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Heat Sources and Power Conversion

The several types of heat sources and concepts for’ coverting heat
to electricity for space use are shown on this chart, The two
main categories of heat sources are the Asotopes and the reactors.
The main categories of power conversion.are the sta#tic concepts,
which convert to electricity without moving parts, and the dynamic,
. which use turbo-machinery to generate electricity. Today, the

. small isotope sources, the uranium-zirconium hydride reactors,

and the thermoelectric power conversion systems are ready for
‘space use. We are also developing higher temperature heat sources
and thermoelectric converters, and the dynamic power comversion
equipment, .These developments are all directed toward giving
more compact (in weight, area, and volume) and more efficient systems.
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SPACE POWER SYSTEMS

SYSTEM CONCEPT/ POWER WATTS/ DESIGN TEST STATUS
FUEL # LIFETIME
snap 3a | TTE/Pu38 | 2.7 w 0.6 1 yr. Leunched 6/61, unit still
powering radio 11/61
unit shorted out 6/62.
SNAP A ITE/PU.238 25 w 1.0 5 yrs. Launched 9/63, 12/63, powered
‘ satellites &/64 aborted
during launch. v
SNAP 11 I‘I‘E/Cm242 25 w 1.0 90 days Surveyor Reqt. cancelled 1965.
Fueled test at Oak Ridge
| 1966.
SNAP 19 ITE/Pu238 30 w 1.0 5 yrs. Electrically heated unit
tested. Launch scheduled
, 8 late 67.
SNAP 27 ITE/Pu23 56 w 1.8 5 yrs. Electrically heated tests
- start fall 1966. Flight
unit delivery 4/67.
SNAP 29 ITE/Po210 LOoO w 1.0 90 days Hardware development being
: started. Tentative launch
1969.
SNAP 10A | RTE/U°3° 500 w LT 1 yr. Launched 4/65, operated 43 days
until satellite failure.
Ground test 10,000 hrs.
SNAP 8 TE| RTE/U°3° to 25 kw.| 2-3% 1-2 yrs. Components under development;
: use by early 1970's.
SNAP 8 R HgR/U235 35 kw. Lx* 10,000 hrs. System under development for
use mid-1970's.
ADVANCED | I--- to 11 kw.| 8-10% - Component research started.
ISOTOPES .
ADVANCED | R--- to mega- |.50% - Component research started.
REACTORS watts :

¥ Unshielded
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SNAP-27 GENERATOR

PROGRAM STATUS 7/1/66

The SNAP-27 lunar surface generator development program is aimed at pro-
viding a highly reliable 50 watt(e) power source for the NASA Apollo: Lunar:

.. Surface Experiments Package (ALSEP) program, The program was initiated:im

August 1965 on. a generator technology development basis. Based on a NASA:
requirement to use SNAP-27 on ALSEP, the program was re-directed “in scope:
to meet the. NASA need, '

To. date several mhjor milestones have been achieved,

1. Hermetic closure of the Iconel 101 (hot frame) to. beryllium=
(cold case) has been demonstrated. : .

;’~'2. Four ten (10) couple lead telluride thermoelectric modules: using;
flight hardware type material have been placed on test,

3. Final design of the engineering development generators has: beem
released.

4, Precision machining of the all beryllium cold frame, outer cage
and fins has been accomplished, |, :

5. High temperature brazing of the beryllium fins to the outer case:
" has been verified. ‘ ‘

6; Application of 4 good adhesive emissivity coating to the outer:
case has been achieved,

7. Design and aerodynamic tests have been completed’ on. the: separate
fuel cask which will carry the fuel capsule.

Delivery of the first electrically heated and fueled system is sclieduled
to NASA in January 1967. Also, delivery of a-flight system and back-up
flight schedule is planned for July 1967.

Because of the potential use of this type of generator in earth: orbitall
missions, a study is in progress to determine the reentry characteristics:
and behavior of a fueled SNAP-27 generator system to withstand orbital
reentry heating thereby enabling the fuel to reenter intact.

.-25.—-
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SNAP=-27 POWER SUPPLY DESICN

AND

PERFORMANCE CHARACTERISTICS

Desien Life

~ Generator Performamce

' " ':0utput Power (mim,)
Output Voltage
.. .Current

“ Overall. Efficiency (nominal):

Max, Hot Junctiém Temp.
Max, Cold Junction Temp,

Fuel Capsule Thermal Cutput

Max, Fuel Clad Temp,

s:herator Desigm Characgeristics

Materials of Conmstruction
Overall Generator Dia, (over
£ins)
Overall Generator Length
No, of Fins _
- Fin Radial length

Heag Source Characteristics

'No., of Fuel Capsules
Capsule 0,D,

Capsule Length

Total Dose Rate at 1 Meter

One year lunar operation preceded
two years earth atorag@, 2995
reliabﬂlity

56 watts (end of life)
16 voles DC

2 ampe in each of two strings
4% - '
1100°F (lumar day)

525°F (lunar day)

1500 watts

‘ 13900F

‘Beryilium'amd IN=102 structure

15.7 in,
18.1 in.

8
5.0 im,

1 (2 Compartments)

2,30 in,

15.6 4im,
69 mrem/hour
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SNAP-27. WEIGHTS

CZNERATOR ASSEMBLY (Less Capsule)

TUEL CAPSULE ASSEMELY

| LEX FUEL CASK ASSEMBLY |

FLICHT HANDLING TOOL

_306-

24,6 1bg.

13.5°

7.3

56,2 1bs,
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250-WATT(e) GENERATOR ENGINEERING (
PROGRAM STATUS"7/1/66 "

I. Introduction

The 250-watt(e) Generator Engineering Study currently under contract will,
as the first task, investigate the feasibility of constructing an effi-
cient Radioisotope Thermoelectric Generator (RTG) with the capability of
reentering the éarth'’s atmosphere in an intact manner. Plutonium-238
Strontium-90 will be considered as the applicable fuel forms; the gen-
erator system will be sized for operation using Sr-90 fuel data, yet
still should be capable of efficient operation by insertion of appro-
priate number of Pu-238 fueled capsules.

1. The system being studied will include, as an integrated package,
the RTG, a guidance and command package and a mechanism to
initiate retrograde velocity to the RIG or the heat source to
control its reentry into the earth's atmosphere. Analysés. will
be made concerning shielding requirements, ground handling prior
to launch, and post-abort safe disposal and/or recovery.

2, It is expected that the generator itself will have a power-to-
weight ratio greater than 1 watt/1b. It must be recognized
that the intact reentry feature will add additional burdens to
the weight because of heat o, radiation shields required and the (
addition of a reentry control mechanism. The power-to-weight
ratio of the entire power system is expected to be approximately
.5 watt/lb, at power levels in the range of 150-400 watts.

The second task of this program will be to evolve conceptual designs of
ground handling equipment (GHE) to handle and load fueled capsules into
the generator when located about and on the launch complex. The GHE will
have sufficient flexibility to the extent that several types of vehicles
can be serviced independently so that only one design of the equipment need
be produced and located at a particular test range.

This study is currently funded for a Phase Zero effort to rum for approx-
imately six months. Lockheed Missile and Space Company, Generai“tlectrlc
Missile and Space Division dnd Martin Company are the contractors. It is
planned to select the most attractive features from each contractor 8
study and to issue a Request for Proposals (RFP's).

" Follow-on phases for this program will depend on (1) the attractiveness of
the system that evolves during phases Zero, (2) the interest of user agencies
in establishing a requirement for such a system, (3) the resolution of some

of the outstanding safety problems associated with the use of strontium
material in space and (4) the demonstration of the ground handling of large
amounts of isotopic material on and around the launch pad.

(
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LIGHT WEIGHT THERMOELECTRIC GENERATOR (ISOTEC)
PROGRAM STATUS 7/1/66

In experiments performed on 2-couple submodules representative of those that
will be incorporated in ISOTEC panels experimental operation has been extended
beyond 9000 hours. Total degradation in performance has been less than 1%
and upon thermal cycling step-wise degradation of performance has not been
experienced. ' e e

Eighteen couple panels have been operated beyond 500 hours without discernible
degradation, Fabrication of sufficient panels to operate an experimental
electrically heated generator is complete. Tests on the generator will be
completed by December 1966.

A program to extend the power level to hundreds of watts'is planned to be
.initiated very shortly. Among the efforts will be experiments to incorporate
heat pipes with the ISOTEC panel design. Cascading of silicon-germanium with”
the lead telluride ISOTEC panels for ultimate usage with high temperature” heat
gources will be investigated.

In the 10-30 watt pcwer'fange it is believed that the ISOTEC concept is ready
for immediate development. ' : .
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ISOTOPE-BRAYTON DEVELOPMENT

The schematic shows the two-shaft Brayton cycle power system on
which the Lewis Research Center is conducting tests. The
alternator package runs at 12,000 .rpm to accommodate the 400 cycle
alternator. The turbo-compressor package runs at 38,500 rpm design
speed. Both packages will operate on gas bearings. Nominal power
is 8KW. A single loop version at 5.5KWe is now under design.

+49/—



This chart shows the test rig that the radial flow turbo-compressor
- was checked out on. ' The turbine was run up to 950°F on both air
and argon. The compressor was loaded separately on ambient air.
.The gas bearings were operated on air and argon, both hydrostatic-
ally and hydrodynamically. Turbine operated at 950°F at design

speed of 38,500 rpm. The rig was limited to 1000°F by heater
capacity. '
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Figure 3

This is a picture of the radial flow turbo-compressor package (with
gas bearings) that was tested in the W-5 facility. In this facili-

ty the unit will be tested as a self-sustaining engine at design
speeds from about 900°F to 1550°F.
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This test rig can test all Brayton s?s_tem components to 1550°F.
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This is a picture of:the research turbine that was tested for
confirming the aerodynamic design performance. This turbine is
a duplicate of the turbine in the gas bearing package shown on

the previous chart. The package operates on oil-rolling element
bearings for ease of testing. :
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In the class of advanced systems for the 1970%s is this isotope-
Brayton unit which is the reference power plant of the Langley-
Douglas MORL design. The design takes advantage of the high
efficiency of the closed Brayton cycle, and fairly high temperatures
in the fuel blocks to reduce the inventory of plutonium 238 fuel to
a reasonable level, (It is still high: Even at 27% over-all
efficiency, one ll-kwe system will require 41 thermal kilowatts

of plutonium, which is a large fraction of what is expected to be
produced for the whole national program by the 1971-72 time frame

of this station; and of course, extra fuel would be regguired for

spare units, experimental and qualification testing, and fabrication
wastage.
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But its perfbrmance; as- summarized here, is impressive.

It should be pointed out that this system uses technology which is
not available. We hope the high temperature heat source and. the
space ready Brayton cycle can be ready in the mid 1970's, but we
view this capability as being somewhat more speculative than.the
improved thermoelectrics and the Mercury vapor Rankine technology
which will be described later. These intermediate systems would
yield specific weights somewhere between the present RIG at 1-2
watts per pound and the 1640 F Brayton cycle at about 6 watts. per
pound, :

~[02-
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DISCUSSION OF ISOTOPE AVAILABILITY - NASA MEETING
TJULY 12, 1966

In November 1964, the AEC supplled NASA with indications of the cost
versus quantity relatlonshlps through 1980 for a number of isotopes w1th the
expectation that'thls would lead to NASA studies and evgntual indications of
user interest. Subsequently, in Marcb 1965,.we received guidanée from Mr,
Webb which fbrmed'the basis fof intensive production studies on our part.
Ipformation on;the steps taken to implement these studies is an impprtant paft
of my discussion today.

The isotopes to be discussed are as follows:

Fission Products

Pm-147
Sr-90

Reactor Products

Pu-238
Cm-244
Po-210
Co-60 A o
Tm-170 K

As you are awafe, there are hundreds of other isoﬁopes, may of which
have very interesting properties. However, there seems to be a perversity
in nature which makes it either difficult, costly or virtually impossible to
produce the most interesting omnes in quantity. The net result is that the

isotopes considered for large scale use in space represent compromises

between the ideag and the possible.

— 10Y¢~



Fission Products

Promethium-147 and strontium-90 will be produced in significant
quantities in a new COmmergial plant at Hanford whiéh is expected to be in
operation in 1969. Much larger quantities are poténtially available from
power reacfors. About &4 years would be required to provide facilities to
recover them, and naturally, whether such facilitigs'will be built depends
on customer demand.

Note that the potential amoungs from power reactors increase rapidly
after the early seventies. The important point -is that the materiélé will be
there, and it can be assumed that facilities would. be built to recover them

;%5 ’ if need develops and the éost of products from such operations is acceptable

to the users.

Reactor Produced Isotopes

The availability of these materials depends on the total.power? ;he
neutron flux levels and thé space available for irradiation of target
material. For immediate applications, the only la;ge scale sources of all
reactor products will:be the AEC producﬁion reactors, For certain feactpr
producfs, such as.thoée requiring high flﬁx, these reactors will probably
cont1&ue to be the only source for the long-term also., The production reactors
are large size, they ére spe01flcally deSLgned for production purposes, be1ng
quite flexible as to space for target materlal and ability to modlfy neutron
flux. These capabilities are very important, because different products
require qui;e different irradiatién conditions.

Power reactors are potentially af great valﬁe, but cq;rently their  total
power output is relatively small, space withinvthem is limited and neutron
flux is relatlvely low. Despite these current dlsadvantages, it should be
noted that the growth of power reactor capacity will be so rapid that they
cannot be overlookedias a source of supply for specific 1sotopes in the long

term future. ‘ —-/Or,




Increased interest in the heat producing isotopee has provided the AEC
with a strong stimulué~to'develop methode of production that are effeceive,
economical and flexiﬁle. At ﬁhe two reactor sites, this has led to a sub-
stantial change in the process development.programs;' Counting work on both -the
near-term and long-range programs, more than 50% of the $12 mlllion/year
R&D budget is being spent on some aspect of producing isotopes in conjunction

with weapon materials.

Production of Pu-238 is a frustrating job because of the immediate precursor

element, -neptunium-237, is very dlfficult to make and the overall Pu-238

production time cycle is seven years or more. The AEC has recently,approved
a program for the production of Pu-238 that will produce about twice as much

as would be available from the previous by-product method alone. However,

.even these lncreased quantities may still be inadequate ‘to meet the needs of

‘NASA, DOD and other government agencies unless it proves p0851b1e to obtain
Np-237 from power reactors. At the present time, the AEC is workieg'with the
commercial chemical pfoceesingAplent'operator to determine the feasibility pf'x
heptunium recovery from sPent power.reactor fuel.

Iq a search for pessible alternative isotoées which could supplement the
Pu:238 supply, specialgintereet has been focused on curium-244. Experimental
amounts’ are currently Lelng produced at the Savannah Rlver plant, and the \
AEC has recently appro;ed an increase in the productlon ‘goal of 3 kg to 4 5 kg.

for ‘the purpose of.acceieratlng;the:evaluatlon:program; :Approximately 10 kg

additional could be made over the next several years by irradietipn of target

‘materials remaining after the present program; much larger amounts could be

made if large-scale éroduction were authorized,
Polonium=-210. has the. advantages of very high specific power, low

shielding requirements, no ehortagevof feed stock and ability to be made in

'large amounts., Disadvantageé are short half-life, substantial investment

el —
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necessary to provide chemical processing facilities and some reactor scbeduling:.
probléms for amounts of intermediate size. Polonium-210 has been made or a
small scale for many yzars, and Curreotly, vigorous development work is in
progress on fhe technology of large-scale separatlon and encapsulatlon.

ngh SpPCLfic acL1v1ty Co-60 has some very strong advantages’ 1nc1ud1ng no

requlrement for capital 1nvestment, low cost per thermal watt and abllity to_v

be made in very large amounts. An especially important advantage is that no
chemical processing is required after; eradlatlon.- Because- of= the attract
ness of hlgh act1v1ty cobalt 60 as a'beat producer in several appllcatlons,
R&D work has been approved on a considerable. scale.

There is no apparent pfoblem'in making thulium-170 at substantial rates
since there are no foreseeable difficuities of obtaining target matériél or
of providing necessary irradiation., Thulium-170 hos the disadvantaéb of é
short half-life, but belatively 1itt1e investment would be required for iés
production since no chemioal processing would be necessary after irradiation.
Thﬁlium—i71, with a better half-life, would be a much more desirable isotope,.
but is virtually impossible to produce; We have so far been unable to find
:any practical method.

The AEC has a strong belief that the role of isobopes will inoréase with
time and has, therofoye, embarked on a planned 5-year process development
program that will estoblish the technology for producing é wioe var?ety of
‘reéctor-produced isotopes. In working on this problem, we take ioto-aocount'
that AEC has to meet diverse demands for many products, and to assure the mostov;'
effectlve utilization of available facilities, has to develop alternate'longf
range operating plans. ‘The letter sent to AEC by Mr. Webb in March 1965
regarding requirements was a valuable assist in such planning and provided 57
basis for an extensive study of many alternate means of meeting NASA goals,’
while at the same tim; pr0vidingifo§ other commitments. As might bo.expected,.”

—1 07~
L




we would like to see more of this mutuél effort in planning; the receipt of
poésiﬁle isotope usage would enable us t0‘explofe the many alternatives that
are av;ilable.to determine our abilit? to meet all requirements. Such long-
term planningwwould facilitate early résponse to ﬁASA,reqﬁests once éhe
requirements becomé firm. Also, any potential conflicts iﬁ our future planning

could be recognized and corrective actions sought.
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Isotope”

Pm-147*"

Sr-S0*

Pu-~238

'Po-210

Cm-244
Tm-170

Co-60

.........

Hauj
Life

2.5 yrs®
28 yrs.
89 yrs.
.
© 138 days

R
&

D

yrs
128 days

5.3 yrs

)

Y

»*

Fission product, -

WV
Hdeat Outoug\
Watts/

&

0. %3 %

141
2.8

A
~ 2N

1/ After plant construction

' HEAT PRODUCING ISOTOPES

Shielding!
NeededV

- minor

neavy
minor

minor

4
moderate

- minor

heavy .

-

»"Leadw,‘.'

Time™ -
shortl_/ ) ‘

short!/"

7 years.’f -

shortl-/
4-6 yrs“

short

- short

Production

Difficulty"”

moderate
moderate
substantial”
moderate

substantial

small

small
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Pm-147

. POTENTIAL ANNUAL PRODUCTION - THERMAL Kw

Fiscal , TN Power> .
 Year Hanford Reactors® |

1968 : L5 : -

1969 8.5 -

1972 | 10 g
1974 10 - a0

1976 © 10 | 45

* Projection uncertain
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THERMOELECTRIC

T/E CONVERTER RADIATORS B Lo
7 =
EXPANSION COMPENSATOR y \ Vs
SUPPORT LEG : %\Q\\\/ L
- " .

B

STRUCTURE & RING STIFFENERS
LOWER NaK MANIFOLD

- INSTRUMENTATION COMPARTMENT

Toor
PUNP , F
13.0 GPM
1.0 psi
THERMAL POWER- 600 watts
AVG. RADIATOR TEMP.- 5800F
S - ‘ POWER CONVERSION SYSTEM Y
= REACTOR . ELECTRICAL POWER 550 watts
£ POWER 39-90KW AVG. HOT JUNCTION TEMP.  9550F
- 15%F AVG. RADIATOR TEMP. 550 OF
EFFICIENCY, CONVERSION  1.83%
VOLTAGE 29.8

8929F

§-4-65 7 D 7561-012948
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-sttrumentatlon requlrﬂd in the blockhousé

for SNAP-10A was minimal. Durlng the countdown,
no holds were caused by the reactor power system.

The SNAP-10A system started up and operated
satisfactorily in orbit for. 43 days. The reactor
was inadvertently shut down by spurious commands
from the on-~-board comnand system due to an over-
volhage imposed.on it by a fallure in the space-
aft voLtage regulator. - 5
ﬂ\'duplic*te of the- fllght test SNAP- lOA system
successfully on the ground for .




NAP-10A reactor, but it is -scaled up a
15 in thermal power and 3000F in temp
Tris photo shows. a non-nuclear test wod
SNAP-8 reactor and shield being prepare
environment testing on a shake table.
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SNAP SNAP SNAP 8 SNAP 10A
EXPERIMENTAL DEVELOPMENTAL EXPERIMENTAL FLIGHT SYSTEM
REACTOR (SER) REACTOR (SDR) REACTOR (S8ER)
. (F$-3) ~(FS-4)
CRITICAL SEPTEMBER 1959 APRIL 1961 MAY 1963 JANUARY 1965 | APRIL 1965 -
SHUTDOWN DECEMBER-1960 DECEMBER 1962 APRIL 1965 MARCH 1966 | MAY 1965
THERMAL POWER 0kt B5kwt 600 kit , - 38 kot 3kwt
THERWMAL ENERGY 225,000 kwt-hr 273,000 kwi-fir 5.1 x 108 fwt-hr 382,944 kwthr | 41,000kwt-hr
ELECTRIC POWER - - - 402 watts 560 watts
ELECTRIC ENERGY - - . PR 4028 kw-he 574 kwi-he -
TIME AT POWER AND 1500 fir AT 12009F 2800 hr AT 12000F 1yr AT 13000F - 10,005 hr s
TEMPERATURE 3500 hr ABOVE 9000F 7700 hr ABOVE 900°F 400 TO 600 kwt - (417 days) -
5-3—66

7568-15186A
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POWER SYSTEM CONFIGURATION APPROACHES

HEAT EXCHANGER

I |
PUMP- AND PRIMARY
) | ~ PUMP
B COMPACT - i
z g\\“‘/CONVERTER ) A COMPACT
S\ [ CONERTER 77
- PUMP R
SEPARATION | "
DISTANCE |

5 Kwe REACTOR 1115 Kwe REACTOR ] 15 Kwe REACTOR
|| SYSTEM-UNMANNED SYSTEM.-Z LOOP- ~ SYSTEM-3 LOOP-
! N [ MANNED [ MANNED

Typical configurations of higher-powered thermoélectric systems are shown in these‘
sketches. Design studies indicate radiator ‘areas in the range of 60 to 80 ft.2/Kwé

‘and weights of 1-2 watts/1lb. for shadow-shielded manned systems and 2-3 wat+ts/1lb. for

unmanned systems.



SNAP-8 SYSTEM SCHEMATIC

The schematic below shows the four major loops of the SNAP-8
Electrical Generating System. A eutectic sodium-potassium alloy
(NaK 78) is the fluid used in the primary loop to transfer heat
from the reactor to the boiler.

Mercury is used as the Rankine cycle working fluid in the second
loop. From the boiler, the superheated mercury vapor is expanded
through a four-stage turbine, condensed, and pumped back through
the boiler. The heat rejection third loop, again uses NaK; this
time to transport waste heat from the mercury condenser to the
radiator from which it is rejected to space.

A fourth loop in the SNAP-8 system carries an organic.fluid, a
mixture of polyphenol ethers (mix 4P3E), that cools the pump
motors, the alternator, the space seals, and the electrical con-
trols, and also lubricates the turbine-alternator and mercury
pump-motor bearings. The heat from this fluid is disposed of
through a separate space radiator.

—3-
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The ultimate objective of the SNAP-8 program is to develop a long
life, 35KWe space power system for specific mission use. An
intermediate objective is identified on the figure. The major
program elements for the development of SNAP-8 to meet the
immediate objective are noted.

The technology readiness date indicates when the intermediate
objective is expected to be achieved. With the achievement of
this objective, the technology of SNAP-8 will be ready to support
mission selection.

~§33 -
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_ SNAP-8 PERFORMANCE

..System performance has been estxmated for SNAP-8 (31ngle PCS) in
a conflguratlon typical for unmanned missions where thin shields
are adequate. Electrical powerls that available at alternator
terminals.. “Demonstrated” capability is based on actual perform-
ance achieved by the first power conversion system using first
generation hardware. Projected mission capability is based on
component improvements not requiring major additional development.

System performance has also been estlmated for SNAP-8 as the main
power unit for a manned, medrum-sxzed space station (MORL class).
Power output has been condltloned for the spec1f1c requirements of
_the station. .Dual PCS's and redundant. components have been added
to the power system for extended life and reliability. Specific
‘weight (lbs/KWe) is substantially higher than for the unmanned
case due to the added welght ltems noted at the bottom of the
figure. :
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NUCLEAR SAFETY ‘CRITERIA AND PROCEDURES

1. The eséential criterion fbr any mission is that there be no

3.

- undue hazard to the: public or to the operating crews, ranges,

and equipment. In each case, an analysis is made of all the
possible chains of events which could occur. ~This analysis
produces an estimate of the hazard which would result at the
end point of each possible chain' of events. Often, the '
hazard is expressed as a probability functionm, This analysis
is made at time of designj it is updated regularly. It is
used as a basis for planning experimental and analytical
verifications programs., This analysis affords an opportunity
for management to evaluate the potemtial hazards and make
decisions using the information contained. It is essentially
identical to the range safety evaluations made for beoster
safety analysis. In fact, the injury probabilities used for
booster lauriches ‘have been used in the past as a:guide in
evaluating safety.of SNAP devices. By this early evaluation
and continual re-evaluation, we assure that no surprise
situations delay launch or require large design changes.,

This "hazards tree' analysis provides a basis for planning
our supporting R&D program as well as the experimental
programs for verifying -assumptions of the analysis of each’
specific system. AEC is spending $6,000,000 on supporting
nuclear safety research not including that spent on specific
system projects,

We are developing a systematic procedure for each system to

follow in gaining approval to launch. We are participating
with NASA in a joint safety program on SNAP-19 and SNAP-27.

—136-



ISOTOPE GENERATOR HAZARDS FLOW CHART

The detailed'fldé chart shows the types of e?ents and events
hetwork.that are examined in a typical flight’ééfety aﬁalyéisﬁ
Each event has a probability associatéd'wiﬁh it, and aystém

safety criteria are specified to counter each event.
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