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The nuclear energy economy is facing nowadays, several difficulties 

associated with: 

(1) the low utilization of the uranium resources provided by the pres

ently commercial nuclear power reactors (notably the light water 

reactors (LWR) and also heavy water reactors (HWR)). 

(2) non-proliferation issues; the need to devise nuclear energy strate

gies and safeguard systems that will reduce the possibilities for 

the diversion of fissile fuel to military applications. 

(3) safety and environmental issues; the potential hazard of plutonium 

toxicity accidents, and the concern about the accumulation of large 

quantities of plutonium. Also, waste disposal problems -• the long 

term hazards associated with the accumulation of fission products, 

and actinides in particular. 

(4) the need to close the back end of the fuel cycle. 

Of all these difficulties, the issue of resource utilization is the most 

fundamental; with the low fuel utilization of the commercial fission 

reactors (which utilize approximately one percent of the uranium), the 

economically exploitable uranium ore resources might be sufficient for 

expanding the nuclear power economy until the beginning of the next 

(1-3) 
century . Even in this period nuclear power could supply only a 

small fraction of the total power needs. Therefore, huge resources have 

been invested by the industrial countries in the development of fast 

breeder reactors (FBR); with the uranium utilization anticipated with 

breeder reactors (more than 50 times that of LWR) the known uranium 
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reserves could provide the energy requirements of our globe for a 

millennia 

Unfortunately, the development of fast breeder reactors is facing severe 

difficulties, especially in the United States, and their future is not 

clear. The primary opposition to fast breeder reactors has to do with 

the plutoniu.. economy. The total inventory of plutonium and its concen

tration in fast breeder reactors (or in any type of critical breeding 

fission reactors) are significantly higher than in the LWRs and HWRs. 

These pose the proliferation and safety related problems mentioned (in 

points 2 and 3) above. Objection to FBRs is also connected with their 

inherent safety, economics and breeding performance. There is some 

concern that the doubling time of the liquid metal fast breeder reactors 

(LMFBR - the forerunners of FBRs) will be too long for the required rate 

of expansion of the nuclear power economy. 

Energy policy makers are therefore faced nowadays r:ith a very difficult 

dilemma - how to develop the nuclear power economy so as to assure a long 

term supply of economically competitive nuclear fuel while assuring at 

the same time, that the nuclear reactors and the fuel cycle required to 

support them are acceptable to the regulating bodies and to the public. 

The magnitude of this dilemma is huge due to a combination of several 

factors: 

(1) The development of a new energy technology is a very long under

taking the outcome of which is generally not foreseeable. Fusion 
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energy, for example, is considered by many to be the ultimate goal 

for the nuclear power economy; it has practically limitless fuel 

resources (at least for the fusion power reactors that will be based 

on deuterium fuel cycles) which are widely available, and its safety 

and environmental issues are significantly less problematic than 

those of the fission energy. It is not unlikely that fusion reactors 

might be developed to become ccmmercial power reactors before the 

fission fuel reserves are exhausted even if the only types of fission 

reactors used are the LWRs, HWRs (and perhaps also gas cooled reac

tors). The rpoblem is, however, that fusion power reactors may not 

be developed in due time, or that they will be found to be economi

cally unattractive compared, say, with breeding fission reactors. 

Hence, it is almost universally accepted that fission reactors with 

fuel utilization capability significantly better than those of the 

contemporary reactors (desirably breeders) ought to be developed 

even only as an insurance against the possibility that fusion power 

will not be available if and when we will run out of the uranium 

fuel. 

The resources required for the development of a new power techno

logy are enormous. Moreover, it is not clear at the outset whether 

the investment in such a development will actually result in a new 

viable type of power reactors, and even if it does, whether there 

will be a need for this reactor type. 
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(3) Different options for the long term development of the nuclear power 

economy might have an effect on the short term nuclear energy 

strategy. For example, if LMFBRs are to be introduced into the power 

system before the end of this century, it might be desirable to 

accumulate the plutonium produced in the LWRs to provide the initial 

loading for these fast breeders. If the LMFBRs are to be introduced 

233 
only much later, or if U based breeder reactors are to be de
veloped, it might be desirable to recycle the plutonium in the LWRs. 

(4) Decisions taken now may affect generations to come. Consider for 

example, the question of plutonium. If not recycled in thermal 

reactors or burned otherwise, the overall inventory of plutonium that 

might be accumulated is very large, and it will be for the future 

generations to make sure that this highly radiologically toxic ma

terial will be adequately controlled. 

Many different reactor concepts have been proposed as an alternative or 

a supplement to the LMFBRs. In this article I would like to describe 

another alternative we have recently identified which has the po

tential for alleviating many of the difficulties encountered by the 

nuclear energy economy while relying on the most developed fission reac

tor technology - that of LWRs and HWRs. This alternative is provided 

by a class of subcritical thermal fission breeding power reactors driven 

by an intense source of neutrons. Such a source may be provided either 

v c 4 A X (-4-6,8,9) . . . . „ , (7,10) 
by fusion devices or by high energy proton accelerators 
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A large number of combinations of different types (and geometry) of the 

neutron source producing devices and of different versions of the sub-

critical fission systems (to be referred to as the blankets) can be 

conceived . The class of source driven power reactors we have 

identified to be very promising is based on light water moderated breeding 

- to be referred to as source driven light water reactors (SDLWR). The 

subclass of SDLWR in which the neutron source is provided by a fusion 

device will be referred to as light water (fission-fusion) hybrid reac

tors (LWHR), and the subclass of SDLWR based on an accelerator neutron 

source will be referred to as accelerator driven light water reactors 

(ADLWR). The type of SDLWR we have examined in most detail ' ' ' is 

that of LWHR driven by a fusion device operating on the D-T fuel cycle 

(i.e., providing 14.1 MeV neutrons). This version of LWHR will now be 

Ascribed and Its potential contributions to the nuclear energy economy 

will be discussed. 

Figure 1 shows, very schematically, one version of a LWHR concept based 

on a Tokamak type fusion neutron source - the earliest expected fusion 

reactor technology suitable for hybrid reactor applications. Most of 

the access ports to the plasma chamber (for vacuum pumps, divertor and 

neutral beam injection) are envisioned to be at the top and bottom of 

the plasma chamber. These sections of the machine are to be covered 

(beyond the ports, where present) by lithium containing blankets aimed 

at producing part of the tritium required for fueling the fusion device 

utilizing the leaking neutrons. The rest of the tritium breeding required 
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is to take place in the fission blanket. Figure 2 illustrates one of 

the more promising blanket designs we have identified. This particular 

design is characterized by high average-to-maximum power density across 

the fission zone - higher than 0.8. The overall thickness of the 

blanket and the shield (not shown in Fig. 2) is about 140 cm - not much 

larger than the corresponding thickness in fusion reactors. 

The fuel is contained inside pressure tubes using either one of the two 

alternative schemes illustrated in Fig. 3. This arrangement is very 

similar to the pressure tube design of HWRs of the CANDU type, with the 

following exceptions; in the LWHR blanket (a) light water is used instead 

of heavy water ; (b) the pressure tubes are arranged much more compactly; 

(c) moreover, in the scheme found preferable for LWHR applications, all 

the water is contained inside the pressure tubes (in HWRs there are two 

heavy water systems - a high pressure high temperature coolant inside 

the pressure tubes and a low pressure low temperature moderator outside 

the pressure tubes as in Fig. 3a). The use of light rather than heavy 

water is proposed not only because of the much more compact and cheap 

blanket they provide, but also because they offer a better physical 

performance (in contradiction to the situation in critical fission reac-

(fi F\ 

tors). We have found that for a given equilibrium fissile fuel 

content (see below), light water blankets provide a higher energy per 

fusion neutron reaching it than heavy water (or graphite) moderated 

blankets. 
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The water-to-fuel volume ratio (V /V.) of interest for the blanket of the 
w f 

SDLWR is between 0.5 to 2.0. The lower limit is determined from thermal-

hydraulic considerations. The upper limit is determined from physical 

considerations - the equilibrium fissile fuel content of the V /V, = 2 
235 

blanket is about 0.72% - the content of U in natural uranium. The 

equilibrium fissile fuel content is an inherent characteristic of the 

geometry of the lattice (primarily the moderator-to-fuel volume ratio) 

and the type of fertile material. When having its equilibrium fissile 

fuel content, the blanket has a breeding ratio of unity. A unique feature 

of a LWHR based on the V /V, = 2 blanket is that it is a breeder reactor 
w r 

with no doubling time limitation (that is, it has a zero dou ling time); 

this is because it is fueled with natural uranium and maintains its 

fissile fuel content. 

The equilibrium fissile fuel content of the V /V. =0.5 blanket is about 
w r 

5.5%. i.t equilibrium, their average energy multiplication is of the 

order of 450 (averaged over an irradiation cycle of about 30000 MWD/T 

assumed, unless stated otherwise, to be the reference cycle burnup), 

versus about 25 for the V /V, - 2 blanket. If loaded with natural uranium, 
w f 

the V /V. =0.5 blanket will have a breeding ratio of about A, averaged 

over the first cycle. That is, it brings the fissile fuel content in 

30,000 MWD/T from 0.72% of natural uranium up to 2.8% - about the value 

needed for fueling conventional LWRs. The corresponding value of the 

average energy multiplication is approximately 22. Thus, the water-to-
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fuel volume range considered provides a wide range of LWHR blanket per

formance characteristics - energy multiplications from about 25 to 450 

and breeding ratios from 1 to 4. 

We have identified several types of LWHR blankets which open interesting 

options for the development of the nuclear energy economy: 

Type A: Blankets having V /V, = 2 the equilibrium fissile fuel content 

235 
of which is similar to the content of U in natural uranium. 

Type B: Blankets having V /Vf =1.35 the equilibrium fissile fuel content 

of which is similar to the content of fissile fuel in the spent 

fuel of LWRs. 

Type C: Blankets which, when fueled with spent fuel of LWRs, build up 

the fissile fuel content in one irradiation cycle to the level 

level required for feeding LWRs (V /Vf .--- 0.65). 

Type D: Blankets which when fueled with natural uranium, build up the 

fissile fuel content in one irradiation cycle to the level 

required for feeding LWRs (Vw/Vf = 0.5). 

Type E: Variable lattice LWHR blanket designed for a high-burnup once-

through fuel cycle. 

Power systems based on LWHRs of Type A and B are illustrated in Fig. 4 

in comparison with the conventional power system that is based on LWRs 

(Fig. 4c). In the power system of Fig. 4a each new reactor added to 

the system is loaded, initially, with natural uranium. After the fuel 

reaches its burnup limit: in the reactor, it is partially reprocessed 
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(after an adequate cooling period) only to extract the fission products. 

Depleted uranium or spent fuel from HWRs (after the extraction of the 

fission products) is added to the fuel as the make-up, and new fuel rods 

are fabricated and loaded for another irradiation cycle in the LWHR. 

This sequence of operations is repeated over and over again. 

Nowhere in the fuel cycle described in Fig. 4a is the plutonium separated 

from the uranium. The idea is to use a co-processii.g procedure of the 

type being recently proposed for crxtical fission reactors as one of the 

means for improving the proliferation resistance of the fission power 

economy, in fact, the FSS-LWHR fuel cycle is more suitable for copro

cessing than the fuel cycle of either LWRs or LMFBRs, as in the latter 

there is a need to vary the relative concentration of the plutonium and 

(14) 
the uranium 

Compared with the power system based on LWRs, the LWR based power system 

shown in Fig. 4a: 

(1) Is free from the need for uranium enrichment. 

(2) Is free from the need for the separation of plutonium, 

(3) Assures a hi?h utilization of the neural uranium reserves, 

(4) Can utilize depleted uranium, huge stockpiles of which have been 

(and will be) a2cumulated over the years. 

(5) Can utilize the spent fuel from LWHRs (after partial reprocessing 

only to extract the fission products). 
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The power system illustrated schematically in Fig. 4b is proposed for the 

efficient utilization of the spent fuel from LWRs. The make-up fuel for 

the LWHRs under consideration can be either additional spent fuel from 

LWRs or natural uranium. The power system under consideration possesses 

the merits (1) - (3) (for the power system of Fig. 4a) described above. 

Power systems based on LWHRs of type C and D are illustrated schematically 

in Figs. 5a and 5b. Consider first the power system of Fig. 5a. A 

closed cycle and an open cycle versions of this system are visualized: in the 

closed cycle version the fuel unloaded from the HWRs has a fissile fuel 

content of about 0.7%. This fuel is then loaded (after partial repro

cessing etc.) Jnto the LWHR (with some natural uranium make-up), which 

upgrades the fuel quality. In the open cycle version of Fig. 5a the 

fuel is used in the HWR until it becomes depleted as much as current HWR 

fuel becomes. In either version, one can extract in a complete cycle 

approximately 90,000 MWD per ton of natural uranium loaded. The corre

sponding fuel utilization is about an order of magnitude higher than in 

LWRs. It might be possible to use the fuel two irradiation cycles with

out any reprocessing. 

The power system based rn Type C LWHRs (Fig. 5b) is a simpler, two-stage 

system in which LWHRs and LWRs work in tandem. The LWHR is fueled with 

apent fuel from LWRs and increase the fissile fuel content up to about 

3% in one irradiation cycle. This fuel if. then used again in the LWR 

and so on and so forth. The ;-oweir systems illustrated in Fig, 5 offer 
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similar fuel utilization and proliferation resistance attributes as 

those based on Type A and B LWHRs. Briefly, these power systems enable 

a high utilization of the energy content of the uranium while they are 

free from the need for enrichment capability and tor the separation of 

Plutonium. 

The high burnup once-through fuel cycle provided by Type E LWHRs is an 

adaptation of the fuel cycle scheme recently proposed by Fischer et 

al for a gas cooled fast core moderated blanket critical reactor: 

Depleted uranium fuel is loaded into the central region of the fast core 

where the breeding ratio is high. As the fissile fuel content builds up, 

the fuel is shuffled towards the "burn zone" in which the fissile fuel 

is maintained at an equilibrium level. Towards the end of its life, the 

fuel is shuffled to the outer moderated zone in which most of the pluto-

nium accumulated in it is consumed. This scheme offers the attainment of 

high fuel buriups (100,000 MWD/T and possibly even higher) while avoiding 

the need for reprocessing or enrichment and, at the same time, avoid the 

acoumulation of large inventories of plutoniutn in the discharge fuel. 

The LWHR blanket is ideally suited for this type of fuel management 

scheme; blanket sections having a low water volume fraction (V /v' ~ 0.5) 

initially fueled with depleted or natural uranium will increase the 

fissile fuel content of the fuel. The fuel will then be shuffled to 

blanket sections having a higher water volume fraction (say, V„/V- = 1) 

where it will provide higher multiplication and maintain a constant 
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fissile fuel content. The final station of the fuel will be the outer 

blanket zone having a V /V. % 2 in which the fissile fuel content will 

be reduced to 0.7% or lower. This variable lattice LWHR actually performs 

the functions of both the LU3R and the critical fission reactors of the 

power systems illustrated in Fig. 5. 

Before turning to the nuclear energy strategy options opened by the LWHRs, 

let us examine the potential contribution of LWHRs for alleviating the 

difficulties encountered by the nuclear energy economy. 

Fuel utilization - The LWHR based power systems we have identified offer 

an efficient utilization of the uranium resources in all the forms in 

which they are available, including (1) natural uranium, (2) depleted 

uranium, and (3) spent fuel from LWRs and HWRs. This high fuel utiliza

tion (as high as attainable by the best critical breeder reactors; comes 

along with the freedom from doubling-time limitation on the rate of 

expansion of the capacity of the power systems based on the LWHRs. 

It is estimated that LWHRs are also readily adaptable to the thorium and 

denatured fuel cycles. The fissile plutonium concentration in the de

natured fuel cycle of the LWHRs is expected to te lower than its concen

tration in any critical reactor operating in the denatured cycle. 

LWHRs also provide an option for a high-burnup once-through fuel cycle 

giving a fuel utilization which is about 10 to 15 times higher than that 

of LWRs. 
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Non-proliferation issues - We anticipate that a power system based on 

LWHRs could be safeguarded against the diversion of fissile material 

considerably more effectively than power systems based on the contemporary 

LWRs or on critical breeder reactors, because: 

(a) A power system based on LWHRs (of all the types described above) is 

free from the need for uranium enrichment! Hence, the LWHRs open 

the option to develop a nuclear power economy that is free from en

richment facilities. This could significantly alleviate the danger 

of proliferation via the enriched uranium avenue. 

(b) A power system based on LWHRs is most suitable for coprocessing. 

Nowhere in the system is there a need *-.o separate the plutonium from 

the uranium, or to change their relative concentrations (as is 

required fcr power systems based on LWRs and LMFBRs). Moreover, 

nowhere in the system is there a need to keep the plutonium in con

centrated form. This is to be distinguished 'from any type of critical 

breeder reactor which requires higher inventories of fissile fuel 

and at high concentrations. 

(c) The denatured fuel cycle of the LWHRs is expected to be of the 

lowest concentration of fissile plutonium of all other denatured 

cycles. 

(d) Even though the LWHRs are not expected to be commercially available 

before the end of this century, they can alleviate the hazard of 

proliferation immediately - by justifying the storing of spent fuel 
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of LWRs (and HWRs) without reprocessing (see discussion to follow). 

It should be clear that a LWHR based power system is not inherently safe 

against the diversion of fissile fuel that can be used for military 

applications. However, being fueled with naturally occuring fuel, being 

free from the nesd for enrichment capability and from the need to 

separate plutonium (even to handle fissile fuel at high concentrations 

anywhere in the fuel cycle), I.WKR based nuclear power systems provide for 

the establishment of a very effective safeguard control system (that has 

to be evoked by an appropriate international legislation). It ought to 

be realized that the processing plants required for the LWHR based power 

systems do not physically include the whole part dealing (in "conven

tional" reprocessing plants) with the plutonium stream and will have a 

fewer number of solvent extraction cycles' . That is, it will neither 

be physically possible to extract plutonium from the co-processing plant, 

nor to extract radiation free mixed uranium-plutonium fuel. 

Safety and environmental issues - The low inventory of plutonium in 

the LWHR based power systems, along with the facts that this plutonium 

is always at low concentrations and that nowhere in the out-of-reactor 

fuel cycle there is a need to change this concentration reduce the hazard 

of plutonium toxicity accidents relative to that in LWRs or fast breeder 

reactor based power systems. Another attribute to the reduction in the 

hazard mentioned abo^e comes from the fact that under no credible cir-
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cumstances can there be a criticality accident in the reactor or in the 

out-of-reactor fuel cycle of certain of the LWHR based power systems, 

such as that based on Type A LWHRs. This is because there is no combi

nation of natural uranium and water that can become critical. The above 

mentioned criticality related issue contributes also to the reduction in 

the probability for fission and activation product contamination 

accidents. 

Another environmental aspect of nuclear power is the impact of the long 

lived radioisotopes, notably the actinides. As the LWHRs are thermal 

fission systems, their actinide waste is expected to be significantly 

lower than that from fast breeders. 

Being of a pressure-tube design, LWHRs are free from the hazards of 

pressure vessel breakdown (one of the issues being mentioned against 

LWRs safety). With regards to loss-of-coolant accidents, the safety 

of LWHRs is comparable to that of other pressure tube reactors, such 

as HWRs and SGHWRs. 

The magnitude of two environmental issues - tritium and thermal pollu

tion, is more severe for the LWHRs (as for other types of hybrid reac

tors) than for critical fission reactors. Neither of these issues poses 

however, unsolvable problems. Tritium is a relatively short lived 

isotope so there is no long term »r accumulative hazard associated with 

an uncontrolled release of it. By proper planning of the pow.>r economy 
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the waste heat may be beneficially utilized for a variety of constructive 

applications (from the desalination of water to residential heating). 

Closing the back-end of the fuel cycle - The options opened by the LWHRs 

justify storing the spent fuel without reprocessing, thus alleviating the 

short term environment?1 and proliferation hazards. Tn the meantime, new 

technologies and procedures for reprocessing spent fuel, wâ t*? disposal 

and handling of plutonium that are both economical and safe (environ

mentally accepted) could be developed (in parallel to the development of 

the breeder reactors of the future). In due time, the stored spent fuel 

could be handled in one of several different ways, including: 

(a) If fusion power reactors will be commercial at that time and eco

nomically attractive, one may dispose of the plutonium with the 

fuel (as well as other actinides and fission products) without re

processing altogether. 

(b) If fusion reactors are not yet commercial but LWHKs are, one may 

use the spent fuel in the LWHRs without separating the plutonium 

(that is, using the coprocessing scheme derived above). This 

scenario provides for an increase in the capacity of nuclear power 

without increasing neither the uranium ore requirement, nor uranium 

enrichment requirement, nor the overall inventory of fissile fuel 

on earth. It assures the full utilization of the energy content 

of the spent fuel from LWRs. 

(c) If LWHRs are not yet commercial, then if economically desirable and 
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environmentally acceptable, the plutonium could be separated and 

used either in LWRs or in fast breeder reactors. But until this 

happens, there will be ample time for completing the development 

of, and improvements in the fuel cycle technologies, as well as 

for resolving safety and safeguard issues with regard to the plu

tonium economy. 

The five types of LWHRs described above open many interesting options 

for the development of the nuclear energy strategy. Following is a 

description of several of these options. 

For countries which will not have started their nuclear energy program 

(or did not develop it to any significant extent) before the LWHRs become 

commercial: 

(1) Develop a self-contained nuclear power economy based on Type A or 

Type E LWHRs, or on Type C LWHPs in tandem with LWRs. These optiom 

are suitable for developing countries; they allow the exportation of 

breeder reactors along with the complete fuei cycle technology that 

is required to make a country self-sufficient in its energy produc

tion with an adequate assurance for non-proliferation (no enriched 

fuel; no enrichment facilities; at most, facilities for coprocessing 

which are designed so as not to be technically able of separating 

the plutonium. Alternatively, the denatured fuel cycle may be 

imposed on ther.e countries). 
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For countries which are already in the early stage of developing their 

nuclear energy economy and are striving for self-sufficiency: 

(2) The options opened by the LWHRs may justify an international legis

lation which will ban the export (or even better - ban the develop

ment) of enrichment and reprocessing capabilities. The justifica

tion for such a ban is that in due time (hopefully before the end 

of the century), LWHRs will become available and could make these 

countires self-sufficient in their energy ecoiiomy. In the interim 

period they will rely on the nuclear powers for enrichment (and, 

possibly, reprocessing) services. 

For countries which have (or rather, which by the time LWHRs will become 

commercial, will have) a significant nuclear enei.r;y economy based on LWRs 

(but no breeders): 

(3) Increase the nuclear power capacity by installing Type C LWHRs 

until the ratio between the capacity of the LWRs and the LWHRs is 

such as to provide a self-sufficient nuclear power economy that is 

free from the need for uranium enrichment and for the separation 

of plutonium. 

From this point on, the additional power capacity might be developed 

along several routes: 

(A) Type A LWHRs with the fuel cycle to supporc them. The Type C LWHRs 

already in the system will be converted, after the LWRs- go out of 
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service, to Type B or Type E LWHRs. All the available spent fuel 

of the LWRs will be used for starting up new Type B LWHRs. Or, if 

economical consid-. cat ions justify, 

(5) Expand the tandem LWR-LWHR power system by adding new LWRs and 

Type C LWHRs at the right proportion. 

(6) For countries which have natural uranium HWRs: develop a self-

sufficient power economy based on Type A LWHRs. Use the spent fuel 

accumulated from the HWRs in the LWHRs. 

(7) For countries which will have breeder reactors of one kind or 

another: convert them to be fuel-self-sufficient (i.e., having an 

average breeding ratio of 1) so as not to produce any more extra 

fissile fuel. Then expand the power system based on the LWHRs, 

using one of the options (3), (4) or (5). Alternatively, economical 

considerations may prefer 

(8) Development of a self-sufficient LWHR based power system in parallel 

to the power system based on the critical fission reactors. 

To the above, one should add options of LWHRs based on the thorium and 

denatured fuel cycles. Among these options is the use of the LWHRs (say 

similar to Type D) for the transmitter reactors to operate in.vf.de con

trolled safeguarded energy centers in the dispersed-energy center sym-

M 4 V (17-19) 
biosis scheme 

In examining the cost-to-benefit ratio associated with t'te development 

of the LWHR technology it is noteworthy that: 

http://in.vf.de
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(1) The design of LwHRs is based on the most developed fission reactor 

technology (that of LWRs and of HWRs) and on a fusion technology 

which is a relatively small extrapolation of the technology of the 

experimental Tokamaks and mirror machines of the early eighties. 

To drive a 1000 MWe power plant based on Type C LWHR which has an 

equilibrium fissile fuel content, for example, a fusion device of 

about 10 MW (of fusion power) is all that is necessary. Present 

U.S. DOE plans call for the operation of experimental Tokamak type 

(20' 
power reactors of several dozens of megawatts by the mid-eighties 

(2) LWHRs appear to be a most natural link between the fission tech

nology of the present and the fusion power reactors of the future. 

(3) A nuclear energy strategy based on the scenario: LWR (and HWR)—»• 

LWHRs-*• Pure Fusion reactors promise a gradual transition from one 

technology to the other, while assuring an efficient utilization of 

the nuclear fuel resources and, very importantly, calling for the 

development of the least number of technologies. 

(4) The total investment required for the development of LWHRs, in ex

cess of that required for the development of fusion power reactors, 

is anticipated tc be relatively small. Moreover, a low risk is in

volved in such an investment. 

(5) All the types of LWHRs considered and the host of options they 

provide require, essentially, the same technology. Moreover, the 

fuel cycle technology required to support these LWHRs is essentially 

existing. 
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(6) It is also estimated that LWHRs are readily adaptable to the thorium 

and denatured fuel cycles. It is likely that the fuel for these 

cycles could be cf a metallic form. 

(7) Alternative blanket concepts, providing a similar performance to the 

LWHR blanket - fuel cycle wise'and safetywise, can be designed. 

These include water moderated gas cooled blankets or Zirconium 

hydrid gas cooled blankets. The advantage of the gas coolant is 

higher thermal efficiencies and lower coolant pressures. 

(8) Alternative neutron sources could be used to drive the LWHR blanket. 

(7 9) 
These include fusion devices based on the dueterium fuel cycle ' 

as well as high energy proton accelerators ' 

In summary, the LWHRs promise to alleviate short term as well as long 

term problems of the nuclear energy technology using a large variety of 

strategies all based on the same technologies. Being based on the tech

nology of LWRs and HWRs, the LWHRs provide a most natural link between 

the fission reactor technology of the present and the fusion power reac

tor technology of the future. The investment in their development in 

excess of that required for the development of fusion powar reactors is 

expected to be relatively small, thus making the development of LWriRs 

potentially a high benefit-to-cost ratio strategy. If embarked upon 

its development rigorously enough, it is T 'ssible that LWHRs could 

become commercial before the end cf the century. It is therefore proposed 

that LWHRs be considered among the alternative reactor'types to be 
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developed cor the nuclear power economy. To give the LWHRs a fair chance 

for contributing to the nuclear energy economy, it is essential that 

their economics and commerciality be assessed as reliably and as soon as 

possible, but certainly before the U.S.A. commits itself to the type of 

breeder reactors for its future nuclear power program. This assessment 

should also include the evaluation of the relative potential of different 

fusion and accelerator neutron sources as well as a number of versions 

for the blanket concept (such as gas cooled versus water cooled blankets). 

It is desirable that the fusion programs set the research and develop

ment of neutron sources adequate as derivers of LWHRs as one of their 

highest priority short-term goals. It is also desirable that the fission 

reactor community consider source-driven power reactors as one class of 

advanced fission reactors. It goes without saying that at the present stage 

of knowledge about LWHRs, the development of LWHRs should be pursued in 

parallel and not instead of the development of advanced critical reactors. 
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