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Method for evaluating the linear heat rate

of the fuel rod in BOCA/OSF-1

Hiroshi KAWAMURA, Noboru THUTHIDA,
Fumio SAKURAI, Tadahiko TISHIT
and Katsuzi SEZAKT

Department of JMTR Project
Qarai Research Establishment, JAERI

(Receive December 10, 1985)

The vérious power-ramp tests have been conducting by using
BOCA/OSF-1 facility installed in JMTR for the safety research of LWR
fuels.” In the power-ramp tests, it is important to evaluate the linear
heat rate of the fuel rod accuratelly during the tests for obtaining
the threshold of the fuel failure, etc. 1In this paper, the method and
its accuracy for evaluating the linear heat rate of the fuel rod was
examined. As the method for evaluating the linear heat rate, we used
the method with evaluating only the outlet temperature of the 0SF-1
coolant, instead of the ordinary calorimetric method, i.e. the method
using the flow rate and the temperature difference between the inlet
and the outlet of the 08F-1 coolant because the inlet temperature of
the 0SF-1 coolant is unstable. The accuracies in evaluating the linear
heat rate of the fuel rod are #6.53%Z at 300 W/cm and +4.5% at 600 W/cm,

respectively.

Keywords: BOCA/0SF-1, LWR, JMTIR, Power-Ramping Test, Power Evaluation,

Heater Pin, Linear Heat Rate
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Table 1 Characteristics of BOCA/OSF-1

Item Specification
OSF-1 Position in Core D—3§
Thermal Neutron Flux 1.L2~2.6X10"' n cirrs
Fast Neutron Flux 2x10¥ n/cmis
7 - Heat Rate ) 2 Wy

Power Increment Ratio 2.4 (Max.)}
Power Ramp Pewer Up 290~0.05 W,/cm+min
Rate Power Down 289~35 W.cm- min

Table 2  Accuracy in evaluating the linear heat rate of fuel rod in

foreign research and test reactors

[tem 1
Power Ramp Method Facility Type Accuracy
Reactor

VNS (*He)

BR-2 N.C. t5%
VIC (*He—Cd)
Change of reactor

DR—3 F.C. 5%
power
PSR (*He)

HBWR F.C. 5%
PCR (Ag)

Change of distance
HFR N.C. 5%
from reactor core

Change of distance .
QSIRIS F.C. + 2%

from reactor core

R-2 Loop (*He) F.C. +2.3%

Natural Circulation
Forced Circulation

(N.C.
F.C.

* 1 Accuracy of L.H.R. evaluation of fuel rod
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Table 3 Irradiation test for the evaluation of the linear heat rate

of the fuel rod in BOCA/OSF-1

Test Aim Test Data Using Capsule Test Parameter
1
j;
Evaluation of Correlation 1985. 2.5 : g 3.95MPa
| e
between L.H.R. and OSF-1 H-—Capsule E
Pressure
Coolant Temperature 1985 2. 7 0.1 TMPa
H Eval f |
- t Ev ti j
r ea atnation o 1985 2 6 H-—Capsule —
Capsule
1985 2. 5
H—-Capsule —
. 1985 2. 7
Evaluation of Effect of
iHe Pressure upon SPND
Output 1985 1.17
F—Capsule *He Pressure
1985 1.19
1985 1.16
L.HR. Evaluation of Fue!
F —Capsule —
Rod
1985 1.18

(L.H.R.; Linear Heat rate)

10_
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Table 4 TRelation of the outlet temperature of OSF-1 coolant to the
linear heat rate of the electric heater (0500 W/cm} on

February 5, 1985

1985.2. 5
Item (Reoz+ Rsaa) /2 Moz o /M %
P 7 M
(W, £m) T T Tz—Ts 1 503 504
0 —_ 1620 ¢ 0996 050 049
0006, : ~ '
1700
100 £0006 0.084 0996 047 047
1767
200 10007 — 0151 0965 051 056
1612
0 — 10006 09986 050 0E6
1851
3oc 400085 0235 0989 058 059
1330
400 £00075 0314 0980 052 . 052
1620
0 +0008 08956 056 049
2.00¢
— , . R 065
500 0007 0391 0995 045 5
1617
0 - 40007 0 0998 050 p62
P : Linear heat rate of electric heater (Wcm)
R : Raw data of OSF —1 coolant temperature (mV)
M : Mean value of R for 15 minutes {mV?)
¢ : Standard deviation of M (mV)

- 11~
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Table 5 Relation of the outlet temperature of 0SF-1 coolant to the
' linear heat rate of the electric heater (600-+0 W/cm) on

February 5, 1985

1985.2. 5
i
[tem (Rsos T Rsos) /2 Msaa o /M (%)
P M
(Wm) Tz Tao Te—Ts so¢ 503 504
2092 i
600 40008 ; 0476 0994 058 057
. 1615
—_ —_ 000 0. .
0 10006 1.0 50 0.56
2014 ‘
500 £00075 —_— 0408 0895 0.50 055
1835
—— . . E 62
400 £0007 0?30 0894 047 0.6
15986
s} 00095 0998 .69 075
1825
— 023 , 0.71 071
300 0010 3 0993
: 1588
0 —_ -— 889 0. 057
+0007 0 63
: 1.762
— 0154 R 051 057
200 0007 ] 0995
1668
— . R 050 .
100 £00065 0080 0996 054
1588
-_ — 0996 057 057
0 +0.006
P . Linear heat rate of electric heater (W cm)
R : Raw data of OSF —1 coolant temperature {(mV>
M : Mean vaiue of R for 15 minutes (mV)
g . Standard deviation of M (mV3

_12_
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Table 6 Relation of the outlet temperature of OSF-1 coolant to the
linear heat rate of the electric heater (0-+500 W/cm) on

February 7, 1985

1985.2. 7
Itern (R503+R504 )2 g /M &)
P : -
(W, £m) Ts T Tz—Ts 503 504
1635 | ;
¢ — L0006 0 08956 058 055
1716
—_ 07 A X .
100 00065 0075 0995 053 fbs2
1793
— . A 07 0.
200 0007 0154 09299 3 73
|
1647 '
0 —_ 00075 — 0999 055 067
1897
_ 0238 1. 1.16 074
800 +0.0105 005
1986 ! 3
— 321 . 1.0 0.
400 400135 0.3 0894 6 70
1672
— — i 0.5 054
[} 100075 0899 4 5
2061
— 39 . 082 068
500 £00125 0396 0994
15659
—_ —_ 998 042 060
0 +£0006 0.9
P : Linear heat rate of electric heater {WCcm)
R : Raw data of OSF —1 ccolant temperature (mV)
, M : Mean value of R for 15 minutes {mV)
G ; Standard deviation of M {mV}
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Table 7 Relation of the outlet temperature of O0SF-1 ccolant to the
linear heat rate of the electric heater (6000 W/em) on

February 7, 1985

Item (Rsos + Rsos) /2 g /M %)
P
(WAm) Tz T Tz—Ts 503 504
2127
600 100085 —_ 0470 0990 052 | 051
2054 :
50 —_— 387 i ! ) R
300 0012 03¢ (896 i 098 073
1656 i
—_ —_— 0G0 . .
{ 00065 1600 048 060
19880
—_ 0323 1001 136 081
400 +00145 00
1907 {
—_ 250 1 110 84
100 00105 025 ' 011 0.8
1658 f
J— —_ b1 0. 060
0 0007 - oot 54
1
1816
0 —_ 0163 0889 077 0686
20 +£00075 |
|
1730
’ _— 0ov7 996 052 052
100 00060 0
1648
—_— 0 1002 6 061
0 +00075 0 087
P : Linear heat rate of electric heater (W em)
R : Raw data of OSF —1 coolant temperature (mV)
M : Mean value of R for 15 minutes (mv)
¢ : Standard deviation of M {mVy)
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Table 8 Experimental results (3le pressure, outlet temperature of
OSF-1 coolant and SPND output) on February 6, 1985
Item 3 Qutlet Temperature
He(hlli’;es)sure of OSF—1 Cooiant SPND OQutput
No * a {mV) (mV)
(1) 3.94 1.605 180.9
(2) 3.94 ! 1501 0.
!
(3) 0.17 15009 C.
® 0.17 1627 4521
1985 2.6

* Sege Fig. 13
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Table 9  Accuracy of Q4. determination

Flow rate of OSF—1 Coolant

Reproducibity of differential pressure transducer
Accuracy of distributer

Reproducibity of A/D converter

Qutlet Temperature of OSF—1 Coolant

Accuracy of zero point’ compensator (4 0x0.0.5 Ty

Reproducibity of A/D converter

Correlation Curve for Qao Estimate

Scatter of outlet temperature of OSF—1 ceoolant
Accuracy of power of heater rod
Accuracy of power indicater
Accuracy of A/D converter
Accuracy of fitting the corretation curve
at 300 W/ cm
at 6§00 WAm
Accuracy of aT
at 300 Wrsem
at 600 W tm

Axial Power Distribution (fa or Fa)

Scatter of SPND power
Accuracy of fuel stack lemgth (1.4 00)
Scatter among powers of three SPNDs at same

thermal neutron flux

Fue! Power Accuracy of Qao
(W./cm) Detemination (%)
300 T+ 6.5
600 =45
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Reactor pressure vessel—-

Irpile tube
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Fig. 2 Cutaway of 0SF-1 irradiation facility
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#—--H Flow Direction
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/
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Fig. 3 Detail figure of core-position of OSF-1 irradiation facility
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UP: The capsule is pulled up 1. 1m from the normal position

DOWN: The capsule is re—inserted to the normal positon

Paower of the
heater rod 600

(W, cm)
UP DOWN
0 e B P S
z]
e e T
T: : Qutlet temperature of the OSF— 1 coolant
Th: Tr at 0 W/ cm
Ta: Tx when the capsule is pulled up L 1Im
(AT =Tz — Tb>
At =Tb —Ta
Fig. 7 History pattern of OSF-l coolant temperature in H capsule

UP: The capsule is pulled up L. 1m from the normal position

DOWN : The capsule is re—inserted to the neormal position

up DOWN
Tx
=
<
4
Ta ............................................
Ty : Outlet temperature of the OSF—1 coolant
Ta : Ty when the capsule is pulled up 1L 1m
( AT =Tz —Ta — 4t )
Fig. 8 History pattern of OSF-1 coolant temperature in F capsule
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Reactor

JAERI-M 85-211

67cycle
Evaluation
@ O0SF—1 coolant temperature vs linear heat rate of
H—capsule
@ r—heat of capsule
@ effect of *H pressure upcn SPND power
@ linear heat rate of fuel rod

® o
o|®
J

©O
===

S0 *
Al |
b— ; —
F—Capsule H—Capsule
(81F-97) {83BM—-11D
! ] [ [ | 1 | I | 1 ] [ . ! ! ! | | I ! | ! l L ! | ]
112 15 20 25 3¢ 21 5 10
Calendar Date (1985)
Fig. 9 Operating history of JMTR 67th cycle
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§7cycle

19

18 -~

Coolant (mV)

17 -

OSF—1

16

Temperature

15+

Qutlet

14

31

21

Pressure (MPa)

11

He

01+

I T T T
1985 2. 6

@
O - prm—m = mms em e Th

1 1

1 ] i ! il

8:00

Fig. 13

9:00 10:00 11:00 12:00 13:00 14:00

Time

Irradiation history of H capsule on February 6, 1985
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Distance from the Core Center
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I i 1 1 I ¥ I I [ I

400 - .
SH-1,3 ; 800mm
SH-2 ; 400mm

300 -

200 -

100 |-

-100 |

=200 -

=300

~400 |- ]

L 1 H i 1 1 1 1

|
0 0.5 1.0
Thermal Neutron Flux (arbitrary unit)

Fig. 14 Axial thermal neutron flux distribution!?)
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81F-97
T T T T T T T T T
1985.1.15 T7:00
—~ 200k ]
E -
e L
S 100 j
5 L
> |
@
(]
[ ] O_ a
g -
E. r
S _
T -00F §
@
= I
2 I
= L
-200 .

T30 40
SPND Power (A) x10

Fig. 15 fA(Z) curve on January 15, 1985 (81F-9J capsule)
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81F-97
1985.1.15 7:00
= 200_— | ]
= I
£ 100F .
S [
& -
S L
o Or )
2 I
= ]
S ]
@ -100_ T
=
=
A%,
[t ] R
-200_ .
L { | ) L 1 1 |

L ]
05 1.0 .5
Axial Power Distribution , Falz)

Fig. 16 Fp(Z) curve obtained from the f;(Z) curve shown in Fig. 15
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(mm}

o7 cycle
1 ! Bl i T T T T T T
3
No. Date He [ressure
1 [ 1965.1.15 7:00 K
5 [ 1985.1.20 7:00 [ 13
3 | 1985.1.25 9:15 | 2.78
4 [ 1985.1.95 10:00 | 0.59
5 | 19854.20 0:00 | 1.14
& | 1985.1.29 12:00 |_0.59
7 | 1985.1.30 0:00 | 3.96
200+ _
100+ .
OF _
-100F ]
=200} —
| ! L i 1 !l L 5 L 1 |
05 1.0 1.5

Axial Power Distribution , Fa

Fig. 17  Fa(Z) curve on JMIR 67 cycle (81F-9J capsule)
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fTERA 25 o TR B A REREEO MRl

SHe #H# AT AEZANNL, 27 » THROBNEFHHBZTE » T 2R OBMEELE L Yy
—VED 1 PF Fig A~ LR LI, Fig A-12B0T, 27 » 7RENDEHE RO
FIEHAR 7% SRR 1 - THBAT 5,

@ BOCA £+ 7% L 1mal L7 REET, QOSF —1 BEKEOMEE Ta (mV) %H0E
T 5, '

@ BOCA F v 72 NAFL~EA LFIRET, OSF — 1 BEUKH OMEE To (mV) 2R/IE
L, XKALOATAHFHE CE2EBR),

AT:TO_TaiAt ......... (A 01)

@ (A1) REVRDIAT 2LRICHRA LT, To BIEROEEMEREN T Qo(W/cm )

AR B
@ SoiT, To MEHOSPEND 3XKDHIH G, Fao (2) MRERD, EEOMSRMUE 2,

BT BRATEN Qo ZRAL VRS,
QO(Zl) = FAO(ZJ'@O ......... (A'Z)

D Qolz,) #HMERH T E L TLBROIEINERENETFET 5.
® *He FREHF—ETHHHABRHENL, $405Qo5 Qo DFHEIF, SPND A%
b SRS,

P 3 € .
Q"= 5 " Qe (A +3)

12750, Ta0(z) 13 Qo FRHiBE O SPND A7 3 & 5, fae'(2:) 13 Qo' FH{li¥ D SPNDIH
3R PEZARDILEDOTHS E2EBH),

® ‘He AREDHpbIHNEFRBHEOEAEL, §UHLQ 15 Q OFMAHHT
5o 7, Qo FHAEEFD SPND 3 ADH A1 oKD Fun(z) £ Q' D5, Qo FHlilFDE
BRI Q) B3R B,

n’ :__L_ C e .
Q Fao'(z1) A ¢

@ Qo EURMHEATY K3,
P Q_O, ......... .
ATo' = T 10 5 X 10° (A +5)

ATo', To' BRU AL, 5, Qo FEBIC{RICBOCA + + 7%k | 1 mil b kD
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OSTF — 1 AHIKI ORIEE Ta %5%% %,
Ta =T, ATe~Nte e (A« 6)
® &oic, cOTa 2T o3 cEitkd, ATIERD L,
AT, =T, ~Ta —Ate e (A« 7)

(A »7) RTRBEAT, #ARIKRALT, T FIEROEGREHERTIQ (W/cm)
KB,

@ T, T, BEHOSPND A 3 ADMAID S, Fi (o) dhiakes, HEHOH 7 &
u KB BEFREAS Q 2RAL DR B,

R = Fi{z:) 'Ql """"" (A 38)

@ Lk, BEEHSOE DR TLLICED Qn FTHHTE 5,
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Fig. A.l Example of the L.H.R. change of the fuel rod in the

stepwise power-~ramp test
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f1%B B R O L H

S ERREO T -5, THHBOSTF — 1 AHKLOMERE, SPNDHRAFOHEL
Eizit, IMTRIEAZFABRRHEOREEENEH M EECESIL (Computerized
Elaborate System for Irradiation Data Logging)#H W/, CESILIEI=a¥Ea—
5 (PANAFACOME U-1500) 2, LiEoXfE 7 — & QNER B E ERICTE ) iHR
YRFLThD, FOVAT LR, BEIMBOCPUATLILEHD T AT L AK, 714~
70y9,x—¥fﬁya,wﬁf¥fﬁﬁ,2%@?417%me%ﬁénfm5ommlL
®ﬁﬂ@%F@j%lK%¢oit,%%ﬁ@%@?—ﬁ@,E%K%ﬁbtﬁyfuyfﬁﬁ
TE AR ERATN, EBER, AEOBBIKINODT I DASTIT A RTELT I A
FELCENTEBLESRE T b, EBETRE, FuRJILA-KT-—yRBEERT 7
rar— LTRELTES, #0REF -5 LIcVEEICE, BRF-7hoT 1 A7
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00160
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00299
00210
00220
00235
00240
00250
00240
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00280
00290
00309
06310
go3z2¢
00330
00340
00350
00360
00370
0c3gn
003906
00400
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00500
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00s2¢0
00533
00540
00550
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Program for the statistical analysis of the data

TSUJYOU DATA READ z: FILE NAMZ(NDATAF)

PROGRAM (HIEZ

DIMENSION YLO1L),¥SC11)
DIMENSION LDCTLCHL) #XSAMP (1LY KDATEL(4) KDATEZ2(4)
DIMENSTION LSTGEL(9,30),J0T1(14,30)

DIMENSION LSTGEZ(9,30,102,JDT2(14,30,10)

DIMENSION JOATACLSE)Y L RDATALES)

DIMENSTON OUTCI1,15)-5XC11),5Y¢211).SX2(11Y,5Y2C(11),SXY(1D)
INTEGER LDCTL$4,LSTGE1'»'!nLSTGEE*ar IRECH4,L0P=4

DATA RSAMP’(}E:&S:QC)!BL:BE!J.SJ16117118121'65/

REAL#8 GUTISXISY'SXZISYZ’SXY'KIY

REAL®E EN:XA:YA:VISDJerRZlRS:R

REAL%8 YL-YS,2L,25,51,5196,52

e L L R U TR LR P R LR LA LR LR L R LR CRLRL R LR LR LU

READCS,"(5X,15,5%,15,5%,15)") LDP,NCASE,NMAX

LDP $: DATA POINT
NCASE 1: NO OF CASE
NMAX 33 MAX. OF DATA

N T N et P PR T N LT DAL

PR UGS ER TR TR RO TR TR W A T 8 SE UMD N IR AT AL (S M0

C1141 CONTROL-RECORD EEEREERRR RN E R RN AR RN N A R R R R RN RN R R R

C

I TANA]

C

WRITE(G, (/! CONTROL-RECORD

ll‘)‘)

READ(1,REC=1 ~I0OSTAT=I0S) LODCTL
CI,LDCTLCIY A I=1,33)

WRITE(E,'(10X,21100%)

i111 STAGE-RECORD EERRRRERRE R RN R R A AR AR R AR R R A PR RN

WRITE(G,* (/" STAGE~RECORD

NSTAGE = LDCTL{&)
J =1
DO 10 IREC = 2,9

READ(L,REC=[REC ,IQSTAT=i03%)
(LSTGEL(I,J
(LSTGEI(ILJ*1), 1=1,9), (JDTLLK,J+1),K=1,14D,
(LSTGEL(I,J*+2),1=1,93,(JOTL(K,J+2),K=1,14),
(LSTGELCI,J+#3),1=1,9),CJDTL(K,J+3),K=1,14)

Id

{0 4r 4 3

[F{J+3.GE.NSTAGEY GOTO 11

J=J+6
10 CONTINUE
11 DO 12 J = 1.,NSTAGE

WRITECO,*(10X-15,5X,4110,
15+1H.s12,1H.»12,1H r{?:lH:IIZrlH:oIZrlH-I13!
*IS:lH.:IZ:lH-rIZle ,I2le:;I2;1H:'IZ,1H.:I3)')

w=Jts

LI LA

Yol=1,9),CJDTIIK,AJ Y,K=1,14)

2L STGEL(1,J)»LSTGELC2, Y LSTGELI(8,0) L STREL(F 4D,

H(JDTLI(K, D), K=1r16)
12 CONTINUE

Cit1l SuUB STAGE-RECORD SEERERER RN AR AR RN R RN RN RSN RE R R RN R

C

WRITE(S,* (/" SUB STAGE-RECCRD LA AR

po 23 N = 1,N5TAGE
NSUB=LSTGEL(L1,N)

— 37 —
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Table B.1 ( Contents)

03570 IHRP=10+3x{N=1)

00530 J =1

005990 D0 20 IREC=IHRP,IHRP+Z

00660 READ(1,REC=IREC ,IOSTAT=IO®)

Q0610 i (LSTGEZ2(I,N,J )II=119)I(JDT2(KtNIJ ), K=1,14)
00620 i (LSTGEE(IrNrJ+l)'I=l:9):(JDTZ(K:N:J+1):K=l:lLJp
00639 ¥ (LSTGEZ(I:N:J+2)r.=1:9):(JDTZ(K:N-J+2);K=1:16);
00540 = (LSTGEE(}INrJ+3)rI=l;9}r(JSTZ(K:N:J+3):K=1:14)
00650 TF{J+3,GE.NSYS) GOTO 25

00650 J=J+4

Qub7TH 20 CONTINUE

00630 25 CONTINUE

Ngse3n DO 30 N = 1,NSTAGE

0C700 NSUB = LSTOEL(L1.N)

Qe71n DG 30 J = l.N5UB

00720 WRITECA, " (10X, 15, =", 14,4110,

00730 %15¢1H.r12,1Har 12,14 +12,1H:,12+1H: s 12,113,

00743 :::ISIlH-IIZIlH-IIz.'lH oIZ;lH:aIZILH:-IEr}.H.;IS)')

0079"n “NeJds

00760 *LSTGEZ(l:N:J);LSTGEZ(Z:N:J):LSTGEZ(S:N:J):LSTGEZ(9:NrJ):
00770 H(JDT2{K,NrJ) s k=10 18)

00780 30 CONTINUE

00790 C

06202 IF(NCASE.EQ@.0) STOP

00819 IREC = LDPx2+98=2

00829 DO 1000 Kk=1,NCASE

60830 READ(S.,*{(215,7137*%) KPRT,KDATEL.KDATEZ

00340 CY11Y DATAE-RECGRD |ll||lli|ll|l|!|!||[l|l||||l|!||1|l|lll|I|I|||lll|
Qo350 €

008s0 NDATA = 0

00879 IPRINT= O

00380 - DO 92 J=1l.11

00890 SX{J¥=0.

gosao SY(J)Y=0.

00910 SXe¢Ji=0.

009en SY2(Jy)=0.

00930 SXY(Jy=0.

00940 YL(J) =-1.010

006950 ¥YstJy = 1.D10

00960 92 CONTINUE

Q0970 C

0098a C X(13=0.0

009910 WRITE(6,"(1H1,/*" DATA-RECORD teyty

01000 WRITE(H,*(215.,7133") KPRT.KDATEL,XDATEZ

01010 WRITE(6,93)

Q1020 93 FORMATC(? NO. C=NO. Y M D H M S GAIN',
01033 % ¢ u3zo U3os3 U304 U4l usoe *.

01040 e ! Usol uso2 usas3 Uso4 US01+2 US03+4 ')
010590 C

010690 LOOP = 0

01070 100 IREC = IREC+2

0310823 READCL,REC=IREC ,IOSTAT=I0S) JDOATAL(RDATACI), [=1,56)

01390 READ(L,REC=IREC+1.,I0STAT=105) (RDATACI),I=57,64)

01109 IFCLOCP.EQ.Q) THEN

e111le IF(RDATEl(l).EQ.JDATA(S).AND.KDATEI(Z).EQ.JDATA(&J.AND.
01120 = KDATEl{}).EQ.JDATA(?).AND.KDATEl(4}.EQ.JDATA(8}) G0TO 111
01130 GOTO 100

01140 ENDIF

_38_
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Table B.1l (Contents )}

01159 111 LOOP =1

01151 NDATA = NDATA+1

u1l1y7a IPRINT= IPRINT+1

01139 ROATA(H4)=(ROATA(L7)+RDATA(LI8))%0.5

01139 ROATA(2LY=(RDATACLS)I+RDATA{L6II%0L5

01207 20 200 K = 1,11

0121”7 X = DBLEA(FLOATI(NDATA})

0122% Y = DBLEC(RDATA(KSAMP(X)))

01239 SXK) = SX{(K} + X

01240 SY(K) = S3Y(K) + ¥

01250 SK2(K) = SX2UK)Y + Xzt

01260 SY2(K) = SY2(K) + Yﬁ"a

01279 SXY(K) = SX¥Y{K} + Xx&Y

g1e3n C

012910 IF(Y.GELYL{X) ) THeN

013025 YLIKY = ¥

01319 ENDIF

01322 IF(Y.LE.YS(K)) THEN

01330 YS{K)Y = ¥

01340 ENDIF

01350 C

01340 200 CONTINUEZ

L3790 IF(NDATALGELNMAXY WRITE(SE,* (" ERRORT? NDATA >= NMAX''")}")
013350 IF(NDATALGELNMAXY GOTO 300

01390 C

0L400 IF(NDATA.EQ.1) THEN

01410 WRITECE,60)(JDATA(I),I=3,9)

01420 60 FORMAT(SX,*STARTO2D30¢,

0l430 #15s1Her12s1HerI2,1H #12,1H3,12,1H:,12,1HaF 132
01440 ENDIF

01450 C

01460 IFCIPRINT.EQ.KPRT) THEN

01470 URITE(6:61)NDATA:JDATA(1):(JDATA(I):I 3,10).,
01430 (RDATA(KSAMP(K))Y ,K=1,11)
01490 61 FURMAT(SX:ZIS:

01500 215,1H.,12,1H.,12,1H #12,1H2,12,1H:2,12,1H.»13,15,11F8.2)
01510 IPRINT = ¢

01520 ENDIF

g1s530 C

015490 IF(XDATEZ2(1).EQ.JDATA(S )Y ANDLKDATEZ2(2).EQ.JDATA(S).AND.
¢15590 % KDATEZ(3) . EQ.JDATACTY AND.KDATE2(4).EQ.JDATAC(S)) GOTO 300
041560 GQOT0G 1040

841570 C

0153¢ 300 WRITE(6,562)CJDATACIY,I=3,3)

01590 62 FORMAT(SX,PENDIIII2>,

01600 21S5,1H.,12,1H.-12-1H s12,1Hz,12,1H2,12,1K..13)
n16i0 C

01620 DG 400 K=1,-11

Q1630 EN = DBLEC(FLOAT(NDATA))

01640 XA = SX(K)/EN

01650 YA = SY(K)/EN

01660 v = (SY2(K)-(SY(K)%=2}/ENI/JEN

01670 sD = DSART (V)

01630 R1 = EN#SXY(K)=SX(K)uSY(K)

01690 R2 = EN2SXZ2CK)-{SX(K) )2

01700 2?3 = ENHSY2LR)=(5Y (X))

01710 R = R1/DSQART(RZHR3}

01720 C
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01730
01740
01759
01769
Q1770
Q178¢
Ni79n
01800
0131¢
01820
01830
018410
01850
01860
91870
01380
01391
01500
01910
01929
01930
01940

019549

019690
01970
01980
01990
02600
02010
02020
021034
02040
02050
02060
02070
02030
62090
021048
02119
02129

1

02130,

02140
02139
02160
02170
02139

Table B.1 (Contents )

400

S1 = 100.%5D/YA
5196 = 100.%1.96%
S2 = 100.22.0%5
L = YLCKI-YA)
s = (YS{X)-YA)
OUT(K,1) = EN
OUT(K,2) = XA
OUT(K,3) = YA
OUT(K,6) = R
0UT(K,5) = V
QUT(K,6) = SD
OUT(K,7) = SD = 1.
DUT(K,8) = SD % 2.
OUT(X,9) = S1
OUT(K,10)= S196

OUT({X,11Y= 52
QUTI(K.12) = YL(X)
CUT(K,13} = YS(X)

QUT(K,14) = IL
OUT(K,15) = 25
CONTINUE

WRITE(6,500) OUT

JAERI-M 85-211

SD/AYA
O/YA

/5D
/5D

500 FORMAT(//15X,*NUMBER OF DATA
F15X-'% DATA-AVERAGE
J15X,'SAMPLE MEAN

715X%,*CORRELATION COEFFICIENT R

T

it

i o047 3 AF f AF

1%

3 4

1000

13X+, 'VARI

F15XK,*95%
/15X, 1TW0
/715X, "ONE
F15X,'95%
F15X+'TW0

A F15X, TMAX
F15X,"MIN
FILS X, IMAX
F15X,"IMIN

CONTINUE

STOP

END

ANCE

ERROR
SIGMA
SIGMA
ERROR
SIGHMA

FF15X,"STANDARD DEVIATION

L

SIGMA

-
]

- 40_

N
XA
YA

v

SD
S50:=1.96
S0%2.0

SD %
1.96%SD%
2.0%50 %

MAX
MIN
IMAX
IMIN

LT L T 1 U L I L [T (O O (I [}

#11FB.0~
+11FB.3,
+11F8.3~
~11F8.3%,
FP11FB.3.
£11F8.3,
«11F8.3,
,11F8.3,
#11FB.3,
»11F8.3-
#11FB8.3,
»11F 8.3,
F1LIFB.3,
£11F8.3.,
f11F8.32
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Fig. B.1 Schematic diagram of CESIL
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4#C  *He # 22D SPND R4

F & v 7 ARGT, *He #AEL/LEICE IS 2 SPNDEMFHO» 0EHRE 2E(L A
THERCT 198 EHL . ik, RRICHSPNDE, SPNDF? Th%, 2105 20
@ﬁ%@%%t%%(WkﬂzE,mw—lﬁﬂmmmmﬁﬁﬁwa%m#mmn%Twmc
e 1R Table C » 2ICRT & & big, *He #REOSF 1 BAVKHORERE & ORFR%E Fig,
C - 1RUTig C » 21, *He #RHEESPND™ 2171 & OHfFA Fig. C » 310K,

wic, H4 v 7 ERCT, BHBHAOEL (Fabb, SPNDTF 2 A oREa)
m;@,MWD&ﬁﬁEﬂﬁHﬁ%ﬁammowfzﬁC?H5E&62H7H)ﬁ@%£mb
o ZOREE FigC e 4 (CRT, HE, BRI 300 W/ cm B0 SPND® 2 AL B0l
S 230 CTHY 600 W/ om BN 260 CTHBe

LG DRBERD LECNBEUTICENT S,

@ Fig.C e« 3Rl 2 EORBERICEELEN UMD 1L &5, *He #RLEILE
SPNDi7 & DEGIC BV ESREEE$ 5 C & R LI

@ Fig.C+3DMEEH AT EickD, 8D He 72 FICH 1 BREHER T RIATHE
Efate

@ Fig.C 40, BEREHN 300 W/ em 4> o 600 W/cm & TOEFEA TR SPND AT
CEEHESEVCE, EVhAihiE, SPNDEABRORE THIES 3X0ENR0 LA
LI =T,
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Table C.1  Experimental results (°He pressure, outlet temperature of

0SF-~1 coolant and SPND output) on Jan. 17, 1985

Item 3 Cutlet Temperature
. He (1;;;25)““ of OSF-1 Coolant SPN? 8‘;”"“
o (mV) =

@ 113 1867 349.1
@ 0.7 4 X 1.918 3941
(3 0.48 1.§50 4289
@ 1.03 1892 3599
(s5) 1.8 1 1838 299.0
(6 3.78 L741 2119
@ 195 1815 289.6
116 18862 346.3

1985 1. 17

#= See Fig. C. 1
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Table C.2 Experimental results (°He pressure, outlet temperature of

0SF-1 coolant and SPND output) on Jan. 19, 1985

Item a QOutlet Temperature

o He(Pressure of OSF-1 Coolant SPND OQutput
No MPa) (mV) (mV)
O 107 1851 3474
@ 0.79 1.8 85 376.8
3 0.5 0 1941 4169
@ 1.0 8 1.879 3456
) (193) 1830 286.2
® 2.8 3 L745 203.8
(™ 2.01 1811 279.5
116 1868 3407
1685 1.19

* See Fig. C.2
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67cycle
T { | | 1 T 1 T T

1985 1.17

2.2
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I
i
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Fig. C.1 Irradiation history of F capsule on January 17, 1985
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§7cycle

1 3 1 I ] 1 T I [
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Fig. C.2 Trradiation history of F capsule on January 19, 1985
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§7cycle
i |
81F—9]
1985 1.17
20— é © -1
\ A 1885.1.19
SPNDCAD
\ S ) =
@ SPND (3.8}
@ A *He Pressure
{MPa)
< 15k :
@ ©
10 ah S
N
| | | 1
0.1 1.1 2.1 3.1 4.1 5.1
‘He Pressure (MPa)

Fig. C.3 Relations of SPND output to 3He pressure on Jan. 17 and
Jan. 19, 1985
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6Tcycle
T T T T T T
700 - .
*He Pressure
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0 t | ! ) [ |
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Fig. C.4 Relations of SPND output to linear heat rate on Feb. 5

and Feb. 7, 1985
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443D SPNDHiHIOAIZEK 2L IO
RERFZE AL AT 2
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sy Qe ) SR o1
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(D + 1) FILBLTK A =1o8E, ©-1) XiFWR&E5, 4B, KA, SPND
(x 394 :Rh) & U0, <Ly b (BU) Lok FR <y b vELICHE ) REBLERRTS
He K(A) & (D 2) RTnds

k (A)

K (A) = K (A

235

F 5L, k(A i He #RIEA(MPa) KBP 3 [JolmdE & [0 dE EDLTHY, o
iU OESETERE, o™i PRhOBEHMIMERTS 2. K (A) 3BEXRLTRDH 50T
H$0, K(4 1) % 1IKBBIELEZBEOKA) & AL OBRE Fig, D« 1ITRT .
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