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ABSTRACT 

A conceptual design has been made of a fusion-fission reactor. 

The fusion component is a D-T plasma confined by a pair of magnetic mirror 

coils in a Yin-Yang configuration and sustained by hot neutral beam injec

tion. The neutrons from the fusion plasma drive the fission assembly which 

is composed of natural uranium carbide fuel rods clad with stainless steel 

and is cooled by helium. We have shown how the reactor can be built using 

essentially present day construction technology and how the uranium bearing 

blanket modules can be routinely changed to allow separation of the bred 

fissile fuel of which ~1200 k6 of Plutonium are produced each year along with 

the -750 MW of electricity. 

Work performed under the auspices of the U.S. Atomic Energy Commission 

J. H. Fink, on loan from Westinghouse Research Laboratory, Pittsburgh, 
Pennsylvania 15235. 

This report was prepared for inclusion with a collection of works presented 
at a meeting at AEC Headquarters, Germantown on fusion-fission hybrid re
actors, December 3-4, 1974. A complete report is being prepared to which 
the reader can refer for more complete details. 
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Introduction 

It may be possible and advantageous to obtain energy and/or fissile 

fuel from the combination of fusion and fission. The major advantage of com

bining fusion and fission is that the weakness of each are offset by their 

respective strengths. Fusion is neutron rich but power poor while fission 

is neutron poor but power rich. A number of combinations of fusion reactors 

and fission reactors have been suggested. This report describes our work on 

the conceptual design of one particular fusion-fission hybrid reactor. The 

fusion reactions takes place in a magnetic mirror confined hot D-T plasma. 

The 14 MeV neutrons resulting from the fusion reactions drive a subcritical 

fission blanket which surrounds the plasma. The primary 14 MeV neutrons and 

secondary neutrons from the fission process and (n, 2n), (n, 3n) reactions 

produce fission of U and U (or Pu) and produce Pu and Tritium as 

well as releasing large quantities of energy. 

It should be possible to utilize one or several of the essentially 

2 
existing fission technologies for the blanket. In a previous study we looked 

at a Thermal lattice blanket based on the General Atomic Graphite moderated, 

helium cooled reactor technology. For this study we chose a fast spectrum 

3 

blanket based on helium cooled breeder reactor technology present under devel

opment. 

In our present study we show conceptual engineering approaches to 

problems such as routine removal of uranium bearing blanket modules for recovery 

of bred fissile fuel, replacement of radiation damaged structures, and the 

steady operation of high powered efficient neutral beam injectors. The present 

design combines fuel production with electrical power production. We have suc

ceeded in obtaining a design which we think could be built with essentially 

present day technology, and would produce large amounts of fuel (1200 kG of 



-176-

plutonium per year) and electricity (750 MW ). The following section gives 

a general description of the mirror fusion-fission conceptual design. 

This paper summarizes the results of our hybrid design study by 

briefly describing the Major Features of the specific Mirror Fusion-Fast 

Fission Reactor we developed. The detailed report of this design study is 

in preparation. The detailed report will include a discussion of safety as

pects and a cost estimate. 

i 
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FUSION-FISSION REACTOR 

GENERAL DESCRIPTION OF REACTOR AND FACILITIES 

The reactor and its associated facilities consist of the following 

components and systems. (See Figs. 1-9) 

1) The Main Superconducting Coils which generate the magnetic mirror 

field for the confinement of the plasma in which the fusion reac

tions take place. 

2) The Coil Clamps which restrain the main coils from distorting 

under the enormous forces generated by the magnetic field. 

3) The Auxiliary Superconducting Coils which control the shape of 

the leakage flux from the plasma. 

4) The Injectors which supply the fuel (deuterium and tritium) to 

the plasma. 

5) The Uranium Blanket which surrounds the plasma and in which the 

fission reactions take place. The power generated by the fusion 

reactions in the plasma is multiplied by a factor of about 12 by 

the fission reactions in the blanket. This blanket also contains 

lithium for breeding tritium to feed the injectors. The blanket 

is divided into modules to facilitate removal and recharging. 

6) The Helium Cooling System which transfers the heat from the urani 

blanket to the steam generators. 

7) A Thermal Power System which converts the thermal power from the 

steam generators into useful electrical power via conventional 

steam turbines and electrical generators. 

8) The Direct Converters which convert the kinetic energy of the 

leakage flux from the plasma directly into electrical energy. 

4 
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9) A Vacuum Envelope which surrounds the main coils, the plasma, 

the uranium blanket, the direct converters, and the injectors. 

10) Vacuum Pumping,Systems to remove gas from the plasma space, 

the injectors, and the direct converters. 

11) Shielding to: 

a) Reduce neutron heating in the superconducting coils. 

b) Reduce neutron damage to the superconducting coils. 

c) Provide biological protection. 

^2) Handling Systems to facilitate: 

a) Removal and recharging the uranium blanket modules. 

b) Serviceing the injectors and other elements of the machine. 

13) A Tritium Handling System to recover tritium. 

'̂̂ ) A Building to house the reactor and its associated facilities. 

MAIN SUPERCONDUCTING COILS 

Ttie configuration of coils shown here (Fig. 1) is shown as 

"Yin-Yang." This is really a variation of the familiar "Baseball" design 

(in which the shape of the coil is similar to the seam of a baseball) which 

has been used in a number of mirror devices. The Yin-Yang arrangement re

sults if the conductors of a baseball coil are divided into two separated 

bundles. The im coils are identical, but are rotated 90° to each other. 

In fact, this is true for the two halves of the whole reactor. The Yin-Yang 

arrangement provides space between the coils for the four injectors. 

The individual superconductors are fine filaments of Nb Ti embedded 

in copper bars. These bars are separated by suitable spacers to provide pas

sages for the liquid helium coolant. The windings are enclosed in a stout 

stainless steel coil-tank. This tank in turn must be enclosed in a suitable 

k 
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thermal shield which may consist of a liquid-nitrogen-cooled copper plate 

and a multilayered reflective heat shield (not shown in drawings). 

THE COIL CLAMPS 

Enormous forces are produced by the coils. One component of 

these forces tends to straighten out the arc of the coil into a straight 

line. This force can be resisted by the coil tank itself. 

Another component of these forces tends to open up the coil gap. 

As it is impractical to make the coil tank strong enough in itself, a mas

sive clamp is provided to resist this force. This clamp is in the form 

of a picture-fram bent to conform to the contour of the coil. It is fab

ricated from non-magnetic stainless steel plates bolted together. Because 

of the way the moments are distributed, the depth of the clamp may be some

what smaller at the center than at the ends. The coil clamps are cooled 

to the same temperature as the coils. This means that these members must 

also be surrounded by the same type of thermal shield as the coil. If the 

clamps were not cooled along with the coils there would then be the problems 

of differential thermal contraction, and the transmission of large forces 

across thermal barriers. 

There is also a large force urging the two coils toward each other. 

This force can be resisted by the internal shielding immediately surrounding 

the blanket, as the shielding in this area is largely of stainless steel. 

THE AUXILIARY SUPERCONDUCTING COILS 

With the main coils alone, the magnetic flux lines would start to 

expand outwardly as soon as they emerge from the coil gap. The leakage plasma 

would, of course, expand along with the magnetic flux lines. The leakage 
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plasma would then strike the vacuum gates for the blanket modules. To 

avoid this, and to lead the leakage plasma into the direct converters, 

it is necessary to add the auxiliary coils. These are superconducting 

coils of the Same general construction as the main coils. It is also ne

cessary to surround these coils with shielding. 

THE INJECTORS 

The mirror configuration utilizing Yin-Yang coils makes it pos

sible to. introduce high energy neutrals into the reactor via four separate 

injectors. Each of these is roughly pyramidal in shape with a rectangular 

base and apex angles of 30° and 60 , and holds seventy modified Berkeley 

sources mounted in five columns of 14 units. Each injector is located in 

a large pumping chamber serviced by four 48" diffusion pumps. All of the 

sources are focused, seven meters away, at the apex of the pyramid which is 

truncated and consists of an opening in the reactor wall roughly 20 by 50 

centimeters. 

The beams coming from each column of 14 sources go into a common 

liquid nitrogen cooled neutralizer, about one meter long, and subsequently 

pass between a set of electrodes which serve to recover the energy of that 

portion of the beam that was not neutralized. On each side of the column 

of beams is mounted a cryogenic panel which serves to pump away the unwanted 

neutral gas and also provides magnetic shielding. With the provision of 

adequate pumping capability, continuous operation is achieved by sliding 

each cryopanel back out of service, between the columns of sources into the 

pumping chamber, where they can be out-gassed and subsequently reintroduced 

into the injector. 
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THE URANIUM BLANKET 

The gross blanket geometry is defined by the plasma and coil 

geometries for a minimum-B Ŷ 'in-Yang magnetic mirror. The blanket design 

is shown schematically in Figure 3, and is based on a modularization con

cept where the blanket is constructed from wedge shaped modules whose as

sembled geometry conforms to the Yin-Yang magnetic field. Each module, 

in turn, is composed of a collection of domed, cylindrical pressure vessels 

(submodules) welded to the module base. 

The submodule is the basic component of the blanket, and contains 

an inner fast fission zone and an outer tritium breeding zone. These zones 

are composed of natural uranium carbide and lithium aluminate contained in 

wire-wrapped pins i'n a hexagonal array. Helium coolant is supplied to, and 

removed from, the submodule by plena in the module base. The helium flow 

within the submodule is used to first cool the pressure vessel wall and then 

to remove the heat from the fuel pins and the heat and tritium from the breed

ing pins. 

A summary of blanket parameters is given in Table 1. These para

meters are for a new blanket as it starts life with natural uranium fuel. 

As the blank.et is exposed it will enrich itself in plutonium causing Energy 

Multiplication (M) to increase and the Net Fissile Breeding Ratio to decrease. 

With the refueling scheme we are presently considering, the life time average 

Energy Multiplication will be -11 and the lifetime average Net Fissile Breeding 

Ratio -1.2 atoms/fusion. 
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PRELIMINARY PARAMETERS (IMITIAL) FOR THE 

FAST FISSION BLANKET SUBMODULE 

Table 1 

Geometry 

Fission Zone Length 20 cm 

Tritium Breeding Zone Length 60 cm 

Pressure Vessel Diameter 30 cm 

Materials 

Fuel UC 

Tritium Breeding LiAlOg 

Structural Stainless Steel 

Neutronics 

Energy Multiplication 8,1 

Tritium Breeding Ratio 1.1 

Net Fissile Breeding Ratio (Atoms/DT Neutron) 1..2 

Fissile Production/Fissile Consumption 13 

Thermal Hydraulics 
3 

Fission Power Density (max.) 100 w/cm 

Coolant Pressure 20 ATM. 

Clad Temperature (max.) 700^0 

Pressure Vessel Temperature (max.) 500°C 

Coolant Inlet Temperature 300 C 

Coolant Outlet Temperature 600 C 

Pumping Power/Thermal Power .01 
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THE HELIUM COOLING SYSTEM 

The heat from the uranium blanket is transferred to the steam 

generators by helium. To ensure safety, the entire helium system is dup

licated. There are two inlets and two outlets on each blanket module. Also, 

two inlet manifolds and two outlet manifolds are provided for each side of 

the reactor. Two helium circulators are provided in each circuit. In addi

tion, the helium is everywhere enclosed by two walls. While in the module 

the helium is enclosed, of course, by the module itself, but it is also en

closed by the vacuum envelope surrounding th6> entire reactor. All helium 

lines to and from the reactor are double-walled. Likewise, within the steam 

generators the helium is again doubly enclosed. 

Each of the eight helium circulators (Fig. 5) consists of a helium 

compressor with a steam turbine main drive and a water turbine (Pelton wheel) 

auxiliary drive. The latter is used to supply power to the circulators when 

the steam supply is not available. This arrangement is similar to that used 

in the Fort St, Vrain, Colorado, helium-cooled nuclear reactor. 

An auxiliary after-heat cooling system also using helium, is provided 

to cool the mdoules while they are being withdrawn and transported for process

ing. Valves in the main cooling lines are provided at each module so that the 

module can be made gas-tight during removal and transport. 

THE THERMAL POWER SYSTEM 

This system converts the thermal power from the steam generators 

into useful electrical power. We have studied this aspect of the plant only 

very superficially. We, therefore, assume that this system employs conventional 

steam generators, steam turbines, and electrical generators. 
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We are patterning this system after that of the Fort St. Vrain 

helium-cooled nuclear reactor. We employ 24 vertical type 'Steam generator 

modules. The hot helium from the reactor flows vertically through the casing 

giving up its heat to helically wound water and steam tube bundles surround

ing a central header. These steam generator modules are shown in the drawings 

(Fig. 5) in the main reactor room and the turbine and electrical generators 

in the adjacent generator room. 

THE DIRECT CONVERTERS 

The power in the inevitable leagage flux from a miirror type reactor 

may be largely recovered by the use of direct converters. The type of direct 

converter we propose to use here is similar to that described in UCRL-7436, 

"A Preliminary Engineering Design of a Venetian Blind Direct Energy Converter 

for Fusion Reactors." 

As previously described, the auxiliary coils guide the leakage flux 

into the expander tanks and into the direct converters proper. The beam of 

ions is allowed to expand to a peak power density of about 100 watts per square 

centimeter. We have shown experimentally that at this power density the ele

ments of the direct converter may be cooled by direct radiation. The converter 

we have shown on the drawings is a single-stage type employing a pair of wire 

grids followed by a ribbon grid. The particles see the first wire grid at zero 

potential then the second wire grid at negative potential. The function of this 

pair of grids is to reflect the electrons and allow the positively charged ions 

to continue on through. The ions next see the ribbon grid at a high positive 

potential. This ribbon grid acts as an ion trap. The wires and ribbons are 

cooled by radiation to water-cooled plates (not shown) lining the expander tank. 
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When the ions are neutralized, large quantities of gas are pro

duced. This gas is pumped by cryopumping chambers behind the ribbon grid. 

The ribbon grid is opaque to the directed ions, but presents only a modest 

impedance to the flow of the neutral gas. 

THE VACUUM ENVELOPE 

The entire reactor, including the direct converters, is enclosed 

in a vacuum envelope. It is of conventional welded construction. Other 

than the flange joints provided for the removal of the cryopumping chambers 

and for access to the direct converters, no joints are provided for major dis

mantling. The tank would be simply welded in place and expected to remain 

there for the life of the machine. The spherical portion of the tank surround

ing the reactor proper is supported internally by the shielding and the magnet 

structure. The expander tanks, however, require external supports to resist 

the atmospheric loading. This external stiffening structure also supports the 

shielding around the expander tanks and also supports the tracks for the blanket 

module trucks. As proposed, this structure consists of radial members connected 

at their inner ends to the spherical tank. At their outer ends, each pair of 

these radial members is supported by a column. At their ends these columns are 

connected together by a box-beam which is curved in a circular arc conforming 

to the shape of the expander tank. 

VACUUM PUMPING SYSTEMS 

The large volume of gas produced at the direct converters is pumped 

by cryopumping chambers behind the ribbon grids. These cryopumping chambers 

contain liquid-helium-cooled panels thermally shielded with liquid-nitrogen-

cooled panels and multiple reflective heat shields. Any one panel may be iso-
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lated in automatic sequence for "defrosting" by means of a "jalousie" type 

valve. The cryopumping panels may then be warmed up and the evolved gas 

collected through a mechanically pumped vacuum manifold. 

To maintain a good vacuum in the plasma area, additional cryo

pumping panels (not shown) may be introduced into the intermediate volume 

formed by the constriction between the coils and the entrance to the expander 

tank. 

Large quantities of gas are also produced in the injectors. This 

gas is pumped by a combination of cryopumping and conventional diffusion pumps. 

SHIELDING 

Shielding is required to: a) reduce neutron heating within the 

superconducting coils, b) to reduce neutron damage to the superconducting 

coils, and c) to provide biological protection. 

A layer of boral (not shown) is placed immediately outside the 

coil thermal shield to abosrb thermal neutrons. This material has the prop

erty of producing alpha particles rather than more penetrating gamma rays. 

Next is a layer of lead to capture gamma rays. Outside of this is the main 

bulk of the shielding. Adjacent to the coils and immediately outside the 

uranium blanket, this main shielding consists of stainless steel and borated 

water. The outer layer of shielding immediately within the spherical vacuum 

tank is of concrete encapsulated in stainless steel tanks. 

Additional shielding is provided immediately outside the vacuum 

envelope to prevent the escape of radiation through the injectors and through 

the direct converters. That part of this shielding which 'sees' the plasma 

directly may consist of about ~1 meter of 80% stainless steel and 20% borated 

water followed by -1 meter of ordinary concrete. This would be used behind 
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the direct converters and behind the injectors. On the sides of the expander 

tanks and on the sides of the injector er^closures, ordinary concrete may be 

sufficient. 

TRITIUM HANDLING SYSTEM 

The tritium handling system is divided into two primary systems: 

a helium coolant tritium recovery system and a purification and isotopic 

separation system. Tritium containment in the case of accidental release 

is accomplished by special design features in the outer walls and by secondary 

pruifiers which will remove tritium from the room atmosphere. 

Helium coolant will carry tritium picked up during passage through 

the blanket. One percent of the hot helium coolant flow is directed to the 

tritium recovery system. 

Traces of water are removed by a regenerative heat exchanger and 

cold trap operating at LN temperature. The coolant is reheated in the same 

heat exchanger and then continues to a vanadium diffuser. Here the helium 

passes through an array of vanadium tubes, while the tritium diffuses through 

the vanadium. The tritium is recovered from an outer chamber by a pumping 

system and can be sent directly to the injectors or stored elsewhere. 

Tritium and deuterium recovered from the Vacuum Pumping systems 

must be purified and isotopically separated before returning to the injectors. 

The gas is purified by passing it through palladium diffuser. Cryogenic dis

tillation columns then separate the gas into tritium and deuterium streams 

which are reinjected immediately. These components are similar to those used 

in the FERF design. 

Rooms containing components with large amounts of tritium will be 

sealed with a nitrogen atmosphere. In case of an accidental release within 
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the room, a purifier will catalytically oxidize the tritium and hold it 

on molecular sieve beds. This equipment follows the FERF design. 

Tritium can also permeate all outer walls, however, slowly, and 

very large surface areas are involved. We are proposing a new "getter wall" 

which can be readily adapted to a variety of situations: a structural wall 

is coated on the outside with a getter forming stable hydrides and, in turn, 

is sandwiched with a protective outer layer. Operated at ambient temperature, 

the getter need hold only the small amount of tritium permeating the structural 

wall. 

PLASMA PHYSICS PARAMETERS 

The injection energy was chosen to maximize the effiency of the 

fusion part of the reactor. Injector efficiency decreases while the fusion 

efficiency increases with increasing energy. Equal velocity of D and T 

is necessary for equal penetration. The values of injected energy and other 

plasma parameters are given in Table 2. The presence of the diamagnetic plasma 

decreases the magnetic field at the center and therefore, increases the magne

tic mirror ratio to R = 7.8 from R = 3.5. Q, the ratio of fusion power to 

injected power, is approximately equal to 1.0. This means that a large amount 

of power must be recirculated through the injector which we calculate to be 70% 

19 
efficient at these energies. The fusion power of 620 MW means that 9 x 10 

14 MeV fusion neutrons per sec are produced. Most of these enter the blanket 

and produce fuel and more power. An equal number of 3.5 MeV a-particles are 

also produced. Their orbits are too large for them to be confined adiabatically 

by the magnetic field, and they quickly scatter out along field lines. Their 

energy is recovered in the thermal cycle rather than by direct conversion. The 

direct converter with its thermal bottoming cycle has a combined efficiency of 
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64% for ions that reach equilibrium before leaking out of the magnetic 

field into the direct converter. 

PLASMA PARAMETERS 

Table 2 

n 

W, 

W, 

PF 

^•nj 

Q 

S 

0 

nx 

P̂ 
L 

\ 

•̂ vac 

(ions density at center) 

(D° injection energy) 

(T injection energy) 

(fusion power) 

(injected power) 

(ratio Pp/P.^.) 

(fusion neutrons/sec) 

(particle pressure/magnetic 

(density times containment 1 

(plasma radius ,at midplane) 

(distance between mirrors) 

(magnetic field at mirrors) 

pressure 

time) 

(mirror ratio without plasma) 

7 

9 

2.5 

x 10̂  \m 

100 keV 

150 keV 

260 MW 

260 MW 

1.0 

X 10̂ ŝe 

0.8 

X 10̂  \m 

3.5 m 

25 m 

6.0 T 

3.5 
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HANDLING SYSTEMS 

Means must be provided for the removal and loading of the uranium 

blanket modules and for servicing the injectors, direct converters, and 

other elements of the reactor. 

The shielding shown provides sufficient biological protection so 

that the reactor room may be entered as long as all parts of the shielding 

are in place. However, because of possible tritium contamination, which 

may result when the reactor has been opened for, say, replacement of ion 

sources, it will be necessary for operating personnel to wear protective 

air-tight suits with separate air supplies. When any part of the shielding 

is removed, the resulting radiation level, at least in the immediate vicinity 

of the opening, will be such that operating personnel must be excluded. This 

will be the case even when the reactor is not operating. It will be necessary, 

therefore, to provide for remote manipulation for all operations involving 

opening the shielding. This requires far more study. 

The general arrangement of the uranium blanket modules are shown in 

Figs. 1 and 3, The procedure for removing a module is shown in Figs. 4a, 4b, 

and 4c. As shown, the modules are wedge-shaped and are arranged in a radial 

array, as in sections of a pie. Each module is provided with a set of station

ary tracks which support the module and along which the module may be rolled. 

The removal paths for opposing pairs of modules cross each other. A port, 

with a vacuum-tight gate, is provided in the vacuum envelope for each module. 

A removable plug is provided in the shielding for each port. When a module 

is withdrawn a set of temporary tracks must be inserted to bridge the gap 

between the permanent tracks and the port. When a spent module is withdrawn 

it is, of course, very radioactive. It will, therefore, be necessary to in- ' 

sert the module into a lead casket. The caskets are mounted on carts which 
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in turn run on sets of tracks on either side of each expander tank. A 

temporary cooling system removes the after-heat from the module during 

transportation. Twenty-four modules are shown in the drawings. To reduce 

the weight of the module and the casket it may be necessary to increase the 

number of modules. 

The sequence for the removal of a module is as follows: 

1. The shielding plug is removed. 

2. The vacuum gate is opened. 

3. The temporary tracks are put in place. 

4. The temporary cooling lines are attached to the module. 

5. The main helium valves at the module are closed. 

6. The joints at the module in the main cooling lines are separ

ated. 

7. The module is rolled into the casket. 

8. The cart is run to a position where the casket may be handled 

by the overhead crane. 

9. The casket is taken by crane to the loading platform (see 

Fig. 5). 

For loading a fresh module into the blanket, the above process is reversed. 

Remotely operated means (not shown) are provided for servicing the injectors, 

direct converters, and other elements of the reactor. 
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LIST OF FIGURES 

Figure 1 - Vertical Cross Section through Reactor 

Figure 2̂  - Side view of Neutral Beam Injector 

Figure 3 - Schematic arrangement of uranium blanket modules 

Figure 4a - Module removal: 

Shielding plug removed 

Figure 4b - Module removal: 

Casket in place, vacuum gate valve opened, 

temporary rails and cooling line attached 

Figure 4c - Module removal: 

Module in casket 

Figure 5 - Plan view of reactor in reactor room 

Figure 6 - Building, main floor plan 

Figure 7 - Building, basement plan 

Figure 8 - Building, sectional elevation 
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QUESTIONS ABOUT FIFTH PRESENTATION 

Lidsky; I have a comment that may be picking on a sore point in an other

wise beautiful design study. It appears that the total efficiency of the 

entire plant is very low. 

Moirs The effeciency of conversion of nuclear energy to electricity was 

30 percent. At 30 percent the plant is producing one third of its revenue 

as fuel, so in that context it is perhaps not too bad. 

Lidsky; What was the net electric power output? 

Moir; Five hundred megawatts. 

Lidskys I wonder, realistically, what penalty one pays for low thermal 

efficiency and even more what one will pay in the future. What penalty 

do you have to pay to raise the efficiency of the plant somehow? 

Lee: Or conversely, one can say, how much does it cost to dissipate that 

heat at $35 per kilowatt or whatever. 

Moir: I think it's a well posed question. I don't have anything to contribute 

to it right now. I think we have to do a cost analysis on this particular 

one, at that particular efficiency, taking the environmental impact of that 

thermal efficiency which probably means a wet and maybe a dry cooling tower. 

There will certainly be a cost tradeoff in raising the efficiency. 

Wolkenhauer: Apparently what you have done is drop the multiplication of the 

blanket from about 30 or so to about 10 and then added a direct converter 

from your previous design. The numbers then come up about the same. 

Moir; The two effects counterbalance pretty much. Raising the injector 

efficiency from 30% to 70% with a beam direct converter just about compensates 

for lowering the blanket multiplication from 39 to 9. 

Wolkenhauer: And, my question is, are direct converters that cheap or 

is a blanket with a multiplication of 9 that much cheaper than a blanket 

multiplication of 30 or so? What is the cost tradeoff? 

Moir; I think there are more tradeoffs than that. 

Wolkenhauer: Well, your numbers don't show it. 

Moir; Let me address one thing. The direct converters don't seem to be 

very costly. Now, let's take one direct converter at a time. The beam 

direct converter can hardly be seen on the drawing; the cost is repre

sented by the vacuum chamber and the pumping and the various fairly 

sophisticated units in the source-power conversion units, electrodes 
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and insulators. The direct converter is kind of a passive element there. 

We costed that, and that hardly twiddled the total cost of the injector. 

So we could even employ more sophisticated direct conversion ideas there, 

if we can think them up. OK, so the direct converter in the beam 

didn't perturb the injector cost very much. Now, the end loss direct 

converter required a bigger tank than we might have had, but the tank 

was sized by the pumping requirement and not by the direct converter. 

Now our initial design had one direct converter only on one end and on 

the other end we had a stronger magnetic field to direct the plasma 

selectively out one end. That cut the pumping area in half and the 

pumping got into trouble. Those additional elements were not very 

expensive compared to the vacuum chamber auxiliaries. So that is, 

I think, my answer on the direct converter. For the economics on the 

low M, fast fission blanket, the one that makes lots of fuel compared 

to the high multiplication system, the direct conversion issues do not 

come in. I think other issues do. I'm not prepared to say which is 

better just from a cost point of view. 

Dean; You have a design for a fusion-fission system, and there is another 

design for a FERF that you showed on the graph. Is it possible to think 

of designing one facility which would serve both functions, and what are the 

difficulties of trying to combine those kinds of functions? 

Moir; I presume by that question what you mean is, one physics feasibility 

experiment that will test the feasibility of both. 

Dean; No, I am thinking in terms of one machine which would be useful for 

both, the things that you described and FERF purposes. 

Moir; Well now, the FERF was a near-term machine. Its cost analysis 

was based on near term ideas and it cost about 200 and some million 

dollars. We made it as small as we could because the object wasn't to 

get as large a test area as you can but more or less build a reasonably 

large test area in the smallest size with the lowest cost. The object of 

the other one was to build something that could be economical on a cost 

per kilowatt basis and that required getting into about the 500 megawatt 

class. That meant a big machine and 3 or 4 times the cost. The cost of 

FERF assumes the present day superconducting technology industry base and 

the other, a technology basis that we think may exist 15 or 20 years from 

A w 
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now. If we would have costed the hybrid machine on the near-term basis, 

like more or less today's basis as we did FERF, I imagine the cost would 

be a factor 3, 4, maybe 10 times higher. But they are different machines 

for quite different purposes. On the FERF, we have considered direct con

version but it doesn't work very well and is not very cost effective 

because the energy is so low. So it goes with a lot of differences 

between the two machines. Maybe Clyde Taylor would like to amplify on 

this. 

Taylor: No. 

Frank; Have you compared the use of lithium and helium coolants in a 

hybrid blanket? 

Lee; No, we haven't yet. We have just taken this point design and 

acknowledged that there are other choices one can make, but we have 

not done a design study of a lithium cooled hybrid. 

Dudziak; A related question; In your sub-modules, the 10 percent 

leakage you quoted, was that within the helium cooling channels of the 

submodules? 

Lee; No, that's out of the mirrors and injector ports where there is no 

blanket. The neutron leakage through the modules themselves should be 

quite small. 

Dudziak; OK, so that's the coolant channel running in and out, not the 

pressure drop shown in the slide due to the sizes. 

Lee; Yes, but remember that the fission zone is only 30 centimeters 

deep, and above it you have approximately the same distance for the 

tritium breeding. So yes, you are talking about kind of on that order, 

but these are just sketches. 

Baker; What was the power density in the plasma? 

Moir: It is 2 watts per cc. Since the power goes like the fourth power 

of the magnetic field, it would be quite easy to raise that by a factor 

of 10. We could really sizzle the blanket if we wanted to, and at not 

much additional cost. 

Miley; I gather that you picked 500 megawatts as an approximate economic 

breakeven. How sensitive are the economics to that choice? What if you 

double the size? 

Lee: Well, I think Ralph almost alluded to that just a minute ago. It 

does not require much change in the magnetic field. We think the blanket 

as it now sits, this design, can effectively double in power with very 
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little change in the design and very little change in the cost. We have A 

done some preliminary studies to see if that's true. Would you like to 

address the plasma engineering side of that question? 

Moir; No, I think that's for future work. 

Graves; Have you done any calculations on the neutron flux that would be 

at the large direct converter region and what the radiation damage effects 

of that flux might be? 

Lee: No, we haven't. 
11 2 

Moir; The uncollided flux is 7 x 10 n/cm - sec. 

Lee: No, he's speaking of the direct converter. In the direct converters? 

Graves; Yes. 

Moir: Compared to the damage you get on the first wall, it is very far down. 

We looked at a design where the plasma is guided by a magnetic field around 

a bend. It looked like that would be kind of costly but certainly doable 

and we could cut the neutron flux way down. But I think that the direct 

converter elements are going to be composed of very rugged materials. There 

very likely are going to be graphite collectors and hot tungsten wires that 

can be moved out continuously. I don't think radiation damage is any 

question hete at all. 

Lidsky; Let trie ask one more technological question. You've presented more 

details than anyone else, therefore you are more vulnerable to such detailed 

questions. This system is like many others that breed plutonium in situ and 

therefore have time-varying multiplication and time increasing tritium generation. 

All systems that do this are liable to the critisism that they are either 

underdeslgned at the end or overdeslgned in the beginning. Have you 

thought about leveling that off somehow? 

Lee; Yes, there are at least three methods with which blanket output could 

be kept level or nearly level; Use the plasma power level as a control 

mechanism; Reprocess the fuel frequently to remove Fu; Have the blanket 

start its life enriched with Pu. These methods could be used separately 

or in combination. 
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