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LEGAL NOTICE

This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the Commission, nor any person 
acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, 
with respect to the accuracy, completeness, or usefulness of the in
formation contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or proc
ess disclosed in this report.

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee 
of such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, 
or provides access to, any information pursuant to his employment or 
contract with the Commission, or his employment with such contractor.
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FOREWORD

This report is submitted to the Atomic Energy Commission in com
pliance with Contract AT (30-l)_3062. The report consists of three 
volumes. The first volume (MND-3062-28-1) is a summary of the 
methods developed and gives the results obtained from the safety eval
uation. The second volume (MND-3062-28_2) goes into the detailed de
velopment of the probabilistic treatment of the safe use of strontium 
in space. Individual doses under various release conditions are com
puted and the probabilities of occurrence of various hazards are eval
uated. The second volume also includes the probabilities of given num
bers of people being exposed to a specific hazard. Finally, various de
signs for using strontium in space are evaluated on the basis of safety. 
The third volume of the report (MND“3062-28_3) deals with the feasibility 
of the basic design concepts, examines the advantages and penalties of 
various control and propulsion systems and discusses the fuel forms 
available or under development.
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I. INTRODUCTION

The use of strontium-90 in space requires that the mechanical de
signs of the isotopic generators satisfy nuclear safety requirements 
and that such'tlesigns be feasible and practical. During this study, a 
method has been developed to compare various design concepts from 
the standpoint of nuclear safety. The analyses oTpotential hazards and 
the formulation of the methods of design comparisons make up the major 
portion of this report. The complete safety analyses and a comparison 
of various design concepts are included in the second volume of this re
port.

To ensure the practicality of the concepts considered, sufficient 
studies have been carried out to demonstrate feasibility of both intact 
and burnup re-entry concepts. The designs, the control systems, the 
weight penalties and fuel form considerations are all discussed in the 
third volume of this report.

The purpose of this volume is to give a brief summary of the methods 
developed and of the conclusions drawn from this study.
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II OBJECTIVES

The objectives of this study were to:

(1) Develop a method for comparing various design concepts on 
the basis of safety.

(2) Consider the feasibility and practicality of various design 
concepts and fuel forms.

(3) Compare various design concepts and rank them for desirability 
from a safety standpoint.

MND-3062-28-1
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III. SAFETY EVALUATIONS

A. INTRODUCTION

The most important factor governing the use of strontium-90 in space 
is safety. The nuclear hazards associated with strontium-90 would be 
eliminated if absolute containment, control and accountability of the fuel 
could be guaranteed. Since it is not possible to make such a guarantee, 
the expected frequency of occurrence of events creating nuclear hazards 
is required. The chance of occurrence of the hazard, the level of radiative 
exposure and the number of people involved must all be considered when 
evaluating the safety of a design concept.

B. GENERAL APPROACH

A safety comparison of different design concepts requires that all 
significant hazard data for the designs be combined into a single, meaning
ful result. When all the concepts have been compared in a consistent 
manner, it remains only to examine the separate results to find the 
most desirable design.

The significant hazard data pertaining to a given design include:

(1) The kinds of hazard situations that may arise

(2) The frequency with which these situations are expected to 
occur

(3) The number of people involved in the hazard

(4) The amount of radiative damage sustained.

These items will be discussed first and then consideration will be given 
to combining them into a design evaluation.

1. Hazard Situations

A hazard situation is defined as any condition in which the possibility 
of exposing members of the general public to radiation from strontium- 
90 exists. The following events are those which would be responsible 
for producing hazards:

(1) Atmospheric dispersion

(a) Dispersion of bomb-type debris

MND-3062-28-1
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(b) Molecular dispersion

(c) Large-particle dispersion.

(2) Intact re-entry

(a) Land impact, fuel contained

(b) Land impact, fuel containment ruptured on impact.

(3) Intact re-entry and subsequent dispersion

(a) Water impact, shallow-water release

(b) Water impact, deep-ocean release

(c) Resuspension

(d) Migration to an aquifer.

Atmospheric dispersion is the term applied to the dilution of the 
fuel inventory of an isotopic generator into the atmosphere. The release 
of the fuel in three different size ranges has been postulated. The size 
of the particle not only affects the amount of dispersion but is an impor
tant factor when considering inhalation or external doses.

If the generator is designed to withstand the re-entry heating, the 
fuel inventory will return to earth intact. Under such circumstances, 
there is the possibility that a number of people will be exposed to direct 
radiation from the source. If the fuel is contained, direct exposure to 
bremsstrahlung is the only hazard. However, if the fuel is exposed upon 
impact, there is the chance of exposure to both bremsstrahlung and beta 
radiation. The release of the fuel also makes the occurrence of resus
pension and migration hazards possible.

Whenever the fuel returns intact and is not found or recovered, it is 
assumed that the fuel will be released. The release in shallow or deep- 
ocean water constitutes two distinctly different hazards, and these are 
considered separately. The two hazards resulting from a fuel release 
on land have already been mentioned.

2. Occurrence of the Hazard

The occurrence of a nuclear hazard resulting from the use of stron- 
tium-90 in space is dominated by the reliability of the launch vehicle.
For this study, it has been assumed that nominal orbits will have life
times sufficient to allow the fuel inventory to decay to negligible activity. 
Therefore, all hazards result from launch vehicle failure.

MND-3062-28-1
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The probability of occurrence, PO, is defined for the purpose of 
this study as the chance of creating a hazard situation. In addition to 
the reliability of the launch vehicle, this probability is also affected by 
the chance of landing the fuel on land or water, the chance of recovering 
the fuel and the chance of exposing the fuel on impact.

3, People Involved

The main consideration of any safety study is the number of people 
involved and the amount of damage they sustain. It is possible for a 
hazard condition to exist, but to be of no importance because people are 
not involved. Therefore, in addition to an occurrence probability for a 
given hazard, it is necessary to define an exposure probability. This 
is the chance of exposure of a person once the hazard has occurred.

The probability of exposure and the number of people involved depend 
on the kind of hazard situation. Hazards resulting from atmospheric g 
dispersion affect large numbers of people, perhaps on the order of 10°. 
Furthermore, these people are exposed with a probability of essentially 
one; once the release has occurred, exposure is a certainty. On the 
other hand, relatively few people will be exposed to an intact capsule.
For this case, the probability of exposure depends on impacting the cap
sule on land and the population density within the impact region. In general, 
it can be said that the probability of exposure can be expressed as a func
tion of the number of people and a spatial variable.

4. Radiative Damage

The amount of radiative damage sustained by an individual depends 
upon the intensity of the source, the distance from the source and the 
time of exposure. For inhaled or ingested activity, the dose is also a 
function of the fuel's solubility and chemical form. Because of the mutual 
spatial dependence associated with both the dose function and the exposure 
function, it is possible to combine these two into a single expression.
This expression then states the probability of exposure of a given number 
of people to a given level of radiation.

5, Design Evaluation

A single design concept can fail in different ways. For example, an 
intact design might experience a launch pad accident that results in the 
dispersal of fuel in the shallow water near the launch pad. This same 
system might re-enter intact from a low orbit and cause a direct radiation 
hazard. If the fuel ruptures on impact, there may be additional hazards 
from re suspension and migration of the fuel. It is the purpose of the general 
evaluation method to combine all of these hazards into a meaningful repre
sentation of the level of safety afforded by the concept.

MND-3062-28-1
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The first step of the combination process has already been mentioned,
i.e. , the combination of the dose and exposure functions. A complete 
evaluation requires consideration of the occurrence probabilities of all 
the hazards, singly as well as in all possible combinations. Finally, 
there needs to be some equivalence or commensuration established between 
external and internal doses. When all these items have been completed, 
the results may be shown on a graph where the probability of receiving 
a given dose is plotted against dose and the number of people is shown 
parametrically. From the standpoint of safety, the most desirable sys
tem is the one having the lowest probability of exposure, and to the fewest 
people at the smallest dose.

C. DOSE EVALUATION

The analysis of any radiobiological hazard requires a study of the 
movement and ultimate location of the isotope, an evaluation of the amount 
of radiative damage incurred by individuals and an estimation of the number 
of people affected. Each of the events listed under the heading "Hazard 
Situations" were considered in light of these three items. The separate 
hazard conditions will now be discussed briefly.

1. Bomb "Type Debris

The re-entry burnup of certain fuel forms results in the release of 
the fuel in submicron particles. For this study, it has been assumed 
that such particles behave like bomb debris. A two-stage atmospheric 
fallout model was used to predict the tropospheric burden and ground 
deposition as a function of time after release. The distribution of the 
particles as a function of latitude was approximated by a sine “squared 
distribution function.

Inhalation, ingestion and external doses resulting from the release 
of a megacurie of activity were computed for soluble and insoluble fuels.
The lifetime doses were found to be less than background for all types 
of exposure.

2. Molecular Dispersion

Attention has recently been given to the possibility of using strontium- 
90 fuel forms which would vaporize when exposed to the atmosphere at 
high altitudes. If such a fuel form is developed, it is expected that a more 
or less uniform distribution of the vapor in the atmosphere would result. 
While bomb debris is usually confined to the hemisphere of release, the 
vaporized fuel would have wider distribution because of the longer residence 
time in the stratosphere.

MND-3062-28-1
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It is not likely that a strontium fuel form capable of being vaporized 
will also be chemically unreactive or insoluble. Therefore, it has been 
assumed that the fuel will be subject to many of the concentrating processes 
that are always operating in the atmosphere. The solubility of the chemical 
compounds formed will make the isotope particularly susceptible to re
moval by rain. Because of these concentrating processes, it has been 
assumed that a vaporized fuel, after reaching the troposphere, behaves 
like bomb debris.

Under these assumptions, the hazard to single individuals is not as 
great as for the release of submicron particles. In all cases, the doses, 
both internal and external, are small with respect to background. Re
lease of a vaporized fuel will expose more people than any other mode 
of deposition.

3. Large-Particle Release

The release of large particles of fuel (10 to 2000 microns in diameter) 
can result from the re-entry burnup of certain fuel forms or from the 
release of prepared particles. For this study, a release of a megacurie 
of fuel at 250, 000 feet has been analyzed. The particle diameters were 
log-normally distributed between 50 and 200 microns. This size range 
might be expected to result from burnup; it is not likely that particles 
much larger or much smaller would be prepared for space use.

A computer program was developed to predict the fall time and range 
for particles falling from high altitudes. Wind velocity as a function of 
altitude was considered. When the fall time as a function of particle 
size was known, the results were used in a turbulent diffusion equation. 
The final result was the distribution of activity on the ground as a func
tion of downwind distance from the point of release.

The nuclear hazard resulting from the release of large particles was
4

severe. The external dose rate over more than 10 square miles was 
about six millirem per hour. Because of this high external dose rate, 
it was assumed that some control measures would be instituted within 
two weeks of the release. No ingestion dose rates were computed be
cause no food for human consumption would be allowed to be marketed 
from the contaminated area. The possible relocation of large numbers 
of people, the high external dose rates and the economic losses from 
agricultural production made this the worst of all the hazards examined.

4. Intact Capsule, Fuel Contained

The external dose received by an individual as a function of his distance 
from a point source is easily computed. The more difficult problem is 
one of determining how many people will be exposed and with what probability.

MND-3062-28-1
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To analyze this problem, a roving receptor technique was used. The 
probability of a person having his center of motion at a given distance 
from the source was computed by using the Poisson distribution func
tion. The probability of impacting in specific population densities, as 
well as exposing different numbers of people, were factored into the 
Poisson function. A Gaussian distribution was used to describe an in
dividual's movement about his center of motion. The mutual dependence 
on distance of both the dose and exposure probability functions enabled 
the probability to be plotted directly against dose. The number of people 
exposed was shown parametrically on the probability-dose graphs.

The chance of exposure of anyone to doses of less than a few rem 
from an intact source is quite large, about one in a hundred. However, 
the chance of receiving a lethal dose from such an exposure is about 
one in a million. These frequencies consider exposure only after the 
capsules have re-entered and landed intact; they do not consider the 
occurrence probabilities.

5. Intact Capsule, Fuel Exposed

A capsule may be weakened by re-entry heating to the point where 
it ruptures upon earth impact. When this happens, it is expected that 
the fuel will not be scattered over a large area but will probably remain 
in several large chunks, relatively close to one another. Therefore, 
the external dose hazard, with the exception of beta radiation, does not 
differ appreciably from the fuel-contained case. The beta dose has been 
neglected because of the short beta range and the low probability of 
anyone's being close to the source.

The release of the fuel to the biosphere gives rise to two other hazards: 
re suspension and migration to an aquifer. These will be discussed later 
in this summary volume.

6. Shallow-Water Release

The most likely cause of fuel release in shallow coastal water is a 
launch pad accident where recovery of the fuel cannot be effected. This 
ultimately results in an ingestion hazard caused by eating contaminated 
fish. For this study, the consumption of fresh fish as a function of 
distance from the California coast was estimated. This function, after 
translating from curie intake to dose, was combined with the population 
variation with distance inland. It was found that the lifetime doses were 
on the order of a few rem. Slightly more than 15 million people were 
estimated to be involved.

7. Deep-Ocean Disposal

One of the most attractive methods of disposing of strontium fuel is 
to bury it in the deep ocean. The volume of ocean water below depths

MND-3062-28-1
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7
of 2.2 kilometers could dilute about 10 one"megacurie fuel inventories 
to the maximum permissible continuous concentration for water. Further
more, it is estimated that 300 years is required for water on the ocean 
floor to appear on the surface. During this time, there is sufficient 
dilution of a megacurie inventory to make the water concentration negligible. 
For this study, it was concluded that the deep ocean disposal of the fuel 
caused no biological hazard.

8. Resuspension

The release of fuel to the biosphere after intact or burnup re-entry 
creates a resuspension hazard. The probability of such an event is 
small compared with some other types of exposure, because of the se
quence of events that is required. For example, the fuel particles must 
be on the surface and of a resuspendable size. Secondly, the proper 
weather conditions must exist for re suspension. Because of the low 
probability of occurrence and because of the small fraction which can 
be resuspended, it was found that consideration of this hazard was not 
significant in the overall hazard.

9. Migration to an Aquifer

Another hazard that might result from exposing the fuel on impact 
is contamination of an aquifer. In this program, the aquifer supplying 
Lompoc, a city near the Western Test Range, was analyzed. It was 
found that the slow movement of the ground water, together with the ion 
exchange capacity of the soil, made the consequences from this hazard 
insignificant.

It is recognized that a severe hazard might result if the fuel were 
deposited and released in a city reservoir. However, the probability 
of this is extremely small.

D. DESIGN CONCEPTS

The likelihood and the severity of a hazard depend, in part, on the 
design of the generator and the form of the fuel that is used. There are 
two different methods of disposing of the fuel in an isotopic generator; 
the generator can be designed to release the fuel during re-entry or to 
contain the fuel for an intact re-entry. Intact re-entry implies that the 
fuel containment is not breached. Re-entry burnup may destroy the 
satellite and much of the generator; as long as the fuel containment is 
not weakened, the re-entry is considered intact.

1. Intact Systems

Intact re-entry systems may be of two types: controlled or random. 
As the name implies, a controlled re-entry system contains the neces-

MND-3062-28-1
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sary guidance and propulsion equipment to effect a re-entry in some pre
determined zone. If safe disposal were the only consideration, the re
entry zone would most likely be one of the ocean areas. Expense of the 
payload or national security may make recovery of the satellite desirable. 
Recovery procedures could best be instituted when the re-entry is con
trolled and intact.

The random re-entry design is the simplest of all the intact systems. 
For this case, the generator returns randomly to earth following orbital 
decay. If deep-ocean disposal is desired, the random re-entry system 
has about a 70% chance of accomplishing the goal. Thus, if the importance 
of avoiding land impact is not dominant, a random re-entry system might 
be used with significant weight savings.

2. Dispersed Systems

Re-entry burnup or the planned release of presized particles at high 
altitudes would result in atmospheric dispersion of the fuel. The burnup 
process has been assumed to yield a continuous spectrum of particles; 
the size range would depend upon the fuel form. In this study, both sub
micron particles and particles with diameters in the range of a hundred 
microns have been considered.

Discrete spectra (particle distributions having one size or a limited 
range of sizes) could result from the release of a vaporizable fuel form 
or from the release of presized particles. Use of vaporizable fuels would 
result in particles (molecules) of a single size being released. Presized 
particles could not be prepared without some size distribution. However, 
it would be expected that the size variation would be small and the distri
bution well defined.

In addition to the systems already discussed, a propulsion and con
trol system might be added to a fuel_dispersion design. The purpose 
of the control system would be to affect the chance of partial burnup 
following a launch abort. Since dispersion of a large inventory of stron- 
tium-90 is not desirable, the control package would be used to force as 
many early abort situations as possible into intact re-entry modes.

E. SAFETY EVALUATION CONCLUSIONS

By applying the principles outlined in the General Approach section 
to the design concepts that have been considered, the following conclu
sions can be drawn:

(1) Submicron and vaporized-fuel dispersion results in the lowest 
individual doses. In all cases, the doses received from a one- 
megacurie release are small and negligible with respect to 
background.

UNCLASSIFIED MND-3062-28-1
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(2) While individual doses are small, the dispersed designs cause 
large fractions of the world population to be exposed with high 
probability.

(3) Intact re-entry designs can result in relatively high, even 
lethal, individual doses.

(4) The chance of an individual's being exposed to an intact source 
is small compared to other exposure probabilities.

(5) Insoluble fuel is preferred over soluble fuel.

MND-3062-28-1
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IV. DESIGN CONSIDERATIONS

A. INTRODUCTION

The results of any safety evaluation must be considered in the light 
of what is practical and feasible. The first part of this study dealt 
with safety investigations for which the assumption was made that the 
systems evaluated could be manufactured. The second phase of the 
study examined the feasibility of constructing such systems. The re
quirements for propulsion systems were determined and the feasibility 
of developing the various fuel forms was investigated.

B. GENERATOR DESIGN

There are two distinct design configurations for using strontium-90 
in space. The configuration that will re-enter the atmosphere intact 
will be quite different from a configuration which will burn up on re
entry. The difference affects not only the choice of materials and the 
constraints on fuel encapsulation but also the overall generator geome
try. For this study, designs have been prepared for these two re-entry 
modes. These designs were then used as models for use in the safety- 
evaluation part of the program.

1. Dispersed-Fuel System Design

Dispersion of the fuel due to re-entry burnup requires that the 
kinetic energy of the body be converted into thermal energy. The most 
important parameter governing this conversion is the ballistic coeffi
cient. If the ballistic coefficient is high, burnup is accomplished more 
easily than if the coefficient is low. High ballistic coefficients result 
from compact designs.

The burnup design developed for this study had an 8. 5-inch hexagonal 
cross section and was 28. 5 inches long. Cooling fins were required on 
each of the six faces of the generator. The heat source was made up of 
15 capsules arranged in 3 tiers of 5 capsules each. The capsules were 
held in place by a light structure of Haynes-25. The thermoelectric 
elements were chosen and arranged to produce 250 watts at 28 volts.

2. Intact-Fuel System Design

Systems designed for intact re-entry into the atmosphere have low 
ballistic coefficients if no active heat protection is used. Such a sys
tem requires a high frontal area-to-weight ratio. In this study, it was 
found that a ballistic coefficient of about 20 could be tolerated if tem
peratures during re-entry were allowed to approach 2000° F.

MND-3062-28-1
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The system designed for use in this program consisted of a hollow 
cylindrical shell with hemispherical ends. The total weight of the de
sign was estimated to be about 150 pounds; the power output was 250 
electrical watts. The length and diameter of the outer shell were 40 
and 24. 5 inches, respectively. In this case, 14 capsules arranged in 
2 tiers of 7 capsules each were used.

3. Re-entry Control and Vehicle Integration

Some of the systems examined under the safety evaluation portion 
of this study required controlled re-entry. The feasibility of controlling 
re-entry was investigated,and the problems encountered in integrating 
such systems with an RTG were examined. It was found that devices 
for controlling re-entry would add from 14 to 85 pounds to the total 
system weight.

4. Re-entry Heating

A re-entry heating analysis was performed for both the intact re
entry and burnup designs. The results of these studies were used to 
indicate the suitability of the separate designs. In the case of the burn
up design, the trajectory and aeroheating analyses also provided esti
mates of the regions of partial burnup. It was concluded from these 
investigations that both burnup and intact re-entry designs were feasible.

C. PROPULSION AND CONTROL

The minimization of the occurrence of a nuclear hazard resulting 
from the use of strontium-90 in space requires that propulsion and 
control devices be used. Such devices can be used to achieve orbit 
after failure of the launch vehicle or to extend a given orbit. Some 
use could also be made of such systems to avoid land impact following 
launch aborts.

1. Auxiliary Propulsion

Auxiliary propulsion systems can be used to supply the required 
thrust to achieve orbit whenever the launch vehicle fails. As expected, 
the additional weight required by the inclusion of such a propulsion sys
tem is significant. This is especially true as the velocity increment 
that must be supplied increases. For a 300-pound generator and for a 
velocity increment of 5000 feet per second, the propulsion system 
weight would be about 400 pounds.

ICUWIED
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2. Deorbiting Systems

Natural orbital decay of intact re-entry systems containing large 
inventories of strontium-90 can lead to random land impact, with an 
associated external radiation hazard. To prevent such random re-entry, 
deorbiting systems can be employed to control the point of impact.
Such systems were found to add about 55 pounds to the weight of a 300- 
pound generator.

3. Extension of Orbital Lifetime

The extension of the lifetime of an orbit is a difficult maneuver.
The orbital altitude must be increased by thrusting to insert the satellite 
into an elliptical transfer orbit. Following this procedure, the pro
pulsion units must again be fired at the appropriate time to circularize 
into the desired orbit. These procedures require sophisticated control 
and guidance equipment. The propulsion system weight, neglecting the 
guidance and control components, would be about 60 pounds.

4. Avoidance of Land Impact

A propulsion system for reducing the chance of land impact follow
ing a launch or booster abort would add about 5 pounds to the weight of 
the intact design. A minimum amount of guidance and control equipment 
would be required.

5. Typical Vehicle Guidance Systems and Their Accuracy

A number of guidance systems have been investigated. The systems 
likely to be in use during different operational phases of the launch 
processes have been defined.

6. WTR Tracking and Monitoring Facilities

Monitoring and tracking systems at the Western Test Range fall 
into three categories: electronic, optical and acoustical. The electronic 
systems are various kinds of radars which operate optimally from a 
few hundred feet above the ground to satellite altitudes. The optical 
systems provide coverage from liftoff up to about 10 miles, and the 
acoustical systems are comprised of underwater devices for detection 
of sea impacts.

D. FUELS EVALUATION

The kind of fuel used for space missions depends upon the disposal 
mode that is planned. Certain characteristics of some specific fuel 
forms make those forms particularly attractive for use in re-entry

MND-3062-28-1
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burnup designs. Other fuel forms capable of withstanding high re-entry 
temperatures are more desirable for use in intact re-entry designs.

1. Burnup Fuels

The most desirable fuel for use in burnup systems is one that re
quires a small amount of heat for vaporization. The results of the 
safety evaluation indicated that the release of a vaporizable fuel was 
the most desirable of the release cases. Strontium metal is one fuel 
form capable of being easily vaporized. However, the production of 
the metal is difficult to accomplish and the low melting point causes the 
fuel to be molten during most of the generator life.

Aqueous solutions of strontium bromide have been suggested. This 
fuel form would easily vaporize, but significant weight penalties are 
involved in containing the pressure created under normal operating 
conditions.

Strontium oxide and strontium fluoride have both been considered 
as burnup fuels. The production of strontium oxide is relatively easy, 
but there is a problem of preventing the oxide from being reduced dur
ing the high temperatures of normal operation. The high boiling and 
melting points of the fluoride are too high to allow for easy vaporiza
tion of the fuel.

2. Intact Fuels

A good fuel for use in an intact re-entry design is one which remains 
in a stable form at high temperatures and one which is insoluble. Good 
high-temperature characteristics are required for surviving re-entry 
heating, and low solubility is desirable in case the fuel containment 
ruptures on impact. The best fuel form for this kind of application is 
strontium titanate.

3. Fuel Availability

All of the fuel forms considered for use in burnup systems have 
some undesirable properties. At present, it must be concluded that 
there is no acceptable fuel form available.

Strontium titanate is an acceptable and available fuel form for intact 
re-entry systems.
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V CONCLUSIONS

The results of the safety evaluation study indicated that the safest 
ways of using strontium-90 in space were incorporated in the intact re
entry designs. The results of the design study showed that intact designs 
were feasible and could be constructed. Finally, a suitable fuel form 
for use'in intact re-entry systems has been developed and is currently 
available. Therefore, all of the ingredients for making the safest use 
of strontium in space are available and practical. The remaining un
known is one of absolute safety; the process of weighing benefits against 
risks can only be carried out when complete mission definition has been 
made.
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