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JAERI-M 86-084
Development of Coupled Nuclear ~Thermal

Calculation Code System

Koubun YAMADA* |, Akio MINATO** , Yasushi SEKI ,
Hiromitsu KAWASAKI® and Masataka MAEDA®

Department of Large Tokamak Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi,Naka-gun,Ibaraki-ken

( Received May 20 , 1986 )

It order teo obtain accurate temperature distributions caused by nuclear
heating in components of fusion reactors, & cdupled nuclear-thermal
czlculation code system was developed. This code system can treat not only
steady state nuclear heating problems but also non-steady problems such as
decay heat problems in two-~dimensional geometry. The calculated results are
given in graphical forms.

With use of this code system, the accurate and efficient evaluaticn
of two-dimensional temperature distribution caused by nuclear heating has

become possible.

Keywords: Coupled Nuclear-Thermal Calculation, Fusicn Reactor, Code System,
Nuclear Heating, Decay Heat, Temperature Distribution,

Two-Dimensional Model
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Two=Dimensional Neutron
DOT3.5 Flux Calculation

Nuclear Heating
APPLE-2 Calculation

(anbn- . KYc@ |

DOT/DETECT

with Interface Program

Heat Transfer Calculation

(Temoeratura

Plotting of Calculated
TEMPLOT Resu]tsg

Temperature ¢ : neutron flux
Distribution ¢y : gamma-ray flux

K, : neutron kerma factor

KY : gamma-ray kerma factor

Fig.2.1 Calculation Flow for Steady State
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—

DCT3.5

ti=ti,to,- -ty (t:time)

APPLE-2

( Esen )

! ¢én : neutron flux

DOT/DETECT EEL : RB-decay heating at time t4

S%i : decay ‘Y-ray source at time tj

TEMPLOT 651 ¢ decay Y- ray flux at time tj
E:}i : decay Y- heating at time tj
£i . FEi ti
Temperature Cdecay ° Egt+ By
Distribution
Temperature
Change

Fig,2.2 Calculation Flow of Transient State (such as
Decay Heat Calculaticn)
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MAIN ——{ DCTI Input/Cutput of Data Control Cards

CcO0D Input/Qutput of Nodal Point Cocdinates

FUNC Input/Output of Time Dependent Functions

—————

" FUNCT | Input of Additional Time Dependent Functions

NPBC Input/Output of Nodal Point Boundary
Condition

FLCAL | Input of Control Information for Element Groups

ADRSI | Allccate Address for Nuclear Heating and
Time Dependent Functions

cLGR1 Input of Elements and Material
Property Values

FUNCIN ' Input of Nuclear Heating and
[ Cutput of Time Dependent Func-
| tions

FORMQC| Rearrangement of Location of Time Dependent
Functions

FLUX1

Fig.3,1 Revised Porticon of Program Tree Structure
of DOT/DETECT

,..48*




JAERI-M 86-084

4. AMIERROERE R

(4
TR, AMTBROETESOASIET, BEROEHFFEICO>OTIE, THIDA-2,

5 ()
APPLE—-2," DOT/DETECT HEoX#BisEINIL,

41 & & =&

(1)

ACT 4

fEsko A HTH I CEAA BRD T &,

KANF—soBEmM, EE>
CARD 14 — 1 (4I6)

1. ISDRW : R LD
2. ISTDRW ” (BEL, WBHEEBICHITEBE1%E€y M)
3. IESW : ”
4. ISTDRF RO 4 2 B0 GBI
€774 vii718&E (ISTDRFED >
W=y —2 : FT 17, FT 27, FT 37, - v BT 87, FT 97
AR (x—-9) FT 18, FT 28, FT 38, wroovreeeern , FT 88, FT 98
« 7 > A VHAOERENIEsec (B)) &4 5,
(2) DOT3.5
BT s A nicH vey — AOEBEEALD L SICBEL ZLUAD AR 7~ 7 LR EE
Do
(3) APPLE -2

RO ABRTERARIXXEESED &,
CANF— 54T a vOBINS
“ RCAL"” (413, E12.0, 3I3)

I. NFX : EHREELD

2. NGE : ”

3. 1D3 : p

4. MOPT : "

5. CF

6. IGMAXK "

7. NDX

8. IDSL ! HRBT » 4 MESH A 72 2 v GBI

— 0 EE (74 MERIEG b
>0 RIGEDIDES, ZOFT 2827 74 vAElT 5,

_.94_




JAERI-M 86-084

4.2 IE#Et®E (DOT/DETECT)

fEk o AR SR E B BD T &,

EANF -y DEHESLD>
CARD-W F=zvbto—awHh—F (515)

1. NUMNP : BEn SR

2. NEG : FHhRs17H

3. NUMEST : RAKEEHEAER

4, MODEX : Hize— ¥~

5 NPROP : 7Ny riAA Ty vy GED

0520 E7I7 v /7DEERREBOOHT, 10L& SHISE
B, EREAEE, BHR7 -7, PHEESRAHILD N,
CARD -V BER&HHH
A. 1 avio—nER (815)

1. NBCF : RO (EXE (NEL 1) t9H#EiH (NUMAT
1315 1 D)

2. NPTM : B ERT 2 EBRLAORKE (AT 28T - 4V,
FEOM>2)

3. NNBC : HpEAS L0 RRERERT SO

4 NHIN : BEMRT A VATIEE (ERHE0LEL, EEHTHROL
8, = 00BEH - FATD

5 NHOU : BB 7 » 4 VA T va v (=1 0EE, BEHEND7 5
AnicH— K4 2= THA)

6. NTF : 71— FATIT BB NG R BEE D&

7. NTP : EBMERERO EHRSAOEAR

8. NTC : MRAT 7 4 VORZIEOEE (= 10 & &)

A 2 BRBET A LvOBRNEOEEA - F (NTC= 2 D& & NPTMHWAE)

(15, F10.0)
1. JJ1 © 125 NPTME Ty —47 Y ABSDAS
2. CTIME : J] L& OISO AT (Bfr . B)

B. ®&EEMF—sH#—F (NTFHELE
HEBODAT (AL, EHEESINBCEF+ 1456)




JAERI-M 86-084

5. Hatia—- FTEMPLOT

5.1 #& =

HENEOREEGE AT oy b FEEDICAYr—1) v 71t Y EEL-DOT/DETECTH
oy bFas g sk, ShlETfic el 7z,

5.2 7RYSLAR

Fas s LIRELNFTL2070y bA—FrLDBRIN, ThEThAAA T va v
& QIRENPEEDOHMMNE/E T oy FF B, LITIZZEOHNEET.
(1) Fow r1
HAEE BN EEF 2977500, ANDF-sEREToy T 5,
{2) Fooy b2
BEMGELERMGIc 7oy 1§53, 20LE, TRECEEES 7oy b EL9TL
foo
(3) ey 3 ‘
BB OBMNEE 7oy r 5, HthoBEROEBOBREESHRr— ) v 7EL,
AL BEOHNEGEL 7y a vickDBIRTE A LS Ui, (B, &, XiEH)
(4] 7aw 4
WESMORENRE 7o 5 15, RMoBERUHEHOREZEFH Ay —Y v 7E LT,
ZHEDFay bid, DSCANEHA 7Y s vitda5—) vV LbhoodulhnsB3C
EMTEB, £f, BEOHST (NLPH) HEzodiLR—- +rELFHTELEAE L,

5.3 ANHERA

PIFic AN #— FORBAET,
A, FEFavro—nHA—F (715)

CARD I

1. ICPL : Fuy b1, BEHHAEEFz 27 (F10EEToy 1)
2. ITDPL : Fay b2, BEAH7oy b (=10E&79 5 1)

3. ISPL : Fuy 3, HRREORENEL 1ol&7ay )
4. 11IPL : Toy k4, HEHFEAOBREAGER (= 10E& 7oy )

5 ITS : BFR % 7 v 78

6. IDSCAN : DSCAN# 72> (0/1 : PLOTTER/DSCAN)

7. IUNIT : Erffo b 8L (0/1/2 « #/8/H)



JAERI-M 86-084

B. EES#&H72y bA—F (ITDPL=10&&H0E)
CARD 1
1. avbo—an—F (215)

a) NNPL : BE GO

b) NNTS : 7ay rFAERERAF v T
CARD 2
2. 7oy MTAERE (TF10.0)
_ PTEM : NNPL AT
CARD 3
3. Fuy bE ATy 7 (1215)

NTIME : NNTS A7

C. HHAOEEENLT oy bA—F (ISPL=10&IH4E)

CARD 1 (1215)

1. MSN : 7oy 4 AEEDE

2. MSET : Fir &S (MSNfED
WEAROHSRED 7oy b A~ F (1IPL= 10& EHE)

CARD 1

1, aryiro—aa—F (1215)

=

a) JNTS : Bz 7 o 78
b) JNSE : =t
CARD 2
2. 7oy bEAEEZF Y 7 (1215)
JTS : INTSHEAH
‘CARD 3
3. oy M AR (1215)
JSE : INSE#AA




JAERI-M B6-084

6. AEa—~FY 27 LDIGHEE

%@ﬁ%btﬁﬁj—FVXTA®E%&LT&ﬂé%ﬁﬁ(FM£D®bU%OA%%7§
vir gy b EEEEEREI DD TR R CEHETEAE T - 1,

6.1 FUFILEWTS7 v POEREHR

(a) FHHEFW

Fig. 6.1 77 »% » FEEROF o4 FEERT, KICBNWT7 7 v7r v PESRIIE ETX
HiLH->TH30T, SEOIREF v EES0HEMNRLEL T,
(b) FEFEEN

Fig. 6.2, 6.31DOT 3.5 Tt EINHFHEHAD A KRUEDOT/DETECT AL Ehicfk
RENTETT, RED, HRERRIDOT 35 XKUDOT/DETECTTRIE—HLTWAILE
bbb, ik, SO - Fy2 7 o20hLBREATH > ERADELZREHES O
TWBZEDbh3, '
(¢c) 735 v4 ., NEERRORE SN

Fig. 6.4ic 75 v/ v MNEFEEBROHBE T FviERd, 77 7 v FEHEOAMUIR UGN £
bDMHe£+yT(LuOQEﬁﬁE%wmcuﬁﬂmﬁotbﬂﬁﬁgwmﬁfé)%%&
Li.OBRicidsfilicHe ¥+ v 74 FG 8 HBRESEF STV S, (RTEH 0&F9),
Fig. 6.51CHe ¥+ » 7B%2 —~E & LHBAOTEEERD LI, OBNOBESFETT. HT
i, Li,O0BEBREH 1,000 CL Lz > T AHMNEET S, BEDQT 7 7 v PRAT
RLI . OARSEEA T00°CERELTVWS, £ T, EBHEEHMNT00 "CRTIESLHiT
FRERBADOBRNMELIDF v o 7IRERAL LI, o v TROBREIZL Y, BERER
FT00° CEHE- B BEMEL Fig. 6.6 kKRT, LhL, COL20RABRIFERTOMEIR
FBORELTITE 18, S5250EBANTE + » TIROARFZ LT EDREEMHE
PR ON A EDICT L EMERTHEAS D,
{d) 79 vy OFENEEZEL

T3y bDOXr y TREBELEGFEEFVEHO L, OBAOBRE OKHNENL LR
L7co @EIGEEE LT, EYERE & i E L LB E (BAMBAEKATRE) &52%
BlLt, 22T, REEEERTHSAOBEOHMALERLI, $§, L LPROREDOR
M ALE Fig. 6.TICRd. @%, BEMEHZBE53 1005RICHTOCTERRER LS
TEMbpb, 72, Li, OBADEEEEZ VRS (FREETHENIE-HA) IKiEH
20 3% 1,000°CEuD, BERSSICERELED 3, RICEEEGFHCBESE - 550D
Rl EE L% Fig. 6.8 i0d, M Sbhhd Ly KBRS HINHE L L&, 8a’ic
1,000°C &b 30 3#ICit 1,900°CE TERY 5,

RIS F R OBREZE/LE Fig. 6.917d, BENH 2E5ITIZMN 60 2KIC 100 "CTER




JAERI-M 86-084

REITHZLESb b, LnL, BHAEELELLBEIE, BERIELED0 90 RIZH
600 " C TEFRE LD 5,

6.2 FIELEREOIEIR

(a) FHHE=FV

Fig. 6. 10 iciE B EM AN A RT. 22 TRECR LA FEEREL ¥4 ~— ¥ £HEBEERE
T2, £, HoAoRHBEOH s ZERdic B9 42 RELLXWETR T, Fig. 6. 11 i85
Bic k1) 5 TGRS GB—8, 54 ~— s RESL) OHBEFA£RL, Fig 6 120AF
A REORRBMNELE R L INBEER DT,
{b) AEERECREE/L

F@GISKB E, FAOFEFBROMBHRE (FBE) okElERd, HLD, FiE

ERICABBIEREELDL, 1O8RALARDP SBRACEDT B, ATTHEREZFEAEKD S
m%&%,?NT®nﬂﬁ%giL?@@é%%ik%é@ﬁﬁﬁﬁ%ﬁﬁbtoC@&%@ﬁ
R, WML RO ARGRSGHIE L, ZR0BEEE50°CE L. Fig. 6 14k
FiFIEE 18, 3.5H, THEBLABRISISHKOIEEZDAL (B8 OREENMETRT,
AHERESFEL BT %, FOXREDOREE ~ ) F 9 AKHOMEZEE LT 150 °Cl
FEFaicwicid, Ik ETOBRLLBCTILNENHALLEEA B, Fig. 6. 15CHFEIEHRT
BRI &4k&E, 20®%3.5088LE20REANERT. B8R (ARD 3, 100~
150 °C L7 » T 558, £OMOIIZ 0 CRITFIZHSE T EDibnd, RICFig. 6. 16 IKFF
It THHIS RV EEFDFDEDA, B, C, DEIOHENEEL{ERT, 14 /5—
HRE (DA T}, BERE -1 ERRTERCLD FHECE&bdp b, T2 TE, —
RIS BR0 QAR BEEFLAH O THRASEI b0 E L, LbL, ZoBGEERD, B8
DEERGHGHROBEFTICRET AOTFDE %%ﬂ«tomgslﬁiwﬁ®ﬂﬁ§$%£
ANBEDARDBEARLTOS, BERELAM1.163x 107° (W/cm?° C)IEBROERY
NEHAMNHMNOBLER TH S, KRR LAHEL S, FEILRESOAH THEEREDSINE
1258, ZROEAGRBCEROFMBEERLEETHL T E8bh 5,




JAERI-M 86-084

—_——
End Wali
]

E

|
i
[}
)
“
|
,

-v-u—.---..,

i
|
|
|
|
|
|
1
'

er[w b -+ *
T AR v

Liz0

Poloidal Cross Section of Tritium - Breeding Blanket
=
=)

—>
First Wall

Side Wall
5§

e S e B e o
B A S S S S S i ol
: e s f B S A S O H
_“ &

o O o o o o d

1
[}
|
|
1
¥
|
1
]

i

O o 0O o 0o o g 04

1
1
]
|
1

+ +|4, e St S S SRS S A

- . TR
T e =

i
i
Etls

Be

QU

rp

|
o

/;iff
! .
S,
TAR BRI T ¥ A e L o e e e e e S

TE U ¥ = P i e L A F e W F R L R e R T AR R AT TEL AR

a

Flasma

Fig.6.1

unit:W/cc

Fig.6.2 Nuclear Heating Rate Caliculated with DOT3.5



JAERI-M 86-084

s : .5
[y C— % )
\10 o
{5 /
[
d G -
O a
| f g
'0 O '
s— 0 D)G
O 0 [ 0 0.5
E:]D D! '
O G
O a4 O
’ [
EZ]DEI 0
“ o @ ® D\b
- - B ‘unitzw}cc

Fig.6.3 Nuclear Heating Rate Input for DOT/DETECT

He Gap

Hy0

Li:0 He Gap

|
>
{
|

Liz:0

Wﬁg/y‘
X

He Gap

X

=l D]

Fig.6.4 Temperature Calculational Model of Breeding Zone




JAERI-M 86-084

iyxigiﬁgﬁhﬂigiléfi

SATAE

o/ o

i

/|

—

3

Fig.6,5 Temperature Distribution at Steady State Operation
(with Constant Hellum Gap Width)

Fig.6.6 Temperature Distribution at Steady State Operation
(with Adjusted Helium Gap Width)




JAERI-M 86-084

14001
witheout Cocling
12007
1000
o
-] 0 = . i
=8 with Cooling
[oB]
—
i |
]
[en]
| -
8]
a
=
[«B
}._
0 1 L 1 L

0 20 40 6@ _ 80 100
Time (minute)
Fig.6,7 Time Variation of Temperature at Maximum Temperature
Point at Start of Operation

2000

1800

1600 -

1400 .
Loss of Cooling

1200 I

Temperature (°C)

1000 p

800 .
~_ __ . _____ _HNormel Operation _ __ ___ _ |

600 1 1 : ] i
0 5 10 15 20 25 30

Time {(minute)

Fig.6.8 Time Variation of Temperature at Maximum Temperature
Point after Loss of Cooling



JAERI-M 86-084

S0¢

300

Temperature (°C)

200

with Cooling

100 -

30 60 9c 120

Time {minute)

Fig,.6.% Time Variation of Temperature at Maximum Temperature
Point after Shutdown




JAERI-M 86-084

Yacuum Vessel

Semi-permanent Shield

Removable Shield

¥ Divertor
ZEN

Fig.6.10 Configuration of FER Reactor Structure

[ (T T8 T i o L1 T 1T 7]
t‘f! L 1 1 P L T L '!
| ] TTi i

i i |
' [ ] | I | i
| [ ; |
] [ ] ]

[ 1
Z@ 1T 1 1]
L L |
e s
!

1l B
|11 L I
_ij P

J T 1
L T i ]
L IR | [

| 1IN ! [

T O T T 17 T

i [ T I !
| |
0 T i T ] T
1 ¢ i i | |
[N N
TH il L o i

Fig.6.11 Calculational Model of Removable Shield




JAERI-M 86-084

I}

Outer Removatle
Shield

First Wall

E—t H4—A P .

o

e I

= o
r'_.'

< I

2 ﬂ

2 Py

‘-’ ]
g Is
=

Divertor Plate

] ]
for Temperature Variation Plotting

Fig.6.12 Position

1ol —-
T a0
Y10
T
=
[+B) it
- i
a
o
o 107k
=
5
= : B
= 1
s |
= i
5 10-2
= |
Ml
AY
" £
\ ————— mm—m S
| R it -
0-3 I F L 1 ! L
' 0 5 10 15 20 25 10

Time (day)

Fig.6.13 Time Variation of Nuclear Heating Rate after
Shutdown at Points B,E and F




JAERI-M 86-084

______ 1 Day after Shutdown

o
— —— =~ 3.5 Days arter Shutdown
L
5 7 Days after Shutdown
E .
ko]
—
QL
o
=
8]
)_
&0 [
20—
0 - | ' ! [ L | | L [
0 1 2 3 ¢ 3 ?

Time (secg)x 10°%
Fig.6.,14 Time Variaticn of Temperature at Point A
after Withdrawal

i L]
(unit:*C)
.
N
I S
\\
. .
:\\
.\
RN
|
= ~
= \
\
P .
3
N
£
J‘C!
2
N -
3
N
N
= ’
= /
= .
™d ,
=] '/
.
oy
.
.
,
a
.
-~
e -
\__’
o
["a}

Fig.6.15 Temperature Distribution just after the Withdrewal
at 3.5 Days after Shutdown




JAERI-M 86-084

200

180 [

180 A

140

Temperature (°C}
[as]
o

! ' ! ' I ' l ; ! ' !
0 1 2 3 5 5 &

Time (sec)x 10°

Fig.6.16 Time Variation of Temperature at Points A-D after
the Withdrawal at 7 Days after Shutdown

300 [ !
|
] - o
500 e —
3 / ‘/. )
L Y -
— 10 - / -
S Ti // Heat Trznsfer Coefficient of Alr
Z L S (Wicm? *C)
/ ——— 1.163x 10 -? (Reference)
< 109 L /. . —— 11632 10 2
= s e 1,163x 1074
i L e e 0.0
S /
g
g o //
a .
A
100
: I | | | 1 [
b
1] L 2 3 4 3 g ?
Time {(day)

Fig.6.17 Time Variation of Temperature at Point A for Various
Values of Heat Transfer Coefficient of Air




JAERI-M 86-084

Ty

7. ¥

MR AHE - Fu 27 0B LD, 2RTEETORRRIC L ZRENIHEERO

BRELOGEOEECHRE KD S T EHTAREE 7 - 2o

CDHED - FYvRTFLDERIERE L TERSERFO N ) F LM T 5 w7y b &

BEREIC OV THER T/ P FILHET S w7 o FOFTETHAHREDMNEL ¥ +

o TREEBTZCLiIcED, WM THBLI, 00BEAHFTHERICIHEC EBTEST

EHEE LT, 1, STEERAOIHETE, PRI SRV & X 0BERARHEDREEMN

BERKROIBTRIER (RH 2 EHRETH > HREEEIBSC EHTE,

AOREE LT RU FOEBMEF N3,

(1) FOVFOLMETS vy bOERTREBGTRELA KT DB ELFAELT-
fohs, BRERDSE TREH U OBMESNELEE L, 22 THERRO 7 1 —
Fovy 7228 L THEBHEORBILETAZ LS 707 2 2HBTE L,

(1) HBREA S IEERITHE LSS ETE LS kT AT &,

(W) HEtELERERETTL, dRE7 122 THEDLDET LT &,

(V) HREREOHEEFLOL » v REFAPBNRITAS L KTETE,

A B

K- Fyr7FanBRiCHiD, BXMBFEIHMMIEREE, SNATER 77 2~ P5EHE
£, SIE¥ I T-60RRHLE, HNREER 7> A vHASKE, ERE-FTHARELS
TR LA BA T ERERC LT,




JAERI-M 86-084

Tl

7. W

HBEATTE T — F v 27 o 0MRICL D, 2RTHEETORRBIC X ZREIH 4RO

BRELOGEOEE TR KD S T EHTEREE 7 - o

DB~ FYRF AORAHERAE L THBGRBFO N ) F Y 68877 vy b &

BRI OV THE R T P FOLAEET S 7y FOHETHANREOMBE ¥ +

o THEAEERT ZCLickD, BEMTSHEL, 00 BREAFFHERICNH LT ENTEST

EHEL LT, 1, STHEREOHE T, PEIEBICT SRV & X OBERAEEOREEMN

1 EREOHETHRER (R 50 ENRBTH - 1 EBAEBT BB EHRTE,

AROREE LTHUTORENET 55,

(1) FYVFOLWETS vy FOERTREBTRELGLTHIREDELFAELT -
Fohs, BRERDBETREL U OBMESNEREE L, 22 CHERRO 7 1 —
Koy 7228 L TEBHEDORE(LETA3L5 7005 24 KBT BT &,

() HBTEA S S EERITHE LSS GO ETE L5 IKT BT &,

() HHBELERBZRETTY, FREFTVELTHEDOSD LT ST E,

(V) BREREOHETF VO v ¥ 2 REXEBHCITAZ LTS E,

Lif1

Ka—Fyvr7o0BRichib, EXMBERHAERRE, SNARTER TS X< HHES
E GBS ]T-60RBHTE, HNEHEER 77 XA kE, HRE-TITHEE,»S
AER AT EBL R0k EERRB LTS,




1)

JAERI-M 86-084

£ X W

W

Y. SEKI and H. IIDA,*“ Coupled 42 —Group Neutron and 21— Group
Gamma Ray (ross Section Sets for Fusion Reactor Calculations,”
JAERI-M 8818 (1980)

Y. SEKI, H. [IDAand H. KAWASAKI, “ Gravhical Representation of
Transmutation and Decay Chain Data, Transmutation Cross Section
and Delayed Gamma Ray Emmission Data,” JAERI—Report 1280 (1982)
W. A. RHOADES and F. R. MYNATT, “ The DOT — T Two Dimensional
Discrete Ordinates Transport Code,” ORNL —TM-— 4280 (1973)

Y. SEKI, H. TIDA, H. KAWASAKI and K. YAMADA, “THIDA—-2; An
Advanced Code System for Calculation of Transmutation, Activation,
Decay Heat and Dose Rate,” JAERT —Report 1301 (1986)

H. KAWASAKI and Y. SEKI,*“ APPLE— 2 ; An Improved Version of
APPLE Code for Plotting Neutron and Gamma Ray Spectra and
Reaction Rate,” JAERI —M 82— 091 (1982)

R. M. POLIVKA andE. L. WILSON, “DOT/DETECT ; Determination of
Temperature and Determination of Temperature in Construction,”
Version 1, University of California, Berkeley (1976)

kﬁ&ﬁ*ﬂb’w‘f% (RS EME (FER) O#bast] (AL HEEREE) JAERI-M84—
212 (19843




a)
b)
c)
d>
e)

- JAERI-M 86-084

fH 8 AH Y x b

APPLE—2 JCL Y% r
DOT/DETECT JCLY =
TEMPLOT JCL Uy = +#
DOT/DETECTHH 1 % + &
TEMPLOT # — FA/IF— % U % b




JAERI-M 86-084

114CLG JOB 00000010
I EXEC JCLG ' 00000020
f7SYSIN DD DATA,.DULM="++" ) 00600030
{f JUSER XXXX2372,YA.SEKI,0017.01 90000040
T.2Ww.0C.31.s GRP 00000050
OPTP PASSWORD=XXXXXX,MSGCLASS=C ) 00000060
f{xxxxxxxxxxxzxzzxxxxxxxxzxxxx:xxxxxxxxxxxx::xsnxxxxx:x:xxxxlxz!!!xxxzI'000000?0
/1= APPLE: REACTION RATE OR ENERGY SPECTRA PLOTTING. ) x/ 000Q0QCBO
fr= < SUBROUTINE> APPLEZ2.FORT %/ 00000090
= IRATE, HRATE,ARATE MPLOT1 ; DECAY HEAT CALC. =/ 00000100
= IRATE,HRATE ,ARATE HPLOT? ; DECAY HEAT + NUCLEAR HEATING CALC.=/ 00000110
1= FTMAIN ; LOCATIOK SIZE. =/ 00000120
= CONTUR ; WRITE OF NUMBER FOR CONTUR. <PERSPC.FORT> x/ 00000130
/l® < FILE > - x/ 00000140
frx FT10 ; READ COF FLUX. x/ 00000150
fi= FTO1 ; READ OF REACTION RATE CROSS SECTION, x/ 00000160
Hi= FTG3 ; REAOD OF KERMA FACTOR. ) ) ) =/ 00000170
ife FT04 ; READ OF DECAY HEAT FILE. ) xf (0000180
1i= FT26 ; WRITE OF NUCLEAR HEATING RATE FOR DOT/DETECT x/ 00000190
/1= J23T2.5HIELD.DATA (DAPPLE: =/ 00000200
J IR N I A TR AR XA E AT AT AT AL LLALXTL IR AN TN LR e e xxxx/ QQQ00210
FIFORT EXEC FORTY?7,50=rJ2372.0DAPPLED ", Q=" _FORT?T", 00000220
i1 A= ELM (%)~ 00000230
{/FORT EXEC FORT?77,S0=’J2372,.PERSPC’,Q="_,FORT’, 00000240
it A= ELM{=x)’ DISP=M0D 00000250
TIFOQRT EXEC FORT?7,50=°J42372.5YMBOL",Q=" .FORTYT", 00000260
It A= "ELMCSYMBOLY -, DLSP=HOD Q0000270
f/EDLIT EXEC LKED77,GRLIB=PNL, A='LREP(JHF JMP}~’ Q0000230
{/RUN  EXEC GO 06Go002%0
/IFTO06F001 DD JCB=(BLKSIZE=137) 00000300
{1 EXPAND TPDISK,DON=FT21F001,03N=FT21,5PC="400,200", 00000310
I RECFM=VBS,RS[2E=19064,3812E=19068 00000320
fr EXPAND DISK,DON=FT23F001 00000330
!{ EXPAND QDISK,OQDN=FTZ4F001 00000340
I/ EXPAND TPODILISK,DON=FTZTFQQ1,DSN=FT27,8PC="400,200", : 00000350
1! RECFM=vBS ,RSIJE=19064,B8517E=19068 00000360
f/FzszzazExxzrxzEXTTITATRTTEERRTETRTRRR TR AR xR ek xkxexXFIR QOT/OETECT=x QQQGO370
J/FT26F001 0D DISP=¢,CATLG,BELETEY,DSN=J2372.ASHDHIW,DATA, 00000380
Fr DCB=CRECFM=VYBS,LAECL=19064,FLKS517E=19068) ,UNIT=000100, ¢0000390
’ 00000400

/+ SPACE=(TRK, (5,1} ,RLSE)

AN N NI NN AN XXX TACXIICNTACRTEIATX ISRz ex e xaxexxxxx 00000410

!4 EXPAND GRNLP,SYSOUT=£ 00000420
{1 EXPAND DISKTO,DDN=FT1QFO001,DSN="J2372.3a8SHOFIW" Q9000430
{{ EXPAND DISKTO,DON=FTO3F001,DSN="J2372.35HKRMG" Go000440
I+ EXPAND ODISKTO,DON=FTQ&4FQ01,DBSN="J2372.ASHBH1IW" 00000450
/it EXPAND DISKTO,DDN=SYSIN,DSN="J2372.SHIELD’,Q=".DATA(BAPLHBG) " 00000460
++ ' 00O00470

000004830

i

a) List of Job Contr'ol Cards for APPLE-2

__27._
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f1JCLG JOB 00010034
f1 EXEC JCLG 00020038
J1SYSIN DD DATA,DLNM="++- 00030036
{4 JUSER XXXX2372,YA,.SEKI,0017.01 00040036
T.3 W.0 C.2 [.4 SRP 00050023
OPTP PASSWORB=XXXXXX,MSGCLASS=X 00060035
Jlexxxx DOT/DETECT FORT-LINK-GO x=exsxsessxxxxsazx 00070038
It EXEC FORTY?,S0='J2372.0ETECT86’,@=".FOURT77", . 00080036
S ='ELM{(%) , NOSOQURCE,LCCE0)" 00090036
/7 EXEC LKED7?7,GRLIB=PNL,A='LREP(JHF,JNP) " 00100036
1/RUN EXEL GO . 00110036
/xFTO6F001 D0 DCB=(SLXS[IE=137) £0120054

/{FT06F001 DO DISP=(NEW,CATLG,CATLG) ,DSN=J2Z372.30UT.0ATA,UNIT=TSSWK, 00130044
/! DCB=(RECFH=FBA,LRECL=137,8LKSIZE=13700),5PACE=(TRK, (30,15} ,RCSE?} 00140004

/#FTO1F001 DD DISP=¢,DELETEY,DSN=&&FTO1,UNIT=WK1D, 00159054
/1 DCB=(RECFM=VBS,LRECL=19064,8LKSIZE=19068) ,5PACE=(TRK,(50,502) 001680035
JIFTQ2FA0T 00 QISP=(,DELETE),DSN=88FTOZ,UNIT=wK10, 00170038
if DCB=(RECFM=VBS,LRECL=19064 ,BLXSIZE=19068) ,8PACE=(TRK, (5G,50)} 00180034
[/FTO3FG01 DD DISP=(NEW,CATLG,CATLG) , DSN=J2372.3PLOT . DATA, UNIT=T55¥K, 00190044
/1 DCB=(RECFM=FB8,LRECL=80,8LKSIZE=3200),8PALE=(TRK, (9,35) ,RLSE) 00200023
{fFTI0FOQ1 D0 DISP=(NEW,CATLG,CATLG) ,0SN=J2372.aNUCL.DATA, UNIT=T3SWK, 00210044
/1 DCB=(RECFM=FB,LRECL=80,8LKSIZE=3200),SPACE=C(TRK,(20,9) ,RLSE} 00220038
[/FTO8FO0T DO DOSH=Jd2372.ASHDH1D.DATA,DISP=SHR 00270045
[FFTO9F001 00 OSN=J2372.ASHDHIW.DATA,DISP=8HR 00280044
{/FT1Q0F001 DD DSN=J2372.ASHOHIG.DATA,DISP=SHKR . 00280144
fISYSIM DO DSN=J2372.5HDETEL.DATA, CISP=SHR 00290042
- 00300036

00310038

i

b) List of Job Control Cards for DOT/DETECT

/4JCLG J0B ) 00000100
/i EXEC JCLG QGRea0zZ00
FISYSIN DD DATA, DLM="++" 00000300
FrOJUSER XXXX2372,YA_SEKI,0017.01 00900400

T.2wW.0C.21.4 GRP ' 20000500

OPTP PASSWORD=XXXXXX, MSGCLASS=C 000006430
F S XA XXX A AT IR AL AI AN IR TR TR TAXRE TRk wmxxxxxx) QOQO0700
/1= TJCL FOR TEMPLOT. */ 00000800
R X T A A AR I TN IAXAX T T LA TXXXIF RS wxxxeexxnxxxx; Q0000900
Iy EXEL FORT?77,50="J2372.TEMPLOT ,A="ELM(*),S5,LC(80)" 00001009
/1 EXEC FORT77,80=/J2372.5YHMBOL’,A="ELM(=x)’ DISP=H0D 00001100
F1OEXEC LKEDTT7,.GRLIB=PNL 02001200
/1 EXEC GO 00001300
JIFTOSFO01 DD OSN=J2372.TPLOT.DATA,DISP=5HR 60001310
/iIFTO6F001 DD DCB=(BLKSIZE=137) 00001400
f7FTO1FQQ1 BD " DSN=J2372,3PLOT.DATA,DISP=5KR 00001600
JxxFxxxxxxrxxxxxx FTQ7? WORK FILE *xxxxXxxxxxxx 00001610
/{FTQ2FO00T DO  DSN=J2372.9%1.0ATA,DISP=8HR 00001700
f/ EXPAND GRNLP,3YSOUT=t Q0002090
e 00002100
X 00002200

¢) List of Job Control Cards for TEMPLOT
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TEHPERATURE OF REHOVARLE SHLELD AFTER § WEEK. 8673713

PRI EASAITAIRILTEE

CONTROL [NFORMATIQH

TIEXERRANAKI AR AN E N

HUMBER OF NODAL POINTS ..... = 517
AUMGER OF ELEMENT GROUPS ... =« 2
MAX. ELEMENT GROUP STORAGE . =90000

SOLUTION HODE .............. = 1
€a., 0, DATA CHECXR
E9. 1, EXECUTION

PRINT QPTION.C(RPROPY........ - 1
IF KPROP~1 NQT PRINT

NOOAL POINT COODIMATE TATA

RODAL POINT BJQUNDARY CONOLTION
TIME DEPEWODENT FUNCTION

MATERIAL PROPERTIES TADLE
ELEMENT [(HNFGRHATION

[

TEMPERATURE OF REMOVADLE SHIELD AFTER 1 WEEXK. 8873713

IR N AN AN AR NN YN TS T AT AT NLINEE AN AL AN K

SQLUTION TIME AND TEHPERATURE CONTROL INFORMATIONM

AR A A A A A AN R I N AN IR RS T AR EC AR CENS I TN

CQODE FOR STEADY STAaTE, TRAMSIENT ANMALYSIS = 9
Ea. -1, STEADY STATE ANALYSIS
Ed. 0, TRANSLENT ANALYSIS

MUHBER OF SOLUTIQN TIHE STEPS ............ = 168
SOLUTIGN TIME STEP LNCREMENWT = 3800.0000
TIME AT SOLUTION START ........icae.inu.e, - 0.9
AMBLIENT TEMPERATURE .. ...t iiriranras = 50,0000
QUTPUT PRINT INTERVAL = 10
COUATION REFORMATION IWTERYAL ............ - 1
QUTPUT PUNCH SHTERVAL ... e.e.iiiirnanna - 1

EFEEI ISR IERARTINAIRTINE

TIME DEPENDENT FUNCTLONS

I ETEIAXTAEENTACLEAAN NS
HUMBER DF TIME DEPENDEMT FUNCTIONS ....... -

TEMPERATURE QF AEHOVADNLE SHIELD AFTER t WEEK. 86+3/13
2 AN AR IR AT TIRTAEIRITANTTY

A00AL POINT BODUHDARY CONOLTIONS

NI A AT AN E TR ATNCLATATARL S

NUMBER OF WODES WITH SPECIFLED
TEMPERATURES AND/OR FLUXES ..... = 0

ATATTTTSTETRALANRLAE

[WLTLAL CONDITLONS
FIEERTTATTIITITITTXEN

[RITIAL COKDITION CODE C([COMY . .vuu.vu..on..n - 0

€9. ¢, ALL| MODES SET TO AMOLENT TEMPERATURE
EQ@. 1, INITIAL CONOITIGNS ARE READ FROM CARDS

ALL MGGES AT UNRLFORM IMITLAL TEMPERATURE ,... = ic.ooc

d} Qutput List of DOT/DETECT

J— 2 9 —_

Q0T 1778

oaoT 1976

COT 1978




JAERI-M 86-084

TEMPERATURE OF REMOVABLE SHLELD AFTER 1 WEEK, 84673713

I ANARAACAEIL AT IDN

ELEHEHT DATA, GROUP 1

EEANA TN TAETTIANEARTART

ELEMENT GROUP INODICATOR = 1 (TWO OIMCMSIONAL AXISYMMETRIC ELEMENTS)
HUMBER OF ELEMEWTS ............. 2 471
NG, OF FIRST ELEMENT IN GRQUP .. = t
MAX. NO. OF MODES PER ELEMENT .. = 4
NUHERTCAL [WTESRAILION ORBER ..., = H
NUMBER OF BIFFERENT HATERIALS .. = 421
MAX. NO, QF TEMPERATYURE POINIS . = !
LRTERNAL HEAT GENERATION FLAG ., = 1

EQ. O, HO EAT GENERAT[ON
Ea. 1, HEAT GENERATION EXISIS

LENGTH OF FLFMFRT TREORMAT (AN -15998
s
TIHE PO[NTS OF DECAY HEAT
ERSTAAAETARTEEAREasEEEaxa
TIME POINT ! 504B0C.0 s====a==s> 0.0

TLHE POLNT 2 2629800.0  =amxsxaaxzy 1987200.0

TEMPERATURE OF REMOVADLE SHIELD AFTER | WEEK. 86/3/13
REIFTEIFITITETAITIEELCAN

ELEMENT DATA, GROUP 2?2

PEFXTEA AT ST AE IR AN AL

ELEMERT GROUP INODILCATOR = 2 C(AXISYMMETRIC SCLID COMYECTION OOUNDARY ELEMENTS)

KUMBER OF ELEMERTS ............. = 189
ND. OF FIRST ELEMENT [N GROUP .. = 1
NUMBER OF OILFFEREHWT MATERIALS .. = 1

LENGTI OF ELEHENT IHFORMATIAON .. = {143

IR I AT AN AT IBINAANSII AT LRERR

NATERIAL PROPERTIES TABLE, GROUP 2

RN AR NS EFIRTAAFEEENAENRNSENY

STEFAN-BOLTIMANN CONSTANT = 0.0
ABSOLUTE TEMPERATURE SHIFT = 0.0

HATL. TONVECTION T-EXTERNAL CONVECTION T-EXTERRAL V1EW
HD. FUNCTION FUNCTION AMPLITUDE AMPLLTUDE FACTOR
'
1 aJ 0 0.001 20.000 0.¢

TEMPERATURE QF REMOVABLE SIHIELD AFTER 1 WEEX. 8&/3/13

I IEFAAALCATI XN TINLE RN

ELENENT [HFORMATION, GROUP 2
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6.127995£+01
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?.507T445E+01
5.5B3463E+01
4.986448E+D1
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4.7S9A27E+01
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5.057904E+GT
5.182487C+0%
4.875246E+01
4.043053E+01
4.636404E401
4.804251E+01
§,949612E+01
4. T29262Er 01
4.027309E+01
4,335742E+01
4.4TTBEREFC
4.768895E+01
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330
338
342
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4.337000E+01
5.945921E+01
7.105928E+01
5.9689108%+01
4,314644E+01
4.64843%E+01
5.681734E+01
9.358548E+Q1
7T.105186E+01
§,9343328+01
4.777QSTE+O1
5.468942E+01
9.059871E+01
7.836430€+01
5.3827 118401
4.7T24098E+01
5.300858E+01
3.40797CE+0
8.344604E01
5.720999E+01
4.3528352E+01
5.09J814E+G1
5.933068E103
4,276035€+01
$.005780€+01
5.811835€6+01
4.678836E+01
7.108591E+01
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4.592393E+-01
7-03B103E+01
A.567THTE+0
§.427380ErQ1
&6.126613E+01
6.877901E+0Q1
5.8037 286401
6.8B7387E+01
3.954398E+0!
6.6604A3E01
8.736041E+01
5.65566T7TEOL
5.614710E+01
7.180%151E+01
6.193245E101
5.911116E+01
6.052094E+01
6.146324E+01
5.1475435E+01
T.707922E+01
7.297931E+01
§.095692E+01
5.2996C3E+01
T.TT&ISTELON
4.602132E+01L
4.9320835€6401
5.184969E+01
7.5%6220E+01
5.268126E+01
4. B51T46E+01
4.224280E401
4.904132E401
5.752226E+01L
5.499033E+01
4, 757388€+01
4,5370518+0¢
4.833140E+0S
5.1127J18E+01
S.137970E+01
5. 7T9930E+01
4, 2754846408
4,704820E+01
4,833405E401
£.91167EE+D1
4.669270€+01
I.870296E+01
4.353407E+01
4. 537STRE+1
4.763499E+01
4,416388E+01
3.758250E+01
4.033025E+01
4.280321€E+01
4,653806E+01
4,225047E+01
3.70964TE+O1
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