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Fuel Centerline Temperature Measurement
Experiment in JMTR (II)

(Experiment Analysis of the First Test Assembly)

Hiroei ANDO, Hiroshi KAWAMURA, Katsuji SEZAKI
and Bunsaku KOMUKAI

Division of JMTR Project, Oarai Research Establishment,
JAERI

(Received November 7, 1980)

Fuel centerline temperature measurement experiment which
is the most fundamental for the LWR fuel safety study, is
planned to conduct in JMTR using OWL-1 loop facility.
Irradiation of the first test assembly was completed.

In this paper, the comparison between measured fuel
centerline temperature data and predicted ones by JAERI's
FREG~4 code which is a computer program to calculate fuel
temperature distribution is made. Fuethermore, the data
analysis method such as how to estimate local linear power
and inpile behavior of the instrumentations are described.

The maximum fuel center temperature was 1250 °C at steady
state, the maximum linear power was 320 W/cm, and the maximum
burnup was about 1600 MWD/ 7,

Keywords : LWR Fuel, Fuel Centerline Temperatufe,
JMTR, Irradiation Data,
Instrumented Fuel, Local Linear Power
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Table 3 Power History of the Rods foxj FREG—4 Code Input Data,
days Rod 1 Rod 2. Rod 3 Rod ¢4
1 0.0 0.0 Wcm) 0.0 (Wcm) 0.0 W cm) 0.0 W/cm)
2 0.05 63.4 65.1 52.3 52.0
3 0.075 92.4 95.1 76.2 75.4
4 0.158 199 205 165 - 163
5 0.375 199 205 165 163
6 0.375 182 187 150 149
7 0.929 182 187 150 149
8 0.992 243 249 200 198
9 1.125 292 299 241 238
10 11.246 292 299 241 238
11 11.255 0.0 0.0 0.0 0.0
12 11.326 60.6 62.3 50.0 49.5
13 11.359 91.1 93.7 75.3 74.5
14 11.484 206 212 171 169
15 11.555 265 272 218 216
16 11.588 297 305 245 242
17 22.259 297 305 245 242
18 22.268 0.0 0.0 0.0 0.0
19 22.297 43.1 44.2 36.0 35.2
20 22.322 83.2 85.6 68.6 68.0
21 22.351 124 127 102 101
22 22.372 168 166 133 132
23 22.393 198 203 164 162
24 22.871 198 203 164 162
25 22.943 250 257 206 204
26 23.013 307 315 253 250
27 31.135 307 315 253 250
28 31.143 0.0 0.0 0.0 0.0
29 31.197 41.3 42.4 34.0 33.6
30 31.247 82.1 84.3 67.8 67.1
31 31.297 122 126 101 100
32 31.339 161 165 132 131
33 31.401 213 219 176 175
34 31.472 269 276 223 219
35 31.518 307 315 253 250
36 42.145 307 315 253 250
37 42.153 0.0 0.0 0.0 0.0

(7T7LF—-33J, JMTR 48 & 49 cycle)
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Table 4 Insulation Resistance of
W=Re Thermocouples

No. as installed* as received
1 5.0x107 Q 0.97x10 0
2 3.5x10° 1.1x10%1

3 7.5x10° 1.1x10%!

4 2.0x10° 0.65x1011

* applied voltage : 10 VDC

*% "

25 VDC

Table 5 Chemical Analysis Data of the Crud
in OWL-1 Coolant

Concentration : 1.69 g/l as Fe,0

Composition H ’
_Element Weight %
Fe 11254g 92.7
Cr 24 2.0
Ni 50 4.1
Mn 7.5 0.6
Co 3.5 0.3
Cu 3.8 0.3
Total 1213.8 100.0

* The sample is the crud caught by
a electro-magnetic filter.



Avw U

-t 3R

TR

-2 ¥ fEER

HBE -2 1.8 —

ovd

JAERI-M 9202

EVT Py 73400

TR (SUS/ ZryE B 1Y)

HE T (W/Re)

Bt 2

FPE. BEBRIE

Fig.1 Cut—away view of the instrumented fuel assembly
(7TLF—-33J]).



Neutron Flux

JAERI-M 920

2

‘é 50} /_M M W
@ 40}
% 30K
5
é 201

o

Nov.12,79 ) Nov. 26 Jan.i 8,80 \ Jan.30
TIME (day)

Fig.2 Reactor power history during the irradiation period.

©
()
@
@
O]
®

1.5

SH-2

IN (0mm)
200 mm

400 mm
600 mm
800 mm

T T

T T T T
375 300 200 100 0 — 100

Distance from Core Center

1
— 200 —300

1
—375

Fig.3 Thermal neutron flux fluctuation during reactor

operation as a function of th

e control rod

position. Those were calculated by a 3-D
diffusion code “CITATION”. (SR—1, 2 withdrawn)

SH-1, 3
”
”
”
»

”

525 mm
800 mm



JAERI-M 9202

6_
'Tq o \“\'\\_\
Q
: r&";\xj
S 4 .
2
=3l
53
@)
2 2t
o
(0]
iH
lllllllll'IL‘I‘\|||Illlllllyll‘\‘\lllllL]IKlJ‘IQLllllllll.lll
Nov.i2,79 \ Nov.26 \Jon.18,80 \ Jan.30
TIME (day)
Fig. 4 SPND current history during the irradiation
period,
60}
2 50} e M N
4
% 4o}
> 30} \
5
@ 20}
< |
|
o !
i
: (l 1 1 1 1.1 i L 1 L 1 Iq:l 1 L L L ) I 1 bd L 1 Lol L 1 ) S i Lol L l‘nl: L.l 1l ! A Lol i 1 1 L
Nov.i2,79 Nev.26 Joni8,80 \Jon.30

TIME (day)

Fig. 5 Assembly power history during the irradiation
period.




JAERI-M 9202

Rod |
~§14-
313-
%"zp ‘\‘M\"\
l—-' ik
<1o_ r\.luﬁ-—\_“‘-ﬁ
Ww 8t
- 7
26
.|
[5 5
E 4
o3
\ Nov.12,79 \ Nov.26 \ Jan.18,80 \ Jon.30
TIME (day)
Fig.6 Fuel centerline temperature history of rod 1 from
November 1979 through January 1980,
Rod 2
O
Qtat
313‘ \M\\
Wizl r"'“""‘"‘\
EI |
=
B-J‘O'
M|
- 8f
Y7t
— 6}
x
=
5
O zf
\Nov.i2,79 " \Nov.26 " N\Janig,80  \Jan.30

TIME (day)

Fig.7 Fuel centerline temperature history of rod 2 from
November 1979 through January 1980.



JAERI-M 9202

CENTERLINE TEMPERATURE (x100T)

Rod 3
1a} .
13}
2 — N
' '
1o}
)
8 L
5
6
5
a
3
\Novi2,79 " \Nov.26 " N\Jani880  \Jan.30
TIME (day)

Fig. 8 Fuel centerline temperature history of rod 3 from
November 1979 through January 1980,

Rod 4
14
13y . M
12f
il r—w‘M\‘

8
»
w
2
2 10f
w o}
g o

7.
5 ol
@ 5_‘
E 4
6 3l

\Novi2,79 " N\ Nov.26 “N\Jonig,80 \Jon30
TIME (day)

Fig.9 Fuel centerline temperature history of rod 4 from
November 1979 through January 1980.



JAERI-M 9202

77LF-33J
16001 FREG-4 Prediction ( first ramp ) ]
— without Relocation Model
51990 ———— with Relocation Model ]
o Rod 4
= Rod 3 ¢ Rod 2
® 1200} % .
‘3 Rod 1
21000+ i
£
2
o 800 -
C
5
< 600} Experiment (first ramp)  _
© Symbol Rod Gap{mm)
©
& 400 A o1t ]
. 2 0.21
3 0.31
200F 4 041 .
0 {0 20 30 40

Power at Thermocouple (KW/m)
Fig. 10 Fuel centerline temperature versus power during
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Fig.11 Transient temperature response of the thermocouples
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Fig. 22 Elongation sensor output history during the irradiation
period,
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Fig. 23 Cladding elongation versus power during the first

three power ramps.
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Appendix A % i) B2 4 52 BR
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Table A .1 Normalized power rvatio (Fy)

of the fuel pins

SHp_osli’ti%n Rod Pin No. Power Ratio
1 1. 09
2 112
640 mm
3 0. 89
4 0. 90
1 1. 09
2 112
730 mm
3 0. 90
4 0. 89

Table A.2 Power Peaking Factors at

thermocouple end junction

Sllg;sll’tizon Rod Peaking Factor
640 mm 1. 30
730 mm 1. 26
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Fig.A. 2 The core configulation of the critical facility
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Fig. A.4 Activity data of Dy foil put on the cladding
circumference. (SH—1, 2 rods ; withdrawn 640 mm)
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Fig. A.5  Activity data of Dy foil put on the axitial

fuel pin surface, (SH-1, 2 rods ; withdrawn

640 mm) .
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Fig. A.6 Activity data of Dy foil put on the cladding
circumference. (SH—1, 2 rods ; withdrawn 730 mm)

771L.F~'-33J NM

Dy Activity (xlOscps/i'ng)
© > o o

N

SH-1,2 : 730 mm ]

|

Fuel stack length

L

400 300 200 {00

o

-100 -200

Distance from core center {(mm)
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pin surface, (SH—2 rods ; withdrawn 730 mm)

=300




JAERI-M 9202

"(jun A1eI11gdE) JOJUSD 2100 1030B3l
oy} je UOIINQIIISIP XN[} UOIINAU [eWIdY]) [eIUOZIIOH 8V "84

9oBJINS ISUUT I93eiedSs MOTJF
N

o1e1d o131 —|
9100 ~=— 2°Gi{ L 1oG

20BJINS aqnl Isino \

v

utd Teng




JAERI-M 9202

Appendix B OWL —1 {2/ ) 5B R EE DR TE B

LR ERE ERICK B3 H o — FRIEFAOEER W7 - 2 285 12HIC 3O R B RIE AL
BORMEE (BIHH) 2 TXBRTERICKDSE ENAYUTH S,
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(Qw)u%ﬂﬁ%ﬂﬁﬁ&é@fquﬁsfﬁﬁén Fig .B.3 ® X DI H sl HK »
bhsd, FAEKHAE (ZXHH) BKABQ X, Fig. BAWKFETEIOKQ,~Qi:D 8 7
Oy 7 HEREEICE ZRAETRDE, THbE,
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27 L,
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BRICEAES < RBE (Q) OHEETY. MERBER, FRABBEH AR,
BRI S ECRET S A Y v RBRBOHEET > b0 L L, RFFOEERA OFNEH
FHFR 72 2Y) KHENEDERE DU TRICHH LCRRT 2 LRET S, 72
FRTR b7y a g5 SOERICHT, BERICRMEH ADKOER hitFRA
ERT B, # VT RREEIEMNSATED, 179 Wy (RBHTHE x 104 Leme s 4 0)
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COEHICQ, QAKFUSKRAIC L VRKIRREQ, KBS B,

Qs:(Eo"Ei)F+Q]"Qr (3)
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HS0OMWE) TH5, PORERNEERSE 1 RKAKOBEES, FABKRCEHK Rt ¥
—FE0ERII 10kg THO, Hv=RHI,

L79 £ 1.0 KW (Jaiif7 50 MW i)

ERkpohs,
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Table B.1 FREL @&i&%ﬁﬁn"j A -4 —

L D, D. K 4T

(m) (mm) | (mm) (m) (°C)H
Qla| 630 486 | 150.0 (TI+T:) /2
Ql1| 240 48.6 60. 0 1. 19 (Ty +T2)/ 2 =T
Qlz | 0.49 74, 0 86. 0 0. 34 Ty —Trs
Ql3 | 416 74.0 86.0 | 290 Ts — Try
Ql4 | 1.36 60. 2 64. 2 2. 21 Ti—Ta
Qls | 0.75 60. 2 64. 2 1. 22 Ty — (T + Te2) / 2
Qlg | 0.50 60. 2 64. 2 0. 81 Ts — Tre
Ql7 2 47! Tz — Trs
Qlg | 240 48.6 60. 0 1.19 (Ti2+Ti3) /2 —Trs
Qlb | 600 486 | 150.0 (TO+Tis)/ 2

*1

Ql1, Q110 ®D,, D iIRBEORAELTRT,
FRE by 770 -9+ —BOBRBEZFNERBBERRAERD 20 % LRE LT

Table B.2 Experimented Gamma Heat Rate in OWL —1
Operating
Cycle No. Gamma Heat Rate
33 1. 882 (W/g)
35 1. 895
37 1. 670
39 1. 746
42 1. 761
Average 179 + 0 1
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Fig. B.1 Flow diagram of the code to predict

the fuel assembly power.
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Fig. B.3 Calculation model of heat leakage from inpile
tube, inlet/outlet tube to reactor coolant.
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Thermal conductivity
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Fig. B.4 Heat leakage estimation at the asbestos covered
pipe region.
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Fig. B.5 Effective thermal conductivities through inpile
tube. These were obtained experimentally.
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Fig. B.6 Heat leakage from inpile tube to reactor cpolant.




