reactor Bu ild ing.

DESIGN REQUIREMENTS

The buildings support the ion beam ducts, bending magnets, neutron dump, a ll

other equipment and duct sh ie ld ing , and are designed so as not to in f l i c t  any 
damage to the Reactor Build ing under seismic or tornado conditions.

DESIGN DESCRIPTION

Figures 4.2.8-1 and 4.2.8-2 include a conceptual rendering of the structural 
support fo r the above items. The Heavy Ion Beam Driver Buildings are each 82 m 
wide by 50 m long by 60 m high above grade. The superstructure consists of a 
structural steel frame, an internal structural system consisting of 70 steel 
columns, se ism ica lly  braced and located to su it the beam duct arrangement and 
supporting horizontal steel beams on which the housed equipment are mounted.

The buildings have metal siding and roof deck. Louvers, ven tila to rs , windows and 
doors are provided to allow cross ven tila tio n  in the buildings.

4.2.8.4 SAFETY AND CONTROL

The discussion is  the same as 4,1.8.4 except that paragraphs t it le d  "SAlT WINDOWS" 
and "LASER COOLING" are replaced with the follow ing:

BEAM DUCTS

To prevent breach of containment in the event of a leak in any of the beam ducts 
external to the Reactor Bu ild ing , each beam duct is provided with a motor operated 
ball va lve , located at its  penetration through the Reactor Building w all.
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Figure 4.2.8-1. H eavy Ion S eam Dri v e r  C o n t a i n m e nt  Structure, Plan El. 0.15 Meters
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An u ltrason ic detection unit is  positioned w ithin a sa lien t chamber, made a part 
of each beam duct and located 1 m from the ball va lve , ex terio r to the Reactor 
Bu ild ing. The u ltrason ic emission w ithin the beam duct resu lting  from the flow 
of a i r  through a perforation w il l  be detected by the u ltrason ic detection unit 
and the resu lting  signal w il l  sound an audible alarm in the Control Room, 
simultaneously iden tify ing  the leaking beam duct. The same signal w il l  also
tr ig a P v> "he motor operated ball valve to close and terminate the heavy ion beam
wittnn the duct.

This system does not appear on the drawings.

COOLING

Because the Main Ducts are subject to intensive rad iation from the Reactor Chambe. , 
a cooling system is provided to maintain the surface temperatures at acceptable 
le ve ls .

The neutron dumps are also provided with a cooling system to lim it  the concrete
temperature resulting from neutron heating.

The beam ducts are provided with a cooling system in the area of the Focusing 
Magnets in order to lim it  the load on th e ir  cryogenic system.

These systems do not appear on the drawings.

SUPPORT OF SUPERCONDUCTING FOCUSING MAGNETS

In order to minimize the transfer of heat through the supporting structu re , each 
superconducting magnet support is  furnished with a thermal b a rrie r at each of the 
members at th e ir point of attachment with the magnet cryostat.

The construction of the thermal b a rr ie r  allows axial compression loads only. 
Because of the seismic requirement imposed on these supports, a tota l of six 
thermal barriers are required for each support point. Each magnet is  furnished 
w ith two supports requiring a to ta l of twelve thermal barrie rs .
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The estimated thermal in-leakage per support point amounts to 90 watts fo r a 
to ta l of 180 watts fo r each magnet, based on an ambient temperature of 32°C 
w ith a magnet in terna l support structure at -269°C. Each thermal b a rr ie r  con­
s is ts  of a stack o* 38,000 s ta in less  steel d iscs , each 0.21 m in diameter by 0.02 m

-4th ick  encased in an a x ia lly  f le x ib le  housing in winch a vacuum of 10 Torr is  
maintained. This system does not appear on the drawings.
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