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Research on R&D of Portable Reactor and

Nuclear Battery

Akira OTSURO* , Yasuki KOWATA ** , Kazuo HAGA *** .
ABSTRACT

Only a large FBR(Fast Breeder Reactor) has been being developed in the FBR
development project of our country. However a portable reactor of scores to
hundreds of kilowatts used in the space has been being internationally developed
in parallel with the large FBR. The history of portable reactor development in
foreign countries was studied in this report. In addition to this. a develop-
ment and a present usage situation in the foreign countries were studied on a
nuclear battery of several to about 200 watts. Such the portable reactor and the
nuclear battery are expected to be used in not only the space but also the deep
sea and a remote area on the land. Significance was also discussed on the deve-
lopments of the portable reactor and the nucleér battery in our country. Though
there exist two kinds of nuclear batteries of 2** Pu and ®° S, development
of the former seems to be impossible in our country owing to technological

problems to be solved in order to develop if.

* International Cooperation and Technology Develoment Center.
¥  Fugen Nuclear Power Station

%%t  System Engineering Division, 0O-arai Engineering Center.
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% 2. 1 RiEEEsEP O F I
(1951-1969)

Criticality vear of liquid metal cooled reactors

B SAE R AEMR
1951 EBR- I
1953 SIR Mark A
1955  SIR Mark B
"~ (Seawolf)
1958 BR-10
1959 SER(SNAP-2) DFR
1961  SIDR(SNAP-2)
1962 EBR- 11
1963 SSER(SNAP-8) E. Perni
1965  FS-3(SNAP-104) |
FS-4(ditto.)
1967 Rapsodie
1968  SSDR(SNAP-8) BOR-60
1969 SEFOR

SER:SNAP-2 Experimental Reactor
S2DR:SNAP-2 Developmental Reactor
SSER:SNAP-8 Bxperimental Reactor
S8DR :SNAP-8 Developmental Reactor
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TABLE 2. The highest priority directions of work on development of NPS and NPPS till the year 2015

Power, T; -+ Type of propulsion, -
kW of NPSY?;PPS) y‘:;rusﬁ popwer Level of readiness
“Topaz"-type thermal NEP, 2-5 N, 40-100 kW “Topaz” flight testing in 1987-1988,
10-50 reactor with multi-cell conceptual design of the transport and
TFE power supply module, designs of 10-50
kW NPS
“Topaz-2"-type NEP, 2-3 N, 50 kW Ground testing of “Topaz-2”
thermal reactor
with single-cell TFE Hydrogen propulsion, Conceptual studies
up to 10N
Fast reactor on the NEP, 2-5 N, 50-100.kW Conceptual studies
basis of TFE with
external arrangement Hydrogen propulsion, Conceptual studies
of fuel up to 10°N
High-temperature NTP, Bench tests of the NTP reactor system
NPPS up to 10° N components
100-200 Fast Na-K reactor NEP, 10 N, Design of the 100 kW NPS
. up to 250 kW
Fast Li reactor NEP, up to 250 kW, 10N Design of the 250 kW NPS
250-500 Fast-Li reactor NEP, up to 800 kW, Design of nuclear interorbital tug
20N .
High-temperature NTP, upto 10° N Bench tests of the NTP reactor system
NPPS corponents
(1-2)-10° Fagt Li reactor NEP, 35-70 N Conceptual studies
and above High-temperature NTP, above 10° N Bench tests of the NTP reactor system
- NPPS components
Gas-phase NPPS NTP, above 10° N Conceptual studies
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Major components of a typical SP-100 space
reactor power systerm.

MISSION MODULE —

POWER
CONDITIONING

SHUNT
REGULATOR

SEPARATION
BOOM

DEPLOYABLE ’
" RADIATOR

PANELS

FIXED
RADIATOR
PANELS

THERMOELECTRIC
POWER CONVERSION
ASSEMBLIES

COOLANT
PUMP

SHIELD

REACTOR

X 2. 3 SP-100#%mE K

SP-100 systenm

100-86 0Z¥PNL ONP
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“TOPAZ-1"

TepmoamuccHonkas apepHo-

space thermlonic nue

" power unit

MepratdiecKor YETGHOBKG XOCMMHYec~
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A TEE mock-up of TOPAZ” space
nuclear power unit installed into

the loop cell of the First NPP

reactor.
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3 - collector sheath;
4 -coolant; 5 - cooling water;

6 - heater;
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7 - loop cell of the first NPP reactor
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BTG' s launched for space use in USA

et | vy | Boo | BEE REAROME | R [ HRHD | B8R | WK B #E
av [fTbL| 8 FoOISRHAT kg |Wekg)| 20 | BB | ATEE
R We) (%) |FIWh)] (curies)
SNAP- |Transit| 6761 [Pu®®B| PbTe | 27 | 21 | 18 | 61| 52 | 1800
3B (B
wWE) .
SNAP- |Transit| 9763 |Pust/®| PbTe | 26.8 122 | 22 | 51| 565 | 17,000
9A
SNAP- [Nimbus| 5768 | PuOs- | PbTe- | 28-43 | 18.6 |2.1-8.0] 4.5- | 645 |34,400
19 |Pioneer Mo ¥ —| TAGS 6.2
Viking Ay b 80,000
{SNAP- | Apollo| '69 | PuO. |PbSnTe| 68.5 | 30.8 | 3.2 | 5.0 | 1480 |44,500] B!
27
Pransit|Transit| 9772 | PuOs | PbTe | 36.8 | 135 | 2.6 | 42 | 850 {25,500
-RTG Mo ¥~
Ay b
MHW |Voyager| 3776 | E# | SiGe | 150 | 385 | 42 | 6.6 | 2400 | 7.7X | 2
PuQq 104 X3
GPHS- | Galileo | 10789 | 45 | siGe | 200 | 54.4 | 5.2 | 6.6 |~4400[1.8X101 (4
RTG | PuO, 5
&6
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‘SNAP-27 structure and its setting on the lunar surface
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This flashing-light buoy near Baltimore is
potwered by a SNAP-7A radioisolope generator.
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{ have now discussad this further with AEAT.

AEAT have In storags a‘H the ori?lnal RIPELE power genorators ‘they
made 25 years &go, Thev have all been returned from custoners and
are In storage In B462.2. They have not besn dismantied.

The sources in them are now 25 years old and are decayed to almost
half their origlonal actiyity. They ware originally — 10kCI of

strontium titanate in each double encapsulated source. now they have
dscayed to about BKCI. :

AEAT nade seyeral generators with different power ratings. The
larcas’f ;{as Ioi_;whgytsl?antammg rlxo X lomlllggurqgs Bfumm vﬁrewhed” _
several tens.. all required heavy shielding in DU or heavy ajfoy
to shield the Bremsstrahlung. The smallest was 0.bkwatts contalning a
singla source. (I think the power units of kwatts which was quoted to
me I3 probably corract — but 11 seems awfully high power o me. [ 11
doubis check and gst back te you on this). -

The thermdalactc%c generators used to run at an optimum operating

temperature of ~240C. They had a design |ife of [0 vears. After this

the oparating temperature drops teo much and the thermoslectric power

efficiency drops too low. (Efflciency is sroportional to the square

of the t ature). Overall the generators were 6% efficlent. |

g@gdtoldi“tabf the technology which was used Is still the hest of it's
ind ava 8.

The thermcelactric power convegto{ combonents are basad on blsmgth
tallgride and ﬂlese_mag st} be in perfect operating cond|t|on
(subject 1o inspection).since there are no moving parts and ‘they are
held In a sealed, inert environsent (assbu]\m? the seals aren't
damaged. AIl the generators would probably (aimost certalnly) work
again 1t the sources were replaced with new scurces.





