MR FACEL T
Vol.61, No.1, 2021, pp. 13-20
DOI: 10.18995/24343633. 61-1. 13

BB RMEIEAR - A

A HJwRY

it# = — K S-Decay @ B
&1L

= ankol)

ISIEEN

Development of Educational Code "S-Decay" on Nuclides Generation and Depletion

by

Tetsuo MATSUMURA™' and Takanori KAMEYAMA™
(Received on April 14, 2021 and accepted on May 27, 2021)

Abstract
We developed the educational code "S-Decay" on nuclides generation and depletion. We used Microsoft Excel

and VBA to fulfill an intuitive and user-friendly interface in the compact code. The neutron cross section library
ORLIBJ40 based on JENDL-4.0 is used for reaction calculations in the code. Verification calculations with the S-
Decay code were performed for changes of nuclide mass, radioactivity, decay heat, and emission rates of neutron or

gamma rays in light water reactor fuel, and the calculation results were validated with those of the ORIGEN2.2 code

and the ORLIBJ40 library. In the S-Decay code, discrete gamma ray emission data are also extracted from
JENDL/DDF-2015, and the data table is also available. Since the code has compact calculation functions and
visualizes the data of calculation inputs and outputs on Excel, it is easy for beginners to learn and handle the code

properly. The S-Decay code is open for the public, and is useful for both students and trainees.
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NOFECIT—E—8EHNH 5. Bateman JEIT, W ER%
FEDAR « R F R MBATICES FiETHhY, M
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B2 T N EHEHE (internal conversion) % 2 = T &
b (FEAEFE 9.9%), YCs ORERD v MO BHERIT
85.1%& 72 %.

S-Decay Tl%, ORIGEN2.2 %% 3% |Z Table 1 (28T 4%
MEZBRTD. P, PREIC OV TIE, AERE
ERbEREEDRE (1Ba & PWmBa /e &) AXBITSH. F
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Wi L T 2EMELERT 5.
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1.332 MeV 90.1%
y v

60Ni 137Ba
Fig. 1 Decay scheme of °Co and '3’Cs.
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Table 1 Types of decays and neutron reactions in S-Decay.

JRFIERN e ETHIEFIC &0 R S D FFe DAL
2L LCRT 5. SFe ZLEMTH Y, Fe DI
AT T L ORISR b D . TS & ORBOS
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A =2+ 0q; d(). 3)

Bft i O 1 BEOWRILWEmAE o, (barn=1024cm?), KgZl ¢ T
DO HFPEF-H ¢ (£) (1/em?/s) T % . ORLIBJ40 D 9, 25U
A 4.7% O PWRBRELH Z 4 7 Z U PWR47J40 12L&
LTS 56Fe, S7Fe, 8Fe O 1 FED Wi fE % Table 2 127K
4. Z Z T, Fe, Fe, ¥Fe, D4 i=1,2,3 & T 5. Fe
z;t(n, Y), (, 20)JG72 EEE T L, SFe ORE T miAH
BEFLTE 1 BEORINBE RS 0,1 = 0.1837 (barn) Tdh 5.
56Fe D =0 &Y HMETH ¢ =10" (1/em?/s) D H 121
"=1.837x101 (1/s) & 72 5.

Table 2 One-group neutron cross sections.

Nu- Abun- (n,v) (n, 2n) (n, o) (n, p)
clide dance [barn] [barn] [barn] [barn]

SFe 9.18E-1 | 1.83E-1 | 5.62E-5 | 1.20E-4 | 3.83E-4

STFe 2.12E-2 | 1.79E-1 | 6.63E-4 | 1.84E-4 | 1.69E-4

8Fe 2.82E-3 | 1.16E-1 | 1.92E-4 | 9.57E-6 | 5.09E-6

Decay type of Nuclide (Z, 4)

B decay (ground / excited level) Z+1 A
B" decay (ground / excited level) Z-1 A
o decay zZ-2 A-4
y decay i.e. IT (isomeric transition) Z A
B~ decay + neutron Z+1 A-1

Spontaneous Fission - -

Neutron reaction type of Nuclide (Z, 4)

(n,y) (ground/ excited level) Z A+1
(n, 2n) (ground / excited level) Z A-1
(n, 3n) zZ A-2
(n, p) Z-1 A
(n, o) Z-2 A-3
(n, H) - -
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S6Fe 13 (n, V)& #2 = L C S'Fe ~&{b T 5. Fe O
FH N>, ERNFHEEER 207, °Fe—>Fe D3I fi_, &3
D &g - pEFERIIR@DIZRS.
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Table 3 1Z/R T & D ICFHHE B D Fe OB EA{LIT,
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WTHEBWICHERE i OFTHE N E2H52ENTED.
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N () = N(©) ) dnexp(~230),
n=1

dp =1, fos1=1 (n="1,

j-1 Jj
dn = | [Aifiron / [[oi-% a#nnz2. ©

k=1 k=1

HET =4 n ZHOBEMOFE A N, 5 N, ~D%H 5
b, FERIC N, B N ~FtEF oA v 2 EL, X0)%
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W 10g @ SFe FEEA 100 AR, HEFH =101
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Mofot=®, BB 3 U ETEETIIE, Fe RS
BOEBNLEROEE - RTEASELN5.

Table 3 Mass changes of initial 3°Fe 10(g) by decay step.
Step 1 3 5
1.59E-3 4.54E-10 0.0

Mass change [g]

Table 4 Nuclide mass in sample of initial *°Fe 10(g) by decay
step after neutron flux 10'*(1/cm?/s) X time 100(d) irradiation.

Step 1 | 2 | 3 | 4 | o
Mass [g]

5SMn 1.61E-8 | 1.61E-8 | 1.61E-8
56Mn 5.12E-9 | 5.12E-9 | 5.12E-9 | 5.12E-9
Fe 4.61E-7 | 4.61B-7 | 4.61E-7 | 4.61E-7
ke | 9.99841 | 9.99841 | 9.99841 | 9.99842 | 9.99842
STFe 1.61E-3 | 1.61E-3 | 1.61E-3 | 1.61E-3
Fe 1.27E-7 | 1.27E-7 | 1.27E-7
0: ORIGEN2.2.
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S-Decay TII#EfE i il & LT, #HEEKFICHE
FxAf ERETH. FEEM 1 054, XQ)TERE i
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TIX Fig. 2(2) DIREFE (4 BFE) IZOWTHEAETF = A v %
FHEL, NEZERETNXO)THEAET S, FHHEEKS T
Fig. 2(a)® 4 D> DEEFEIC ST Fig. 2(b)D L 9 7R 1ALk
~OEALEEZB L, FHTF = A4 5T 234Th ORI
U DR, ¥U OBRZREE, B°U OB O A
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(a) 238U

| 129th 2290|3270 | 4%y

(b)239

| 12¥Np |220u  [3280 |

(c)*°Np

| 1:23%Pu | 2:240Np | 3: B8Np |4:237Np | 5: 240mNp |
(d)239Pu

[ 120 [22%pu |32y [ 4:27pu |

Fig. 2 Examples of calculation chains from 233U to 2*°Pu.

S-Decay T34 % Excel ¥ DECDATA ¥ — b (Z Fig.
3DEI)BRBERET—2DTF—T A ETOREL, M
DRI E T EH > TWD . EREEKS 327 @ 2380,
312 : 2%4Th, 328 : 29U, 326:2%7U, 325:2°U L L, #Hf
WOEMIC IR (4 ) OFRA 52615, ED
BREEZIZIIMED, AOBEREE S IITHET IS0 5y
73R fNZENZEND FEIZREND. ZOf, 28U O
ffi 1D: 922380, HAEE & %k 1=4.92E-18, W IV Wr i F5 0,=0.995
(barn) TH 5.

327 922380 312 -328 -326 -325
4.92E-18 0.995 1.00 8.87E-01| 5.38E-03 3.12E-05

Fig. 3 Chain data of 238U in DECDATA sheet.
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TORBEHE s TR LZARADE 2 D.

t
Ni(©) = Vst j ds exp(—1s)
0

{1 — exp(—Ait)}
= ym—»iFm 2 - . (1 1)
L

FP & i=1~j OFHFEF = A LIZHIE LT, FHFE N
— . oN; EET DA, REBS I OHREFERIGIC
£ N B N ~OFHIZR(O) DS exp A IR CTHE
L7212 E2 5.

Jj

{1 —exp(—25t)}

Nj ® = Ym-1 Fn Z dn—?1
n=1

A, !
dn = 1: f0—>1 =1 (n = 1)!
Jj-1 Jj
do =] [Aifioros / [[a-% &#nnz2. a2
k=1 k=1

P 10g @ 250 FELS 100 HR, EETHR 6=10"
(I/ems)IZ THRR SN TEBRICAER SN EERT 7 F=
R¥ifE & FP %M O 'E & %, S-Decay O 51 5 B¢ #5 f#: |Z Table
512”7, ZOFRITIE ORIGEN2.2 OFERO)H/RT. 7=
72L, ORIGEN22 Tif U R FOXHERT 7/ F = Fik
Tl oD W T B 2 R BEE CHIIE T D H8RED BV, ZORTIX
TOBREEZMHIE TR VWEHERREEZ AT, HEERK S
&6 DETHEREICEN 72 <, ORIGEN2.2 DFFEERIC
HL—H L7, FHEESE SEUEETIE, EBEN
REROERK - EERNEG LS.

0Sr 72 ¥ FP K DO & I21% ORIGEN2.2 & bl L T
2%FRFED RN B o 7=, S-Decay TITRBEEHIM F i
PmoiFw= (—7E) & LTWDEEER, ZoERAD—RLH
ZHnb.

Table 5 Nuclide mass in sample of initial 2>U 10(g) by decay
step after neutron flux 10'*(1/cm?/s) X time 100(d) irradiation.

sep| 3 | 4 | s | & | o
Mass [g]
234U | 3.90E-5 | 3.90E-5 | 3.90E-5 | 3.90E-5 | 3.90E-5
235U | 9.65E+0 | 9.65E+0 | 9.65E+0 | 9.65E+0 | 9.65E+0
236y | 6.87E-2 | 6.87E-2 | 6.87E-2 | 6.87E-2 | 6.87E-2
0Sr | 5.87E-3 | 6.39E-3 | 6.40E-3 | 6.40E-3 | 6.30E-3
0Y | 2.44E-7 | 1.43E-6 | 1.57E-6 | 1.57E-6 | 1.60E-6
137Cs | 9.73E-3 | 1.05E-2 | 1.05E-2 | 1.05E-2 | 1.03E-2
O: ORIGEN2.2.

3.4 MEEHE

BIU RAMEE 4.7% O PWR BREFH O U 10g (3¥U 0.47g +
238 9.53g) % 2000 H ] 300W OBV /) TRREEL, T D%
2000 H M # #(cooling) L 72855 % S-Decay IZ L WEEHE L,
ORIGEN22 (Z X 23t AR L i+ 5. B2 HET
DA, U R YOS R m O RO R /E T
INVFX—PNUETHD. Em OBSRBET VX —
KX, B8 27 EEHK A5, ORIGEN22 Tl &h
TWAUTO 7 4T 7RICEVEHEENS.

K =1.29927x103(Z% A°5)+ 33.12(MeV/fission). (13)

RIEEMWA)IIEE S HE L & HICRETIRM N &
WUBHBREDOT 7 F = NEROWIOGHEREND,
B MW X BRBE A 3 (d) " BEROTHEIND Z &N
WBHITH S, 2,000 HHEOBRBEER IZEAEEE X 60(GWd/) =
0.0003(MW)x2000(d),”0.00001(t) & 72 5.

S-Decay Tld, ORIGEN2.2 & [FIFEIC U e EDEE
7 U F = NEEFEO WA & PR BEEE CHHIE 3 D H%RE & 25



L T\ %. ORLIBJ40 Tl 34U, 235U, 236U, 238U, 237Np, B8Py,
23°Pu, 24°Pu, 2‘“Pu, 242Pu, 2‘”Am, 243Am, 24Cm ® 13 RO
(0, V) EU& B L 85U, 88U, B9Py, 241Pu @D 4 ZFED (n, f) X
JEIZDOWT, BREECHETI2WEET — 4y &2
B L, /K7 LWR A 24 fifH, =347 FR A 36 FifEO &
v he7u T MNIHMBIAALTVWD. S-Decay TITEE
OEFO(n,y) KIS &M, ) KIGIZDWT, BREEEIED
WEET — 2ty bbb haz AL, FIATHH
HEZ L TW\a.

B3U BHEE 4.7% D PWR BB D (n, v) Kt & (n, ) K
JDOBRBEEMIEOWRMET — 2y FEHWT, ZTO%)
RAEMR L. 20 2Py, 2Py |25V T, ORIGEN2.2
DOFEFEF(0), P5U,28U,2%9Pu D 3 KEFE O W iHi il & PR 52
JETHIIE L7z S-Decay DFFHEFEF(S)& S/O H(R), Witk
A RIBE R TE L 72> o 72 S-Decay DR EfE H(S) & S/0
ER)ZZNZEH Table 6 (2779, 25U B L 2°Pu OE
BIC, WA REE CHELZDRESR SN,
20py OB EIZIE, WIREAORBEEM EOF DL LT
R 20%DFERENH - 72, BEEICE b7 H 35U, BPu,
240py OE B D H#E A Fig. 4 IR, S-Decay Dt
TUX 2350, 280, 29Pu O IR BEEE R EO W T — & &
v MWy, 2pu OFEFERDOERNS 240Py 72 &
OWIHEORBEEMIEDL LEIZRDEEZEILND.

7R FP &% 0°Sr, 20, ¥7Cs OB 1220 T 60GWd/t
DIRBERL O vy FITHIRE] 2000 B £ CTO L % Table 7127737,
S-Decay & ORIGEN2.2 O FHH#E R 1T 4% A0 D 26 T—3
L7z. 25 D FP D FHERE B2 1%, 235U, 838U, 29Pu
DO WS 2 RBEFE CHIIE L7228 BT/ & v o 72

Table 6 Mass of 23U, 23°Pu and 2*°Pu in fuel of initial 2>U

0.47(g) and 2*®U 9.53(g) during PWR irradiation to 60(GWd/t).

Burnup [GWd/t]

| 12 | a4 | 36 | 4 | 60
235U [g]
O| 3.43E-1 | 2.44E-1 | 1.67E-1 | 1.08E-1 | 6.65E-2
S| 3.44E-1 | 2.46E-1 | 1.70E-1 | 1.13E-1 | 7.07E-2
S| 3.34E-1 | 2.47E-1 | 1.71E-1 | 1.14E-1 | 7.26E-2
R| 1.00 1.01 1.02 1.04 1.06
R| 1.00 1.01 1.03 1.05 1.09
239Pu [g]
O| 3.70E-2 | 5.42E-2 | 6.13E-2 | 6.35E-2 | 6.32E-2
S| 3.78E-2 | 5.46E-2 | 6.16E-2 | 6.37E-2 | 6.35E-2
S| 4.03E-2 | 5.63E-2 | 6.21E-2 | 6.38E-2 | 6.40E-2
R| 1.02 1.01 1.00 1.00 1.00
R| 1.09 1.04 1.01 1.01 1.01
240
Pu [g]
O| 5.16E-3 | 1.29E-2 | 2.01E-2 | 2.59E-2 | 3.04E-2
S| 6.21E-3 | 1.47E-2 | 2.07E-2 | 2.42E-2 | 2.59E-2
S| 6.05E-3 | 1.47E-2 | 2.09E-2 | 2.42E-2 | 2.56E-2
R| 1.20 1.14 1.03 0.93 0.85
R| 1.17 1.15 1.04 0.94 0.84

O: ORIGEN2.2, S: S-Decay, R=S/0,
S: S-Decay without burnup correlation, R=S/0.

NS
1.OE+00 ¢
®
_ LOE-01
@ L 4
% 239Pu
s
240
1.0E-02 | Pu
3 — ORIGEN2.2
O S-Decay
10E03 b
0 10 20 30 40 50 60

Burn-up(GWd/t)

Fig. 4 Comparison of 23°U, 2°Pu and ?*°Pu mass between S-
Decay and ORIGEN2.2 in fuel of initial 2>U 0.47(g) and >3%U
9.53(g) during PWR irradiation to 60(GWd/t).

Table 7 Mass of ?°Sr, °°Y and '*’Cs in fuel of initial 2>U
0.47(g) and 2**U 9.53(g) during cooling time 2000(d) after
PWR irradiation to 60(GWd/t).

Cooling time [d]

| o | 200 [ s00 [ 1000 | 2000
*%Sr [g]

0] 8.976-3 | 8.84E-3 | 8.68E-3 | 8.39E-3 | 7.86E-3

s| 93163 | 9.196-3 | 9.01E-3 | 8.72B-3 | 8.16E-3

1.04 1.04 1.04 1.04 1.04
Y [g]

2.35E-6 | 2.24E-6 | 2.20E-6 | 2.13E-6 | 1.99E-6
S| 2.44E-6 | 2.33E-6 | 2.28E-6 | 2.21E-6 | 2.07E-6

1.04 1.04 1.04 1.04 1.04
137Cs [¢]
O| 2.14E-2 | 2.11E-2 | 2.07E-2 | 2.01E-2 | 1.89E-2
S| 2.13E-2 | 2.11E-2 | 2.07E-2 | 2.00E-2 | 1.88E-2
R 1.00 1.00 1.00 1.00 1.00

O: ORIGEN2.2, S: S-Decay, R=S/0.

3.5 MAtEES L U ERiE SR
JEAEAT L, BN D BE R (B3 &EHE |
BTN EREEE L » oA TEHESIND.

R= Z,uvi. (14)

FREEEN O (W)IIEEHE | OREEEOREE 0 # T
(15 THEAEINS.

Q= ZAiNiQi. (15)

3.4 i & [FIERIZ 60GWd/t DIRBES O mETHIR 2000 H
TO U10g F O HtaE & L% Table 8 38 £ O Fig. 5 1
759, S-Decay & ORIGEN2.2 @ FH-HHERIL 3%l D7
T—HL7=.
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Table 8 Radio activity and decay heat in fuel of initial 233U
0.47(g) and 2*U 9.53(g) during cooling time after PWR
irradiation to 60(GWd/t).

Cooling time [d]
| o | 200 | s00 | 1000 [ 2000
Radio Activity [10'°Bq]
6.69E+3 | 1.62E+2 | 9.13E+1 | 5.46E+1 | 3.35E+1
S| 6.72E+3 | 1.60E+2 | 9.01E+1 | 5.41E+1 | 3.38E+1
1.01 0.99 0.99 0.99 1.01
Decay Heat [W]
O| 1.81E+1 | 2.05E-1 | 1.10E-1 | 5.98E-2 | 3.24E-2
S| 1.86E+1 | 2.01E-1 | 1.06E-1 | 5.78E-2 | 3.15E-2
R 1.03 0.98 0.97 0.96 0.97
O: ORIGEN2.2, S: S-Decay, R=S/0.
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Fig. 5 Comparison of radio activity and decay heat between S-
Decay and ORIGEN2.2 in fuel of initial 2*°U 0.47(g) and >3%U
9.53(g) during cooling time after PWR irradiation to
60(GWd/t).
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fEFEBREIN TIX, 7 7 F = FEERED H 3825y %4 SF X
I bRy A, T F = FEMNSRAETD afi
ERREF O 170, 80 12 & D (o, n) ST & B 7R S TR
TNENRAET S, SF KIGIZ K k1R A& FSF(1/s)
X6 TRHFA SN D.

FSF = ZiAiNinFViSF.S (16)

RSP IIAZFE | D FAEERFD SF UGG, vST I3 i @ SF
SO MEFRARTH S, (o, )2 E B 725 ik
FIRAER Fen (1/8)IERA7NTHESNS.

Flan) — Z NRE™. (17)
i

RIFEBRITAG DTz o FAERERE i 25 D (0, n) KIS D
e384 Ch 5. ORIGEN2.2 T STV 5 vi7,
R DA % S-Decay THMEH L7z, 3.4 FiL FAERIC
60GWd/t DBREE. OV EIHIRT 2000 H £ To U 10g F o

k7384 B % Table 9 127”9, S-Decay & ORIGEN2.2
DOFERERZ LI LT 10%RMEOERN S o7, FHET
HEWLKELLFETHREEDOT 7 F = FEM *Am,
MCm R EDFRFE N, OFHBREROENERERTH Y,
ENOOEEOWHEEORBEEMEOREIZLS LB X
5hb.

Table 9 Neutron emission rates in fuel of initial 2°U 0.47(g)
and 23%U 9.53(g) during cooling time 2000(d) after PWR
irradiation to 60(GWd/t).
Cooling time [d]
o | 200 | s00 [ 1000
Spontaneous fission [1/s]
2.85E+4 | 2.30E+4 | 1.96E+4 | 1.77E+4 | 1.58E+4
S| 2.57E+4 | 2.09E+4 | 1.80E+4 | 1.63E+4 | 1.46E+4
R 0.90 0.91 0.92 0.92 0.92
(a, n) reaction [1/s]
1.77E+3 | 9.08E+2 | 4.39E+2 | 2.75E+2 | 2.45E+2
1.83E+3 | 9.25E+2 | 4.33E+2 | 2.63E+2 | 2.34E+2
1.03 1.02 0.99 0.96 0.96
O: ORIGEN2.2, S: S-Decay, R=S/0.

| 2000

|| O

37 ryiEMHEE
v BRI G (1/s)I%, B i O3 N, BRETE LB
T Oy BIBHR R 25U TEAEEND.

G = Z)LiNiRiy. (18)
i

ORIGEN2.2 T, MBI LV TS b y o=
FILF —% Table 10 IZ/”RF XL 912 18 BRI/, &~
Dy MOMBEGET —4 L THZXTW5. Table 10
121X %°Co 72 & TNT 137Cs DIRMZFED 3"mBa DK FE~D y
BoOBHE S Z S TRI. OCo OHEEEICEI
1.173MeV & 1.332MeV @ y ## 2 AR B S b2,
0Co @ vy M HEIAIE 11 #£(1.0-1.5MeV) T 2.00 & 7220,
Z O OFE T y #E OB EIE I XFE X AIIZ /N S . Fig. 1
IR L2 & 912 B7Cs 1, LIRS PTBa ICHEHEERET 2
Be EEIREE BB IS T A 5AE R H Y, BT™Ba )2
5 137Ba I D BRI, T 0.662MeV O y B &
5. BmBa @ y HHEIE X 9 B£(0.45-0.7MeV) T 0.901
720, FOMOBETITMAXHIZ /N Z VN, B7Cs 23 37mBa
~HEET 2 IS 0.946 & B3mBa 0 y FROHEIE 0.901
26, EERIZIE, P7Cs DREEEIZ 0.662MeV D y ## 0.851
ARFHEND L ICB#END.

S-Decay Tld JENDL A5 —# 7 7 A /- 2015 (JENDL
/DDF-2015)72 5 y O 3L ¥ — & HE& 2k EH L,
&5 y B 7 — 7 /L (Discrete gamma ray table) & & L
TWa., ZOT7T—7NERWDLEE, BlziX, °Co @ vy
B 1.173MeV & 1.332MeV @D y = 2L F—DF — X
FEOFEET—TMIIHI SN TS 720, HEnhd
YROZFI N —HBELTREICIEECTEX S, 22T,
ORIGEN2.2 & A U= )L — A & U 7z,
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Table 10 Energy groups, ranges and intensities of gamma ray.

Group Energy range Intensity Intensity
[MeV] 80Co 137mBg

1 0.00 - 0.02 5.30E-2 1.00E-2
2 0.02 - 0.03 9.16E-3 0.0
3 0.03 - 0.045 5.23E-3 7.32E-2
4 0.045 - 0.07 5.90E-3 0.0
5 0.07 - 0.10 2.32E-3 0.0
6 0.10-0.15 8.91E-4 0.0
7 0.15-0.30 2.93E-4 0.0
8 0.30 — 0.45 8.22E-5 0.0
9 0.45-0.70 4.72E-6 9.01E-1
10 0.70-1.0 7.47E-5 0.0
11 1.0-1.5 2.00 0.0
12 1.5-2.0 0.0 0.0
13 2.0-2.5 1.06E-5 0.0
14 2.5-3.0 3.28E-8 0.0
15 3.0-4.0 0.0 0.0
16 4.0-6.0 0.0 0.0
17 6.0 -8.0 0.0 0.0
18 8.0-11.0 0.0 0.0

3.4 i & [FIERIZ 60GWd/t DIRBE: O mETHIR 2000 H Rf
RTU10g FO{5T RV —FEO vy #R &% Fig. 6 12
AT 8 BELL T K= F )L —8¥ Tld ORIGEN #! y 5
— X X0 LB y BT —FEHOTEERE SR S-Decay
(Dis.)?% ORIGE2.2 DFHEFE R L X< —FK L.
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B ORIGEN2.2  mS-Decay

Fig. 6 Comparison of gamma ray emission rates between S-
Decay and ORIGEN2.2 in fuel of initial 2*°U 0.47(g) and 38U
9.53(g) on 2000(d) cooling time after PWR irradiation to
60(GWd/t).

S-Decay(Dis.)

4. FHEORNELARIE

S-Decay DFHHITIE, ML EOpET — & &Pk
FIGWiE RS T — # % DECDATA, FP &ZRENET — X %
FPDATA, ORIGEN %! 18 #f y # /it i7" — ¥ % G18DATA,
E R y #h 7 — & % GDATA 7> 5, I F % Excel D
= NMEIZPUT 5 %R H B (Fig. 7).

ORIGEN2.2 HOWiHiFE 7 A 77 U & » k ORLIBJ40 {Z
WX, B E o fiET — 7 2o 7= DECAYJ40, 2PU
BAEE 47% D PWR BEOWHEZ A 77Uk b
PWR47J40, 18 vy M/ i7 — % INUO2BREM 72 & 13 &
D, 2B EFTFAMNERXT7 AV TREEIND.
ORLIBJ40 21X, PWR47J40 72 £ LWR A 24 fi¥H, FR
A 36 FEOWEET A 77V vy FRAKBMEN TS,

Pre-process Cld, ORLIBJ40 72 &'/, S-Decay (Z 24
SN TWVWABEHNIE T 1 /5 A LiBtoSheet & F T
DECDATA, FPDATA, GI8DATA D4 — b #{EkT 5
(Fig. 7(a)). ORLIBJ40 N D ARl — % DECAYJ40 IZ1%,
SLi, B 72 IR T — X OARR L TWDEO R H Y,
RORERT — 4%, EfEE&RT —4# % XSCOR »— ki
b PiA, DECDATA v — h ~E X 9. ¥ 7=, JENDL/DDF-
2015 B y BABEHE 2 75 L Gamma Ray
Process % VYT GDATA @ > — k Z{ER 9 %.

DECDATA (213, BREEFI R IC LB RO RET — 4,
HMEFROGT — 4, BBETF =4 5 — & #IU#$ 5. Fig.
3SR L7z B30 ol D X ) ICAREEE K A, WL I 11 7% o,
IR f, MR PO T —F v FREEND. 2O
7%, DECDATA % &M XM EOREE - FHETX
I DT — Z NRSICHEIRE S, WEEOBEICTE
HITX%. FPDATA IZIX FP ERET —# 2L L, £ D
& LT 298r(380900) % L T8 20Y(390900) (2 %f 3 % 232Th,
233U, 235U, 238U, 23°Pu, z“Pu, 245Cm, 2490 f @*}Qﬁy\%ﬂﬂ R —
A % Table 11 {237,

KRR O HR 82 - A B EF B Main calculation Tl DECDATA,
FPDATA % f#i fl 9% (Fig. 7(b)). U R DX E T 7 F
= FEROMREEERE L. | BEmET — 2ty F &
AT 2854, TnhboT—%%HE L, XSCOR ¥— R Z
ANTHBEND D, BREORRE - AKGHR T 3.2 6
WCRLEHEF = A v ofE, RO L DO fRE
H, RADIT X D FP MO E 2 NAICSEM L, BREEAT
v TR A OE 7 % Burnup Data > — MZEX H .

Post-process Tld Burnup Data v'— MIEXH Iz
EHEE&EE MO CROT —X M3 5 Fig. 7(c)) : O
JEHEEBq) , @HAEE(W) , @FPETRAER (SF Kk
B L (0, ) ), @Hazard (KA OERRE), ®
Hazard UK OBEEBRE), ©o f18(Bq), @ORIGEN %!
18 B y MR &, ®fEA] y #flikH T — 7 VR y 8%
i Ths. ODFHEITIT GISDATA ¥ — F23, @D
FHEIZIL GDATA ¥ — F R ZENENMETHDH. @D
B3R m o h 18RS — Z & XSCOR ¥ — b7
LatHrIATDBEN D D,

S-Decay Cik Lo #HAICH VWO T —F v bB
FOEERERENE T Excel DY — M EN D720,
Excel OFEREIZ LV, T o 2 EEFA LZKEDOER

(FIfifk) LREZTHD.

Table 11 Fission yield data of °°Sr and °°Y in FPDATA sheet.

232-|-h 233U 235U 238U 239Pu il Pu 24SCm 24ng

380900| 1.76E-03| 3.35E-01| 7.36E-02| 1.12E-03| 9.69E-02| 8.51E-03| 6.26E-03| 2.76E-02

390900| 5.35E-08| 5.82E-05| 3.70E-06| 9.09E-08| 7.97E-05| 2.88E-06| 3.50E-06| 2.01E-04
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_________ (a) Pre-process

ORLIBJ40 JENDL/DDF-2015
DECAYJ40

PWR47J40, etc. ’
JNUO2BREM

XSCOR(1)

]l [ Gamma Ray Process ]

h

[ LIBtoSheet

.

DECDATA

.

G18DATA

FPDATA I

| XSCOR(2)

® Construction of calculation chain

® Burnup calculation / Eq. (9)
® FP calculation / Eq. (12)

XSCOR(3)

D : Calculation process

Fig. 7 Calculation flow of S-Decay.
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R 5 2 &2 BRI, BEHEERO AR - ks
% 22— F S-Decay % Microsoft ft Excel+ VBA % >
TR L.
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ORIGEN2.2 HOWrE M~ 1 77 V&~  ORLIBJ40 %,
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FEEOZIAX—HO vy BEHEEZFHET L2,
JENDL/DDF-2015 2> 54 U725l v St 7 — 7 v o
FALAETHS. HHEICHVWLONLDIT—Z v EEF

FHE BT Excel 3 — MG S 3, Excel DFEREIZ L 0 &
AL En .

PRIE - MAREFOREOE &, MARe, s, hEr
AR, v B EIZOWT, S-Decay & ORIGEN2.2 @
FHERE R Z LR L, S-Decay ZEEHE L THRDARFE
W A2 L AMEE LT-. ASTTRIM L7z 85U i
4.7% O PWRAEI O Wi FE 7 4 77 U PWR47J40 1201 %,
ORLIBJ40 7% BWR H#AEL, PWR H MOX kB, &l
A FR ket e LoWmEEZ 4 77 VY hEEnER
Excel @ — MIZEHME - IS 5 Z L2 L - T, FilmD
RO BERFIE A ERT 22 B ARETH D.

A%, S-Decay #ARFOREIZITHT L L L HIT, 18
INK AR L THIFEEOHREIHICENL CTHEETH S.
F 72, S-Decay & [A#RIZ Excel+VBA L TEMET D=2
PNY TR 2 23— FEABEICB%, BIELTW5
- PEFIEBGHAE 22— R S-Dif ®
BT AN EN TR RS 2 — F S-Monte 9.
FTAF - BEREE - R & %P5 & 9% S-Decay, S-Dif, S-
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