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Simple PC code for calculating nuclear reactor decay heat
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200MeV)=3.2"" (J) ZANF=DHELE LT D, LA o> T BN TOMEIRRED 1 #3720 o525
BUTOXS %5,
IX[EMELM T (W)]/(3.2X1071))=9.4 X 10V X [ BT (kKW)] (1)
B & 5 L THEOBRS R SN D, 2N OB E#52 L)%Y (FP : Fission Produt) &
1 OB ZT EDOBMD LR T 5 PIIMEEMICE T 5. 1 MIOBGZ T X 2K S 12 B4 %l
SRR LV y; TRT . 1 RIOBGET 2 OOBMIER S D DT,
2yi=2 (2)
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R 2B B0 X DR EE N () &35 o BORISDHETIE N () \ZHINT 225 13&A LD
ZUE IR CIE B I L 2 Ni() DA b H 5, Bl ¢ ASHATRE 872 0 12 B 5 284 (REE)
% i —HO BB CTHIMENL FHIANF— CPEURELAVY—) & E; L35, Bl X ALK B
72T ABIE AN O THY, BT A2 ANVF = LEN () THDH, TS EETORIEIZDWTH
Eolb ONEEE (activity) A (f) & BitEZL (decay heat) P () TH 5o

A (t)=§,1,-N,- (8) (3)

Pt)=2AEiN: (D 4)

Bt X oA N () 25T 27201213, B X 2 50 HERI 2 28T 5 L8 ¥ D 5. fiHODF
TG t=0 TR R 1 b - 7o (RIS ROAEREZFET 5. TO0I213, ROMGIEREZ BT
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dt

=—A;N; (l‘)‘i‘; bi—idiN; (D) (5)

N (0)=y.: (6)
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g = Ami(d (7)
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n O=yn ns(0)=0  (2<k<i) (9)
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di=1 (i=j=1) (11)
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di=—7 = (2<j<i) (12)
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A B R 5 1 fission/s “CTHAG1% o jii 55k decayfinite 2011.f decayfinite.dat
ARG | 1 fission/s THEGFTH O A% A I = distelfinite 2011.f distelfinite.dat

TE J - B 8k decay_operation 2012.f decay_operation.dat
T8 JE KPR A K distel_operation 2012.f distel_operation.dat
TE A5 FH 35 A IR 1) 33 8k decay_operation 2012 sfpf | decay_operationsfp.dat
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R2 EEE & ARIREAD BT

WG et A H B WD HAL | BB 0 HAL
W ey R S5 HAEBEEAT WSS s MeV/s
BRI G BEBGT OWEFE s MeV/s
SEH M | R L AR O B BBl day kW
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EXTT—2 2L TV5, 32000KITI— MLEINBEO TR ALHBERERONIEEKTH L, b
ICHR (2] EELDDEHV 5,

4 DD D TR O EL ) & E R X, BFE IO web TP S LT 725 1 R I & oo (2 iz 10 1
wPE Lo @R DAL O I Tl @& ) THlliin L Tz S IRET 5. BEN O Z T i & H oz i
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M2 E&HHFEOEEE

46e4 rated electric power in kW
1957 1535 start, end in day
1222 875 start, end in day
698 352 start, end in day
177 @ start, end in day
46e4 rated electric power in kW

4681 4267 0.23 start and end in day, fuel ratio
4149 3733 0.48 start and end in day, fuel ratio
3407 3034 0.73 start and end in day, fuel ratio
1957 1535 @.73 start and end in day, fuel ratio

1222 875 8.5 start and end in day, fuel ratio
698 352 @.25 start and end in day, fuel ratio
177 @ @ start and end in day, fuel ratio
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LTI Twe=0. fHERAREHIBE L TiE Tw<0 &35, BANZTRTAEZIZ0 &L LDMHOLD
YA FAFTIIEMET Do F o, BHFEEBREORE TIIRH T 2 B804 (fuel ratio) bIRET %o
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T2 U723k [2] Ti& MacOS H @ Apple #:® HyperCard £\ 9 #— FIED A2 ) 7 b &2 H\wiz,
HyperCard IZBAEANHTE R L 572D T, D7 a—>rD12THhA RunRev £:? LiveCode £ \29 vV 7 b
2HWCLI—HF—A V7 =T 2= A& L720 TDV 7 FTid MacOS H7213 T7% { . Windows M. Linux
HOa—FSFERICAERTE 0 KAREHERIC, K1 DOFET7 74 V2L THEMTE TV LD MacOS H
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Y =7 2 —ADKR—AMETH S, 53— FDORII7 7 4 VOiE & FEATIEM 5-10 OWE TIT ) o

Bz X, EFEEBEO —SROBTIFRERZEET 21U TO L) 2BEE THIER Y,

1. ROOMET, T25 247HAED [operation] X7 v z#43 (K4),

2. [Decay heat after steady operations] (€% Einfs D Hi¥EE) WA FKRINS (X&),

3. [select operation period] K% >~ Z# L T operation_period 7 # )V ¥ % 5 JEFIR Dz ) & iz o
J@EED 7 7 4 )V operation_unitl.dat Z#EIR$ 5,

4. Tselect decay datal K% Y &M L CTHEET— ¥ D7 7 1 )V decaydatajndc2.dat % BEINT 5,

5. [select fission yield| K& ¥ # M L TESRIIFED 7 + V¥ Hh 67 7 4 )V yU235tjndc2.dat % ER 3

5o
6. [select cooling time| K% ¥ & L CEME 217 WHIRERH (FiEoOREHED) O 7 7 1 )V ctday.dat
= RINT 5,

7. [run decay_operation2012] A% M 5& AN TF— & Wik wE SN, BEHGH I — F decay_
operation2012 % %473 5,
8. FIEMENH I 7 7 4 WV decay_operation.dat 12 S5 (X 11),

EDOI—FTEELAEGAEICOHIL DI IICATT T 7 A VEDS, BHEKRE L I IENS, B17 7
ANETFFANT 7 ANGEOT, FEHKES EXCEL ®Rftoa— FIZTT CICFIHTE 5,

6 FEHEEER

AR EAG N T) & ERREIE 2 T A A A TRV E BHE T A B2 PC o — N2 L 720 2o a— Fid,
SR BB DM O 72 O DRIER L7278 75 A% 25012 LTwb, B L7z a— F TS R%R O HiE
BT THHDOT, EEOFEFHFZRKBIEB L2 DO TH 2205 2~3 FREOFRELHFAETIEMN
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Fission Product decay calculation

by K. Oyamatsu (April 1, 2011)

[ isotope population after finite irradiation ]

[ operation ] [ operation for spent fuel ]

[ isotope population after aperation ]

Decay heat after pulse irradiation

fusers foyak/Dropbox/decay2011 jndc2.dat

Jusers foyak/Dropbox/decay2011 /yields)NDE2/yU235tindc 2.dat

select cooling time

Jusersfoyak/Dropboxdecay2011/cooling_time_examples/ctall.dat

run decaypulse2011

M4 K—LOEE

%]
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BERF ARG 12 0D B IR SR

Decay heat after finite irradiation

irradiation time | [ 94587 | [® |

[ fusersfoyak/Dropbox/decay2011 jndc2.dat

fusers/oyak/Dropbox/decay2011/yields)NDC 2 fyU235tyndc2 dat

select cooling time

Jusersfoyak/Dropbox/decay2011/cooling_time_examples/ctall.dat

Isotope population after finite irradiation

[ irradiation time | | 9.45e7 | [ |

[ Jusersjoyak/Dropbox/decay2011/decaydatajndc2.dat

[ Jusers [oyak/Dropbox/decay2011/yields/NDC2 /yU235tjndc 2 dat

[ cooling time | | 1.6486

[®

run distelfinite2011

X6 HBRARGHEDERIRH

7 FARBHEOMIEERE

Decay heat after steady operations

[ jusersfoyak/Dropbox /decay2011/operation_period/operation_3yr.dat |

[ JUsers/oyak/Dropbox/decay2011/dec jndc2 dat |

select fission yield

{Users/oyak/Dropbox/decay2011/yields/NDC2 fyU235tndc2.dat

select coaling time

JUsers/oyak/Dropbox /decay2011/cooling_time_examples /ctday.dat

run decay_operation2011

[ run decay_operation2011_nfc ] [ run decay_operation2011_rfc ]

Isotope population after steady operations

Select operation period

[ 1users foyak/Dropbox/decay2011/operation_period foperation_3yr.dat |

select decay data

[ {Users/oyak/Dropbox/decay2011/decaydatajndc2.dat |

select fission yield

[ JUsers joyak/Dropbox/decay2011yields)NDC2 /yU235tndc2.dat |

I cooling time | | 19 | [dan |

run distel_operation2011

[ run destel_operation2011_nfc ] [ run distel_operation2011_rfc ]
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# /Users/oyak/Dropboxs/decayZ@ll/decaydatajndcZ.dat

# /Users/oyak/Dropbox/decay2@11/yieldsINDCZ2/yU235t jndcZ . dat

# /Users/oyak/Dropbox/decay2@ll/operations/operation_unitl.dat
# INDCZ Decay Data

# JNDC2 U235 thermal fission yields

# time (day) Pb (kW) Pg (kW3 Pha kW) activ (Bg)

1.1574E-08 4.4050E+24 4.4031E+04 B.B0B1E+04 2.5145E+26
1.1574E-87 4.4003E+B4 4.3994E:04 B.7997E+04 2.5132E+26
1.8.0.0 Eissin Product Decay, 1.1574E-@6 4.3549E+04 4.3639E+04 B.718BE+B4 2.5007E+26
) 1.1574E-85 4.0237E+84 4.1067E+04 B.1305E+84 2.4055E+26
Decay heat for spent fuel after steady operations 6.9444E-04 2.0546E+04 2.4971E+04 4.5517E+04 1.7018E+26
2.0833E-02 9.2685E+03 1.1995E+04 2.1264E+04 1.0597E+26
(oo orarasies e opeasen peroa opeior e ‘ 4.1667E-02 7.4620E+03 9.5798E+@3 1.7042E+84 9.2810E+25
6.2500E-82 6.5944E+@3 8.2719E+03 1.4866E+04 8.6@65E+Z5
8.3333E-82 6.0566E+23 7.4181E+03 1.3475E+94 8.1671E+25
\ Jisers ayak] Drapbox] decey 2011 Fdecaydatandcs dat \ 1.@417E-81 5.6709E+03 6.8074E+03 1.2478E+04 7.B409E+25
1.2500E-81 5.3697E+@3 6.3472E+03 1.1717E+04 7.5803E+Z5
1.6667E-01 4.9110E+@3 5.7007E+03 1.0612E+04 7.1756E+Z5
Tivere oy ronbox ey 20 1 e U T T 2.5000E-@1 4.2B77E+@3 4.9586E+03 O.7463E+03 6.6109E+Z5
3.7500E-01 3.6B91E+23 4.3716E+3 B.0606E+03 6.B430E+25
5.0000E-01 3.2BBG6E+3 4.01@9E+D3 7.2995E+03 5.6367E+25
‘ T P Ry RE l 6.2500E-81 3.0014E+@3 3.7517E+03 6.7531E+03 5.3238E+Z5
7.5000E-81 Z.7866E+@3 3.5513E+03 6.3379E+03 5.@725E+Z5
8.7500E-81 7.6206E+@3 3.3393E+03 6.0099E+03 4.B650E+Z5
(e peraionotind ((_run decay_opervonzoiisfp | 1.00B0E+@0 2.4B8SE+@3 3.2545E+03 5.7430E+83 4.6898E+25
1.2500E+00 2.2905E+@3 3.0407E+03 5.3312E+03 4.4079E+25
p 1.5000E+00 2.1479E+083 2.8768E+03 5.0248E+03 4.1893E+Z5
; 2.0000E+00 1.9537E+@3 2.6375E+03 4.5912E+03 3.B679E+ZS

K10 {EREAMEBRAORRER K11 1 SHEOEFIFREHGAERER

THbEEZTNE™

SHROYRDPLIENL ERFRD 1D, B ERYBEEO TS TH 5. FRI2 "Cs 1E. 2FRED
HHIE ORI 12 H0F5 25 2, BEHR#EOBE»A S b EETH S, FM I [1] o6k A
THr 572 ¥'Cs/'Cs DRFED YV DK EZFHTHIEHHTH A9

WRPEINLELRHREODL ) 121, BB BISRT I2BEOEHEGDEATH 5, HTFHFOHFT
U OF L 20 B HEEIC XD PPudERT 5o H LWRETIE PPuldEH L TRV, BEO
WBEL L DI T Pu B RT AHEVMZ Do MHFEAMEE LTI M ERI T U X0 b “Pu D%y
HROBH%L b,

IS 20D BEOYUREZITAIE, AEOPHENSZITIEREELE RDE5) . TORHEI XX, EFHHE
BEFE O ARTED EA5-10%FEETH B ™ 22 5L, THRBELEVZ L. FEiF. BBV T
. TOI=FOILL R o7k [2] OREBEORFICBERFZRTFGETT O/NMIARIELS a2 LT
W2 EETH o 7z MIFE, BRI OLEEZE L TEBLTZ0FE FICLTWz2s JCO LRED
HigE BB LT, RIZVRYMAERERFETH L LB U TV D, SHRIE, RBERHE & TR 2 ML AR
LI Lo T RBELZROI—FIZHETTWE W,

SE XM

(17 BURFI - R LTI R OO BRE S U, SRR R — A AR — 25, pp. 43-62, 2012,

[2] K. Oyamatsu: Easy-to-use Application Programs to Calculate Aggregate Fission-Product Properties on Personal
Computers, Proc. 1998 Symposium on Nuclear Data, Nov. 1998, JAERI, Tokai, Japan, JAERI-Conf 99-002, pp. 234-239,
1999.

(31 BURFNE « A% RN O B ORI, SRR R R — AR — 1 7, pp. 21-30, 2011

(47 THEFHmsdkd | DesMEE S  [RAOHIEEE 2 oHE], (b)) HARF %S, 199047 H.

[5] H¥SE— - DCHAIN—RU M 2 & DN @RI O A i 3 AT 1 — I, JTAERI 1250, 1977 4¢3 1.

M2, R — F o 1 SO REAGHEANIE, BB O HEAGHIM (2011 455 A 26 HER) Lh b 4#Edhsw" 2o
HHEAHTH D, L DVREITEZHITIFRAEVSHBEL L TNIERWESL S,



FARRER A R — AR 3%

[6] T. R. England, J. Katakura, F. M. Mann, C. W. Reich, R. E. Schenter and W. B. Wilson: Decay Data Evaluation for
ENDF/B-VI, Proc. International Symposium on Nuclear Data Evaluation Methodology, Upton, 1992, pp. 611-22, 1993.

[7] T.R. England and B. F. Rider : Evaluation and Compilation of Fission Yields 1993, LA-UR-94-3106, ENDF-349, 1994.

[ 8] OECD Nuclear Energy Agency: JEF-22 RADIOACTIVE DECAY DATA, JEF Report 13, 1994.

[9] J. Katakura: Augmentation of ENDF/B fission product gamma-ray spectra by calculated spectra, LA-12125-MS,
ENDF-352, 1991.

[10] # HIE : EURIFRRE A D 5 5 T W—R BB O PEABEIR O 72012, HARFETIFEE, vol. 53, pp. 25-28,
2011.



