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SHETEMP: A Computer Code for Calculation of Fuel Temperature

Behavior under Reactivity Initiated Accidents

+
Fumimasa ARAYA and Masayuki AKIMOTO
Department of Reactor Engineering
Tckai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received April 1, 1991)

A fast running computer code SHETEMP has been developed for
analysis of reactivity initiated accidents under constant core cooling
conditions such as coolant temperature and heat transfer cecefficient
on fuel rods. This cede can predict core power and fuel temperature
behaviours. A control rod movement can be taken into account in power
control system. The objective of the code development can provide fast
running capability with easy handling of the code required for audit
and design calculations where a large number of calculations are
performed for parameter surveys during short time period. The fast
running capability of the code was realized by neglection of fluid
flow calculation.

The computer code SHETEMP was made up by extracting and conglomerat-
ing routines for reactor kinetics and heat conduction in the transient
reactor thermal-hydraulic analysis code ALARM-Pl, and by combining
newly developed routines for reactor power control system. As ALARM-PI,
SHETEMP solves point reactor kinetics equations by the modified Runge-
Kutta method and one-dimensional transient heat conduction equations
for slab and cylindrical geometries by the Crank-Nicholson methos. The
model for reactor power control system takes into account effects of

PID regulator and control rod drive mechanism. In order to check

+ Computing and Information Systems Center
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errors in programming of the code, calculated results by SHETEMP were
compared with analytic solution. Based on the comparisons, the
appropriateness of the programming was verified. Also, through a
sample calculation for typical modelling, it was concluded that the
code could satisfy the fast running capability required for audit and

design calculations.

This report will be described as a code manual of SHETEMP. It
contains descriptions on a sample problem, code structure, input data
specifications and usage of the code, in addition to analytical models

and results of code verification calculations.

Keywords: SHBETEMP, Computer Code, Reactivity Initiated Accident, One-
dimensional Heat Conduction, Point Reactor Kinetics, Reactor

Power Control System
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Table 1 Built-in Data of Delayed Neutren Constants ' ©
Group Deiayed Neutron Fraction Decay Time Constant
Bi/ B A {sec”™!)

1 0.038 0.0127

2 0.213 0.0317

3 0.188 G.115

4 0. 407 0.311

5 0.128 1. 40

b 0.026 3.87

Table 2 Built-in Data for Fission Products Decay ®

Group Power Fraction of Fission Decay Constants of Fission Power Fraction of

i Products ap; Products 2 pj(see™t) Actinides @act

1 0.00299 1.772 0.0032

Z 0.00825 5.774x 1071

-3 0.01550 §.743%x 1072

4 0.01935 6.214x 1073

5 0.01165 4.739x 1074

8 0.00845 4.810x10°%

7 0.00231 5.344x107%

8 0.00164 5,726x 1077

g 0.00085 1.036x 1077

10 0.00043 2.959% 1078

11 C.00057 7.585% 107 %@
Total 0.06999
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Material Region No. ] —1 ] J+1
Gap Region”
d Y
Yin Yrn a4
1 . / / il
Yen—1 Yin+1 Yin+2
¥in ¥rn41
Mesh Point No. n—1 o n41 n+2
Temperature T,_; n Ta+1 Tht2

Fig. 2 Mesh Points adjucent to Gap Region
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3. FHHME & O HE

SHETEMP TRV % 7 v—F @ ALARM-P1h o0 EH LIS = 5 — 2RO~
Wiz, BREO Db, > TOAREICAT - FAEHL, GohiciER L O ET - 70
EHLAr— 2RO 3T - RThH B,

1D ERhMTE B TRl ABE0 R s FIRRILERA T 5 HOELE
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RO—BIZRITTHZ I MRS NI, N, HEOEELETT,

1) EFhEET 2 | BOEY LRBa0 R 7 v ZIREIGER AT 5 %L
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1+ SRR
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2 EEREECS L -RRAMAEORESR

Z ®i[E 12 SHETEMP O EFREORESHOHEREORHOAHICEELL6DTH
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R
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RN VB OETEREEIEAIXATHL 5N D,
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— = g

0t g x’

T, a: BEEEE (=k o C) (m?/s)
BT AZEEE LATE x oMK &Rt ot Dd L, LF
BERAERL EAME SN D,

COBREBEOTRIOS

2 sin PﬂL—
T o o 2 efaPnz 1
T. 2 P.L . . P.L Pa L cos (Pox)
o + sin 5 * COs 5

C i, nHEOBKTHY, P BRAEMLTLTOEAETS 5.

P L h
tan —
2 Pk

o TELNIEGMRE SHETEMP 12 & » TESAFERE Table5 IKRT, TOXRPD
P d LS, HEOREWNESRZ 0B TOFETIB R LT LIS BC-RLTV S,
W CRmEDL A, Fig. 51t =108 & 100s To SHETEMP 0RO %
AR, TOFEORER, L= 1m k=1kcal/m-s+°C, h=1 kezl, m?* « s+ °C,
Te =100C & Lie MAMTIEn = 5 £ TEEM LA, —F, SHETEMP ©FFETE A v
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Table 3 Reactor Power Transients by Analytic Solution and SHETEMP

Time Normalized Power n(t)/n(o) Relative Error
(s)
{1) Analytie Solution (2) SHETEMP (()-(1)) )
0.1 1.04926 1.0487¢8 -0.0004479
0.2 1.07689 1.07€70 ~0.0001764
0.5 1. 10707 1.10706 -0.000009033
1.0 1. 11701 1. 11709 -0.000008852
5.0 1. 15548 1.15546 0.0002423
10. 0 1. 20504 1.20502 0.00001660
15.0 1.25673 1.25671 ~0. 00001591
20.0 1. 31064 1.31082 -0. 00001526
25.0 1.36685 1.36684 -0.00001463
30.0 1.42549 1. 42547 -0.00001403
40.0 1. 55040 1.55038 -0.00001290
5G. 0 1. 68626 1.68624 -0.00001186
70,0 1. 99475 1.99471 -0.00002005
90. 0 2.3596% 2.35962 -0.00001695
100.0 2. 56644 2.56639 -0.00001948

—_ 19._
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Table 4 Steady State Temperature Distribution by
Analytic Solution and SHETEMP

Radius Temperature (°C) Relative Error
(m) (1) Analytic Solution (2) SHETEMP (-7
0.00 35,51831 35,5189 0.0000166
6.01 35.36313 35,3637 0.0000161
0.02 34.89758 348982 0.0000178
0.03 34. 12166 34.1222 0.0000158
0.04 33.035638 33.0359 0.0000157
0.05 31.63873 31.6392 0.0000149
0.06 29.93172 29.9322 0.0000160
0.07 27.91434 27.9148 0.0000165
0.08 25. 58659 25.5870 0.0000160
0.09 22. 94848 22,9488 0.0000139
0.10 20. 00000 20,0002 0.0000100

Table 5 Transient Temperature Distributfon by Amalytic Solution

and SHETEMP
Time | Distance Temperature (°C) Relative Error
(s) | from Center

(1) Analytic Solution {(2) SHETEMP ((2)-(1)) /(1)

10 0 80.1057 90,1232 0.ﬁ001942

0.1 §9. 3606 89,3785 0.0002003

0.2 87,1287 87. 1471 g.0002112

0.3 83.4231 83. 4413 g.000zi82

0.4 18,2776 78,2933 0.0002006

0.5 Ti.7578 71.7681 0.0001435

100 0 19,4141 19.4111 -0.0001545

0.1 19, 2487 19. 2455 -0. 0001662

0.2 18. 7551 18. 7511 -0.0001813

0.3 17.9419 17. 8381 -0.0002118

0.4 16.8228 16.818% ~-0.0002536

0.5 15.4170 15,4120 -0.0003243
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Fig. 5 Transient Temperature Distributions in S5lab Type
Heat Conductor calculated by SHETEMP
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Table 6 Input Data for SHETEMP Sample Problem

Core Regicn No (NOCOR) 2
Initial Power (POWERG) (M¥) £.0%107%
Kinetics Parameters 0.79154x 1073
Neutron Life Time ) {sce) 0.27515x 1073
Delayed Neutron Fraction B 0.15032%x 1072
” Bz 0.13558x10°%
# 83 0.29312x107%
” B4 0.92186x107°
P Bs 0.18725x 1073
’” Be 1.272% 1072
Decay Constant of Delayed Neutron A1 (sec™!) 3.174x 1072
o A2 116X 107!
’” A3 3.11x 107!
» Aa 1. 40108
’ As 3.87x10°
# As

(Other kinetics Parameters are given by

Built in data)

Doppler Reactivity (4X/K/°C)

-D.64x 1074 (=-8,9205x10°%%/°C)

Temperature Reactivity of Graphite Moderator
(2X/K/°C)

“1.0X 1074 (=-1.3938%x1072%/°C)
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Table 6 (Continued)

Core Region Data

Boundary condition
Initial temperature
Power Fraction (PO¥FR)
Heat Transfer Area at
Left Boundary {AHTL) ()
Heat Transfer Area at
Right Boundary (AHTR)(m)
Volume (VOLS) (m")

{Fuel Dimension is shown in

Fig.10)

Core Region #i Core Region #2

Adiabatic at both sides | Adiabatic at both sides
Uniform at 20°C Uniform at 20°C
0.9794 0.0206

11. 806 54. 536

0.082561 0.38137
1.0805 0.0075558

Mesh No.
Fuel Compact
Air Region 1
Graphite Sheath
Air Region 2
Graphite Moderator

L R T R |

Gap Model

Gap Model is not used in Both Air Regicns 1 and 2

Time Step Size

0=t < 5 gt = 0.001 sec
b=t < 10 At = 0.002
10 = t < {0 A4 = 0.005
10 =t At = 0,05

t: Time {sec)

At: Time step size (sec)

— 27ﬁ~
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Steel frame

Control or safety - Experimental hole

rod hole

> Fuel rod hole

Radial reflector graphite block
o Fuel block
Experimental control

rod hole
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Fig. & Cross Section of VHTRC Core
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Egquivalent Outer Surface
A<Right Boundary )
- //)//,f Graphite Moderator

Alr

Graphite Sheath

Fuel Compact

(Uniform Heat Ceneraticn)

365

410

(Unit: mm)

#3.1

Fig. 10 Fuel Model for SHETEMP Calculation



JAERI-M 91071

JHIL HINNT &= Jd0D

+ 3930

dWALEHS £q uoTleTnoTe) ordueg jo siTnsvy T[] 314
238 3KIL
LDIXC"6 0-8 o-t 0-4 68 0¥ 8- 0°2 01 00
[
ol g-01 T T T " . T T _al
01 T 101

[m]

o [y 0 _ “ ,- 01
I_

LM gy T {. o1
GJE &
s}

(=

©l> &

. HN-E .01
L~ p—f—— i
:aTn: %TTIJTI% (_ ;01

ol|2 o1 w’/.ﬂr o1

- b= bl =

[+7] wn 7E/m 1]
L J ,01
=

ai{m

al5:" Ne—gl o ol o ol o o o ol -o—e—0 606 20}
L o1} T 4ot

E E
S+ o0 e~ o1
¥
c n/-_/_f \uﬁ
L o1k 1 .01
] ffll\L\ &
q./ur mOﬁ A 1 1L L L 5 L 1 L mGﬁ
>

a {dW3l IJHJUNS HINNI 1ANd ) 2-1~ dL -

e ( ALTAT133% 14101 ) Hidd v

( ¥IMDd 03L5893LND 3 11M0d @
{ ¥3M04 ¥O1263Y ) 4 @

Y3IMOd ¥O1383y

W MH93W

1700 ALIAILI3Y THLOL

v

_33_



JAERT-M 81-071

AWILAHS 4£q uorieInoTe) aT7dwurg Jo sjusTsuel] LITATIoesY 7] 'STI4

Jas  FWIL
;01X0°8 0-8 0L 0-9 25 0¥ 0-E 0-2 [ 0-0
I
™ 3 7 T T T m— “ ] T ..v.
[ o BN Jwn U | £ Wuﬂm a
ml+||i|T.mi|\l|TvEFTFrl|Tr ! T/ ]
v ¥ ¥ v —F v v T 7 7 | Lu
me.J &
L i
AN R *Iiii w/m o
v v 7 ¥ s {1 _.U
n
\ o
—o— o —a o—@ o— o — |
-
o
[7}]
=)
i i 1 L A L =
1 2 1 o
[ALATLIOHIY dW3L HOLHYI0GO0W ) ¥y X
{ ALIATLJU3Y W3N4d40C ) gy +
( ALTATLIHAY WHYIS ) v
( ALTAILIBIY NOTIL3ISNI ¥y @
( ALTATLO3Y HLOL ) HI¥d [

ALTATLIIHIY

11ed

X+

— 34_



JAERI-M  §1-071

5. Tul T LOREERUHERE

CC T, SHETEMP O#sefmikic oW Tid, XL, FERSERANT -5 3
BAIWTL:.

51 7o735LaEAD—KER

7y sOERCMLTHE S CBRESLT S LLUTOLITH S,
{E H B FE e FORTRAN—IV
SN AN SIS FACOM—M 780
EH A UE o 1088kB (HL, COBMERHED -V a2 vEZTDLIH

WD THD, KOBBCLYRAROEHABRAEET S
Hiokor e ) BEENT S,
AR ET A ATIF—#ie i nELDBLHN, AECRLEGTEOESK
: 2, 1745257y 7Y 2meecTH > 7,

s SER o YA 22y b

e 2L T Foy b F—yERET S5 L SPLEDIT Y OfE¥R 7 7
%

L=y b4 e fgvh,?_y@ﬁﬁ774w

3=y b G e T = T x—=y FATF T -F v REAG Y DIEX
Hz 74Nl

52 FoO73ADEE

Fig. 3ic 7023 aollofngrid, COMPob»B LI 07 2OUBERF O AN
7 — ¥ CERSIALRUOEHOEME D A (SUBROUTIN INPUT), @ EW&ZEE (INHEAT,
STCONT), @ H:h&1m%ERAEIE (CONTRL), @ FHITREHE (RKEN), ® HnEE
HAE (SLABHT), ® 71 ¥ RO T a v FJ] (MAJEDT, PLTAPE) &7 -TW 5, T
T, QoOXHOBHEDMAFR, K- WP NEF« A vy a vy EATELATSEY, #5
AEEORZITIEUTERT 22 T BAEA 200 Tbh s, - T 7o 77 LRI —
FEAAGEASTEHRT 3 EROREOB, A T - FVHOBRARES LRV, BHig,
BADBOH A TELIZIDL L, FarssffRbEDT s —%D{dBkdi, YT L—F
v ED AT RO EEADC T BRI TS T I v SEATVE,

53 AdAharvio—i
AT =5 OFIAHE, 7V =7 x+—7v FAIH T —F v REAGYY ZHIVwT, 7



JAERI-M 91071

J— e 74 —2u FTANTER, F—FOFEHFISFCK 13 2ZHEsficl,
ST v R AT+ — 7y PERE - TBY, FOHEN, RIBE, BRZFEORES
ERUBRGTORMRRESENBEIENS, 7)) v M OBEERE, 44 AF 9TV
No—L®F— % NPRNT IC L DEBEARETH 5,

Fow hHHRF—% s 7y b e VAT ASPLPACKY Y ZHWTIT2, TO7 T w b e
v ZF ald, FROEDOF—5 7 7 4 VEEKT 557 - K7 =7 7 4 SPLEDIT,
T EDESRE T =4« 7 AN EOF— ¥ EENT AR Y v 7 5 & SPLPLOT Fw < 24
OFO S A L DERSh TS, F— 4 ¢ 77 4 MMEREO 7oy b« F— 3 QHTIRERE
v A ERREI, SA4 L RTFyFeavia—neF—F @ NPLOT K -T2 ¥}
- T%%, SPLPACK O HEOSHMc >0 TR>EBEIGR (12) 28R, A3 -
Fo 7oy b HEATTRER RS Table TR EN TV %,

54 & B &

HEAETT O EEOLEOENE Fig. 14 Rl Bhobhd L3, SHETEMP
H 7oy N OB SPLPACK 2 — F » Y A F 2 2HOTW A2 T, SHETEMP 2%{TT
B, Ty b Fo SEETO /3 ASPLEDIT &Y v LUBTARE S0, RiTO
1D JCL 2B C R Lzo7w, o JCLE2oF EHLIERY,

7oy FHAE, BiROEBER Y o s 5 A SPLPLOT o & > T SHETEMP & 3L L T
T4, COF0S T LDANTF— 4 RUMAHEEQHEAFEOTME, 5K (12 28
MEi,



JAERI-M 01071

Table 7 SHETEMP Plot Variables

Variable ID

Description

NG
PREA
RI
kS
kD
RT
RC
RCR
PO
RP
POWTT
CT
TS
HL
HR
PL
PR
¥L
WR
TL
TR
™
TG
FQ
TGT
T™MT
TP
FUNI
FUNZ
FUN3
FUN4
FUNG
FUNT
FUN8

Normalized Power

Total Reactivity

Beactivity Inserted

Scram Heactivity

Fuel Doppler Reactivity

Reactivity due to Moderator Temperature Coefficient
Control rod Reactivity due to pcwer control systenm
Total control rod reactivity (RS+RC)

Reactor Power

Reactor Pericod

Integrated Power

. Left Surface Temperature

Right Surface Temperature

Heat Transfer Coefficient at Left Surface
Heat Transfer Coefficient at Right Surface
fleat Flux at Left surface

Heat Flux at Right Surface

Heat Transfer Rate at Left Surface

Heat Transfer Eate at Right Surface

Left Bulk Temperature

Right Bulk Temperature

Fuel Average Temperature of Core Region
Moderator Average Temperature of Core Region
Power generated in Core Region

Average Moderator Temperature

Average Fuel Temperature

Temperature at Mesh Point

Variable F1 of Power {ontrol System
Variable F2 of Power Control Sysiem
Variablie Fs of Power Control System
Variable F4 of Power Control System
Variable Fe of Power Contrcl Systenm
Variable F7 of Power Control System

Variable Fg of Power Control System
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Table 7 (Continued)

FUN9 Variable Fg¢ of Power Control System

FUN11 Variable Fi1 of Power Control System
FUN12 Variable Fi12 of Power Control System
FUN13 Variable Fy3 of Power Control Jystem
FUNS1 Variable Fs1 of Power Control System
FUNB2Z Variable Fsz of Power Control System
FUN53 Variable Fs3 of Power Control System
FUN54 Variable Fs4 of Power Control System
FUNSS Variable Fss of Power Control System
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START

INPUT
Read Input
Data

INHEAT, STCONT
Initialize
Steady State

Use Control
System?
CONTRL
Calculation of

Power Control
System

T

RKEN
Calculation of
Reactor power

v

SLABHT
Calculation of
Heat Conductio

MAJEDT
Print out Major

Variables
]

ump Plot
Variables

Fig. 13 Flow Chart of SHETEMP
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& A AN F— 2 it

All input data are read into the SHETEMP program in free format via the
subroutine REAG, which converts BCD information to integer or floating binary
information. Data punched on a card may be delimited by blank column or comma.
The slash (/) indicates the end of the BCD field to be converted. If no slash
is present, 72 columns of the first card are scanned and scanning the columns of
the following cards is continued so far as to satisfy the number of required
data. [n the read-in process, the bracket ( } or asterisk % are allowed and
defined as follows: R

2{(1.0, 1.%E-3) = 1.0, 1.5E-3, 1.0, 1.5E-3

3(0) = ¢, 0, 0

1.0, 3%0.2, 2%-0.1 =1.0, 1.2, 1.4, 1.8, 1.5, 1.4
/% appearing in the first and second columns is jdentified as a comment card.
JAERI-M 4458, "A Subroutine Reading Data in Free Format (in Japanese)” should be
referred to for more detailed information.

The order of the data (W1, W2, ...), the format ([ or R), the variable name
and the input data requirements are given where applicable.

A.1 Problem Title {One Card)
The information punched in the first column to the 72nd of a card will be
printed at the top of the page of output.

A.2 Problem Dimension Data
Number of entries are 6 integers and two floating point number.

¥1-1 NTC Number of time step control data blocks (NTC>0)
W2-1 NOCOR Number of core regions (NOCOR>0)
W3-1 NINIT Number of initial boundary condition data blocks (NINIT>0)
Wi-1 NTRAN Number of Transient boundary condition data blocks (NTRANZ D)
W5-1 NGOM Number of slab geometry data blocks (NGOM>0)
W6-1 NMAT  Number of material data blocks (NMAT>10)
¥7-1 ICONT Control system cption index
=0:Not use control system
=]1:Use control system
W8-R POWERG Initial power (MW)
¥9-R TCAL Dummy input. Set TCAL=0.0.

A.3 Time Step Control Data
NTC data blocks are required. Each data block consists of 2 integer

entries and 2 floating point number entries.

W1-1 NPENT VNumber of time steps per print
W2-1 NPLOT Number of time steps per plot data edit
W3-R DELTM Time step size (sec) (DELTM>0.)
W4-R TLAST End of current time step data
TLAST{NTC) indicates the time of the problem terminatien

A.4 Kinetics Constants Data
The data set consists of two parts.
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(i) The first part of the data set has one integer entry and two floating point
number entries.

¥1-1 ITBL Kinetics parameter indicator

=0---use built-in data

=1-~~use input data
W2-R BETABL Effective delayed neutron fraction over mean lifetime (sec™ ')
¥3-R REACO 1Initial reactivity ($)

(ii) The second part of the data set is required only if ITBL=1, and consists cf
5 data Tables.

{a) & floating point number entries

Normalized effective delayed neutron fraction

&
(Bi/B, i=1~6, B=2 B1)

"o . 1= .
The "i"s are in ascené1ng order.

(b) 6 floating point number entries
Decay constants of delayed neutron groups
(i, i=1~6) (sec™!)
The "i"s are in ascending order.

(¢) 12 floating point number entries

Energy fraction of fission gamma groups and total fraction

1
(avj, j=1~11.‘_21cxm)
The "j™s are in ascending order.

{(d) 11 floating point number entries
Decay constants of fission gamma groups
(Ao, j=1~11)
The "j"s are in ascending order.

{e¢) One floatirg point number entry

Energy fraction of actinide decay heat
(a act)

A.5 Reactivity Inserticon Data
This data set consists of two parts.

{i) The first part of the data has one integer entry.

W1-1 NINSRT Number of data points for reactivity insertion data table
(NINSRTZ>0)

{ii) The second part of the data consists of 2X NINSRT floating point number
entries. Data arrangement is as follows:

— 44_
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time t1 (sec), reactivity pi1 (8), te, prz, -——-- tNINSRT, £ 1 NINSKT
t1 must be zero.

A.6 Scram Data
This data set consists of the following three parts.

(i) The first part of the data has one integer entry and two floating point

number entries.

¥W1-1 ITRIPC Trip control option index
=0---- No scram

[ PE—— Fower trip
W2-R TRPVAL Trip set point
1f ITRIP=1, TRPVAL means power {MW).
if ITRIP=0, TRPVAL is dummy
W3-R DELTIM Delay time for initiation of action after reaching set point

{sec)
{(ii) The second part of the data set has one integer entry.
W1-1 NSCRAM Number of data points for scram data table

(iii)The third part of the data set has ZX NSCRAM floating point number entries.
Data arrangement is as follows:

time after scram ts: (sec), reactivity ps1 ($8), tsz, pse
————— ts NSCREN, P s NEICRAN
The user should set ts1=0.0.

A.7 Fuel Doppler Reactivity Data
This data sest consists of two parts.

(i} The first part of the data set has 1 integer entry and NOCOR floating point

number entries.

Wi-1 NTEREA Number of data peoints for fuel Doppler table data
W2-R WFT(1) Weighting factor in the average fuel temperature calculation for

the 1st core region
W3-R WFT(2) Weighting factor in the average fuel temperature calculation for
the 2nd core region

W1+NOCOR-R WFT(NOCOR) Weighting factor in the average fuel temperature
calculation for the NOCOR-th core region
{(WET{L)4-——-- +WFT{NOCOR)=1.0)

(ii} The second part of the data set has 2X NTEREA floating point number
entries. Data arrangement is as Tollows:

average fuel temperature Tert1 (°C), Doppler reactivity Ro1 {8), Tare, Rpeg

----- , Ter nwteErEn, RDNTERER
The temperature values must be in ascending order.
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A.8 Moderator Temperature Coefficient Reactivity Data
This data set consists of two parts.

(i) The first part of the data set has 1 integer entry and NOCOR floating point
number entries.

W1~-1 NTEMP Number of data points for moderator temperature coefficient
table data

W2-R WMT{1) Weighting faector of average moderator temperature calculation
for 1st core region

W3-R WMT(2) Weighting factor of average moderator temperature calculaticn
for 2nd core region

W1+NOCOR-R WMT(NOCOR) Weighting factor of average moderator temperature
calculation for NOCOR-th core region

(RMT(L1)+-————~ +WMT(NOCOR) =1.0)

{(ii) The second part of the data set has 2XNTEMP floating point number entries
Data arrangement is as follows:

average moderator temperature Tani(°C), reactivity po 71($),
Tanz, pr2, =—==- , Tan NTEHMP, P T NTIEHNF
The average moderator temperature values are In ascending order.

A.9 Core Region Data
This data set consist of NOCOR data blocks. Each data block has 5 integer
entries and 4 floating point number entries.

Wi-1 IGOM Geometry index {I<IGOM<NGOM)

¥2-1 INITL Initial boundary conditicn index at left surface
(O<INITLNINIT)
=) Adiabatic

W3-1 INITR Initial boundary condition index at right surface
{0< INITRNINIT)

W4-1 ITRNL Transient boundary condition index at left surface
{0<Z ITRNL<NTRAN)
=p--—-- Adiabatic

W5-1 ITRNR Transient boundary condition index at right surface
{0<Z ITRNR<UNTRAN)
=f-—-—— Adiabatic

W6-R AHTL Heat transfer are a at left surface{nf)
If INITL=0 and [TRNL=0, set AHTL=0..

¥7-R AHTR Heat transfer are a at rignit surrace\m)

W8-F VOLS Volume of heat conductor(w’)

¥$-R POWFR Power fraction (0<POWFR< 1)
NOCOR
( ;_] PO¥FRi=1.0)

A.10 Initial Boundary Condition Data
This data set consists of NINIT data blocks. Each data block has 2

floating point number entries.

_46v,
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¥1-F HTCI Heat transfer coefficient at heat conductor boundary
{keal/m-sec-"C)
(K1CI>¢.)
¥2-R TBLKI Bulk temperature (°C)
If initial conditions for both heat conductor boundary will be set as adiabatic
condition(INITL=0, and INITR>0, and HTCI=0.), the conductor temperatures is
assumed as uniform distribution with the value of TBLKI.

A.11 Transient Boundary Condition Data
This data set consists of NTRAN data blocks. Each data block consists of
three parts.

(i) The first part of the data block has two integer entries.

W1-1 NHTC Number of time vs. heat transfer coefficient table data points
{(NHTC>0)
IS Adiabatic{h=0. 1is assumed.)
=l----- Heat transfer coefficient remains constant value

W2-1 NTBLK Number of time vs. bulk temperature table data points (NTBLK>0)
si-———= Bulk temperature is assumed to be constant,. ‘

{ii) The second part of the data block has 2x NHTC floating point number
entries. Data arrangement is as follows:

time after calculation start ti{sec), heat transfer coefficient hi
(kecal/m-sec-"C), =-=---- tuuTc, hndTC
Time values are in ascending order.

(1ii1)The third part of the data block has ZX NTBLK floating point number
entries. Data arrangement is as follows:

time after calcuiation start t;(sec). bulk temperature

Teu1v1{°C), -=-=-—— , tnTeLK, TEulk NTBLEK
Time values are in ascending order.

A.12 Heat Conductor Geometry Data
This data set consists of NGOM data blocks. ©Fach data block consists of
two parts.

(i) The first part of the data block requires 4 integer entries and 4 floating
point number entries.

W1-1 JGOM Geometry type
=]--——- Rectangular
=l=——-- Cyiindrical
¥2-1 NREG Number of material regions(NREG>1)

W3-1 IMATID(1) Material index of the first material region
(1< IMATID (1) < NMAT)

W4a-1 ISPST{1) HNumber of space steps of the first material reglon
(ISPST(1Y21)
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W5-R WREG(1) Region width of the first region(m) (WREG>0.)

W6-R POFRRG(1) Fraction of the power generated in the first material region

¥7-R WMTR{1) Weighting factor for moderator average temperature calculation
for the first material region

¥8-R RDLFT Radial distance from center of c¢ylindrical conductor to left
boundary surface If WREG< 0., RDLFT means outer radius.

{ii) The second part of the data block is required if NREG>2. These data must
be set for the second material region to NREG-th material region. Data for each

region have 3 integer entries and 3 floating point number entries.

Wi1-1 1GAP(J) Gap indicator

=0-~==- No gap
=]~ Gap region (Gap conductance model is applied for the
region. }

W2-1 IMATID(J) Material index (1<CIMATID(J)NMAT)

W3-1 ISPST(J) VNumber of space steps (ISPST{J)>1)
If iGAP(J)=1, set ISPST(J)=1.

W4-R WREG(]) Region width{m) (WREG(J)==0.)

W5-R POFRRG(J) Fraction of the power generated in the J-th material regien

‘ (POFRRG (1) >0.)

WE-R WMTR(J) ¥eighting factor for moderator average temperature calculation

for the J~th material region

1f WREG<C 0., left boundary surface hould be outer surface.
NREG

Sum of POFRRG should be unity ( EIPOFRRG(J)=1.O)

The expression of WMTR is appeared as Wrtr in the equation(i7).

A.13 Thermal Property Data
This data set consists of NMAT data blocks. Each data block consists of 6
parts,

{i) The first part of the data block has one integer entry.
¥1-1 NTATK Number of data points for thermal conductivity (NTATK>1)

{ii) The second part of the data block requires ZxX NTATK floating point number
entries. Data arrangement is as follows:

temperature Te1{°C}, thermal conductivity ki{kcai/m-sec-°C),
------ Tentatk, kNTeTk

(i1i)The third part of the data block has one integer entry.
W1-1 NTAHC Number of data points for volumetric heat capacity (NTAHC>1)

{iv) The fourth part of the data block has 2X NTAHC floating point number
entries. Data arrangement is as follows:

temperature T‘,1(°C). volumetric heat capacity(po Cp)1

{kecal/m'-°C), --—-- , 'fp NTane, (p Cp)nranc
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(v} The fifth part of the data block has one integer entry.
W1~] NTAGP Number of data points for gap conductance

{vi} The sixth part of the data block has 2ZX NTAGP floating point number
entries. Data arrangement is as follows:

temperature Tg:1(°C), gzap conductance hgar (kecal/nf-sec-"C),
————— , Tantacpr, hgar nTrGP

The temperature values {(Tk, Tp , Ta) are in ascending order.

A.14 Contrcl System Data
The following data are required only if ICONT=1 on the problem dimension
card.

(iy Reference Power Data
This data specify normalized power level which is used as reference povwer
in the control system, ncent/mo shown in Fig. 3. This data block consists of two

parts.

(a) The first part of the data block has one integer entry.
Wi-1 NTPSET Number of data points of reference power table

(b) The second port of the data block consists of 2XNTPSET floating point

number entries.

. . Neeont , 1
time t, (s), reference normalized power ——— — , -—-—

no
Meont, NTPSET

—————— tnTpeeT (5),
no

{(ii) PID Controller Data
Three floating number entries are required.

Wi-R GKI Gain of integrator Ki
¥2-R GKP Gain of multiplier Ke
W3-R GYXD Gain of differenciator Ko

{iii)Servo Amplifier Characteristic Data
This data block consists of two parts. This data block specify the

characteristics of the servo amplifier which include power deviations from
reference power {input signal of the amplifier) and output voltages or control
rod velocities (output signal of the amplifier).

(a) The first part of the data consists of one integer entry.

W1~-1 NTAMP Number of data points of serve amplifier characteristic table.

._49_
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{b) The second part of the data block consists of ZXNTAMP floating point
entries.

W1-R TAMP(1} Power deviation for the first data point
W2-R TAMP{(2) OQutput voltage of the amplifier (¥) or control rod velocity
i {m/s) for the first data point

W2x NTAMP-R TAMP (2 X NTAMP)

{iv) Servo Motor Characteristic Data
This data block specifies the servo motor characteristics described in

Section 2.4 and consists of 4 fiocating point entries

¥1-R GKOP Gain of bypass circuit of servo motor Kop shown in Fig.3
W2-R GKMOT Gain of servo motor Kn shown in Fig.3

W3-R TMOT Time constant of servo motor Tnor shown in Fig.3 {s)
¥4-R GKTG Gain of servo generator Krc shown in Fig.3

(v} Control Rod Drive Mechanism Characteristic Data
This data blcek specifies characteristics of the control rod drive
mechanism {(CRDM) and consists of 7 floating point number entries

W1-R GKCEDM Gain of CRDM Kcrpn shown in Fig. 3.
W2-R TCRDM Time constant of CRDM Tcrun shown in Fig.3 (s)

¥3-R GL Loss time of CRDM L shown in Fig.3 (s)
Wi-R GKC Gain of integrator Kc shown in Fig.3
¥5-% DST Insertion depth of control rod at steady state (m)

W6-F DMAX Maximum insertion depth of econtrol rod {(m)
W7-R DMIN Minimum insertion depth of control rod (m)
The insertion depth of the control rod is limited between DMAX

and DMIN in transient condition.

(vi) Control Rod Reactivity Data
This data block specifies relation ship between the control rod -position

(insertion depth) and reactivity and consists of two parts.
{a) The first part of the data block has one integer entry.
¥1-1 NTRC Number of data points of control rod reactivity table.

(b) The second part of the data block consists of 2XN¥TRC floating point number
entries.

W1-R TRC(1) Control rod insertion depth for the first pcint {(m)
" W2-R TRC(2) Control Rod Reactivity for the first point ($)

W2x NTRC-R TRC(2x NTRC)
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{1 & B vy IAEEOANF -5 - AL

SHETEMP SAMPLE INPUT DATA
/% PROBLEM DIMENSION CARD

/* NTC NOCOR NINIT NTRAN NGOM NMAT ICONT POWRO TCAL
4 2 1 0 1 3 0 1.0E-5 0.0
/x* TIME STEP CONTROL CARDS
/% NPRNT NPLOT DELTHM TLAST
5000 500 0.001 5.0
2500 500 0.002 16.0
2000 200 0.005 40.0
1000 160 -0.02 ?0.0
/* KINETICS CONSTANTS DATA CARDS
/x ITBL BETABL REACO
1 9.0640 c.0 / ITBL=D:USE BUILT-IN DATA
/x DELAYED NEWTRON FRACTION
.038351 .209521 .18897¢6
.408560 .1284%2 .026100 /SHE DATA
/% DELAYED NEWTRON DECAY CONSTANTS (1/SEC3}
.01272 -03174 -116
.311 1.40 3.87 /SHE DATA

/x« FISSION PRODUCTS POWER FRACTION

0.002%9 ©.00825 0.01550 ©.01935 0.01165° 0.00645

0.00231 0.00164 0.00085 0.00043 0.00057 0.06%99 /BUILT-IN
fx FISSION PRODUCTS DECAY CONSTANTS (1/SEC)

1.772 S.774E-1 6.743E-2 6.214E-3 4.739E-4 4.810E-5

S.3L4E-6 5.726E-7 1.036E-8 2.95%E-8 7.585E-10 /BUILT~IN
f+ ACTINIDES POWER FRACTION

0.0032 /BUILT-IN DATA
/% REACTIVITY INSERTION DATA

/% NINSRT
3
/* TINS

0.0 0.0 4L.7619 2.7877 10C0.0 2.7877
/x SCRAM DATA CARDS
/% ITRIPC (O:NO SCRAM, 1:POWER{(MW), 2iMAX. TEMP.(CO)
/% TRPVAL (MW OR C?

7* DELAY TIME (SEC)
1 2.0E-5 25.0
/% NSCRAM
2
P TSCR

0.0 -2.2301 1000.0 -2.2301
/* DOPPLER REACTIVITY DATA

/*® NTEREA WFT(1) WFT(2)

2 1.0 0.0
/x DOPRO

0.0 0.0 10000.0 -89.205

/* TEMPERATURE COEFFICIENT DATA CARDS
/x NTEMP WMT{(1) WMT (23

2 1.0 0.0
/* TEMPC

0.0 0.0 10000.C =-139.39
/¥ CORE SECTION DATA

/* IGOM INITL INITR ITRNL ITRNR
/x AHTL AHTR voLS POWFR
JrxxxkxkxxSECTION 1

1 ¢] 1 0 6]

11.806 54.536 1.0805 0.97945
[xxxkkkxxx*SECTION 2

1 0 1 0 0

0.08B2561 0.38137 0.0075558 0.02055
/% INITLIAL CONDITION DATA
/% HTCI TBLX



/* TRANSITION CONDITION DATA
/*® THIS DATA SET 1S IGNORED, BECAUSE NTRAN=0O.
/* SLAB GEOMETRY DATA CARDS
/x JGOM NREG IMATID ISPST WREG POFRRG
/* IGAP IMATID ISPST WREG POFRRG
/* *%%%x SET NO. 1 (CORE SECTION 1 & 2} #%xx
2 5 2 5 0.009 1.0
0 1 1 0.00025 0.0
o] 3 4 0.005 0.0
¢ 1 1 0.00025 Q.0
0 3 10 0.018073 0.0
[ *
/* THERMAL PROPERTY DATA
I/ *x
/xxx*x* SET NC. 1 (AIR)
/% NTATK
21
f*® TPK
1¢.0 S.932744E-06 20.0 6.1146318BE-04
400.0 1.214506E-05 500.0 1.345062E~05
1000.0 1.821911E-0% 1200.0 1.930557E-0C5
1600.0 2.007103E-05 1800.0C 1.975006E-GS
2300.0 1.489521E-05 2600.C 1.377492E-05
3000.0 7.972523E~-06 3500.0 7.972523E-06
4500.0 7.972523E-06 5000.C 7.972523E-06
/x NTAHC
21
/% TRPC :
10.0 2.898B065E-01 20.0 2.801034E-01
£00.0 1.292197E-01 500.0 1.153525E-01
1000.0 8.320145E~02 1200.0 7.827073E-02
14600.0 7.401961E-02 1800.0 7.361680E-02
2300.0 7.548648E-02 2600.0 7.789439E-02
3000.0 8.205527E-02 350C.0 B_829790E-02
4500.0 1.028728E-01 5000.0 1.108C90E-01
/*® NTAGP
-1
/x TPG
c.0 0.0
fxx+xx SET NO. 2 (UC2)
1
c.0 2.99975E-3
21
10.0 3.357920E+02 20.0 I.581704E+402
400.0 6.473518BE+02 500.0 6.765613E+02
1000.0 7.700964E+02 1200.0C B8.016265E+02
1600.0 8.612598E+02 1800.C 8§.901841E4C2
2300.0 2.612590E+02 2600.0 1.003425E+03
300C.0 1.059343E+03 3500.0 1.128948E+03
4500.0 1.267661E+03 50C0.0 1.33688B4E+03
1
0.0 Q.0
Jxxxxx SET NO. 3 (GRAPHIT?
1
0.0 S.999503E-3
21
10.0 2.860076E+02 20.0 2.9B2056E+02
£00.0 6.40298B6E+02 500.0 6.862375E+02
1000.0 B.072800EC+02 1200.0C 8.314548E+02
1600.0 8.627424E+02 1800.0C B.732556E+C2
230C.0 B.912324E+02 2600.0C 8.984004E+02
3000.0 9.0534628E+02 3500.0 ?.112898E+02
L5C0.0 9.177424E+02 5000.0 P.193401E+02
1
0.0 0.0

0.0

20.

fxxxxx END OF DATA
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0 /

SET NO. %

WMTR
WMTR

10¢.0
600.0
1400.0
2000.0
2800.0
4000.0
10Q00.0

100.0
&Q0.0
14C00.0C
2000.0
£800.0
4000.0
10000.0

100.0
600.0
1400.0
2000.0
2800.0
4000.0C
10000.0

100.0
600.0
1400.0
2000.0
2800.0
4000.0
10000.C

ROLFT
RDLFT

0.009

7.52468B9E-06
1.463889E~05
1.992287E-05
1.895998E-C5
1.110827E-05
7.972523E~-06
7.972523E-06

2.215698E-01
1.051000E-01
7.543361E-02
7.395834E-02
7.986116E-02
9.531862E-02
1.989056E-01

4L .B810452E+02
6.974353E+02
8.31836%9E+02
$.18776FE+Q2
1.031418E+03
1.198343E+03
2.027806E+03

3.955417E+02
7.219421E+02
B.4923B5E+02
B.B816057E+02
?.021885E+02
F.151938E402
9.144038E+02
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T8 C FHABAE# BTS2 CL

/7JCLG JOB
//JCLG EXEC JCLG
//SYSIN DD DATA,DLM='++'

//FORT1 EXEC FORT77,80="J308C.¥UNTCNA',A="'ELM(DUMMY) OFTIMIZE(O) ',

/7 B="NOSOURCE,LINECOUNT(O),BYNAME',Q="_FORT"

//FORT2 EXEC FORT77.,50='J30B0.¥SPLEDIT',A=TELM(=%),0PTIMIZEC(O) ",
¥ =*NOSOURCE,LINECQUNT{(C).BYNAME', Q=" _FORT",DISP=MOD
//FORT3  EXEC FORT?77.,80='J3205.3HECNTRL',A="ELM(*3,0PTIMIZE(O)",
/! =*NOSQURCE,LINECOUNT(O>,BYNAME',Q="_FORT',DISP=MCD
//LINK EXEC LKED?77

//RUN EXEC GO

J//DATA EXPAND DISKTO,DDN=SYSIN,DSN='J3205.SHETEMP',
77 =" DATACCONTCK3) "

f/DISKO1 EXPAND DISK,DDN=FTO1FCO1 .
//FTO4F001 DD DSN=J3205.SHECNTRL.SPLDATA-DISP=(NEW,CATLG,CATLG),

I SPACE={TRK, (50,10 ,RLSE},UNIT=TSSWK
//DISKO9 EXPAND DISK,.DDN=FTO9FCO1

++

/7



