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Safety Evaluation of the NSRR Facility
Relevant to the Modification for Improved Pulse

Operation and Preirradiated Fuel Experiments

Teruo INABE, Yoshibumi TERAKADQ
Sadamitsu TANZAWA, Hiroshi KATAGIRI
and Hideo KOBAYASHI

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Recieved October 3, 1988)

The Nuclear Sdafety Research Reactor (NSRR) is a pulse reacter for
the inpile experiments to study the fuel behavior under reactivity initi-
ated accident conditions. The present cperation modes of the NSRR consist
of the steady state operation up to 300 kW and the natural pulse operation
in which a sharp pulsed power is generated from substantially zero power
level. In addition to these, two new modes of shaped pulse operation and
combined pulse operation will be conducted in the near future as the
improved pulse operations.® A transient power up to 10 MW will be gener-
ated in the shaped pulse operation, and a combination of a transient power
up to 10:MW and a sharp pulsed power will be generated in the combined
pulse operation. Furthermore, preirradiated fuel rods will be employed
in the future experiments whereds the present experiments are confined to
the test specimens of unirradiated fuel rods. To provide for these
programs, the fundamental design works relevant to the modification of
the reactor facility including the reactor instrumentation and control

systems and experimental provision were developed. The reactor safety
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evaluation is prerequisite for confirming the propriety of the fundamental
design of the reactor facility from the safety point of view. The safety
evaluation was therefore conducted postulating such events that would
bring about abnormal conditions in the reactor facility.

In the safety evaluation, the abnormal events to be postulated were
categorized into anticipated transients and accidents depending on the
probability of occurrence and the criteria against them were newly
determined on reference to the latest guidlines relevant to safety
evaluation, The possible abnormal events pertaining to the new operation
modes of the shaped pulse and the combined pulse were carefully examined
taking the characteristics of those operation methods and the new in-~
strumentation and control systems into consideration, and the most severe
events were searched and analyzed. The possible abnormal events pertain-
ing to the previous operation modes were also reviewed, and reevaluated
with the necessary reasonable modification of the analysis conditions.
Besides, the radiation influence to the general public resulting from the
accidents, the major accident and the hypothetical accident was evaluated
taking the change of the experimental conditions into account and
utilizing the latest meteorological and other related data,

As a result of the safety evaluation, it has been confirmed as to
the NSRR facility after modification that the anticipated transients,
the postulated accidents, the major accident and the hypothetical accident
do not result respectively in any serious safety problem and that the
fundamental design principles and the reactor siting are adequate and

acceptable.

Keywords: NSRR, Safety Evaluation, Natural Pulse, Shaped Pulse, Combined
Pulse, Preirradiated Test Fuel, Anticipated Transient,

Accident, Major Accident, Hypothetical Accident
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FALE FRITICERA T AREFHOR Y 5 A BEBRUR 7 5 LB
MEiIcHO A 275 LR
HELE — ¢ MyHFE= s 5 058
23 LABER TLER I (s)
EH A e hEHHE 330 kW 0.2
Eire— F BHEES 750 € 1.9
B — ¥ X AP Y k- k- 23,000 My 0.2
B e~V Mamhs 130 MW - 0.2
BERES 350 T 1.9
BT ELBHRE NG 12.5 MW 0,2
EéE — F Bom e 110 MW - 0.2
B EHE B A 950 © 1.9
1)
BB HBRHENE 12.5 Mk 6.2
BRI R %)
E¥ e — F N EHRBD B 23,000 Mw 0.2
MoHA15 110 MW - 0.2
O R 950 T 1.9
S ELE — F EFELIE

1) HBEEEN

e 1 11

a2k

FRITIC R 5 RIGERE

% H

R BE AR B

BHEERE (R~
7 FMBELIC K BB
BRUEFY 75H0R)

-T.9x 107 Ax/T (23 T~ 310 T)

-9.0x10°% Ak/T (310 T~

700 ©)

-6.4x10°% Ak/T (700 €~ 1000 ©)
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T 4.30)% FOFOHBBENERE
¥ i X @ Om R R (CD)
| - 132 2.28 h 9.66 x 10
133 20.8 h 5.07 x 10~
134 52.6 min .20 x 10
135 6.61 h 8. 77
FA430%E FIAORBRBREALERE
¥ H x & B THEEM»T ¥ SR & (CD)
{MeV/dis) ‘
Kr- 87 T6.3 min 0.793 3. 68
88 2.80 h 1950 - 6.77 -
89 3.18 min 2. 067 9.33 x 10°
90 33.32 s 1. 325 7.57 % 10°
Xe- 135 9. 083 h 0. 250 5.02 x 10
137 3.83 min 0. 181 6.76 x 10°
138 14.17 min 1. 183 2.39 x 102
139 39.5 s 0. 850 6.43 x 10°
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KT AT ey - VIEWRFRHESREMMORS[P KT E

i'd H &
M
BRIFFRBREro0 FHRBE R EH-HS O HKRE B
- -
# 1.7 mCi #® T4 aCi
(I-131=m)
HEH A
¥ 12 MeV - Ci #1500 MeV . Ci
(__Tﬁ )
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BNSVHOE, FHoWEALT S,
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EHEREE R T > L EREL TR L LI ERCE N 2OFHNERES, 5 18 cr4,
@ ESRERYORITHREE
FLHNOBKMEXOBIRICE - TRES R, MM S 2 HATERY 2, HIF 7 — 1k
ERTRTFBEACKM S NS, BTFRENICRES WA RS NERNE, REFEZ0
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QDi:KD'QOi ( 5.2

Qp, 'BEIFREFAKKEEINDILIBERVFEANRAOR (Ci)
Ky, (BELoBHENELSERVBEIADVEFFREFANORELELET 284 T,
KRARELODRD 5,
9% K, =F, -F, +F
FAA Ky =F, - F,
F, "BE»L7 -k ~0lHE s
F, ‘7 —nwikp~pri s o & o oMk &
F 17 =R o ERP~OBITE &
Qo -HMIBLABHPICERSO L sZRUFFROR (Ci)
BE1 IHE
RTPREFACKH SN ABIRERNO > 5, ENO THRMICEFREED O ORMIic &
STHERHENIE, RUZORCHSFEMICL - THSH L oRILS R 3RE, 270
RAZLELOKDE, (HRDEIE)

£

Tl

L,
Qg; =Fp *Qp - 5 -(1l—e

) ( 5.3)
fﬁli
L: -8, -7
QSizFP'QDi._/@—'e +(1-E ) ( 5.4)
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CETREELOM PRI N L OERCESNZDOE  (Ci)

CHREL ORI NEZ L ORRUFESNAOR . (Ci)
CRFFEFATORZFZRN HES
CRFFERDPSORBEFBR I L IBZRUFZFROERGRT, kAU LDy

Kb b,

Ao=L, +2 (s}

L, =R,/ V
CRFFREL COHR MBI X ORRUFFZAOERYET, ®KALLD
Hd B,

Ba=L,+ 4, (™

L, =R,/ V

HFFEEOmEE  (mP.sT!)

CETFEFo#HEE (mP.s7h)

RFFRROEHEMERE  (m®)

PR FERUBENTADOKRMNEREER ( s

CBHR, LORRUFRAAHBEFFER, SRMBER, TH Lkl S h 2KEIS)
CHEREM 7 4 vy OMEYR

RAPICRE SN L IRERDICE 2 HELHE

ARRJPICHHENI2BAHESMIC L AR RBHESERAUV S HEBHARB R, O ERY
Gkﬁ¢ﬁmémﬁ35wfrbtmﬂﬁﬁ(x/Q)&Uﬁﬁﬁg(D/Q)%%?éc&
ik -7T, DTFoLsickb s,

1) FURREERE
FORBAC L PRMBEHFRR, KRickokp 3,

D, =Dy -f (% Q) -Q-R ( 5.5 )

-2 L

CHREEE (=213x10°

PR OFEBARRK RIS E  (rem)
PEORICI ZMALLGAORAOCFRBITH T ATALEHENE (rem Ci)

dis g rem

Ci h MeV

)

FBATNARSRGPRBCEETIEE (=0.23)
CFOFRO THBEAL D OBRRICHTEIEH A v F

(=0.23MeV./dis)

LR OFOBRRBICEBY AESEEY (=76xX24h)



JAERI-M 88-218

m IRAOHIKBROEE (=20g)
R EE®E (=125 m h)
P EREBTO L S ROKRKHEER  (Ci)

1Q L MnEE (hmb)

fo i MAOHRBEREED SNEFRIREESEE~OREFHEE (=4 )
BLORELIC BALABAORARRE CHT 2HAEHRYSE (D) KU ¥ 4
FRIICSA5MRE 1 L LEBAOR L S KOFRBE~OHRIE L, B85 2FILRS,
2) BAZALLD T BILL AL BB EE
RIPEBHENLFHL R, BHBEE LD > TRATRENS ., CORMBEEDL S0 7 &
CLOHMARATOLERBREE, BAURZOEEAIHLZBLT, KRCLDRD S,

Dr=Qr - (D./Q) ( 5.6)
T,
Dr ! T#REBNAMLEHREER (rem)
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D/Q : #Hxt#EE (rem MeV-Ci)
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FONBEEROWEICL - THTFFBEACRB I WA RERY » S0 rBick 32
N4+ A VERBROVBERBEAFMH T 2CY -TH, SRE%> O tHREICSY 2ETHE
XNFEGAHRESHOBRBEREE, QR TEIOhIFRTHRETANOR NG S ERY D
Biblie, ®RAickvkp2z, (fEDER)

1%

n 1 -
Sp=37x10". 5 Qp Ry -(——-(1-e )

' B8

=a
i

e P’ -8, -(t=T)
+ —_— (1t ! ) ] ( 5.7)

Sp - FRE tHHAOBREERGRE (Photons)

Qp, - RTHFEFXAICHEEI NS i BEDOR (Ci)

Ry, ' 1B, 224 FE (MeV) Or#E4smiid+ 554 (Photons/ dis)
By RTFEEDPSORBEMHBILLILZLIRRT FAROBRMET, KL

Kb,
B,, =L + 4, (s™)
L, =R /V
By "RIFEFELOOHRLHBIL LI L ORRUB A ADERYET, KA LY
Kb B,
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V I RTIFRFROFYHEMAERE (m®)
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T LERR, JORKUBAAPRTHER» SRMER, TH EKE S H 2R
) BEFFREABEMARERDICL 5 EBEER
RO TRO BB AREFY G FELFREFHSAK—RBICAHLTVBE L, 7Hic
LBEAAA Y+ 4 VIRBRUBEBRREBAHET 3,

1) AH4ved vigE

RV REEATREQRIIHEALIBIOHVERELT, EXFEFENICEE LT 7 &
MECRFFREPRCE VS HHRREL SOS | AR EHEL, Fhice vk
Ty 7@RBERLCT, FERCETEA04Y +4 YT HRICLIBEARD B, HFHEici,
G-33a-F 2Hu03,

2) BEERER

BRAFRFENOBRBEZITHERYICL? rFRFRERELZR8 L CHME K E 3B
TRICKBHEE, RTFEFENERMEEAHL, QADI—F' V2B uTHETS,
6) 2HEBRREOADEEMR
AOEEET» SOMBODPTEE L0, [HRESH] WcREShaEEE o

FARE, LOEDPODTRIELABLERBRER VL > FOBA L B A5 2 5 RS
BOAOBEELZ, UTOFHEIKKLVEET B,

1) "#HICLBAMLBHBEREOHER, AEBK VTR IV h 50BH 27 LT
ATET 20, BEECOVWTE, RSN ELLEEERC BB T ERAE LY T~
YavhoDORBEEFALEROCTIHEYT S,

) BMEEERS 0m, RR{PTORBEEE, ROBA D IXESRBALEEEFR,
WOHEMDAIZ3 0° &L, dRMAFEF TR, FPHABIE LM S SEELT
HET 3,

3) MRETLZAMNRVEHEE, B oA TLSHEEEO A ANNBEELFEAENE LS
B(F3EA)30° BELL, B0 SHRE 1 Okm TR 1 km &, 10 km~100
km RIS L, SHBHNOAOERD S,

4) HEETOAOLHE, THMS5 s FESHEERE | Vi Fy, 25HBREROA
OBRBEZHET . /2, BFLLT, BROAOSHMTEE4KELT, 2030 4
TOAOHIEZTY, BROSGFEBEEDADHERELHET 5,
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9.3 BEXEHORERH

1 BEREROEE
NSRRI, RELOLLEGRREEODTRICGA MAEREALL, +0%ELIcBHaA,

@o+ﬁﬁféﬁ%ﬁﬁtéﬂfwéoit,@E@%@ﬁ,x@#vf47m%%m5hf
BEdn, ERANERIEBET > TV,

T, MIEOFHOENICOTM LI LB, BLEEOMEBEXIREOEEIESICL Hik

MEBEAPBIRT L L340, Ldl, 22TH, MoroREIR L OBREER OB b
HUTHBAREBRYY 7 — VK~ SN 3 T EABEL, UTORED b & K ELTHE 4
iT95

) PLAEBCT, HWABEHFESEESIBHER L KOBBERLBIEL, ¥+ 7ho

BABERNA T — VK ~UILS b D EF 5,

2) T KNS hIARERYR, BEFFREFNCRILESN-%, BEFEEZ0

PEREWICL » TRETICHE ShB3dD LT3,

(2) BERBHDOEMN
1) Mkt
fRrcl, RELDOTOBLOERELBEDIC, BIREEAUTOL 5 CEET 2,

a) BHRAEENE CICBBERPCERIN IO RERY ORI, 300kW 1 FEEk
BREDObDEL, BHEZLCOMMIRE, BRKAES Y, BEIERE 1,150 Cick
BETsbmET B, '

b) BMEE LIS CRBD2BEERL SOF I ROKERL, CAGIB T 3 EHRER
EHERL, BRKAE-TL40%8ET5, $72, E9FRLDOTIH20%EF3,

C) F—Adkh B EN LoD, 1 0FRERLIRELL, BUEEBEL SR L+
%

d) Z7-AALSETFFBRANKHENIEERE, BAVRAROERE > EICo0 Tk 100
%, ERLOFIKODVLTR1% &2,

e) ETFEFNORBOFRIZZ L,

f) BOREBDOETFER» SORKK >V THR, F-OBBEEEEELLOEL D 22
A, BEIO 3R 1004 d 0B ETHAFREL S R sS4, 208BEEFIFR
FOFEKEMIcL oSO BENE b &4 3,

g) BIRBRMORTIBERILIE, 4008 h~500%, hThsds, Kabhickhsh
IR RERIC L ZWBERBEATE S 258103, BEFPERBER%E 5004, h &L,
g, RTFRENEEESHERM I L2 HBRGEAFMT 2800, HTFERER
SEA 4004 h g5,

h) HESE~OPLRER O 7 1 vy HEDERE, L9FERDVTRIOFEL, BHRICD
WTEOBLT L, RFFRELSOBBILDVTR, 74 L9 BEEFEGLEODT,
TOMREEZ L 0,
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FhIKICE, BEAERBERABERNOASIRIBEOBELT T,
2) FEWEER
PIEDX S BMTEHO S LICTFELATEAERBORTHEL» ol FIRH S h 55
HESRMRCHIE L SRE SN ABARERYOBE, B5 3B RTEED EH B,
HEORR, EFFREESOH R SRR ERY R CESE» oKL & Ak s
HERYICE 2 LHANBMBRAACB I 2 2ROBANBEBOL AT LORMIE,
7N R ELR B 4 AR AR B )1 5mrem
THREXBZATLOGWERE % 0.33mrem
EM B,
B, RTFERFEFACEELTOBRARERMICLERA N4 Y v 4 ¥ T BRUBEE 7 &
EBAMLEWBERBUEL FOLBDTH 3,
AHA Y G 1.8 x1 0 *mrem
EERE %1.5x 10 ° mrem
LEDEREI LDEE, UTOEBLTH 5,
a) MEAMLIIRORARLLZ/NEOFKBHEBEHEEE, W1lsmremTH 3,
b) BREBARERI LSOO r MK LEARNLERBERLE, AV 1Y v 4 v T BRUOBEE
TRICEAZAMLEAEBEEDOSGI ], ¥ 0.33mrem TH 3,
K&, BRICLAREHWIBEERIZ, 1. 3mremTh 5,
(3) %
BELAEABRIE L3 UFEFNBHBRA TO—BAROBKEERE 1, BATKICH
TEHHEOHPIHE (PR DR )i LT 150 tem, 25wt LT 25 rem) 2+52F
blzb0ThH B, :

5.4 {REHHOER

0 RESBHOMEE

RBEHOMESR, ACERFROBELERC, MorOERICIVFLAREEEDR
BMPHREBL TEIRERDB 77— vkl e 2T L 5E 2 3, COEE, FORRE
BEROEROWEAMPHB TS b0 ETE, S0k, ABEHEMIZ, ToroEEKLD, EE
LHIER LA T 2Dy -~ VBEPOEAIBERY ORMEIEL LD ET B,

L, AT e LOBAREBRMORBME, RBBHLRBHENL Y5 VBB & LB
ARDO2VWTOAEL D, KBEH TV =y e —v 5 vBOBRILIBEBRURBRERILY 5 YR
BeEdBRE L LiBaicl, —BEofFlA2H T80 7 e (HBA 7 e VEUASEE )
ZEHL, AR 7t v RUABEROWNGHEIBFICREEE RS T LRBELRVOT, A7
D LOEAHERDORHEBENbDET S,

(2) REFHOENT

1) Wi &H

T TE, EERIOSTABLOEREB LK, BITE&GEAEUTO LS TRET 5,



JAERI-M 88-218

a) FLOBMERNICERINAMARERYMORIE, 300kW 1 HEMEEEEBD LD
5, T, ABRBBPRERSTZENHERRE, KBBEOBRHME 31 x 1 0°
cal iLi%d2bDET 5,

b) FOMEERRCABRBEOMIBICLLY, Z7—khdsnid v 7 erdi~REEh 3
BRRERYOE SR, FARAKOSVTIR 1004, 9K VWTIR50%E3 3,

C) T—wkhHs0@d A7 rdAtishiLoFEdh, 109368 LIEEE:, B
DL oRET 5B,

d) V- KRphOETFERA~NRHEINA2EEE, FHARCABE SR> T
100 %, MBI IRLOVTHLI%ET S, 3/, #72LhbBEFRBEFA~DORHEE
B, mAR, KoH%kLH100%&L9 5,

e) RTFFBFEHNORBOMBIRE Z L0, :

1) BAREXDOFETEERERLSORHIC SV TR, A—OBHERELLEDELHAE
A, ROIO3GREF100% / dORNETRTFER,hOHERBEN, ZORIETIR
EOYRFWicL R E Lo a0 LT 5,

8) RBEORFIFREBTRI, 400%/ h~500%/ hThas, KabickHsh

MR HEBRA LI RBERELAFEMT 2 B8R, HIFREBREEL5004. h & [,
2, RYPEEABEZIRERYICL I GBEBATMHT2881E, BEFHERREHR
REEZ400% hEF b,

h) BRE~OHLKIEMO7 1 VI BEYRE, LOFRDVTHRHIOFEL, FHRICD
WTH0%ETH, RFFEERPSOMIBMIKDOTE, 74 09 BBAFRGLEVLOT,
LOMRBREBELILV,

BO2MICE, REFUBEARAEXRDORKATKHUBREOBESL RT,

2) BUTEE
MIEDE S BRIT RGOS &M LARBEREORFHIERE» O FRHB X3S

HEBMRUOBEI R L SHMIBESNIROUEEH ORI, B 4XCRTEB LU,
AHOHE, RFFER,r oM ERE S ABSRERYRUHSE» bRE s higs

HERMIC L 2 YAREFRHHBRA BT 3AROBABERBOZAZ O/,

AR RS E 1 0.95 rem
TRICL AT LEHREE # 0.10 rem

L1315,

Fh, RIFREKACEBELTOIRBEABRDLC L IR AL v v 4 Y I RUBEE T

CEOATLEHRBERBIDTOLBD TH 5,

AhAvedA VYBRE #155%x10°mrem
[ERE3 5 #4.5x 1 0 mrem
BEo#REEFEED5E, UTOEED TH 5,

a) BHML S ZORALLZBAOPRBHEEFRER, H0.95remTH 5,

b) MBS RERM P LD TR LZ2ATLFWRBREBE, 94 v o4 Y T BROEE
TRICEZAH2HWBEEDEEE, 010remTS 5,
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NE, BRICLIEEHERER, W0.16remTHh 2,
Bl BREBRICLILEUBRBROANDKEEOH EORRE, UTOED T 5,
c) 1980 EOALNF -9 LD RO LGHBHEEOAORBEMEIL, H5.3FA remeis
%o (WEEREBR )
d) 5 04 (20308 )OFHENIAODHES LI LTHB LALEWBEREOA DR
BB, M6 0T Arem&i5.(HE66EKBMH )
3 f& =
B LA REFRIC X 2 AT RMEANTO-RAROBRERKE T, REFHCH
THHMOLPTHRE (BRI (BRA Vict LT 300rem, 2HHLT25 rem)%2+4F
B2ob0THY, s/, LHEERBOAOREES, AOHEHELSOBBOHPT L L
TRENTOLLEME (200N - rem) 2+ 5 FES 6D TH B,

55 ERXBHREGEBEEH(CHT DM

BFFEROTHEGOBE LTS A0 [EAEK] R TRESK] ML, B
HHICE, TEASHS ELT, AOAORRICLBFLOBRNES 1 A0REAREL
o, TREBBEE] & LT, FOOMBER SN ORIE I RBIE I L —8 oSk
EETBRHA T LDy - AEEORBESLE TREL, TOEEORKAR -T2, 20
BR, [FABH] RO TREFR] 1C L 2 5505 SO0 R AT O AR OB ARRE S 1 O
K (RESH] Ck 329 BBRROADMEEE, [VHEEEN] CRshshotEE
RUBEEE 4 FH 5, -
Thbb, RETFERICSVTE, [THEBEEH] KRS N5 EREEKRRCEADR
BTHE~NEEME, VFROUFAFRANCASENE bOTHY, £, ADEENS
PobTAMNTEY, AUARLIOBBETSBEILELOEL TS,
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#5651 (0% LIOIROFARERE (FLRBEERLES)

¥ HE * =B M EwEC)
b - 131 8.06 d 8.00 x10°
132 2.28 h 1,00 x10*
133 20.8 h 1. 40 < 10*
134 52.6 min 1.65 x 107
135 6.61 h 1.68 x 10
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®5 1Q2)% MHADOFNERE (FLORBBERLSED)

% OB OM TREHT 4 A+ LM (CD)
(MeV/dis)

Kr- 83 m 1.83 h 0. 0025 2.84 x10°
85 m 448 h 0. 159 3.22 x10°

85  f  10.73 y 0. 0022 4.66 x 10
87 76.3 min 0. 793 6.86 x 10°
88 2.80 h 1. 950 7.98 x10°

89 3.18 min 2. 067 117 x10¢

90 33.32 s 1. 325 1.13 x 10

Xe- 131 1.9 d 0. 020 1.80 x10
133 @ 2.25 d 0. 042 4.32 x10°
133 5.29 d 0. 045 1.40 x10°*
135 m 15.65 min 0, 432 3.89 x10°
135 9.083 h 0. 250 173 x 10
137 3.83 min 0. 181 1. 40 x10°*
138 14.17 min 1. 183 1.32 x 10
139 39.5 s 0. 850 1,13 x10*
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L 2XK L OFICIRAR I SZHARRBREBREE
¥ fa E Tei Dao AR R L2
(Mev/dis) (s) (rem/Ci)

[ —131 0.23 0.23 6.57 x10° 1. 48 x10°¢ 1
132 0.23 0.65 8.38 x10° 5.35 x10* 3.61 x10-*
133 0.23 0. 54 7.52 x 10 3.99 ><-105 2,70 x10"!
134 0.23 0.82 3.11 x10° 2.50 x10* 1.69 x10-°
135 0.23 0.52 2.42 x10* 1.24 x10° 8.38 x10°?
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5 o3& EAEHREEaHARKOXT BB R
b4 H ) {
¥
FFFREH O E B S BHe oMt &
o %
# 6.1 mCi ¥ 290 =Ci
(1-131% &)
BN R
¥ 0.56 MeV - Ci ¥ 130 MeV - Ci
(78 )
5 4% RESEEEZSRER OKRKAPRER
s H B
¥ E .
RFFREEHNSOH LR E S ®H»Mo oL R
XO%
# 1.6 Ci # 75 Ci
(1-131% @)
-
# 160 MeV - Ci ¥ 39,000 MeV - Ci
( r& ) :
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5.5 (1% 2HBEBEEC ANBREM (1980F0 ANEHitLE3)—F0 1

s * % A O RESE
(km) G G B (A) (A - rea)
0~ 1| HEaH | 0.2325%10° | 0. 4195 107
I~ 2| st 0.6252x 10° | 0.6494x 102
2~ 3| ®HiM 0.8953x 10° | 0.5851x 10?
3~ 4| BN 0.2610x10* | 0.1245x 10°
i~ 5| @@ 0.3264% [0* | 0.1276x 10°
5~ 6| BHEH 0.2889% 10* | 0.1048x 10°
6~ 7| W@ 0.3292x 10 | 0.1074x 10°
T~ 8| WE., IBHE 0.3657x10* | 0.1069x 10°
§~ 9| BmE. IBEEY 0.4782x 10* | 0. 1254 % (03
9~ 10| BT, BB H T 0.4982x10* | 0. 1177x 10°
10~ 20| AKFi. #BE 0.9809x 10° | 0.2101x 10
20~ 30| REBEr. PEES 0.6577x10% | 0.6799x 10°
30~ 40 | REEr. &R 0.6761x10% | 0.4415% 10°
10~ 50 émm\nﬂw 0.9035% 10° | 0. 4240 10°
50~ 60| Limdi. WpkHr 0.1675x 10° | 0.6082x 10°
60~ 70 &HME, FEii 0.1716% 105 | 0.5057 x 10°
0~ 80| ki, B 0.2202x 10° | 0.5443% 10°
80~ 90| ¥WHEH., & 0.6319% 10° | 0.1343x 10*
30~ 100 | MFEH, HBHH 0.1536% 107 | 0.2857x10*
100~ 200 | HE#. . WES 0.2127% 10° | 0.3516x 10°
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5 52% EHEHERBOAOEER (1980FE0ADEHICLE)— 20 2

] B A @O RE# B
(ka) TR} B = G2 (A (A *rem)
200~ 300} BAFH. $5EH 0.2710% 107 | 0.2096x 10*
300~ 400 | RipT, BHEEW 0.4738% 107 | 0.2389x 104
400~ 500 MAMRM. 0.2803X 107 | 0. 1052 [0
500~ 600 | AMR. FIdk i 0.3434x 107 | 0.1030% 10
600~ 700! @B, Ak 0.8138x10° | 0.2037x {0°
700~ 800 | Bmm. Ml 006747 10° | 0.1435% 10°
800~ 900 | TS H., ARES 0.3632x10° | 0.6878x 107
900~ 1000 | A%, HERE 0.8586x 10° | 0.1453x 10°
1000~ 1100 | AEAFH. 755 0.2230% 107 | 0. 3417 10°
1100~ 1200 | L ik 0. 1186 10° | 0. {662 10°
1200~1300 | xFEiE® 0.9030x10° | 0.1167x {0°
1300~ 1400 | X% 5 0.82d6x10° | 0.9898x 10"
1400~1500 | 2 H# B 0.5125% 105 | 0.5748% 10"
1500~ 1600 | i 48 3% & 0.3518x 10% | 0.3705% 19"
1600~ 1700 | M 4835 & 0.9836x 10° | 0.9768x 10°
1700~ 1800 | HiikiE & 0.5374x 10* | 0.5053x 10°

1800~ 1900 | £ BH S 0.0 0.0
1900~ 2000 %E%% 0.5880x 10° | 0.5003% 10"
2000~2100 | £B#E 0.4386%10° | 0.3565x 10°
2100~2200 | £B#HB 0.2119%10¢ ! 0. 1649x 10°
& it 0. 4435 x 10° 0.5326x 10*
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%56 (L& THEBRBEBROANEEME (200E0A0%8HICEZ)—20D 1
IR ¥ 4 A H MERE
(km) [ S S (A) (A - rem)
0~ 1| ®E&H L3254 10° | 0.5872x 10°?
I~ 2| HigH CB8752x 107 ¢ 0.9091x10°®
2~ 3| Higst L1234 10¢ 1 0. 8064102
3~ 4 WK L3218x{0* | 0.1535x 10°
d~ 5| BHEM LoT6ox 10" | 0, 1448% 10°
o~ 6! ByHH L3173x 10 0. 1149x10°
6~ T AT .3622x 10 | 0.1182x10°
T~ 8| BHEM. 3056 & L4095 10% | 0. 1197 [D°?
8~ 9 BHH. ICHE C0394>10% 1 0. 1414 10°
9~ 10| BB, 38 HlHT La598x 10 10,1323 x19°
10~ 20 KF . HEHET L8973 = 10% | 0,1922x10*
20~ 30| AERHT, WENS L6181 10° 1 0.6390x10°
30~ 40| REpET. HRIEY ST013x 105 | 0.4580x 10°
40~ 50 | A, AGBE L8951 x 10% | 0.4201x10°
a0~ 60 Lwith. HiKET CAT12x10°% 10,6217 10°
60~ 70! S#HIMET, TEM .2884>10°% 1 0.8498x10°
70~ 80 Jﬁ?ﬁiﬁﬁi\ b= .2828x 10° | 0.6990x {0°®
80~ 90| FEHM. LAH L1072> 107 ¢ 0.2278x 10*
90~ 100 | /M. FHBH S1944x 107 | 0. 3616 % 10

100~ 200 | &, fm, HMES L2390 10°% | 0.3959x 10°
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¥562% LHWHRBREOATNERE (2030FDA0%TICLE)—%0D2
¥ 4 A @ MERY
(km) ] SIS (A) (A« rem
200~ 300 | WAy, RS 2457 107 | 0. 1900 % 10+
300~ 400 | Eirdi, &L EM L9490 x 107 0.é769><10‘
400~ 500 ﬁ:&ﬂ&?ﬁ\ A i . 3078x 107 | 0.1155x 10"
500~ 600 | ABM. Rkl L4003 1067 | 0.1200% 10
600~ 700 | @B M. Mmindi 6505 10% | 0.1628x10°
700~ 800 | mxm, B .5567><10“. 0.1199%x10°
800~ 900 | Ff&H. AKEH C2411x 105 | 0. 4566 % 10?
900~ 1000 | A5, HEM A L T509x 10% | 0.1271x10°
1000~ 100 | ki, BWRET C1826x 107 | 0.2798x 10°
1100~ 1200 | kL ..8859><105 0.9612x 10!
1200~ 1300 | ABEE S 4760 10° | 0.6152x 10"
1300~ 1400 | AR iR 6236 10% | 0.7486x 10"
1400~1500 | X #E S 2976 10% | 0.3338% 10"
1500~ 1600 | @& B J3IBIX 105 | 0.3329% 10"
1600~ 1700 | 7 # 5% B L1084 107 | 0. 1007% 10°
1700~ 1800 | HiskiE B . 4660x 10* | 0.4381x10°
1800~1900 | %&£ B ES 0 0.0
1900~2000 | £ iE S . 8958 x 10° | 0.7622% 10"
2000~2100 | KB #EB 9053 x 10% | 0.7359x 10"
2100~2200 | £B#E B . 1534x10* | 0.1210x {0°
& it . 4850 < 10® | 9.6015x 10°®
|
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FLABRIRERYVERR
(FLBHESR 1 A5)

£ 3% ([-131 FiE) #1 34x10°

Ct

HHR (1) ¥99.22x10* Mev - Ci
o kbA~D BE DS AKPAD
WihEE i R
LH5F: 200% FAHA: 40 %
90 % 10 %
mER L D% HELSE B R

ERP~OBITIHE
1 %

E%ﬁ@%ﬁf@&
HFiEa3EBE
0 %

TRPANOBITHE

U &A% I

ERP~NOBITHE

100 % 100 %
HETFREANTOL ﬁ?ﬁE;WTG&
HFickolEm Hick s ER

0 % 0 %
|
HE & 3% Ui

T4 nFHEDE

90

%

TaNFHENE

0 %

ELHIX

BHOAFHREE SRR O KSR B

—-101—
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P ER

FLAKDRERDERSR
(FLBHER2HIRCRARBH S )

L2k (I-13] HFil) #H1.38x10* O

FHR (v 8) 99,5110 Mev - Ci
HEBIEmE
FoF (1-131 &iE) #1. 62 Ci
mAZ (1) #11.78x 10" Mev - Ci
BE Mo KP~D BE o Kb~D
BE S MR A
£53F: R % HHA=Z 1009
[ 90 % [0 %
i1 3 R R AEEO% ﬁ%ja’z
HEHBADBITHE WEHEP~OBITHE EHKP~OBTHE
1% GAgRBHED 100 % 190 %
l Bal100 %) l J
|
RFFEEFATOL RFHFERRATOMH BRFFRERATOLE®
HFEICLAER FHizk 28 M Fic L B IKE
0 % 0 % 0 %
HE 5 3% Ui HER %
74y HESE T4 7 iEDHE
98 % 0%
i
]
HE =15
KE~

$52K

—102—

C RBE R R AR O KK R
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6. #&  am

NSRREZBWT, REOEHRANBHERTE o 2BEICINZ, H K BRI 2 i
ELTERANVAEERU G NVvAEEEZER L, T/, ZBRAFRBE LT, #BsBEC
MA, HFLcCBHBEEHZHCEADORTIFHBROEELITHICY Y, BROBTORT4H
THERT A, RFFHEHEABEDRECE{AJEROSHLERZAME L, £L2IMET
ST EEFMITY -TR, BIFEGE/EORRNLBEEATHO> L IKED, 21, BFO
HEBERENFLOEAHZEEL, SAEEABTIHSOLH L OLTEREELELITVERG b
B, BREMIKRTFEESME L TOReWEFM Ui, COEE, NSRRETFHBED
LeicBEL, LltogasBi,

(1) ZEBRCBOTLRETHFERE, REOHOHEH EZRERESHT - T (B

BORFETAELENL] 2LFICNEL, HFO0BBEROBLAEARELS>Z%RHTH 5,

(2) ZEEREZBOTORETFMHREG, (TR cL-THPLAEFLBHETIRALN
<, WEHHHOBIB TN L THUHEREMAL ~OFEBERE (L LHEVEI T4
IEUD L2 BEEAREMRLIZERITH S,

(3) ZERICEOTOARBTHHERIE, TEAER] RU RERK ] OME T L5 M4HE
BB RA BT AROBANEBHRER VL EHBEEROAOBEMY IHEAE
SrliRE2DPTlEATHFEY, BHAREOHBRTOBRINAEDEN T
W5,

UEDT s, FEBKBWTONSRREFFHEOZTOREIFHEIRZYTHY, I

&M GBIEL GO THEEERTES,

BE, RELFTOBRANENERL, NSRROBRTHFHREZIFIHFCRBEIN, ED
BLEHEAET, HMME2HE s HLRAFFRELEEOF I AB L&MW TE/, NSRREFH
EEROUWETLREL, REEGH THMEBERLACRBTET TS TETHD, Z0EEL VKRR
N R EERIC L HEHNEREERARGE T LB TH S,

E

ALEFMEITILE - TR, FEM=ZSEITFHIRIAFRHERE GIKEEXL2TRR
) &, BEQEHBERER » 1, 70, BBEANIOEZLHAZEERUEARR—MNSRR
FHERIEVCKZLERE - BREERCE, BRETHMELE - . B2l OFEICY -
TR, RISEZ2MAZERUNS RREBEOERIC, TROBHHEE - .

it oshiiel, BORBH L EFET,
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6. #&  am

NSRREZBWT, REOEHRANBHERTE o 2BEICINZ, H K BRI 2 i
ELTERANVAEERU G NVvAEEEZER L, T/, ZBRAFRBE LT, #BsBEC
MA, HFLcCBHBEEHZHCEADORTIFHBROEELITHICY Y, BROBTORT4H
THERT A, RFFHEHEABEDRECE{AJEROSHLERZAME L, £L2IMET
ST EEFMITY -TR, BIFEGE/EORRNLBEEATHO> L IKED, 21, BFO
HEBERENFLOEAHZEEL, SAEEABTIHSOLH L OLTEREELELITVERG b
B, BREMIKRTFEESME L TOReWEFM Ui, COEE, NSRRETFHBED
LeicBEL, LltogasBi,

(1) ZEBRCBOTLRETHFERE, REOHOHEH EZRERESHT - T (B

BORFETAELENL] 2LFICNEL, HFO0BBEROBLAEARELS>Z%RHTH 5,

(2) ZEEREZBOTORETFMHREG, (TR cL-THPLAEFLBHETIRALN
<, WEHHHOBIB TN L THUHEREMAL ~OFEBERE (L LHEVEI T4
IEUD L2 BEEAREMRLIZERITH S,

(3) ZERICEOTOARBTHHERIE, TEAER] RU RERK ] OME T L5 M4HE
BB RA BT AROBANEBHRER VL EHBEEROAOBEMY IHEAE
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ijp'QDi(O% .e_lﬂli'r. (1_Ef) ............... (D.IO)

R RSB SRS ASEERMOBE (Ci)
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4 BEFFERAZEESRERYOR SKRIEERE
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FEi3, B iIc L 2B M HREBICLE - TERLTW (. ETFEENEERKS
RAEBYICLZHEREFHODOE I HERMORERD 10 » TH, SKRMICL S
RFFEFHRKE L LT, EFFEXAREET ISR ERMOBZRFNICHE M T LEE
Blwa,

(1) M ERBEBRYOETFFRFERNFERSHERYOR ERFEEE

HERETHETOROKIt KELWTHFFEFALFAT IS REBRMORR, (. 3)
Rick-~THAGND . THDDL, :

QDl() QDHO ,@11' ................................................... (D.11).
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QDi(O].REi. e_/ﬁli‘t ................................. (D.12)
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Rei @ iBBiZHL, 22 0FE (MeV) @ 1%t 3 5% & (Photons /dis)
2] FSERHEPEPORTFEFAEEED RERM DR LG EmRE
FRETHLBROBI t KEVWTHTFEFHLEET AEARERM ORI, (D.7) &
LRI, UTFToksicRkbpon s,

Qoi(ti=QpilTie e F3i = Ct=T) ] (D.13)

iz,
Bai BT FREPOOHRE R L 2BIHUERY O ERET,
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Ls ' BFFERLPSOUKICLIEEDLUERY DERET,
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Rs FHFHFEFOBKER (4V . 3600s)
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u'Mn
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=K »
1

< Cig,
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HEDOR, B#RE ity Py —TJRBOVT_EORELAET2RE N 7w vicHA SN, #
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d3IITR L [ A7 v vy —AERBER] L LT, RBRBH? S OSLEBY ORE I
LBEBARANOEBIMAT > T B, )

Ptoliths, BRERHORETIBRSRERYOR[P BB SN DNME LD,
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B4, BE 1HIKRT, COBRHERB1I8EFD, 3k y br—7H50EIFy b
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BRMAROEREEOFMICE - TE, AXEL2HERT TKRATICHHENI2KHRE
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BELR BEFRLY s VBEANESBEERDECR

1] X5 RDBEEBILY 5 v BB NEER

57 & 3 {50 #A ZF B B (Ci)
I—-129 1.57 X 107 y 6.7 x 1075
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Xe—131lm 11.9 d . 0.020 2.0x10"-3

¥) JTMTRICTHRAMEEE 51,750 MWd/t W L7o% 180 BB
U BHEEBRLY T BB 18RO,
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