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ABSTRACT 

Current space nuclear power reactor safety issues are discussed with reioect to the 

unique characteristics of these reactors. An approach to achieving adequate safety and a 

perception of safety is outlined. This approach calls for a carefully conceived safety 

program which makes use of lessons learned from previous terrestrial powe: reactor 

development programs. This approach includes use of risk analyses, passive safe; design 

features, and analyses/experiments to understand and control off-design conditions. The 

point is made that some recent accidents concerning terrestrial power reactors do not 

imply that space power reactors cannot be operated safely. 

INTRODUCTION 

The U.S. government has recently initiated programs to develop nuclear power reactors 

for use in space. Space power reactors have the unique capability of providing an 

uninterrupted high power supply for much longer times than either solar or chemical 

systems can provide. High-level, long-life power sources are needed for military and 

civilian missions currently under consideration. 

Since the start of the current space power reactor development effort, it has been 

realized that safety must be a primary consideration (DOE 1986). This enhanced concern 
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for safety is driven to an extent by the publicity surrounding the unplanned reentry of 

two Soviet space power reactors, Cosmos 954 and 1402, and by the Three Mile Island 2 

accident, even though this latter event has little relevance to space power reactor 

safety. In addition, concerns about safety increased after the Challenger disaster and 

the Chernobyl accident. It is therefore incumbent upon managers of space power reactor 

projects not only to design safety into their reactor systems but to be able to 

demonstrate to potential users and the public that safe designs have been achieved. This 

objective is difficult but achievable if we make full use of pertinent experience and 

demonstrably incorporate safety into our concepts and designs from the start. 

To develop a strategy for incorporating and demonstrating safety, it is necessary to 

enurr^rate the unique safety features of space power reactor systems. These features 

must be differentiated from terrestrial nuclear power plants so that our experience can 

be applied properly. Some ideas can then be developed on hew safety can be achieved so 

that space power reactors are not only safe but perceived to be safe by the public. These 

ideas include reactor operation initiated only after achieving a stable orbit, developing 

an assurably safe design, "designing in" safety from the start, and managing the system 

development (design) so that it is perceived safe. These and other ideas are explored 

further in this paper. 

UNIQUE ASPECTS OF SPACE POWER REACTOR SYSTEMS 

Space power reactors differ in many ways from the more familiar terrestrial based 

commercial power reactors. These differences must be understood so that past safety 

practice can be applied. Some of these differences are: 

- 2 -



• Negligible radiation hazard while on the ground; operation will commence 

only after achieving a stable orbit; 

• Accidents during operation would occur in space, minimizing any prompt 

consequences; 

• The small, compact design enhances reactor ruggedness and nuclear stability; 

• Potential launch phase accidents need to be considered; and 

• Reentry hazards need to be considered. 

Since space power reactors are to be operated at power only after achieving a stable 

orbit, no hazardous radioactive materials will be present while the reactor is on the 

ground or through the launch phase. The unburned fuel in the reactor core presents a 

negligible hazard. Only after fission products are produced following power operation, is 

a radioactive hazard present. Before anyone could be exposed to this radioactive hazard, 

the reactor must reenter from orbit. Even if attempts failed to boost the system to 

higher orbit or to retrieve the reactor, reentry would not occur t<3fore the time 

established by orbital decay. This would be years, perhaps hundreds or thousands of 

years, depending on the orbital altitude. During this time radioactivity would also decay 

and lessen the potential hazard. 

Any accidents during power operation would occur in orbit and would be separated in 

time from the populations below because of orbital decay times. Nevertheless, chances 

for such accidents to occur must be minimized so that it can be assured that the 

reactor's geometry is intact when the time comes to boost the reactor into higher orbit 
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or retrieve it, assuming one of these disposal options is to be exercised. Both loss-of-

coolant and overpower accidents must be considered. 

The small compact design needed to minimize mass requires high temperature operation 

and very rugged and stable materials. This maximizes the ability of the reactor both to 

withstand a launch accident and to reenter the earth's atmosphere and land intact if 

reentry were to occur. Assuming reentry occurs, even if unlikely, it would be preferable 

to have the reactor land intact so it could more easily be retrieved, minimizing the 

radiation hazard. 

The small size of the reactor eliminates potential xenon stability problems, even for a 

thermal neutron spectrum, and enhances the negative void and temperature coefficients 

of reactivity because of the sizable neutron leakage effect. Positive void and 

temperature coefficients of reactivity are believed to have contributed to the. Chernobyl 

accident. One current hypothesis concerning the Chernobyl reactor suggests that voiding 

at the top and bottom of the core resulted in a large reactivity increase because of the 

flux skewing to those regions and the positive void coefficient. The flux skewing was 

caused by xenon poisoning in the central core region. The reactivity increase caused a 

power excursion and subsequent steam and hydrogen explosions. For many reasons, 

including a negative void coefficient, reactivity transients such as caused the Chernobyl 

accident are much more difficult to produce in space power reactors. 

Table 1 gives typical temperature coefficients of reactivity and their characteristics. 

The negative coefficient of space reactors is driven by core expansion with increasing 

temperature, while the light water moderated reactors (LWR) have strong negative 

moderator coefficients due to moderator expansion. The graphite moderated RBMK-

1000 reactors, such as at Chernobyl, have positive moderator coefficients and negative 
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fuel (Doppler) coefficients (National Nuclear Corporation 1975 and 1986). Their poor 

transient behavior is aggravated by their positive void coefficient. Space power reactors 

should have, and LWRs do have, negative void coefficients which contribute to their 

inherent stability. 

Possible launch phase accidents with the space shuttle require consideration of 

inadvertent criticality accidents or release of toxic materials such as beryllium from 

space power reactors. As stated above, the rugged design minimizes both these concerns 

but they still must be considered. Although an inadvertent critieality would be precluded 

by locking mechanisms on the reactivity controls during a normal launch, compaction of 

the reactor upon impact after a launch abort or during an explosion on the launch pad 

could conceivably cause a criticality accident. Current reactor designs have been 

analyzed assuming water is located in and around the reactor (increasing reactivity 

through its moderating effect) and assuming various splayed geometries which might 

result because of impact. Reactor designs can be tailored to be suitably subcritical 

under these circumstances by addition of neutron poisoning material to the core but with 

a corresponding fuel inventory and mass increase. 

A shuttle launch pad explosion could result in the reactor being subjected to pressures of 

several hundred atmospheres and temperatures of over 2500 K. This could cause some 

melting of the beryllium oxide (BeO) surrounding the reactor core and used to reflect 

neutrons back into the core in some designs. Explosive forces could increase dispersion 

of the BeO to the surrounding area. BeO melts at about 2800 K so it is unlikely that 

respirable amounts would be released in the short times (10 to 15 minutes) that the 

material would be exposed to the high te^oerature unless it is finely dispersed. Since 

one-time exposure limits for BeO have not been established, the actual risk to the public 

cannot be fully characterized at this time. 
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Reentry is a unique safety concern for space power reactors. Current designs make 

dispersion in the upper atmosphere difficult because of the refractory materials used. 

Therefore, intact reentry is currently preferred, if reentry were to occur. For an intact 

reentry the radiation hazard after landing will be localized and thus minimized, and 

safeguarding of the fissile material will be enhanced. Reactor designs need to consider 

reentry even though such designs will probably be tailored for either a rocket boost into 

higher orbit (thousands-of-years orbit decay time) or retrieval. The Soviets boost their 

space power reactors into high orbit at end-of-life, although two such boosts have failed 

(Cosmos 954 and 1402). Cosmos 954 broke up over northern Canada and about 65 kg of 

debris landed in uninhabited areas (Gummer et al. 1980). Cosmos 1402 burned up on 

reentry over the ocean and no debris were recovered. Retrieval of space power reactors 

may become possible before reentry from operating orbits through use of space vehicles 

being designed for other needs. 

Even though reentry after operation will probably not occur, some consideration needs to 

be given to such a possibility during design because of possible unexpected events. For 

instance, a rocket misfire, no matter how unlikely, could possibly drive the reactor 

toward the earth although operational controls will undoubtedly be in place to prevent 

this. Also, national security considerations might require operation in a low earth orbit 

where orbital decay could result in reentry within a few years of operation. 

TAKING INTO ACCOUNT PUBLIC PERCEPTION 

To overcome fears engendered by the Cosmos and Chernobyl experiences, in addition to 

shuttle reliability concerns made visible by Challenger, current space power reactor 

designs must be made safe in such a way that they are perceived safe. This must be done 

while optimizing the design so as to produce a workable, reliable, and cost-effective 
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flight system. Sometimes these tradeoffs are not easy. For instance, an inadvertent 

criticality caused by water immersion following a launch ascent abort may not cause 

much of a radiation hazard but could be a public relations disaster. Design to preclude 

such an inadvertent criticality could cause severe constraints on the design if risk (real 

or perceived) is not properly balanced against benefit. Still, space power reactor designs 

must be perceived safe either by eliminating accident causes and effects or by 

demonstrating that risks are minimal compared to the benefit. Another example of the 

trade-offs that need to be made is between the premise that defense related missions can 

be subjected to less stringent safety precautions and evaluation of the important benefit 

gained. 

AN APPROACH TO SAFETY 

A rational approach to safety is possible and is reflected in the conduct of the current 

space power reactor projects (DOE 1982 and 1986). Such an approach requires: 

• Identification of Unique Safety Concerns 

Launch pad accidents, 

Aborts, and 

Reentry; 

• Establishment of Criteria to Alleviate These Concerns 

Rugged design, 

No inadvertent criticality, and 

No reentry, intact reentry; and 
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• Assurance That the Design Satisfies the Criteria 

Use of strong, high temperature materials, 

Use of shutdown rods or internal neutron poisons, 

Reliable rocket boosters or orbital transfer vehicles, and 

Use of heat shields or reinforced reactor vessels. 

Both conceptual and prototype designs need to incorporate these criteria so that features 

are not locked-in during the concept development phase which must be undone later. 

Backfits are expensive, disruptive, and can be perceived as showing weakness in the 

design process. 

Risk analysis techniques can be useful in comparing safety of alternative design features 

and in assuring that the risk is balanced across the design. To a lesser extent, risk 

analyses can be used to show that accident risks are acceptably low although such 

quantification is subject to much uncertainty. Risk analyses provide a means to obtain a 

global, balanced view of safety, and methods and experiences in their use within the 

nuclear po.ver industry can be used to good advantage. For instance, risk analyses would 

be useful for comparing space power reactor safety with the safety goals now being 

formulated for terrestrial power reactors. 

Wherever possible, the assurance of safety should be incorporated into the design to 

provide a design as inherently safe as possible. An example mentioned above would be to 

design the reactor so that under no circumstances will it go critical in water, thus 

precluding an inadvertent criticality accident should the reactor crash in the ocean, 

given a launch abort. Also, it might be possible in some of the lower power designs to 

provide enough external heat transfer area to prevent core melting in space after a loss 
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of coolant. Although an immediate radiation hazard from such an accident is precluded 

because of orbit decay times, the possible loss of reactor geometry (if core damage were 

to occur) is undesirable. Also, the public view of such an occurrence might result in loss 

of support for missions using space power reactors. Careful study is needed because 

design features added to minimize the chances of accidents usually carry a mass or 

performance penalty. 

Perhaps most important, a carefully designed experimental and review program must be 

established so that safety is clearly demonstrated. Such a program needs to include 

studies of off-design and accident conditions to give a measure of the sensitivity of the 

design to abnormal operation. Since such a program can be an expensive undertaking, it 

needs to be established carefully, balancing performance and safety goals. 

CURRENT SPACE POWER REACTOR PROGRAMS 

The current SP-100 Ground Engineering System Program is being structured to assure 

safety. A hierarchy of policy statements, criteria, and specifications are being 

generated to achieve this end: 

• Safety Policy - " . . . safety has been given the highest priority . . . " ; 

• General Safety Criteria Potential radiation exposure to be 

precluded or minimized, 

Release of toxic materials to be precluded 

or minimized, 

Physical control or protection of nuclear 

materials to be assured, and 



Potential failures of systems impacting 

safety to be minimized; 

• Safety technical specifications - to provide specific interpretation; 

• Safety design specifications; and 

• System design and review. 

The overall policy is to give safety the highest priority and the criteria call for 

minimization of both radiological and toxic hazards. The safety technical specifications, 

design specifications, and design have yet to evolve and during their evolution strong 

interaction between the responsible federal agencies and the design contractor will be 

required. 

CONCLUSIONS 

Recent occurrences in the U.S. Space Shuttle and Soviet Nuclear Power programs have 

again emphasized the importance of safety to our current space power reactor projects. 

The course that these projects have set regarding safety is the correct one but must be 

pursued vigorously with adequate funding and priority. Lessons learned from the 

commercial nuclear power experience can be useful, such as the use of risk assessments 

and safety goals. There are enough differences between commercial and space reactors 

to show that the problems of commercial reactors do not preclude safe operation of 

reactors in space. Still, if the current space power reactor projects are to enjoy 

continued public support, more attention to safety and how that is perceived will be 

needed than in past reactor development projects. 
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Table Captions 

Table Caption 

1 Typical Temperature Coefficients of Reactivity 



Table 1, Typical Temperature Coefficients of Reactivity. 

Reactor Type 

SP-100 

Approximate Overall 
Temperature Coefftcient,/K 

-10 -5 

Characteristic 

Expansion is the 
main contributor to 
the coefficient. 

LWR -10" Moderator has largest 
effect. Both modera
tor and fuel Doppler 
coefficients are 
negative. 

RBMK-1000 
(Chernobyl) 

+ 10 ,-4 Negative fuel Doppler 
coefficient. Positive 
moderator coeffi
cient. 
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