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Conceptual Design Study of Transportable Reactor SPECTRA-L

for Lunar Base (II)

Study on the Dose-Bquivalent Limit in Space

Norio NOMURA®, Kazuo HAGA®®, Akira 0TS§BO""

ABSTRACT

Conceptual design of the SPECTRA-~L power plant for lunar base is being
performed as one of the transportahle reactor study. It is necessary to
establish an acceptable limit of dose equivalert in space as well as that on
the earth so as to design the shield to the reactor, Because the natural
radiation dose in space is higher than that on the earth, terrestrial dose
equivalent limit can not be directly applied, In this report, we examined the
dose equivalent limit on the moon based on the terrestrial one, then analyzed
the shielding effect of lunar soil {regolish) which is expected as shielding
material in this plant.

The study led us to propose some ‘limits on the acceptable radiation in the
human activity in space, that is 2.0 Sv in life and 0,4 Sv/year, consequently
0.04 Sv/month, The yearly limit is less than 0.5 Sv which is admitted in the
ICRP Publication 60 to emergency situation, A limit of 40 mSv/year is suggested
to the radiation from nuclear reactor at the place where stuffs of lunar base
is easily accessible, The suggested value is 10 % of the proposed yearly limit
to the natural radiation in space, A one-dimensional analysis on the shielding
effect of the regolish covering SPECTRA-L showed that the neutron dose
equivalent rate of the reactor is attenuated to the background level of space at
a point about 10 m abart from the reactor center and to that on the earth at
about 12 m,

Lastly, it is emphasized that the exposure to radiation should be reduced
by the following methods,

(1) Automatic operating system of the plant,

(2) Development of materials for easy-working protection clothes and
radiation shield using magnetism in the living area.

(3) Minimum exposure to radiation, especially in the living area, following the
spirit of ALARA,

(4) Underground base and underground transport routes to other facilities.

% @ Radiation Control Section, Hearth and Safety Division,
Darai Engineering Cénter, PNC
¥% : Frontier Technology Development Section, Technology Development Division,

Oarai BEngineering Center, PNC
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Dose limit
Application

{ccupational Pubtic

Bffective dose®’ 20mSv per year 1mSv per year
avaraged over defined
periods of 5 years®

Annual equivalent dose?’in

the lens of the eye 150msSy 15m8v
the skin 500mSy 50mSv
the hands annd feet 500mSv -

&) The limits apply to the sum of the relevant doses from external exposure in
the specified period and the 50-year committed dose (to age 7 years for
children) from intakes in the same period,

b) With the further provision that the effective dose should not exceed 5(0mSv
in any single year, Additional restrictions apply to effective doses in
single year and to the occupational exposure of pregnant women,

c) EHHEEBLE
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STsS Mission Number Range of Average mission Ave. daily crew
Mission Launch Duration of Crew doses Crew dose Dose
Number*  Spacecraft Date {days) Alt. (km) Inc. (°) Crew (mGyp {mGy)* imGy per day)

1 Columbia 04-12-81 2.25 269 40 2 not available 0.089 0.040
2  Columbia 11-12-8]1 242 254 38 2 0.06-0.11 0.85+0.023¢ 0.036
3 Columbia 03-22-82 8.12 280 38 2 0.50-0.52 0.509+0.007¢ 0.063
4  Columbia 06-27-82 7.04 297 28.5 2 0.44-0.45 0.444+0.002¢ 0.063
5 Columbia 11-11-82 5.08 284 28.5 4 0.27-0.29 0.278+0.012¢ 0.056
6  Challenger 04-04-83 5.00 293 285 4 0.24-0.27 0.25+0.02 0.050
7  Challenger 06-18-83 5.96 297 28.5 b 0.43-0.46 0.44+0.01 0.074
8 Challenger 08-30-83 6.04 297 (max) 28.5 b 0.38-0.41 0.392-0.01 0.065

41A Columbia 11-28-83 10.33 250 57 6 1.19-1.41 1.2530.02 0.121

41B Challenger 02-03-84 7.96 297 28.5 5 0.45-0.49 0.48+0.01 0.060

41C Challenger 04-06-84 7.00 528 (max) 28.5 5 4.41-6.22 5.19+0.05 0.741

41D Discovery 08-30-84 6.04 297 28.5 6 0.51-0.53 0.52%0.01 0.086

41G Challenger 10-05-84 8.21 352 {max) 57 7 0.84-0.92 0.88+0.01 0.107

51A Discovery 11-08-84 8.00 297 - 352 285 5 0.88-1.59 1.1520.02 0.144

51C Discovery 01-24-85 3.08 297 - 334 28.5 b 0.35-0.41 0.3910.01 0.126

51D Discovery 04-12-85 7.00 297 - 454 28.5 7 3.03-4.72 3.81+0.05 0.544

51B Challenger 04-29-85 6.92 352 57 7 1.27-1.60 1.48+0.02 0.214

51G Discovery 06-17-85 7.08 380 (max) 28.5 7 1.05-1.52 1.30%0.01 0.184

51F Challenger 07-29-85 7.96 322 - 304 49.5 i 1.12-1.67 1.38+0.02 0.173

511 Discovery 08-27-85 8.00 378 (max} 28.5 5 0.99-1.20 1.06%0.01 0.133

51J Atlantis 10-03-85 3.96 510 (max) 285 5 3.29-5.13 4.26 1.078

61A Columbia 10-30-85 7.04 324 57 8 1.12-1.39 1.21 0.172

61B Atlantis _ 11-26-85 6.88 380 28,5 7 1.25-1.71 1.43 0.208

61C Columbia 01-12-86 6.08 324 2B.5 i 0.65-0.75 0.69 0.113

"Average crew doses for STS Mission 1 through 5 supplied by University of San Francisco; Mission STS-6 through 61C supplied by NASA-Johnson
Space Center.

*1 mGy = 100 mrad.

‘From a single active dosimeter.

‘Stated uncertainty represents measurement precision, one standard deviation of the mean, rather than absolute accuracy. Previous measurements
of absolute accuracy suggest that the given values are accurate to within 6 to 8 percent.

LOT-16 OTV6NL ONd
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Duration  Inclination Apogee-perigee Mission dose  Daily dose
Flight {days) {deg) {km} (mGy)® {imGy)
Gemini 4 4.05 32.5 296—166 0.46 0.11
Gemini 6 1.05 28.9 311283 0.25 0.23
Apollo 7 10.83 31.6 229—306 1.60 0.15
Apollo 8 6,12 lunar orbital flight 1.60 0.26
Apollo 9 10.04 32.6 197—249 2.00 0.20
Apollo 10 8.00 lunar orbital flight 4.80 0.60
Apollo 11 8.08 lunar orbital flight 1.80 0.22
Apollo 12 10.19 lunar orbital flight 5.80 0.57
Apollo 13 5.95 lunar orbital flight 2.40 0.40
Apolio 14 9.00 lunar orbital flight 11.40 1.27
Apollo 15 12.29 lunar orbital flight 3.00 0.24
Apollo 16  10.08 lunar orbital flight 5.10 0.46
Apollo 17 12,58 lunar orbital flight 5.50 0.44
Skylab 2 28 50 alt = 436 15.96 0.54 + 0.3
Skylab 3- 59 50 alt = 43b 38.36 0.65 + 0.5
Skylab 4¢ 90 50 alt = 435 717.40 0.86 + 0.9
ASTP? 9 50 alt = 220 1.06 0.12

LOT-T6 OT¥6NL ONd

*Doses quoted for the Apolle flights are skin doses. The doses to the blood-forming organs
are approximately 40 percent lower than the values measured at the body surface.
*1 mGy = 100 mrad.

*‘Mean thermoluminescent dosimeter (TLD) doses from crew dosimeters.
‘Apollo-Soyuz Test Project.
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Element
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(10002) (67700) (60335) (60015) (60095)
Si0. 42. 16 44. 77 46. 00 44, 00 44, 87
Al20s 13. 60 28. 48 24. 90 36. 00 25. 48
Cal 11. 94 16. 87 14,30 19. 00 14. 52
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