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Conceptual Design Stedy of Transportahle Reactor SPECTRA-L

for Lunar Base (I)

Safety Evaluation of Launch Failure Accident

Norio NOMURA®, Kazuo HAGA™, Akira OTSUBO™

ABSTRACT

Liquid Metal cooled Fast Reactor is a good candidate of a large-scale
energy supply system to a manned lunar base because of the compact structure
and being free of refueling. A 300 kWe transportable reactor SPECTRA-L is being
studied as the power source on the moon, Because the reactor system is
launched by a launch vehicle, safety evaluation is necessary to.the launch
failure accident, We examined (i) the possibility of recriticality, and {(ii)
the influence of nuclear fuel leakage to the environment in the case of reactor
damage. The followings are the main findings of this preliminary study.

(1) Under-criticality is maintained even the reactor falls into water or crashes
against the earth,

{2) The external exposure dose hy a radiation cloud of released fuel is less
than the natural radiation,

(3) The internal exposure dose by inhaling the cloud is less than ] mSv/year
which is a recommended dose limit to the public.

(4) The surface radioactive density increased of land by the accident is be less
than (.4 Bg/square centimeter, which is a limit for things contaminated by
alpha radiation to bhe transported from a controlled area, regardless the
whether,

~ This estimation is hased on a leakage of five percent fuel, but the
exposure dose would be far less than the estimated from the following reasons,

(1) Nuclear fuel is in a ceramic form called pellets, and they are inserted
in fuel cladding, and contained in the coolant material {metal) and the
reactor vessel, .

(2) The nuclear fuel does not break into fragment as aeroso! by the accident,

* : Radiation Controil Section, Health and Safety Division,
Darai Engineering Center, PNC
%% : Frontier Technology Development Section, Technology Development Divisiom

Qarai Engineering Center, PNC
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BE~DEBELEZBLAMOAGTORTFRELR (5-3) 2@ &k
STRON AN, MBHIRDECEbTE B, © ol BFOEEEE A
ECHBEVUL, ARTOBEEEA RN FOHANBAOFER OO TRT,
(i) BRHBEREOBE
RTAFEHME 8. RESAE 28, CholBESKEHHEy e L.
Bah, HHEEQOERRELELE, BE~OUBELLEVEAORTFO
A S B Coid
Co = qu(x’y’z,h) D (5_4)
TEXAOGNBETH, COR. Y RERKRHBICHT 2 ARERRTH 5. &
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b

MBFEZ7 v 2 A% ¢06T 2, KHEIOHEREXICEF T A xHICEE LYz

a8
g x

FHEABRTIERYBREBOREIL, THROLOLHERFTER
Q

= —.f_:an (X’y)dy 4h e e s e A E e s we owe b e (5._.5)

THREND,
TRbE, WBERHEV BP0 FELXEETSERYRER

Un{ 5= ) == ¥a §) S0z (uyzh) dy dx
(5-6)
HEEERLEBORTRBECH
C o= @ X (X9,2,h)  crrrmrori (5 —17)

LD, Bl dQAQRBLEFELAE LN,
BEkFCHTIRBFERECHBER (Q/Q,) REC-2EZHERAL T
3, IC—-20&#E. ASEEENF., Va=la,/ s, u=1m/sTh
5o
COFEMS, HHBSI0m TR, BTI0mE CREREFCLIEERL
WA, ThEHUBETHER (Q/Q,) DERABKELT ZI b5,
BHEEEOBACLEABC L THESNLQOELERD B LHFTES, &
LT, QERBTORTRDBEILENTE S,
in] = Qoexp(—A-x/u) (5_8)
A BREE (s71)
x : HETHES (n
u o E#E (w/s) L. TR /s EROR

HEER
FROFMEHEERBIT, T LIAREL, RRPAEBHYESEH EN R

OHEETOEREZ RO,
QO HREERORTWEE

TEEFNEKRL. B3 1nTHEPRBLAKRORARERR (300m) &

BRXHEER (2.2kn) OWMEE (Q/Q.) . HE—- 225 BERLITHRSE
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B0.5Td 2,
WMELELZZBETER (5-7) pOoRDEBECHEELE TS0 X
T MERELERUAERTRELEMT 2, 2 LCHENBOBES M,
MECUELALELT S, RABREBATE, RERXLITE 500 RLE
BREVEFEE NG, FLEREERR TSR T Tl BEBND, 5T
HEMNS,
37 (Bg/m®) X 0.5 = 18.5(Bg/n?)

LD, RHRUBBEOR T oo ZEahmiEEd, 19080/ mEia, B hEE
HoBRD —3KRIHIC. HEARIELARTHRMLEOBLTOBERSE L E
CVARKREBREOhS —# - L~ LOHETEL LS, cOXS KASEEE
CHEEXEHOEME N D, REAVELHECRDE L BERTE S, 20D,
CCTHEEERLANTFABMETHL l o BB LA REL TSN ER
%E%%ﬁ?5u%&%%LtﬁgmwM/ﬁf%5ﬁ6%®ii%E«§ﬁT
51980/ we&HE, THLARDEBEOREHENL IX107°3q cdiz. a
WEBRB T 2HMHEYEACERL TV A YEAEERE,ICBNT 3 BEOERT
H54.0x107'Ba ed & b 2 HE,

@ EELRFHROXREEE

EHEUBEROCOZHEEFREL. LEOLHHEEFETR (5-T) . (5-8) %
HOTHET 2, COT, BULEBEROMERARET 20 00HEATOR
h&ET 5,

BEEmE (1) : 10m/h, 100ms,/ h. 1000mm,~ h

BE (u) i Im/s

BTES (x) @ 350m. 2. 2kn
Brenk 5 OBHERR (APPENDIX-CER) hoR DA BBRNBEC S A REEA &
R (D—8) DORDEMEM (Q/Q,) E4E5—1IKRT,
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£5—-1 ZBEHERMECSTIRBERUBEE
PR i iE 4 (0/Q,)
[ 7 5% B (mm/h)
(1/s) 350m A | 2200m R
10 3. 8x10-¢ 0. 88 0. 43
100 i.2x10"° 0. 65 0. 67
1000 3.8x10"? 0. 26 2.3 x10-

COWMERE | EO2AFEPEEILRLI SEREFIRORFLLENES
h3, 5 - RBUEBFRCERLER S I I RATEEL. BI5 - JcER

HERCBEERNEROR TP AROTECEMIT L BB ERT .

£5—-2 BEXBRCEREZIHRICBIIRETRE
FHHEE (Ba/ca®)
s B (nm/h) T

950m 5§ PNC TN9410 91-100 B
0 (EHikhE) 0 1.9x10-° 3.0><‘10'“(850m)
10 2.8x10°%| 2.1%x10°*| 4,0x10°3(700m)
100 8.0%10-%| 3.4x10°%*| 1.0x10-*(550m)
1000 1, 7x10"% 3.7x10-? | 1. 8% 10-2(450m)

FROERE,S, EREFRCBEEFOVSHOBETHREFEMNRARLAL
SHHMETEA, *OEREBERBL o OWMMEBE (4 0x107'Bg o) XD

BN ENER 5T,
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00kWe HHE HE 5 P SPECTRA-LEZBIASHELIFIEBONE Lifkk
%ﬁﬁbﬁféﬁ%%ﬁ%ﬁb&@%%%%to
O BRFFRBLOLIRBE~NETLTORERRMNERTE 3,

@ BERFAORBTAVONTVIRNZLFMERLAVT, BRMYEORALE

ELRBEROARRCBLOELROFWEERL. TLOWEXE L,

O BHEBEECIZABBER. BABBBRICLZ2Z20%ETH- 1,

@ ZERFOEMHMMHEOBRACIEZANBHIT L, BESNIBABETH —RAR
OHMBUBREZTBLILL,

@ HWEOXEMEEI VTR, BRK., BAEMK (BRE: 10m/h, 100a,/ h: 1000
m/h) WIhb, aBEHECIZELYEL-EERELNSBBT RO E®], 4
B/ cd % Tl - 72,

BHE. LEQOFMIR. BBRHPENRIURAL, sz TV L RENB EREL
e, RBECABEBRBYEISLYy P (€539 7) hah, BE~Lvy FRBEE Y,
BEM (@R) EFFERENI (S ENHEIN TV AADEEFRLIAHE X
S TERBRMYEASNRET PR ENTLEZDO2THRI LI T oy ARE 2D TR
B, BFMOFMEEL T 3,

SOOI FIBEHRBEBRELCHHEKTHOEAHL» S, THNELHENHRE
T& 5,

UL LBROS T, FREBET 3L TOFREERT I ERITERD
ﬂkoﬁsf\23%FE?F%%@Lt%%@?E%%%@%é%%JTENtJéE\
EAONLSEROEBANCHEMETBERRTILENS B, 200D, TTEEY
OHEVHFEI - FORELERO AT NENLOL Y, 2OBRWRELEI, Az 1. BTF
REVLELAREE., BENRFFHRENEEONV AU RURFHEESOMARR
CHBHBRCLIBEL O S AHBEBT I LHEENE, gh, THRALROBEED
BMESERRECET VR 7FELTO. VRIZERTADOBRNERERERT 2
CEHBRETH B,
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TH-—1v% vt (3BR) ARBOT b LFREIEL2HEITOI T,
FHHERZEAESEIME. 19876 A,

LANL Radiation Transport Group, “MCNPA Genaral Monte Carlo Code for Newtron
and Photon Transport” 1A-7396-M, revised, Los Alamos National Laboratry,
1985.

Ry HReFELRLFEIME. 198945124,

RERBRRBEEEREE=y ) v v=a70, RKRE, 198354 5.
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APPENDIX-A RERBEMHBEET=SU 7T

T a7V EBREMEE

RRAKRBERERE=2 VI v=2aT7 0l RFAOREXT -—RELLEE. KHE

MEIKIZBEELSDOCLARETEILDIK, ABLBHRREEXNMALLAROE I I FME

TN ESSHEAELBRTI D00 THE, IOT=.TATR. BFHEL

ZRSTLFEBHILEIOT, kEROTH =27 1rol, RAREEINICRS v 7

OPHEE(LS20MHEBT2ImE TEA IR ALKOZ 2 ORBRWHBE., REARK

BELAFcREL. CORHRZAVEERILSEEZRL TV 3,

BTERAaWBREHEBEE -2 ) v/ =22 T VLGB HEOHMEEZRT,

@ rTHREESEEECHE

BEMENSoO T BRI IIZMEBENEOBRMHBERDOHERX (A-1) KT

Tivd,
D(x,y.0) = i; ta - B Eooof_z J"Ooo % - exp(- p-1)
o (YL 2) e dX e Ay c dZ e (A= 1)
D{x, ¥, 0) HEMED T HBHHWER (2R h)
Ko BEEIS T REHERBRNOBRERE
i - n® .
=188 x 100 ¢ AL
B TROPIMT R v F — (MeV/dis)
u ERIKL B r BO2TIFEH (n-!)
ta ZRILLB T BORRNFEE (n0!)
B(ar) ERK LS T MORBBEERK
X, ¥ PR b DAL E
r EBLTVARHEZPORDMMBUERL> STMBRE TOHR
M (m)
x (x,y,2): EEMNEE#HECRE (Ci/m')

Bk, Blurn)id, X (A-2) Xokei,
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Blar) =1+ alur) + Blan)? + v {ur)® oveveevnens (A-2)
Thy oy May ay By TROVDTR, 0.MeVO r BHAT2EERH VW,
ST, AHETCHOLEREELUTIERY,

a0 3.84x107% (m')
Ba 1 1051072 (o~ ")

a @ 1.0000
8 0.4492
r @ 0.0038

b ZEXPHATYRBECHHA
ERPRHEMEHBEEL, DTORECE S PasquilloR (EH&EHAR) K&
BHHU K,
) ERFEETNIYMEOEHNET - WREZE LIV,
i) B HE*BLTCRARYE—ETH 5,
i) MEOCEHRKLZ2BRES&HA, BECREELEH L, AFFRECEEFA& bIC,
HOARWTHBLET B,

SZT. R (A-3) KERPRHEEDHEHBRECOHERNERT,

a X
x“JJ)_3mmwn-u-ay-azmﬂ'ai_%e“b p )
(z-H)* (z+H)?
X[ exp {- PTL } o+ exp {_20—22 F ] oeeeeeeee (A—3)

x(%,3,2) ¢+ R (x,y) LOBIzB T 2MMEPEBE (Ci/ o)
0 RHEBMEORME (Ci/h)
U HEHESXIETAEHE (ms)
A COBHEYEHOBRBRER (s ')
H o HHEBEOEE (m)
v,z = BUHRERERRETIEAEER (m)
gy, 0z ! HEIFHOYyRTF:HTHAOEHERZ (m)
BB, oy, oz 3, BEEEE, LTFOR (A~4) . (A-5) RE-THREh |

%o
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oy = 0.67775 - fo.v o x « (5 - logx) croevveeereeees (A4
gz = o, - exp(a, + a2 » log x + aalog x}%) ++evevereeee (A-—5H)
x : WERTHRE (k)
Oo.1v 01y 21y 22y 2DERBA-TKEBEBRL TV S,

Tl AREREER. FA-2TCEBEINTVEHDERAN,

FEA—1 oy, 02k BRETENDOEAREEELBIAEH KX

ETESHK = 0. 2n BT < 0.2 ko
Stability | ox a, = a2 = 0
0.1 [ ay aq s g F: P

A 50 768.1 | 3.9077 | 3. 898 1.7330 | 165.0 1. 07

B 40 112.0 | 1.4132 | 0. 49823 L12772 | 837 0. 894

C 30 58.1 | 0.8916 | -0.001649 | 0.0 58.0 0. 891

D 20 31.7 | 0.7626 | -0.095108 | 0.0 33.0 0. 854

E 15 22.2 | 0.7117 | -0. 12697 0.0 24, 4 0. 854

F 10 13.8 | 0.6582 | -0.1227 0.0 15.5 0.822
fo.0 @ WMEVIEBEBRFAKE/IIBEEERALH
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HEEH
METORENRCGr BEHBEEROHEBEZROEHTIT I,
cu=1m/s
«@Q=1Ci/h
« E=1MeV, dis
cuy g, 0GMeVO A LF - KT AEAEH O,
-azﬁ\r%%ﬁﬁ?ﬁﬁ%®fé%ﬁﬁ%?%ﬁ%%ﬁJ(HT%%%ﬁ&wé)
KESE, gz, L,L00mE2BIAEBESIER. LUm&ELTHHE -,
cHHETOBEBOREREBEL L,
CREHEE A~FODHE67 5%
B (H) : 0. 104 20. 40, 60. 80, 100. 120. 140. 150, 200m D& 11@Y .
HA-1KEHS3220mToRECEIE r BEHSEEELSAZ,. HA-2CFES
HoEFTRMHEMBBEESRT,
IR %
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fedd, BEERELTCHEGELE T Z3HARUTOHFETH I,
O rHBHBEERORE
HET BEERBEAHI, 4. LA TBIALF —OEREN - T ERD,
MEICHIRDZILRTERLVY, BERNUREBETRR (A-6) KRB ETHIE

i1

+HTHB.
D3 0) = Dol s O X —— = @ e (A=)

D(x,y,00 : HEEBORETTOME BEHKER (R h)
Da(x,%,0) : HIOWMAM-cr REHEEE (#R.h)

B . EBRORBETTOT BB ArF— (MeV dis)
u . RBEOXHETTCORE (m/ s)
a . EBRORXBTTOHRME (Ci/ h)

@ ZERPEHEVHBEOHE
MEREBEESHICHTOTRR (A-T) KXBWEZITS.

X000 = Xaluy, DX — X 1075 e (A7)

(%92 ¢ EEBORBETTOWMEEEM (Ci/ /o)
Zolx,y,2): BIXOBSM-omBEE (C1/ o)
0 D EEBOXBETCTORM#E (m/s)
u . EBROEKHTTCORHE (Ci/h)
H) R (A-B) RU(A-T) KBWTHALELDT 1+ # ¥ ¥ a YHREEEN,
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