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Fuel Centerline Temperature Measurement Experiment in JMIR (1)

- Design and Fabrication of the First Test Assembly (77LF-33J) -

Teruo NAKAJIMA, Kunihike MATSUBARA, Kiichi OOKA
and Hiroharu ITAMI

Division of JMIR Project,

Qarai Research Establishment, JAERT

(Received July 16, 1981)

Fuel centerline temperature measurement experiment was planned
using in-pile water loop (OWL-1) in JMIR for the LWR fuel safety research
propram,

The purpose of experiment is to obtain useful data on fuel center-
line temperatures, pressure of fission product gases in the fuel
plenum and elongation of the cladding etc. during the irradiation.

Those data will be used for verification of a computer code for
the analysis of fuel behaviors. The plan has three series of the
experiments. At the first series, the fuel test assembly consists
of 4 rods (BWR-Type) which have different fuel-cladding gap parameters
each other for getting data concerning with gap conductance of fuel rods
through the irradiation period. This assembly was fabricated on July,
1979 and the irradiation experiment was carried out from 48 throuth 49
operating cycles in JMIR. In this report, the design and fabrication
of the first test assembly including the development of instruments

are described.

Keywords ; LWR Fuel, Fuel Centerline Temperature, Irradiation,
Instrumentation, JMTR, Inpile Loop, Fabricationm,

Gap Conductance
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Table 5 #EDONRE OFFME
ki HIEEE MEBNRE (T
( MWD/ MTU) | SBEAE | #BENE | g B K@) B DL
0 294.8 368.2 433.4 1739
2000 “ o 453.4 1766
No. 1
4000 # u 501.2 1840
6000 " " 561.3 1938
0 294.8 3682 604.5 2052
2000 ” " 454.7 1768
No. 2
4000 # % 597.9 2000
6000 " " 621.4 2035
0 294.3 351.2 704.4 1881
NO 3 2000 # o 723.5 1848
4000 # ” 895.2 2100
6000 # o 931.8 2147
0 294. 4 353.7 831.3 2071
2000 o ” 958.7 2184
No 4
4000 " " 1060.0 2286
6000 ” ” 11026 2331
Table 6 R EHED
¥ B £ & HEHE HEER
TR A R AARG [ 75 s A
s E 2w & < 26.0 6.83
IF 7 88 Kg em’g Kg./mm’ Kg. mm®
L2 B A @ik 5 A G
BE RS 3247°C <110 5.45
F 7 7T1Kg tm?g Kg/mm?® Kg /mo
=f 153 B AR BAHFIGRT
YRR 582 mm + BN ENE T + |AEIG )
B E 0.86 mm <3110 8.50
A=) T 0.10 4 mm Kg /mm’ Kg./mm’
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Table 7 4 o—ffdHE
= BHE | v -NURE | o —IRE 1% =
A-1 "zt = 1070°C ~ B
-2 ” = 1150°C p
-~ 3 He 1 | 1070~115070 ”
—4 K& - ” Wo—775 7 2A4EEA
Table 8 =4 o—fFEER
- | o oy | TR RO e e ) | S| s
N—1| 40~65 520 065 <X - -
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— 4| 45~65 409 > 20 o -~ _
— 5 45~65 300 > 20 ” O _
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Table 10 FP EAEEHRLS

i e F A bf:&%ﬁ&%%d)ﬁfﬁ

( KP—1921) D EHapkgE

IR H 23 g H H H BE
FE o # B 0~1000psi kDR 107%s BIF
i} K 1260 psi V=TT 4 3% FSO LA
o Alloy 718 H 17 0~10VDC
E{ =T —2 Atloy €600 T i3 1mV /1 psi
BEEES 316, 482 BAFY 7k 0023%FSO/hr
(°C) 593, 704 ( IR FRE) 204~704°C
# B & E 20~704°C BE 7 b =0.08%.°C
BRBEE 56°C s HFedv7h +0.23%FSO/C
iR B M 1650 Hz { Ei& )
1550 Hz (704°C)
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INTEGRAL CABLE
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—= 5.84°

37.6

Fig. 17 FP E7 @E#HE (MODEL KP— 1921)

Table 11 ZEfrEt (KD—1902) O EH:EE

H A 3 8t IH E W B
i) i 0~5mm H Al 0~10VDC
( FEREMEAR Y =47 b ) =T T 4 +1%BUTF
FHRE —100 F~1100°F (REERE)
ERED 3500psi LT BEv7 b | <001%STF
5 IR 7K, BEFEL ¥ofy7 b < 001%./°F
SR A A B E 0~25 kg
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MINERAL INSULATED CABLE (3 wires)
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NIHON SANSO K. K.

A-8

1004200 49.6 T 330

NIPPON MINING Co,,

Led.

: Hcad Oi'ficc : Akasaka - Aoicho 3, Minatoku, Tokyo.

Shipplag Date ‘S q;,‘ﬁ' ,;-7

NT

Messrs o ' Nurgne fuskr HnesAEBraie oo T Pk smab poys fnonh.
Contract No. MB9330 ! | Invoice No: ZA 24 | Description  Annealed Bar | Type Zircalov-t | Welght(Total} £, 00 K-
. R . %%% - Finished Product . . Chemical Compositions (%) op(ppm}
- - R : X, O(pprn) N{ppm) H{ppm), )
Heat No. " Slee . GQuantlityj: MaK . Y TN
. - Welght _BQ 2%
Lsioy-21 17%x1s00% | 3. | &.20 - 1 360 | U3zl 1E
.- |2 |80 | 28 | ¢t 14
g ~x_ b1320 |31 j_"1S
- iy el . Mechanical and Physlcal Propertics
: \&‘ \ s-{ff:gfh ..{. Elongation } . }‘{J:m:s» Yield . |Brain
) ’ o . - L Strength . Site
Heat No. Mkg/mor) o0 Hv( & (K /amd) (ASTH Ko, |
Coil Mo NJmin,42 min.l4 . min,24.5 min.?7
L 5104=~2 1 - 56.6 29.3 39.9 11
] 2. T S6,5 28,1 39.5 11
s K T ) .‘
- x 6.6 T I Y 1
T fi"“ . 1L ¥ ] ; s
_Dimerslon und Surtace | .0 g, Stralghtneas 0.K. 3] dspravinmITAIaY.
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(1}
: INSPEGTION cmmcm:;_' ( INGOT CHEMICAL ANALYSIS ) ' ¢
Ingot No. L5106 ° . Mloy Tyoe’  Zircaloveh v
o - Chemical Composition (*”) ~ ' -
5, NPe~J__3n Fe Y fr .| FetCr| AL ;{7 BN cd crg gL Co S Cu L | - Mg
LN - : s : e R N R -
PN :| 1;20 [0.18 |0.077-10.28 1| max.: |'waw. . | wax:' | vax. - [ mex. U pax. |max, | mak, [rax,
No.'® -1.70| ~0.24.1: -0.13] ~0.37 [0.00757 {0,00005]0.0000 - 0.027 | 0.020| 0.0020 0,0050| 0.010 | 0.0020
| 1.42 | 0.205]0.107 | 0,312 | 0.007010.,00003}:0.00009<0.005 |< 0,002|<0.000%0,0010 | 0,0077<0.001¢C
¥ 1,55 | 0.215 }.0.107 [ 0,322 | 0,0070]0,00003k0,00007 ;0,005 |< 0.002 0,000710,0010 | 0.0075¢0,0010
B .51 | 0.218} 0.115.].0.333 | 0.0068]0.60003k0.00009 _€.005 |¢_ 0,002 0.000%0,0010§_0.0077<0.0010
7 1.49 | 0.2:5 l0.110' | 0,32 | 0.0069]0.,00003k0,0000% <0.005 |< 0.0021< 00,0065<0,0010 | 0.0077<¢Q, 8010
. o Cherical Gomposition (%)
Y o e I oo R T . )
rax.e |mox. " | wdx.- {max. | maxe. | rax. | max. I L
0.00%0 | 0,0050 | 0,0070f0.0120 | 0.010 10.0003% ¢.0050 ) - .
- 10,0012 k0,000 |0.COND|0.00%0 0,001 k0.GONL 0, 0010
M 0.0ms5 ko.0010 0.0010|0,00%0 1€0.001 ¢0.0001 L0,0010 -
1 10.6m3 k0,0010 k0,0010]0.0030 |<0,501 k0, 000)_[¢0,0010
7 |p,001% ko,0018 k0.001010.0030 [¢0.001_k0,0061 k0,0010 - .
RpRaThe . RTINS e Apthie e,
i v H ¥ r , "‘,.7_._- e - . ..
N . _‘_r;_a:,n:{) L AR
1 1 <. -1 - - 4 4
T A-10 S
R ﬁﬁf.ﬁ" TEST CERTIFICATE Lo (ﬂ) Iﬂuﬂﬂ‘“‘f{\_' pl-‘ -t
e u T H Sie  [Edes wwas [l miean R Ao B .4.’.g’1F~t
Lo Materfal on v | twiten | Cuy | Dharce Ha. - ik Dana -, Test Cerlficate Mo, e T}M '
= Tar .
3509 ‘5”53(')“ o }_5'00 10 iqllglﬂ .l os [ u9=--7 5"',:5'1319'-] - 3095 Chla[, !mpenl[nn D:panman hL
- - - Alehi Stoel Works. Ltd. '
a0 . 1B g ®m & “Chomleal .- Compositions o (?’) N
Ttems o Mo cfelpe s I N T E . -
R Ix1ae) Oxiedy [ - Cevuik | pwire|  Poiwmd e [EALT 1] (LRI -i-um il 1L} {xrsmy " o
W LHAX 8 | MAX 10D | MAX 200 “eug [*30 ** 7} 800-10501800-2000 BER TS LR o
< B 8 . Bl o160 . 37 | . 359 1841 Vet J!
fachn - . . . |
- “@a om | AT Lr. . Mechanleal ' . Properties - . . . b
Hu TR H
(RN sETLE Hest Tieatment Temporaturs (C) B4 M L. Tension Teat 1:’:’"1‘," f!'"'_'!““fl “.‘r‘f [ 547341 .
Treza |Let AT 1Tk B A R G £ L [ HRaGH] nch 3 [ a3 fnull T ] Bendiee
Tk | 30 Quenchien frd Ouenchleg - Terwerlw vield ROYS) | Tenntis Sten | Elong |fad at Al boan nlaf ( )] Teal ;
‘If It} D, 1q10-1150 .._‘. B ‘ Wi '.21\«'»’ [ 5ig— ula..llnﬂu-l.ﬁoii-: I'ull-’ HAX187 ] )
Spec. | - B - - . . P - . A -
lEafa ] 1tee 29 38 <[ 6h | 73 [ L -f.t1ue.
LI ’ ! - L - - . . - L N
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Scociits Ananymu arCLyuges

L R#£alisations Nucldzires

S22 O € AA

10 rue <2 la Passerslle

92150 SURESNES (Franca)

Ts1 772 09 &2

AC, PARTS 8 372 08973%

CERTIFICA ATZ GF COMFLIANCE

Ocrder Nr. H 8(&/0 33-29 dated 58.10.78 - Item 1 -
Placed by :  NIRON AHILIBS Ca. - TOKYQ - Jzpzn -

234 4719 S§ - 2E09

Qur ref.

- Object of the arder : Itzm 1 , 9 x THERMOCOAX thermocauoles for hiah tam

perature, ref. : f .
2 WS-w25 Mo 18/Bed/49 cm//2 XY At 15/1700em/MF 3/2 xv_:s,’sugg.-n,
maaufactured in accardance with zustomer?s spgscifics tigrs da Ociobsr 2,1
altared as for order 874/038-5 {our 233 2005} - our te ‘ex 170%94¢.23 =isc
applies., ’

-~ Idemtifizztiagm numbers of the § plecss now deliversd :

15394849 - 1591/D2 - 1591/04 - 1531/05 - 159106 - #53458F - 453,05 1,83 -
f b

1.1 Dimensions : a3s per drawings 402 237 8 and 402 233 &,

1.2 Materials :

Compensatiaon cabtle : THERMOXOAX 2 XY 4t 18 fram SODEAN batch 7987
At : AISI 321 stainless stesl, mzanesium oxige* insulated.

. Molybodenum* shesth, from S00ERN batch 6014,
. 8zryllium oxide¥® Lnsula_bc1, from SOCEAN bctcn S04,
. Tunasten -cthenium wires : 2 WS-W2H from Hgskins, ba*-“ 2101, 2ie.0.2

¥ Typicszl znalysis of whicn are to bs found zttsched.

- Test inspection @
2.1.1. to 2.1.5. tes%ts have been duly performed =nd fauna ug =0 spscifics

-Sg=z 1st enclasure -

2.1.8. X-rzy nictures of the welds<d buszning ars suppollisdg.
2.1.7 ti
4
1 ag@=C sz= o
. Thz ocb=fs=2rv
- 17.478 =V st 9681.92%C, ang 25.077 my at 1400°C (- 1375
duly ccrresgond ty tha trzprsticsl vaiuss I i 1
Cartifiss that tha suppliss enumer:sias zbcve zanf I- o= T
P— : S 4 . - - e -
bilishec sgecificztion, driwirlis;, 372,57 Oother o miczs T

N - \ g
Mzd= gut in Jurssres, on whs 30 NowemdEo, 157

)"L'/
~

- T EALDY

wul

LI 2]

[RV]
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Sociéré Ancny=e d'Ztudes
& REalisations Nucléaires
SODERN

10, rue de ta Passerelle
92150 SURESNES (France)
RC. PARIS B 572 0897SS

! ' - IDENTIFICATION CZRTIFICATE

Type : THERMOCOAX thertmoccouples rof. :

2 WS-W25 Mo 18/8e0/4a%9ea//2 XY At 18/1700em/MF 3/2 XY

Identificaticn : Seriai/running Ho, :

455418% - 1531/02 - 1531/04 - 1591/06 - 534789 -
4594709 - 4534 /4g - 353443+ - 1531705 -

e 2| B 12 No.
Ne. 4 1591 /o5
no, 2 1591 /02 |
No. 3 159, /24
N i591/96

This is to certify that the ahove-quoted high tezperature thermoccuples
were manufactured with tungstem —-5Z/ctungsten -26% rheoiuz therzocouple
vires.

- tyngsten 52 )
) SODERN Batch Nr.: 57103
- tungsten 261 )}

This batch is in accordance with atrtached rable,

toleraccs Iz cill 2000°C

2 above 2000°C

Made out in Suresaes on the, 30 th November, 1978

Signature of suthorised controller
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W5R8/W2GR€ temparature millivoit equivalent

ADOPTED MARCH 41974 REFEAENCE JUNCTION ATOC
DEGREES C. o v, 20° xn* an* &9 60° e 2n° age 1
a* 0.000 8.135 0.272 9.412 0.554 0.628 0.845 0.293 1.144 1.79%
100 1.451 1.607 1.765 1.82% 2.087 2250 2415 2.%81 2.743 2911
200° 3,089 3.6 3434 1.609 3.785 3.962 4 4313 4500 4,631 %
300° 4.563 5.047 5.231 5,416 5.631 5.758 5.975 §s63 5.352 6.541
o0 673t 6.921 712 7.304 7.496 753 7.881 8.074 8.267 8.461
500° 8.655 8.849 $.044 9.279 9.434 9.629 9474 10.019 10.21% 10.210

10,626 12.801 10.997 17,192 11,388 11583 11.778 i1.974 12,168 12,364

6007

™" 12.258 12.753 12.947 13.142 13.335 13.529 13.723 13.916 14,109 1£.302

B80Q° 14,434 14,686 14.877 1%.063 15.280 15.450 15,620 15,230 16.020 16,208

3007 16.297 16.585 16.773 16.960 17.147 17.33 17.519 17 704 17289 18.073
1000° 8. 257 18420 18.623 18.805 18.987 19183 19359 19.522 18.709 19,823 +
o0 20.066 20.2a4 20.427 20,598 20.774 20.950 21,125 21299 21.473 21,557
1200° 21.813 21.991 22.163 2.334 254 2. 674 22.843 [.012. .18C 23347
1200° .54 23830 1.845 24,040 24.17% 243133 24,302 24 654 pLR-m) 24 263
140G 25148 25.503 28,468 25.627 25.785 25 343 26.100 26.256 26412 5.3
1500* 26.72 26.878 27.030 27183 Z27.3358 27 498 27.537 27.7¢8 27.338 28 047
16007 29238 28.384 28.50 28.678 23.824 28.969 29114 23,153 23.402 22 56
17007 29.628 22.830 2.9M 0112 022 30.291 30 530 30.663 0.808 20.522
18007 1078 31.274 31.343 $1.483 31.517 31,749 31882 z.n3 s 32.274
1200* 12 404 32.533 12.661 32,788 NS 15.042 13.168 .= 3.415 33.533
2000 33.660 33.782 313.902 34.022 f. 34142 34260 34,378 8494 34.870 34.725
2100 34839 34.953 35.065 &7 35.289 35.397 35.506 35614 35721 35.927
2200 35.932 36.036 k138 36.240 36.241 36.441 36.339 35.837 36.733 38.228
2200° 36.922 37.01% 37.107

REFERENCE TABLE PUBLISHED BY « MOSKINS Mig CC.. DETAOIT »

DATA SUBJECT TO ALTEHATIC‘N WITHOUT NQTICE

SOCIETE ANONYME D'ETUDES ET AEALISATIONS NUCLEAIRES "~ SODEAN

SOCIETE ANONYME AU CAPITAL DE 3.000.000 F.
10, rus de la Passearealle - 82150 SURESNES - FRANCE - Tél. : 777

AC. PAAYS & 5T ON9 195




