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The first loading fuel elements and power-up for JRR-2

Summary

This report describes the first power-up test of JRR-2, made in March 1961, and the over-
all results obtained. Paragraph 1 discusses the specifications, the testing procedure and the
results obtained, the problems involed, and the safety aspects, of the fuel elements used as the
primary fuel which presented problems in the power-up. Following the discussions, in pre-
paration for the accidental rupture of the fuel cladding, additional rupture detecting devices
were fixed on the reactor in order to detect the rupture as early as possible, so that adequate
measures may be taken readily. Paragraph 2 describes the operational procedure and the me-
chanism of the detecting device. Lastly, in Paragraph 3 are described the actual procedure of
the powere-up test and the results obtained.

Jan, 1962 Japan Atomic Energy Research Institute
JRR-2 Control Office
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Fuel Failure Detector

Summary

In JRR-2, fuel failure detectors were installed before the first power up.

fuel fails fission products wil release from it.

In case any

These equipments are to detect them. We

have operated them for about one year since the first power up, but any signal by fuel

failure has never been detected. In this paper, preparation procedure.and operation experi-

ence are reported.
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Fig.4 Detector installed in the helium system.
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Fig.13 Decay carve of the nuclei being
intrinsic to heavy water.
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TABLE 6 Radioactive materials produced by recoil
which are indicated in JRR-2 design manual

(10 MW)

Nuclide i dis/sec-cc l ue /cc
A1 18x10t 13
Mg 2.5%10* 0.67
sMn  8.3x10° | 0.089
*Na 81x100 . 0.2

i

e EBLOTHAEN, 75 yOEE JRR-2 ok
O, K 12 Bah W0pgllTFTEiEEI AT
BOLCIERE/fH RHL DT
iz Lt

1.5.3 A& THSETHRE

(1) A+ B HOE R I & B R

o) 7]

T DMEB, BAKRY LT o URECEA A
BRI LU A 4 o KRB Y 2 OlcREL
BEAFOTHPD 5 5 2Na, Mg i LA+ w06
ERTHHAEEREL LA LN RELALOL,
BOZUERY D 5 bOREA 4 >, L3 — Mgk
Wt 2h0T, “OBE Sy 7759 Fitlik 52
B0, B4 EBEIN TS0 THLING, B
4 2 BIEERT 2 FHERRE 00, YF 2% %. ZOE
o MAr EAKFICHES,TVADT, ThbEER
Ez 3., thbE#4 i %0, YF o0
R NEMEY ECLCRES S 2oL h YAr
it 1.4MeV HToH v HHTH0C, Nal v
Fl—i 3 VEHEBORNEEXE Y74 27 1) L
F—d—m O YPo L LT SN kx sz L
Lz

(2) A4 it E O L Y

1A o F s EERE OBl X ORFERE ThvE R
Fig. 15 5 L 7X Fig. 16 &4, BIFE i RE 80 mm
E& 500mm DAF LA RAETC, #kg 7 oes

I TREBLLVC

Fig. 15 Ion exchange separation counter.

BE B R R AR 9

QOutlet

W

Fig.16 Flow diagram of the detector installed
in the heavy water system.

— 34 F IR120 & IRA 400 L& L Cv 5. #ED
ARl Nal & v F L —ir g » MBS & b 2,
FX 50mmOTHEDEh) s ZEHL Th 5.
EADBEAD MBI B2 B & 100~200 cc/min
CHEAEHL T 5. ERoTERELLCY v FL
— g VEEREI X HIC 3mm FORIR A s
Ths.
CEBORE YRS Do, BIFEC R
FENERL B A 0B COREBRERDS.
BlggokE X%, BX2 50cm, @msmnaL
BREX 3mm OHKRTCHEIh TV 2BECS, o=
®I$W$—&1M&7&L1,wﬂc@m%ﬁﬁﬁ

NI BBl TV AL LTHETS L, B

?(ﬂ@f@m&%mlmmmkta.ﬁmoﬁ%%
100 ce/min & L, Fe4ddErgfE ol 4 1072 yefee &4
BE, BIHALIERED @mﬂﬁlﬂcf&@mo
SR — R T A b, BT DR
BRI 6 mr/hr 03E TR TEC LS.
EEgic ok, HiES 1 MeV of =m0k ixfE
Ltz &, SBoORERE 50cm? THELnD, HiE
A% 100 ce/min &5 LR M THDIC 25 Shhe
BIhICHEYZBTH2LERSD 2 &, HREILED
AOFECE AP, —FSHT S L5 E
W Lo X oo, LEOHEERY T
D FEBOBBCHAT AEME L BN, W
CHVTRD LT HVTARS. #ic Lh2TF5
Nal #fis 1¥¢x1” L L, 3mm HEoOBTHATHE
W F 4 R Y I F—g L NRED, 0.1 MeV
LUTHREo KRz ZVF—DH v &l &, Imr/hr
btch 3x10%cpm k5 EE LG, O LFIR
DEFHE LY, BB ORMTER 1.8X10cpm &
WISEEMRELND. TABLES EDfHY 1MW iRE
L1 4 e X EH0eRD 5 L FE 1.8 X 10%cpm




10 JRR-2 o5 1l gkgkki e WO LR JAERI 1027
up to 500kW up to IMW up to 2ZMW
S | ! | g
= )
< =
? (éounting rate in <<
107X 200+ ation exchange resin 200
"> oMW g 2
)
° Counting rate in
° anion exchange resin
E Over 1.4MeV
2100+ 100
=
=]
o
&
200kW]
| ! |
11 12 13 14 O'clock
Fig.17 Counting rate of the ion exchange separation detector and reactor power.
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Fig.20 Cerenkov counter.
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Fig.21 Block diagram of Cerenkov counter.
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JRR-2 # 1 gl A ORER inclusion DEFER &0 BEOLDIT, —'Dmhrﬂ?ﬁ“‘zf%ﬁ :
L, ChrEEHE L oE»bE 1 KIS TETRENTINERE B L7, AMF

HEEMCERNRELFC o oM RERAT AR 1kW EEvEE L TELn, toRER
B HBOR L DTh - =0T, EfRHE O REIC - CHA B, BEBHEOR
B, BoZERYORHES X ORBEBOEEER Yo v TRie s oy, REOLEEEY
% - C 1000 kW EIZRFAEETHS L OB E B b 212 JRR-2 EH st 5 5HEl
FOR, HAr 1000 kW T2 HREEL, ¢ 5000 kW, 10,000 kW r B BT
BLFETH-12DT, 1000 kW HEiu$ 1 ey Ay b S0 EiRshmEe PR &
.

BEREBITERY LEboas, BT o R, b 10,000 kW FEigkRc s\ T, 20% #2

HERE Y AV AR LITERICHA%DORISE LS D LT A LATETH D, 0%BIEMER D
EXHES5%LBLOREEDEIMMFATING 2 L2358 7. (882 mibkhx 90 %iEiED T
ThB). :

HHLROEEL LT3 ATH LMW 3L The 8 Hria % ¢ 370,000 kWh oFiR
FRIVRIFLEREEE TV 5.

Descripton of the first loading fuel elements and power-up for JRR-2

Abstract
After checking of the JRR-2 first loading fuel elements, there were found the problems of
inclusions, therefore it became most important problem whether the fuel elements beac
cepted or not considering the reactor operation schedule,
AMF Atomics advised JAERI that 1 kW operati: .12 was allowable limit so long as these

15

fuels stay in core, this AMF’s opinion, however, were not agreeable fiom the technical vie ~ -7

wpoints. JAERI performed the re-checking of heat problems, cladding - failure mechanis
m,activity of fission products and the reliabilities of detectors, and reached the conclusio
nsthat 1000 kW operation was permissible with high degree of safety.

The reactor operation schedule calls for stepwise increase of 1,000 kW operation for
several months, 5,000 kW operation, finally 10,000 kW operation after the low power ex-
periments, therefore the above mentioned conclusion does not need any change of operatio
nschedule,

The critical mass exceeded the caluculated amounts, and ‘characteristic measuremenis
proved that the 20% enriched fuel elements allow approximately 49 excess reactivity for
experiments and 90% enriched fuel elements add more 5% excess reactivity at 10,000 kW

operation respectively. (Second loading fuel elements use 90% enriched fuel).

Accumulative total output is approximately 370,000 kWh without any troubles smce the'

power level was raised to 1M‘V towards the end of March in the mlddle of August
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SECTION “A-A”

Fig.25 JRR-2 fuel element assembly.
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T et

Fig.26 Mechanical assembly‘‘Tab method’’

TABLE 7 Fuel plate loading (gram)

' Fuel element No.

Plate No. : .
1 2t s e s f e |7l s | 9 0 | 1 12
1 5.554 5.571 5.741 5,532 5.680| 5.541| 5.503 5.566 5.513
2 11.21 | 10.649 10.624) 11.49 10.652 11.38 | 11.507) 11.146 11.54 3
3 10.632 10.851 10.690 11.40 10.669| 11.41 | 11.317 11.220, 11.261
4 10.643 10.806 10.686] 11.56 10.763| 11.37 | 11.229 11.146 11.202
5 10.681) 10.846| 10.856 11.57 10.731] 11.30 | 11.402 11.201] 11.270
6 10.893 10.861) 10.789| 11.47 10,707, 11.33 | 11.338 11.195 11.691
7 10.868) 10.896/ 10.768) 11.47 10.781 11.51 | 11.256 11.183 11.813
8 10.878 10.865 10.746] 11.431 11,180 11.56 | 11.397 11.160| 11.239
9 10.830 10.665/ 10.790| 11.436 10.942) 11.50 | 11.240 11.158) 11.386
10 10.860| 11.083| 11.148] 11.396 11.185) 11.39 | 11.256 11.154) 11.243
11 11.072 11224 11.202 11.316 11.127) 11.34 | 11,458 11.174) 11,252
12 11.155) 11.157] 11.221 11.319 11.173] 11.29 | 11.549 11.064{ 11.229
13 11208/ 11095 11.207 11.396 10.879| 11.23 | 11.510 11.143 11.413
14 10.974) 11,194 11.200] 11.435 10.836] 11.25 | 11.275 11.127) 11.252
15 11,208 11.177) 11.061| 11.424 10.872 11.39 | 11.343 11.136) 11.253
16 11.202 11.085! 11.108) 11.519 11,218 11.23 | 11.416 11.162) 11.441
17 | 5.696 5.618| 5.686 5.434 5.572 5.53| 5.490 5.444) 5.48
Total | 175.573, 175.643 175.523 182,508 | 174.976| 181,550 181,576 ' 178.379| 181,572

3
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i Fuel element No. i

Plate No. ‘ ' i
P13 0 14 s | 16 | W | 18 | 1 2 | o2 | 2 | |
1 | 5.480| 5.562] 5.682] 5.560| 5.582) 5.400] 5.468 5.627 5.520, 5.623
2 | 11,180 11.120] 11.419] 10.583 11.707| 11,351 11.385| 11.654 11.266 11.196 ﬁ
3 | 10.925 11.216 11.348 10.596| 11.846| 11,505 11.354 11.520\ 11.227) 11.207| : ;
4 11,070 11.214| 11.312) 11.028) 11.888 11.329| 11.282) 11.431| 11.288| 11.205) : % i
5 10.836/ 11.120] 11.268| 10.508 11.709 11.324| 11.277| 11.419] 11.229] 11.222/ - | i
6 | 10.752) 11120 11.850] 10.077] 11416 11.363 11259 11.423 11253 11.188) :
7 | 10.671] 11.203] 11.380 10.956| 11.416 11.368| 11.234| 11.438 11.299) 11.191) " ;
8 10.9771 11.170| 11.260{ 10.920{ 11.457| 11.234] 11.331] 11.430} 11.235| 11.204 ;
9 11.038 11.146 11.234] 10.952| 11.451] 11.400{ 11.275| 11.427| 11.234| 11,171 |
10 11.089| 11.156 11.284] 11.014 11.444 11.380] 11.412] 11.440] 11.291 11.155 :
11 10.930{ 11.142) 11.462 10.989] 11.564] 11.283 11.470 11.361] 11.139] 11.121 g
12 10.7700 11.221f 11.479) 10.968| 11.389| 11.455 11.356| 11.364; 11.041] 11.181 g
13 10.769] 11.212 11.528 10.983| 11.425| 11.225 11.381) 11.349, 11.241 11.131 @
14 10.781) 11.200, 11.235 10.990 11.421] 11.291] 11.398 11.308' 11.19| 11.199 :
15 i 10,765 11.219| 11.352 11.028 11,503 11.250; 11.339| 11.376] 11.422! 11.203 :
16 | 11011 11.1220 11.305 11.079] 11.549| 11.311 11.387] 11.337| 11.232) 11.216 :
17 ! 5.562 5.553 5.517) 5.543 5.548 5.467| 5.477 5.768 5.764] 5,603 :
Total | 174.536| 178,696 181.415;174.764 184,318| 181.025| 181.085 182.672{179.871 179.016 i
HHEW R ft/sec, B/ 156.3 16.3 TABLE 8 Analytical results of U-Al }
_ > !
” 0 Bk 30 30 U Element content (94) 3
WHISRE °F 133 139 i Position z
= e Ingot No. — -m Average 3
WHEIRE (EHE) °F, &K 257 280 ; (ESS) | Middle | Bottom
EWJisR BTU/ft?-hr, A 600,000 783,000 N-1 7.9 479 471 47.63
PRIERE % 2%U, &K 20 20 N-2 48.1 46.4 46.5 47.00
T OO D B S TIE %KD “Specifica- N-3 48.0 ﬁﬁ 43.1 ﬁ; ;
; N-4 47.0 .8 45.1 .
tions for fuel ele
ions for fuel elements for’ 10 MW heavy water N5 51,0 47 45.0 6.9
research reactor JRR-2” #BE I A\, N-6 47.2 43.7 43.1 44,67
EERMEREICL S &, ML T ey N-7 46.9 | 4.6 | 47 | 454
FHEEL LA LOLEEFRL, 0 BAKER FEERR N-8 48.1 45.5 46.4 47.0
N-9 47.1 45.7 46.1 46.3
Z—fEL T 5.
fraic—f N-10 47.5 47.0 46.4 46.96
M&C #Tix, “HL®»” 1Kk 3 HEY FRALE. N-11 46.9 45.5 46.2 46.2
Zhut Fig. 26 KR+ L5, WER OB/ —IT6 N-12 47.6 45.5 46.0 46.36
: BT SZMBE TRV TV 5. F i, fllE O N-13 48,2 ﬁ-ﬁ 46.9 47~§
o ge . N-14 48.1 ) 45.1 45.
e iz ) TZD 3 Lo L .
i %¢ﬁmﬁ B v o L %<bv®ﬂ N-15 o9 | 454 | 452 | 462
% BB ThH%. ZOIOFHMEROFE £ AR, N-16 49,2 45.5 46.4 47.03
E HUPRLALDTEHS. 20X 5 CEBRAENED N-17 45.7 4.1 45.8 45.2
g DR DERIZL 5. N-18 48.2 44.3 45.4 46.0
£ e s N-19 46.4 45.2 45.4 45.7
g (1) # B o THALPIIEV A E UL,
; (L) R LR TR A Ly, N-20 s | 463 | 464 | 468
b (2) AR ERCEbINL-OTTOEERE NL-1 289 | 2.8 | 26.5 | 217
L ZELTHI LSS, NL-2 27.6 | 2.7 30.3 2.5
P (3) WD 55y XEEND Li mﬂﬁaug ' T SN
. O, BHEHRAT 2708y FOBAMCE ST
£ (4) BEBEREL. VB ey TOF ST, RARTEERbAE

BREZEDO O+ ¢ v 7%, BB OIRERAO R §y%m0btwf,ﬁWK&ék%uunﬁﬁﬁﬂ

. B
-5
;

:
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TABLE 9 Chemical composition of fuel elements Sn 0.01.
materials (%) B 0. 001
Bi 0.01
Cap, 6061-T 6 Al
o cd 0.003
Cu 0. 15-0.40 Co 0.001
Fe 0.70 Li max. 0.008
Si 0.4-0.8
Mn 0.15 Frame Plate, 5050-0 Al
Mg 0.8-1.2 Al min. 99.0
Zn 0.25 Fe max. 0.7
Cr 0.15-0.35 Si max. 0. 40
N'f - Cu max. 0.20
Ti 0.15 Mn max.  0.10
Other materials, Each 0.05 7n max 0.25
Total 0.15 Mg max. 1.8
min 1,0
Side Plate, 1100-H 14 Al Cr max. 0.10
Al min. 99 Other materials, Each 0.05
Fe+Si max. 1.0 Total 0.15
Cu max. 0.2 T T Tttt o T
Mn max. 0.05 Helical Spring, 302 Stainless Steel
Zn max. 0.10 C 0.045
Other elements, Each 0.05 Mn 0.49
Total 0.15 P 0. 028
S 0.010
Transition, 356-T 6 Cast Al Si 0.56
< _— S[r 18. 16
Fe 0.34 ,
Cu 0.04 N 8.58
Mg 0.32 Laich, 304 Stainless Steel
Ti 0.10
B 0.002 c 0.050
Mn 1.67
Nozzle Tube, 6061-T 6 Al P 0.031
S 0.025
Cu 0. 15—0 40 Sl 0. 39
Fe 0.70 Cr 18.29
St 0.4-0.8 Ni 9.48
Mn 0.15
M 0.24
Mg 0.8-1.2 g 0.1
Zn O. 25 Cu 0 21
Cr 0.15-0.35
Ni — Latch Spring, 304 Stainless Steel
Ti 0.15 0.051
Other elements, Each 0.015 c :
Mn 1.18
Total 0.15 P 0.017
S 0.011
Cover Plate, C 64-0 Al si 0. 47
Al min.  99.30 Ni 10.30
Fe max.  0.50 Cr 18.50
min. 0.35
i max. 0.17 Latch Spring Plate, 1100-H 18 Al
Cu max. 0.04 Al min. 99.0
Mn max. 0.03 Cu 0.20
Zn max. 0.03 Si 1.0
Mg 0.01 Mn 0.05
Cr 0.03 Zn 0.10
Ni 0.01 Other elements, Each 0.05
Ti 0.05
Ph 0.01 Total 0.15
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Angle, 304 Stainless Steel

C 0.056

Mn 1.58

P 0,029

3 0.023

Si 0.43

Ni 9.74

Cr R -2 B

Scraw. 304 Stainless Steel

C —
Mn —
P —
S — .
Si —
Ni —
Cr —

DEEBRNEIC T -0, Y, TH»bOEKETCH
LCBEEL REL TV 5. THo/ XVikxT)
I L - CEA#gIC > T D, BREEELFL
2 INRTEHOS Y v MEECEBS®5. ZFHOH
B L FOSHTFEIL TABLE QI X & ThHoH. TABLE
8 it 22 o U-Al 1 vIw PO 3D RDOLH,
R L O TSR E ) L5 TY 7 vaHTL
HERTHLS.

2.2.2 BERE

(1) #HEEH

BB O REEEE, BEOBEC X o THERRK -
€< %. M&C #ix, BIEBROoREY L Elic kE
BIURBE I Iy, EREBCEET AR ORLE
Lot EfishiRERSs LORBORELL
THED L5 bDORBT LIS,

(1) PREE

(it) ~ERE

(i) X HBSERE

(iv) 7Y =&—=E (900°F, 30 43)

(v) #iEkEE 24 FRD

(vi) WBEIBRE (=7 F5—¥)

(vil) FBWHERAR

(viil) FEFRERE GAlH T 52-)

(ix) RO {EDT
FEEBIOVTORES L UBREX M&C #o
Foia kbl ttbbaoicl, M&C e
AMF #ic k- TEohbhict tdbatel TOR
Hx X UCHEBIEFBREER, ToWwL2R
DEE IOV TORAS. '

(2) BEHEOBE

PR O ARE X IR 2E blo- TEE

JAERI 1027

fo. BEORARARKE L FERECHS. H1E
Hicik, @8 22 o4 va'y b0, Nool 102
v FABIEIRE ke 40 B RE S ks, [HEEET
LtchinTEEO Lt L OES 5mil 2z 20
o 3PN FEB Lo, B2RIELFEIEELE
UHHTC, 4Ty 1ES No.3, 4,56 8 X0°7H

SIECE huk BOEHRD 5 5, M&C%ﬂrﬁwmﬁm”f

H#L7cb 0 103 2T S - A gnbm?
¢z 900°F, 30 oo 7Y A& ~HE, X SR
FER IO/ Fr— P X AHBEESOWERERY
BT LTV AA, &8/ YR SR
BHIRTWAEL D Th -t THERER AMF #:
OEEIIC L7 » TR & o, REEEBRETE
FhAsE > F\ T Scratch standard (1.1 mil, 2.0 mil
2.8mil, 3.1mil, % X0 3.5mil EXOEROGY
T AR EI LD b 0) RBEELERD
BEL TS, SR EERRINSDREFEYA
suza—-7ck W ETHEEScRlo. CORE
DRERIX, AEH 2k FEHLEREILLK &% 90
BCh ot 353 ELARERTR D DRV 230 &1
EHLTEIESLOE2EO L & LEAROFEFETH
it REL, SERBEERAERHLCD 0K
DLTE It HEIZEINCKTRECE TR
FEBEORSONED LWHETES LELLALS
HChD. EENEOEELTABEIORELDLThD
A%, AR fEE T A 0.5mil ik B Bl
RlDHE L, HREHR & B—HRTHBR 2 2L Y,
EEaAYIC 75210 L L.

B OWEE S X</ F 45— (Model FM-100
Magna-flux corp) THIESNAA, & bICHEO X

SRR OB 3 OB O R R BTN T

BORBE 2T & 0 EflE S i ot RERIXTALE
15mﬁ¢a%m&%é?6Xﬁ74wA@ﬁﬁoﬁ
EECit AMF Ho AR LTV 5 2 L3RS B
s,

(3) MBEFOKRE

Fr L CHIBRES X UTERET, inmﬁmz
Elicist » CTh o fnbitiens, Ficck U lEnE
Hotew, FELLLIAFELLIMZHLECTHLINA

RdBIN. f@ﬁ@ﬁk“5®@ ~mmﬁ%m

TLBEERC

BB,

(ii) T%Bi7'J/7“i{S®5F f»‘.h%m&trrntt;’l N

KERHHHBS. S

() AR, &ﬁmauTﬂtkgmﬁQQQE

I T Lot ey
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(iii) HoRE#ZL TR LALLE, EHEDTF v FO
RSCRVCEVRHD, 105y FEBOMRNDL O
ToHlf YV CBEBERSS.

(iv) *5 v 7EHLBBERECSLRCH L CHEA
Ll SN S R s VR
REDBERRN®DZ EThfe. FRITH L THE
T L R L O RS 0.5 mm < BT D
HERBENT—FER s LB ERE S FRSSERD 7
FToeRHEEEE A L5 RSB L KRB CHS
DT, FETEGIERCHE 6 b icic- Tuikidi
e bic., Fi2, 79 FRTEILOEKECH
LTBREEEZELREL W32 ATHLAND, FRE
CEDESI ISR -Thitiuliebit. £+ v
TEBHEZOFA OB L AN DERICEBA & /it
HEIAHC, TOEmABRBERFLECERCECK
Tl LR R oRBEE A CTHABUE L
CHERE. COXSKEBLERLLZATHLD
b6, AMF #HoEciifEs R & ANt

Hotefedd, M&C H: e Dfic ikt RIFEEHNL
D, RLALOBBERSHRERREIC oo T

TRCFELEZTHZ LicBELL. FELcHS
BMIEL, S ATHEEEY B L 28A4B 1L 7.

BERATBRIE O\ C-64 TU 3 =0 A pHOSBRIC IR
EhTwb o & 2B, SEhc & 5%?'7,KE3'&$ 7

(4)  FERER

4 Aildl 5 TAMF ik 1100 T3 =9 4 XD

DEMEERL, ZF00LHEORERREY ko

-t

T ORRIRERC FER © X B L A,

C-64 » 1100 & DE[RME D Mtz TABLE 11 R L
Thsd. C-64 BB EERCHH IS s

DESIDTHS. i L bE, C-64 o Bfhd

(1100 X bE<, MRS 1100 DR/ MEL D 2%
L FBOTIEEAEZE L.

LAl AMF #ix, HNZoFEcB L 2 b ok -
DEPHIHICBITTRE - L v EL, Egome
ERL oL CoRBHABOETELERL . MTR #&

TABLE 10 Specification for anodize and test results.

(1) Degrease
(2) Water rinse
(3) Non etch cleaner, Time 4 to 5 min.

(4) Water rinse (8) Water rinse

(5) Chromate desmitter

(9) Hot water seal, Times 15 to 20 min.

(6) Water rinse (10) Air dry
(7) Anodize
Times: 7510 min
oSlution: Sulfuric
Volts: 152
Temp.: 60 to 70 F
‘ v 2 | s |4 | s e 1
Sample 1 |  Convexside | 0.0005 | 0.0005 | 0.0005 | 0.0006 | 0.0006 | 0.0005 | 0.0005
(60 min) ! Concave side | .0005 . 0006 ’ . 0005 l . 0008 | . 0006 . 0005  -0005
Sample 2 °  Convex side | .0009 | .0009 | o009 z 0009 is».0008' L0010 | 0009
(90 min) Concave side } 0.0008 0. 0009 | 0.0009 | 0.0010 i 0.0010 0.0009 : 0.0009
‘ (Unit: inch)
TABLE 11 Results of tensile tests of alcoa C-64-0 Al
. | Yield strength.  Ultimate Elongation
Material PSI \ strength, PSI \ 9 Remarks
C-64-0 | 5130 . | 10,819 | 44.3 AMP data-longitudinal
C-64-0 5400 . .. .10, 985,": ’ 30.3 , ' AMF data—transverse:. S
1100-0 | *3500 - . | *11,000 THLNRLL T Z”ALCOA ‘'structural handbook; 1956
1100-0 5000. - 13,000 |- - 35.0--. .| Reynolds Metal Co. Book 1954
1100-0 5000 | 13,000 |- 45.0 ALCOA data book, 1047

* Stated as minimum Value

I T S (X g by L 50 ot et o3 i o7 5 - B gy
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BEERC TR TR R O ERRERARE ST
VWAL, M&C #hic s\ T b SN ERC L 2
BEBEs oo, ¥ AMF et Tl
FEXaERSNy 7 ) v SOHER B -0 L
T, JRR-2 iz k1T 2BEOFARS T BB RE
DI RERIEC RV 2D ATV
T, M X HPEE$ D grain growth LS

50 T T T |

no [ 7% o~
=] S o
I
|

fu—
[—]

Deflection- thousandths of an inch

0] 5 10 15 20 25
Pressure (psi)
Curve (1): Max. deﬁectic;n of MTR elements
in static pressure test.
Curve (2): Permanent deflection of MTR ele-
ments in static pressure test.

Fig.27 Pressure test of MTR fuel elements.

EERR A 2 Dt i X SRR o T4 JRR-2 ©
BREECH LRV L XHIZ L - TRiD BT
20D Eig 7S ST AR D &
-tz MTR BBV EFROIMUBEHR I H3 5 $HkE
HBROBECTHY, EIASh-TCW2HOTER
EAEREW-FORBEEEY 7T, F/2,Fig. 28 (2
JRR-2 B EFEOsMURRHTIC (FAT 2 IENMER

15

Pressure difference across
outer plate at bottom of
I~ assembly.

T

N = total number fuel
elements in core.

10

Pressure difference across outer plate (psi)

0= S IV T NN NN S
0 1000 2000 3000 4000 5000 - 6000
Reactor Flow (gpm)

Fig. 28 Hydraulic characteristics of JRR-2
fuel element,

—

Dial gage\

Fuel element

F )
Press.gag Manometer
. J
O
Leak ‘l’ Press. gage o
Temperature gage
it 1 ” " o
] " = - -
Orifice [ o Steam
Pump : ’
Fig.29 Flow test equipment,
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WHMREOBEML L TR LHNECHD, DL
S5EFHERNETESCB AT AR, S0k)
CEEOBMBERCOVCIHBMERBY S5 2
LTl o1z

21 [EREIRERT 1960 £ 4 B LAk o bt
T OFBR B CURBIRIIRIC ETOELREL Tu
BT LMEED bR, HERFGAT O HERE SRS
EChotoiow, TOFMRKRRLL CTHBENCE -
THELIh D, BAORENREL L fah oictosdhs
HELTELENELLOLDICE s b OMHETS
TEMTET, ERaeBhr ok, F2EORBHR
4 AT S iohhie. BEEOBIZ Fig. 29 &©
TLTHS. RRICHERAIN HBEESE & “JRR-2
No.9” Th 5. HBREHFIBHERLI A LY BEE
360 gal/min, &3 176°F (80°C) Ti#s = iehh, RER
B L RBBOHNTETES X OCHREETEOE, 5
B OISR DBEA X T~ oHBRERE
FREOERRET b bHE T 10 MW CEEL o
HFOENKRE 128°F(54°C, FHOEE), 1 Rbicd

Fue\l plate
" }
i EE é;:pc:EEEEEEZIZD
3
Water gap

Fig. 30 Dial indicator for water gap measurment.

DFER 270 gal/min 12 { H X5 ki b EEAEE
Thb. HREEOSEOHIE I i Fig. 30 I R T
L3584 vy —ocl RS D 3EHFT
SEC bl - T iphitie. BT Fig. 31 ©
LbLThsd. KXEDTLT 7~ b A, B,C,D,

Fig.31 Locations®of water gap measurement.

2. JRR-2 B 1 ¥ 25

E Lo F 2T BRIES E COERY S
bhl, PXFEOTLT >~y b a~p (BT
BOZFTHS. (1), (2) HLY 3) BFHKOTR
LHRALER 3din O % bbbt ¥i KXE
D77~y b XY, Z LU W it EREE

DIETHE & b b RERIE TAsLe 12,13 2ot
TABLE 14 ¥ L ThD. = OMRBROMEE, MR~

Mo s Rk D L o5 Ch 10mil BT, s
FstEOEE TABLE 13 ([ R§ & & ) D DT, AMF
TSI RS Losalol b O L Ew .

L L AMF #4%, SERORESMTTHEL T
B OETFAREL o T b EHLERYHREIZ—
BOEEEY s, Albdkkledso
2T THTER. cHEHLT M&C #iz, HEn
TAI=ULCEHBIG “SLwkkl” 2145 kh
% o> TE D EHMRHSE AMF 0B KL
7o FEANSBERFCERNRBROSER M&C H
DERYLTAZLicL, FOF BRI LS
Ll fe.

(5) WeiAkRER

#2EBONBHRBOKTH MHEEONBEE
FRELLLLA, 1 HHCEQORAAEL T
HONRFER SN U »kimmERBES i B ST
LR UD, HAVETAI =Y BN EE
Ml EREREEL CTECLEU TR LE
Zhhi Lal, M&C ek T L ickis,
ZOEYEY T ChH Y EOETICHRBMEYEL
T b AL £, WERBOBEC SV T E
BREgc RIS Sh, B#ReLCU-AlEeiics
BY T ubblEY T v =g FigEDnicUHE
PEAEL, EEOBHIC OWFIH=5T 1=y

g
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26 JRR-2 o® 1 K#E L HIER
TABLE 12 Test results of flow test on JRR-2 fuel element %0, 4/26/°60(unit: inch)
. . . Dimensions after 1009 flow
Orig. dimwnsions Dimensions after test
Water El AM% measurement (36C+gp m), AMF measure- program, M & C measurment
channel eV e :
~ 1y | (2) |- 3 (1) 2 | (3 (..o @) | 3
A J115 - | .116 15 | L 119 1119 116 R RO SO i - R [E s -
B .116 .18 116 .115 .120 116 JEUE RN RN E | S IS ' S
a C ,116 120 .118 .119 .121 . 119 113 . 118 115
D- 117 121 . 116 .115 .122 L114 ,113 121 .116
E 114 .119 .115 .114 . 117 .113 115 .121 .113
F .110 112 ,113 111 0113 .112 .109 .109 111
A .108 .108 .108 l 105 | 105 05 | .10 .106 .105
B .108 .108 .107 .15 | .105 1105 | .104 .104 .104
b C .107 .109 107 | 104 | 105 .04 104 .104 .104
D .108 L1111 J110 ¢ L1058 . 107 L1060 .104 .110 107
E .116 .120 .115 | J106 | .110 J109 0 .106 ¢ .11 110
F .112 .113 114 .108 P13 (10 | L1090 (14 114
1 1
T § 1 111 .109 .109 .109 . 109 .107 .108 ,109
B | .11l 111 .110 .109 .109 .108 .107 .108 .108
c c ' .110 110 .109 .108 .108 .107 .108 .107
i D .11 111 .110 .110 .110 .109 .107 .108 .108
i\ E .110 .110 .110 .108 .i08 | .08 | .107 ' .108 .109
. F 1 .an .111 111 .109 A0 | 10 108 | .11 110
A | .14 114 J115 | .110 | .112 113 .100 111 .111
B | .13 L1114 .113 J109 1 L 112 112 S108 1 .11 111
d c | .14 115 .116 100 L1138 111 07 .10 .110
D ;. .13 .115 .115 112 112 111 J109 1 .11 111
E . .114 114 .12 J112 | .12 11 a1 L1 111
F | .110 .109 .110 ; 108 | .108 .107
LA i .14 J114 114 L1111 l 113 . 110 114 112 .11
, B | .13 2115 .113 112 111 . 130 .112 111 111
e , C | .15 115 3 113 L 114 .12 .113 .113 L112
., D ' .13 .113 .112 .110 111 .110 .109 110 .109
' E- .11l 112 S113 1 o108 .109 109 1107 .109 .108
LR 112 S0 b 107 . 110 10 1 .107 107 .108
A L112 113 112 L 111 .113 . 109 .110 111 .109
| B | .11 L1 .110 . 109 .108 . 107 .108 . 109 .107
¢ c . .110 .110 .109 . 107 .105 .104 .07 | .108 .103
D . .17 .118 .113 112 .113 110 | .12 .18 .110
E : .117 .118 .116 .113 .115 ‘112 4 .13 113 111
F | .17 19 |15 .113 L114 S112 L4 | L4 15
A . .13 .113 .12 . 109 109 .108 .107 .108 1109
B ! .14 .115 ~113 .110 111 L11T . 107 2110 110
cC | .115 115 114 .112 .13 .112 .109 L1111 11
g D | .1 111 111 .107 . 107 .107 .107 - 107 . 107
E 111 .112 .112 .107 .109 .108 .108 .108 .108
F ‘ 112 ,114 L4 . 109 .110 .110 .109 .109 .109
1 A 111 .113 111 . 109 111 110 108 . 109 . 110
| B 112 113 .111 . 109 - 110 - , . 109 J110
h bC 111 112 111 .108 .
. D .13 .113 .12 . 110
' E 111 112 111 .107
- F | 13| .13 L1 .108
| A L0 110 .110 111
I B . 110 .110 . 109 112
; boC 110 0 .11 111 .114
D | .113 .115 114 .114
E . 114 J115 .113 .116
| F 7109 iz | L .115
A i 08t | L1090 | 108 .110
B, .108't} .109: . 110 L113
. C : :.107 .109 .110 L1137k
! | Doy 108 1108 .105 L0
E : 103 -} ;405 .105 .105
‘ F | .103 » 105 .105 . 106
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|

Orig. Dimensions Dimensions after 1009 fow Dimensions aftir test
C;\;z:lt:; ! Elev AMF measurement r(gggtgpm), AMF measure program, M & C measurament
| M 1@ @ | W [ @ [ @ | W e [ @
1 IR
| a 07 | .07 |o.107 | .8 a3 [ oom2 | oous | oous oL
B 106 106 | o104 | 113 STEI BS TR R ¥ 111 J110
K | C .08 ° .106 i .105 .112 i U 5 0 S P I S A 1 | * L1011 . 110
D . 106 107y 106 ) .112 . 110 L1111 . 110 . 109 . 109
E 107 ;08 ¢ .18 Poo113 !olu3 o o113 ! .13 12 0 n
¢ F .108 . 109 L1081 116000 (116 j .15 [ .116 | . 115 1 114
| A 108 L1100 ) .11 .115 .116 150 .13 .14 .115
| B .109 L109 ¢ 108 .115 .115 - . 115 l . 113 .114 .115
1 v C .108 . 109 . 107 .115 } .116 .115 L114 .115 .115
i D .107 107 ¢+ 106 .113 L1156 .113 l J114 = 114 ¢ U115
' E 105 . .106 ; .105 a0 | d12 11 0.3 .12
- F . 105 106 1 105 L1080 L1 L1100 111 L1111 . 112
. A 100 .100 .102 .109 .105 07 | .105 | 108 . 108
B . 095 .094 .097 107 .099 .02 0102 b 101 .102
m C .101 .094 . 100 . 105 .098 L1030 102 0 .100 . 102
D .105 L1038 .103 L1098 P L1058 . 106 { . 109 . 106 . 107
E 107 L1020 o102 7 111 | .106 L1060 ¢ . 109 L1070 L1107
F .103 -100 100 F o108 - 1103 -104 114 104 l108
A 207 | 109 | 107 111 114 .113 ’ 110 | .13 .114
B .108 ¢ .108 : .107 L1111 . 113 .113 109 0 L1130 L1114
C .109 107 107 .12 .114 7R S TT R BTV S B T
n D .109 (105 ¢ 106 | .111 (114 0o ¢ 4 |14
E .107 . 104 L1060 . 109 .112 L1080 (111 .113 L 113
F 1 107 . 105 .105 . 110 L1120 ., L1090 ¢ 113 L1130 ¢ 113
A 111 15 | .110 .113 a2 | .11 .119 .119
B L1009 ¢ L1158 | . 110 . 119 L1210 .116 . L111 .119 119
C .113 . 115 .113 L1117 J121 1 17 .112 .119 119
o D .108 5 5 A 1 A 0 4 s ¢ 114 0 (113 LT 117
E .04 ¢ 111 b 112 I . 109 L1117 L1150 ¢ (113 L1117 117
F .03 ¢+ 110 ¢ 112 ' 105 L1168 0 L1140 111 L4 115
A 03 1oL102 1101 114 A1 | L1I2 J113 | L1158 | .116
B L1040 L1040 103 . 119 L1238 117 112 0 (118 ‘ . 119
C 104 1oL104 1 .103 0 .117 24 1119 L1120 L1200 | 19
p D .05 .106 - . 105 ’; .114 . 115 L1120 L1150 L1170 116
E .106 | .106 .04 0 112 110 .18 1 .112 L1110 (110
F .113 |- 112 L1111 L1160 .14 0 L1090 - (119 L7 0 115
. 3 ‘
TABLE 13 Test results of flow test on JRR-2 fuel element #9, 4/26/*66(unit: inch)
|
Origi. dimensions AMF | Dimensions after 360 GPM . Dimensions after test program
Elev measurement \ flow AMF measurement M & C measurement
* Y | z \ Y | z | Y 1 z

A i 2.997 | 2.994 ! 3.000 2.995 : 3.003 ' 3.006

B : 2.998 ! 3.007 i 3.111 3.005 ! 3.005 | 3.003

C | 3.000 | 3.000 { 3.018 3.013 | 3.015 i 3.013

D : 3.001 | 3.010 3.015 3.021 ‘ 3.011 i 3.021

E 2.999 3.000 3.007 3.005 I 3.002 3.003

¥ ‘ 2,997 ‘ 3.000 3.004 3.006 l 3.000 3.002

| X ; w ! X j W X w

A . 200 : —. 007 . 194 +.005 .192 —. 001
B . .196 ! —.003 .193 +.002 . 186 . 005
C ) . 195 . —.001 . 178 —.003 i .181 .002
D l .197 ! .002 . 189 —.005 ) .190 . 000
E 199 | —-.001 .196 .001
F ; —. 005 .195 . 001 . 199 .003

.197
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Fig. 32 Typical examples of inclusions in X-ray film(positive).
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Bl iy oA 8 EINTh

(6) XiRMREIETE
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TABLE 14 Test resulis of flow test on JRR-2 fuel element #9, 4/26/°60

Test $1 | Test $2 | Test #3 | Test $4 | Test §5 | Test 46
Flow rate gpm 100 180 270 0 360 0
Flow man Hg L1 4.0 9.8 0 16 0
Plenum press psi 3 6.5 14 0 21 0 .
Inlet man Hg 2.6 70 e 154 0 o] 2850 0
Outlet man . Hg | 05 | oz | ez | o w0
Temp H:O F 176 175 176 — w8 —_
#1 Leakage test Ibs 0= 200 200 0 200 -0 |
Dur leakage test — 3M15S | 2M24S 0  2MI15S 0
Leakage gpm — 7.37 10.3 0 10.7 0
Leakage 9% Flow — 4.1 - 3.8 0 2.98 0
#2 Leakage test s | - 200 200 0 00 | o0
Dur leakage test , — 3M23S | 2M24S 0 1M10S 0
Leakage gpm - 7.1 10.3 0 10.3 0
Leakage 96 Flow ~ 3.9 3.8 0 2.96 0
Indicator locations
Conves. #1 in 0.001 0.004 0,008 0.001 0.008 0 :
Convex $2 in .001 .003 .0085 |~ .0015 .009 -7
Convex #3 in . 004 .005 002 0.004 | — e
Convex #4 in -.001 —.002 000 0 =001 |
Concave %5 ' in . 004 .008 .014 | . 0.0085 014 | 0.004.
Concave #6 in .005 .009 .020 .0115 .022 .008
Concave #7 in .004 .009 .019 .015 .018 |  ".008
Concave #8 in .000 .002 009 005 [ .010 . 004
Convex 49 in .002 .0015 .002 .0035 | . 0.0095 0.001
Concave #10 in 0.0015 0. 003 0.003 0. 0035 — -
\

TABLE 15 Metallographié measurements of sectioned pieces '( in)

Section No. 1 (Random points across width)

Clad 0.0151 0.0152 0.0154 0.0151 0.0152 0.0152 0.0.52

Core .0313 .0314 .0310 . 0306 .0304 .0313 .0309

Clad . 0157 .0155 . 0155 .0162 L0169 | L0159 | o7 ) (0159
Gage 0.0619 0.0621 0.0619 0.0619 0.0625 0.0624 -| . 0.0624 - |- - 0:0622

Section No. 2 (Random points across width)

i

d
3

i
]

Clad 0.0151 0.0163 | 0.0152 | 0.0147 0.0169 0.0173 0.0152 0.0145
Core .0315 .0299 .0308 .0304 .0274 .0283 .0327 .0333
Clad .0155 .0163 .0164 .0162 L0183 | -.0172 .0156 .0155
Gage 0. 0621 0.0625 0.0624 0.0613 0.0626 0.0628 0.0635 0.0633

Sections No. 3 (Random points along length thru defect area)

Clad 0.0153 ‘ 0.0.55 0.0231 0.0120 10.0114
Core .0307 | .0308 Lot . 0388 L0371
Clad . 0161 _ .0159 .0229 L0111 .0131
Gage 0.0621 . 0.0622 0.0617 0616

Section No. 4 (Random points acrosé-";v(ridth thru defect area)

Clad 0.0152 0.0158 | -0.0146 | o0.0168 | 0.0153" | 0,014

Core 031 | 0318 L0319 | .0307 |v.0821%
Clad 0169 .0158 {  .0172- | .0164 | . .0146 .

Gage 0. 0634 0.0634 0.0637 0.0639 | 0. 0620
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Section No. 5 (Random points across width) .
Clad 0.0162 0.0171 0.0158 0.0141 0.0144 0,0167 | 0.0168 0.0155

Core .0312 . 0299 .0312 .0333 . 0336 . 0307 . 0303 . 0309
Clad .0149 .0157 . 0145 .0136 L0134 . 0146 . 0152 .0153
Gage 0.0623 ! 0.0627 0.0615 0.0610 0.0614 0.0620 0.0621 | 0.0617

Section No. 6 (Random points along length thru defect area)

Clad | 0.0170 0.0182 v 0.0162 ; 0.0151 ,
Core .0313 .0309 .0335 0341 i
Clad 0147 | .0142 .0134 .0135 P
Gage 0.0630 | 0.0633 0.0631 0.0627 ?

Section No. 7 (Random points across width thru defect area)

Clad 0.0144 0.0137 0.0139 0.0128 0.0144 0. 0137 0.0139 0.0128
Core .0324 .0333 .0334 . 0364 .0324 . 0333 . 0334 . 0364
Clad . 0150 l . 0147 . 01569 .0141 . 0150 . 0147 .0159 .0141
Gage 0. 0618 0.0617 0.0632 0.0633 0 0618 ‘ 0. 0617 f 0. 0632 0. 0633

EEEEC A, e LEHIEO 20% MmiERE

] Side plate(Al 1100)
EFREPFRLCRREDEL, COoRBEEELZRDS

I :
3 Plate(Al 1100) >

EE ORI L s EE L BN S, KX inclusion /
. - . LA/, Plate(Al 1100) :
OREL Y b U-Al A& EuE0 B3N ETh /4# - |
otz TABLE1S X XMBERIEZ DI NR L L | "—{}'—"\pin
>t 3 DBER (N-1-8, N-1-12, N-116) O R IN] o o// %
Bl THORBH 2 L D EfllE I i 7okl _{?l_ 1 3
FThb. vIThd AMF HOERICERL T35 2 e oX %
ERHBAL DT, HNTEXET 1 L LADEE T ;Imdwmg
EHTHD L ORMT L 0 REEMY Solit-12 g (18-8 ST.STL.)
(XRERBE L f o X8 7 + L2k BHC 3 X - l
NCuigys). %8, inclusion 23R s » LB Ol — ; g igz' %_g_;;n_m)
FEOVLFERO LS Thote. T M&C #i, £ .
PRERORHETH ) HEBOMERECH I A x o SN Laencaosst. pin
#- inspector T % AMF #:2 A&ZEL o st ;:: %é AI2N STL.) />t o/
Lichis TR L LLEZ ORERIC AL TR ,‘j‘i 9-;1‘-’ s ] ""/'Angl|e(304) /Q_ | g
EHEFCAR LD TRV L FRLE. —F, 1 T8 L | e
AMF #ix, oREZEELZOF IVEA: M & El — ‘\Q \/
CHATTDCE LI bINETDE FRBALLOT g o Stud(304ST. STL.)
boT, UHFREOHEERSEEY TPy T 4 B \K r{Cer (Al6051—TE)
—N{ FCh3dZ LERHTLY, BHORERET = 8 _ v
% % latent defect K12, i R - - Fig.33 Hold down mechanism.
: U-Al A& LHEEL T30 ThHE b, MR sion i X YEHT, WA LRKAICEE SN, K
i CEHERLAL LOBRRTH -1 B R FIFIC SR S oG, BRIk b - & b
@) RWMOBRELFHEL BB b0, FREHFEED LOOHITH 5. Tae
PLED XS Cijtho Az {NIZLL D TH DA 16 & AMF ii‘ﬂ_l LM XIRT « L ATFRE R L _
FpFL LCR BB HETs X 5 #p'j‘bf\_ﬁﬁif»f , Bbﬁ.i) DCHD. AMF ?ﬂ:}:?nciusmn @ﬂt Xk B
o & 2 KM S o Ch HE OFEEHEC AT S 'ﬁmkﬂﬁﬁbftéﬁ'H932@§E{ B §
CEATHETE D L0 BRI EL, 19 KOWMEESR - VWEEOIBICE - TEOWEE AL D K- i
FREFHT LICPELE. Fig 32 0 FHE Incle: S 0°C, AMF HREEMCAEDERH T3,
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TABLE 16 Distribution of inclusions within elemenis

" Number of plate having:
Inclusions wsth Max. dimensions:

E_lement Radiographs| 0. 030" l 0.031” to | 0.051” to Greater i Streak Mottled No gci?rgi'oie-
Number, Inspecied jor less | 0.050” 0. 100" than 0. 100 caks Areas Defect |commended
| a l by AMF
10 o ] 2 1 4 - - 2 | 8ol 200KW ..o .
2 15 3 1 1 = - T 1
3 17 1 2 L. - - - 14| 200
4 17 5 3 1 - - - 8 200
5 0 : Scrapped : - - : .
6 16 2 3 3 - 1 7 1
7 17 1 - 3 11 200
8 17 4 3 i - o 7 1
9 0 Scrapped !
10 0 Scrapped ‘
11 17 1 5 1 - - 1 9 200
12 6 | 3 4 1 1 2 1 4 1
13 7 - 1 2 1 1 2 10 1
14 7 - - - - = - 17 10000
15 16 1 3 2 - - 4 6 1
16 17 5 1 1 - - - 0 - 200
17 6 | 1 2 1 1 - 3 8 1
18 5 ¢ 3 3 - - - - 9 1
19 17 1 - 1 - - - 15 200
20 17 b 1 2 2 - T 10 1
21 7 - - 2 - - 1 14 200
22 17 % - - - - - 16 1
Total | 315 . 34 33 22 10 ! 3 | o | 198

¥4, HROZBHECLUEZ 22 ERL 5.
X7 4 VL FHCBRETS L, HHOAREVHO
BERFEL LR TERNHEH VL5 ThD

1%0¢8ﬂ,19$®%ﬁ¥%#EMLﬂ%Ln

c C CEOTERE GEREOMERER S
o BREISCHRAI S « 2 72 b » THRBRERRRTFC

B Chic b 2 ARDFERESHBPL .

(i) FoFRHELTUY LR, TOTHEAAROE
Bl L T v FHRBIRAAR EEminlitdz At
55, Tk, Fig. 33 WRT EE,S BHLMRLS
2, FoFERTY LY, RbTIRRATY v LR
BFERFRAAFEZEBLTCHFVIEDR A>T S
b, Z &y FEICHRERRTR O A EH T
e, 7y FLURVENES S THLTHS.

(i) FoFHRELEAAMCBEH TS chd
Fig. 33 HHEBAR LI, Ty F, TVIN AT
y oy, B, ARG ENEFROM TN X L ER
FHEERSD. AT v F, TYINBLURT
o Xt 1 ADF I THZ DR TV BRD IO
HEMEA R .

A A Lt S AR T e R TR T R

(i) RoFA@BHL, Ty F LN L ORI
METS.
Faimgrkid L, BREEROBRKYERCE I

bbb o FE LHREEYS koo (RHEHERY . -

37, Fig. 9). FELZHZ 7".5:07’\.03‘5 'J?kﬁxm}ﬁ
¢+17#%L1%W®ﬁﬁ£%éﬁ@% &o CTH
foklh, 7 /5"@&1}!]7'5["](02 LIk 1’100mm U'F'C’
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EroBEERZOREER 2R L, MELED
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mbh5&ﬁﬁm9mhxﬁmﬁbh5 LichiaoT
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TABLE 17 Result of dimensional adjustment of hald down mechanism
A — : H
‘ HiE & ® l ® | ®
™~ Cap % Tl ;
Fuel hS ?‘“ﬁﬁfﬁ izConcave ” ” l v ” ‘ *
No. N EFEEc ] | | ¥
VSRR EFa | o om | aEE EFM | A R | HFE |
B % | AMF B | ] R ;
No. 1 o % AT _ _ . _ _ - . — S e
- » #% 9.65 9.66 9.81 9.86 32.33 32,85 32,33 32.39 80.66 :
No, o | B EH 10.13 10.38 9.96 10.27 32.81 32.99 32.75 33.05 80.53 i
- r # 9,77 9.82 9.77 9.67 32.41 32.41 32,37 32.41 80.70 ;
No. 3 | iR ¥ I 9,08 9.09 10,02 10,03 32.61 32,61 32.83 32.83 80. 80 i
: v % 9.90 9.90 .44 9.62 32.41 32.39 32.37 32.41 80. 82 ;
No. 4 | ¥ EHI 10,12 10.05 10.15 10. 04 32.83 32.79 - — 80.75 ’
: v % 9.88 9.77 9.82 9.74 32.51 32,47 32.37 32.37 80.81 :
No. 6 | M EH 10.15 9.95 10.13 9.97 32.65 32.89 32.71 32.51 80.75 3
. v % 9.80 9.75 9.87 9.82 32,35 32.33 32.39 32,39 80, 65 :
No. 7 | T E 10.44 10.60 10.52 10.53 33.29 33.45 33.23 33.25 80.75
- P 9.80 10. 00 9,67 9.66 32.37 32,37 32,37 32.35 80, 84
No. 8 | & §§ il 10.02 10. 10 10.08 10.15 32,67 32.77 32.71 32.81 80.12
- #® 9.66 9.66 9,64 9.63 32.31 32.31 32,39 32.37 80.93
No.11 | gg il 9.97 9.84 9.69 10.17 32.39 32,29 32.11 32.71 80.56
. 9.82 9.90 9.80 |- 9.89 32,31 32.35 32.35 32.35 80. 38
No. 12 %ﬁﬁ 9.81 10. 25 10.41 10.45 32,81 33.05 32.03 33,05 80.70
NO- 9.39 9.58 9.92 9.95 32.41 32.51 . . 80.75
No. 13 | H =l 10.21 10. 18 9.73 9.90 — —_ 80.70
0. v % 9.79 9.80 9.88 9.88 32.35 32,37 80.75
No.i4 | ™ $§ Bil 10.23 10.21 9.98 10. 13 32.85 32.83 80. 50
- % 9.85 9.75 9.97 9.93 32.33 32.39 80.85
- @g 9.85 9.74 9.99 9.92 32.55 32.51 80.81
No.16 | gg i 10.24 10. 23 10.53 10, 40 32.85 32,95 80.90
- #% 9.76 9.63 9.74 9.66 32,41 32.37 80.94
No 17 | ¥ E Bl 10.20 10. 15 — — 32.73 32.61 — :
- PR 9,80 9.83 9.83 9.78 32,37 32.37 80.99 :
No.1g | W ® Al 10.36 10.38 10.35 10.58 33.21 33.09 80.25 ;
. v % 9.88 9.88 9.51 9.38 32.43 32.41 80.80 :
No. 19 % Al 10.64 10. 54 10.26 10.26 33,11 33.01 80.50 {
NO. v % 9.86 0.85 9.41 9.5% 32.37 32,37 80.94 :
No.20 | ¥ BT 10.00 10. 25 10.12 9.63 32.65 | .32.77- 1:..80:81. :
: v % 9.86 9.83 9.43 9,39 32.37 | 3245 73231 | 80.80 !
No.oi | H @ | 1025 |- 10.31-| 10.22 10.14 | 33.210 | 33,2155 +81:05 - i
- v % 9.88 9.88 10.02 9.91 32.23 | 32.31 - .. 80.85 H
No.zz | B ¥R | 10.27 | 1029 | 1027 | 10.24 | 82.69 32,61 " 80.70 %
- v % 9.83 9.88 10.02 9,91 32.35 32,41 80.73 :
5 UEHEENAE DO TR EiEHRHRHT 2.3.1 AFM #ODEM® AMF #(:#f0 354 11 7 ;

#hic & A BAARGE L, b 5 —2uk inclusion OFEEE
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ZZeHic kB Swelling 7 ¥ 0T A I B AT
L, NEOBSHERDXBHT5Z2LTChH 5.
205 bu—EDRER OB ER 2RI 2
WCHBKEBEE B tofba®fﬁﬁmﬁttt
Zzbhb.
uTﬁm&ﬁ%kWQQE&%G&&DW%LOM
-, AMF Hic b O BE SO RELY OB L LT
5.

mil LFO b0k

JRR-2 BT 52 HE & R L C& . ZoRE

ORIZELDRMEE DT B, TofHEmr o5
LIRD LB Y THS.

1 v3r7aifeEdicgEnsg inclusion & b

S LB ELELTHY S eEL B, ZOEES 100

yfm 77/@5360'

%ﬁr{iki 45 ﬁ;%_% 0) '7'7 /T)wi‘“c;
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CEBH I Y192 K FIR L g duE mbinu. &

t, BEEZORMARECETRED »5 LBbh

ZOCEENKS: L TATHATLLHERAL
s ) e aewW)

geifEErd 1.5 & g 100 mil BUF @ inclusion %

L SHEHR T 200 kW AR HIET<EThHS.

(2) 200kW 1000 M@, EE 100 mil, &
% 50mil © inclusion & b SR ERGOESHLE
Kbl e3+5E 5.256 £2)—Thsbs. 20
fErx 10000 kW EiZEILEZO N REELLOD
OEKFOHSED 13 T Finv s, BAFORN
BEOREGSSZUERY L b B0, F1L7% 8 K
CRHEERUEE 5. Lo THIEERYO
BAFARHEZ6F2—LE21D

(3) 100mil X D ARZWEED inclusion D% 5
Higizou Tz, T3 HE SE s s TR A
OLEAERY D 50% NEAFCHHEEREHD
L, coLEOBSRERYORY LFCO6F 2
—ERE 25 LEEAEAE IR LEW s,

2.3.2 AMF HERCHICT SBEHEEORROM
E 2CAMF HOB Il XBEEOBRL DA
5 EERE 100mil X hAkEZL inclusion %3 Aok
24EC 10 ¥, BHEZRCLTCTARLS. Thbb
TABLE16 D =D THA.

LILXET s va ko pEFoRLECE
25359, EHPOEIFHYE> T2 L2TL
T b, LLCREVERDRBIEOERDLLS
ForliEEE NG, OEIRHKRHTCL TS, #E
HEO L RS ARARERPORICL TH, %
EEEROR C A WHBEE L Th, FEHRELE
S b2 5O THEN, AMF HTEIDELOL
CRIH R B CabT, TAIEEL AR L E
CEX LS ERE B REZL T 200kW LT
1kW EiZ e o 5 v L T2 TH S,

FuelNo| AMF gJAERlnFuelei AMF }LAERl

1 200kW! B 14 | 10000kW| A

2 1 A 15 1 B
3 200 A 16 200 B
4 200 C 17 1 A
6 1 D B |1 c
7 200 B || 19 | 200 A
8 1 B 20 1 A
11 200 E - 21 - 200 A
12 1 D 22 1 A
13 1 E

7 4 M LOBALE X b inclusion DFLE #{EET S
Crkfemknt AL OCRETCHEN, chExEBE
1 AN CBEe)Ec ABCDE i HHL TH % RO
L5l h.

2.3.3 JRR-2 SO MRET AMF 0#HETIEE
WHFERD Inclusion SRR LTS HE -
B e, BORHRRLEREGEL GEACHME
R B, ERiciE inclusion EREICTEFEETS b

DTHD, T O L Bk RIGIENY 8-> CHE
EMEREERATE SRS booEse, JE»6E
HOBMSNZHCHT 2B AR VBT THS.
EfckcnbicEEL, inclusion #D K& XAF
PRt Ch 5o LDOBEL RO L 5 KEREEEHEL,
ZEaflict » REE BV THREE Rk, T0
ChLUVHRERFRCPT A L L 2 2 THEDHE
M DB, WX ¢, %FE r n5MEKD inclusion
2%, BUEHR U-Al gg&fodRecmEl s L L,
BELLEAEDOS b ETRERML VIHIAEF LM
mrbiHsShs2 L 0EEREHAL, KESHFR
ThdHZEDEFEY LY ARLEFORLREREY
HeTE L Cdo. Fig. 34 (3 inclusion ®# £B 7V 7 ¥
YOS =i FERE LR L 2T, inclusion &
LR L BHMIBEE L o #4, inclusion Hi7ct»
EHCBECHL THRE (R) Ricdhi R THOT
B 5. inclusion OMF r 2FHEL, EX t &35

v

5k t=0. 020”

0 010 0. 020 0 030 0 040 0 050
c-r(in).. :

-+ Fig. 34 Temperatme rise factor- of meLahc -U.-
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A—=RT LoTWwd, LEMDK, EIR 100mil, B
Z 20mil @ inclusion #FE+5 & (EE D
IiickeEhbDRFELAG L HEfEN3), inclu-
sion MREIRES inclusion M7l BEHo FEEfEr
BEV WS EFCT T DB 2000 kW 75

A—=s34 FOBFE 2600kW £ CRET 2 LHTETS
AL, HHBRE LT 150 EFTD L3
v S DB 2000 kW X (1/2)0-8=1200kW 7 5 >
Hr—s54 FOBE 1500kW THIND.

2.3.4 WEWRO BECONT ~FTAIH
BiEic >V Cto~35.

AMF #o#E i, BGHERTL AT, &4
WORSBFHATL B 00T A I HEIEOBRERL
S EHETCHBELTVB. FD1HLELT, HX
BHEK L% swelling ORENLA. T b, AMF
HoWE CE X 50mil, EEE 100mil DEFYIEY
FrrER, 95 3 U-AlEELEE - TTRCD
HFAERHE TS L+, 200kW cHEiEL 585, -
HRERIMSEA 1 Bic 0.006% /s & L, FOFEE 2
PAE 1mil 221 6METHS L HEL T
5. Lol ohni@idolR BEHEORY CLa
Bz 0.1mil ot +F v, 24k JRR-2 %
1000 kW CEEL 7= BEOBREHRE O RHEE LT
A 54°C, BRI P .G S 60°CLLTFC, #2lifti%
BrAXBEIb VG EBbns.

S FZ grain growth OE» S 5. AMF #Ho0o#H
i 5T A fHIE 1% atom burnup 49 350%
grain growth Lz F &\ 5 T, Thid BEST
BEOBG-HEOBRELELLAS. COEYALS
L, 200 kW EiEL #3854 0.7%/day 085 = i i
5. LIAM, BEEERZ RO X5 cfEvoTl
9% atom burnup ¥ 9 grain growth (& 2~3% < &
WIEEEL - LEXLR, HPORIDOEOFELRTDH
1 i 0.01% < BuLaffoihv.o it b, BE
LA DBREAE 52, 2o 1000kW T3 Ab
SEGSEFEVENLTE, £y 100 MWD EBE
ChbHhrb, EEWO HEE L 0.1mm {5
Wi Lasfe by, LMo, TA =7 L 5B
BO AR IS '
2.3.5
BERC L TRTTEOSAL 51T AL HORE
CELTH Y, WEKABRb R >T 50T, T
‘Eﬁﬁh#&kk&iub#b&?szh L #»
L& RO T IE, “hbORRTER S
ﬁ=of;%§2ﬁinﬁ%j(«: v v Ehviee L, Bk
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DT 3 HWREEERR L - SO EESEN RV X
2V DT, bIBEMHSBERYEHTELFED
AR L TR LESRL .
uuTAT%ﬁlébmﬁﬁéimWGW%%z
AT&lﬁ 200 kW "G 1000 HHIEAE L i

100 mil” Eé 50 mil DAFE‘%I ').’i‘f%’)ﬁ"%@i
mmmﬁmszs#lu—f&a ZofEiE 10 MW
g F ik N ﬁ‘ﬁﬁbtﬁ:@iﬂdﬁ@ Al, Mg, Na
e EORHED 13 1w Fieua, 1k 8 BI% T
K5 B B O B B DB AR S W O TR LB I
Feh. Zmtsd AMF HOMETE6 + 2 I —2EK
IR T EVBROBEE L bIT Tt 5.

Eko k5 1kW wiihx SR LA B
BOT A WEREEEANRS LV IHDES dicw
B RERLTV523, D6+ )—2b5HE

B4t 200 kW, 1kW E 5 HAEIRD 1 20F ma ;
s T 5.

TABLE 18 1= AMF D {FFE® & & inclusion 0)}.’%
2 U-Al 442 LEUC E&0 30mil L 1000 kW
10 HEGEROERE L O M TERYO RTE LR
LThb. :

TABLE 18 Activity of fission producté

inclusion &0 0 KA BUERBIOHENE wo hTUB0T

I (AMF

o) | U
1. inclusion ®A & X (mil) 1004 <50 | 1006 %30
2. Hizdh kW) 200 1000
3. EinfkktER (ho) 1000 240
4. EABREBRYIOR SR %};:
S BEEHRTENA (cume) 5.25 .13.5. .
ﬁb#@t B .
B £ (MeV/sec) T16x10M 3:9% 10 -
~Mﬁm%%mw)r 3.6x10%|'9.0%10°
. EHRHD) 7 1.1%10 | 2.7x10%
IBRMBOBRRS D) 7 0.2x10: | 0,5x101
5. 10000 kWiEiziE L E# (curie), 17 ’
NS RBFE LD B back 1310
ground 7 (MeV/sec) *
8 %Faﬂiﬁ r (MeV/sec) 3.7x 10 |

JRR-2 TR EAR, ~J 7 L% I BB
FHLTEY, HHEOHHMEELERL T, &
K DR ~A T 2 BT 1100 & bl b, E
P BAHBR OBEE O — 1 Fh 10MW e8t
e x_(«:ﬂ 6 * ') "'fmffz

s t%?x%t %HMﬁa%méof“
w0ﬁ<5»m£étMEfsagetubn : B
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TABLE 19 Additional detecors

R ET D 'T"ETZ:E T3 55 Eﬁ'ﬂ*}o)a‘l‘ *k
® B & BB s | % PENSHE B !@mﬁﬁ
i GM Counter i Kr, Xe ( 0 16 #c | 8000 cpm ’ up | 1000 cpm ) 9 -
NImeR Fission proqucts | cs, r. | 2x10-*ac| 600cpm oA | 100com | 7
’ precipitator = S ' # P l ) ) €D i )
T b o5x10~ | 2000+  |mkshomes] 20004 |,
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I GENERAL

Fuel elements used in the 10 MW Heavy Water Research Reactor shall be of the MTR-
type and shall conform to AMF Purchase Specification FE-RR-2h, included herein as Appendix

A. They shall be fabricated in accordance with the AMF drawings listed in Section III, and

shall be guaranteed by the fabricator as stated in the Performance Guarantee. The Performance
Guarantiee conforms with the AMF-JAERI Contractual fuel guarntee clause which guarantees
the initial loading of fuel element assemblies, including spares, to operate for at total of 300
MW-days or for 180 days from the time the reactor is first brought to criticality, whichever

occurs first. The Performance Guarantee is included herein under Section II

II PERFORMANCE GUARANTEE

The fuel manufacturer guarantees that not more than six of the fuel assemblies delivered
will suffer cladding failures attributable to corrosion, erosion, or radiation damage during 180

days from the time of criticality, provided that the following conditions are not exceeded :

Sustained Conditions® Surge Conditions™**

Coolant pH 5to 8 5t 8
Coolant resistivity, ochm-cm, min. 108 108
Coolant velocity, ft./sec., min. 16.3 16.3

" max. 30 30
Coolant bulk temperature, °F max. 133 139
Cladding temp. (surface), °F max. 257 280
Heat flux, Btu/ft 2/hr. max. 600, 000 783. 000
Burn-up, % 2*U max. 20 20

In the event the fuel assemblies are exposed to water before reaching criticality, the pH
and resistivity of this water must be within the above limits. If such pre-critical exposure to
water exceeds 10 days, such excess will be deducted from the 180-day limit of the guarantee.
The coolant pH and resistivity value must be measured and recorded at least hourly while the
fuel is in the reactor and at least daily while it is in wet storage.

The manufacturer agrees to supply without charge replacements for any of the original
thirty fuel assemblies that do not meet this guarantee, i.e., for any excess over the six eleménts
permitted to have cladding failures by the guarantee. The manufacturer will pay also for all
expenses in delivering these replacements to the receiving point if Japan specified by the Japan
Atomic Energy Research Institute.

All obligations under this guarantee will terminate one year from the date of receipt of
the fuel assemblies at. the delivery point. ,

In the event a claim is made under thls guarantee, M & C Nuclear will be glven ac’

to all reactor operating records and 4n opportumty to. mspect the reactor.

* Hot Spot peak specified to allow for sustained 11. 5 MW operatlon due to. calibration errors. . :
** Hot Spok peak specified to allow for temporary surge to 15 MW due to transxent plus cahbratmn
errors, o

e A e st L et S 20
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III DRAWING LIST

The fuel elements are to be fabricated in general accordance with the design, dimensions

and specifications included in the following AMF drawings:

Drawing No. Title
89-21-E-7294-C Fuel Element Assembly
89-21-C~7144-C Cap
89-21-C-7145-D Side Plate-LH
89-21-B-7146-B Inner Fuel Plate
89-21-B-7147-B Outer Fuel Plate
89-21-A-7148 Cam Follower Assembly
'. 89-21-A -7149 Stub
; 89-21-A-7150-A Angle
89-21-A-7151-A Latch
: 89-21-B-7152-A Latch Spring
89-21-B-7153-B Plate
E 89-21-D-7154-C Transition
89-21-C-7155-C Nozzle
89-21-A-7156-C Compression Spring
89-21-C-7159-D Side Plate-RH
89-21- A-7460- A Plate

Any deviations from the dimensions and materials specified in these drawings must be
approved in writing by AMT ATOMICS. The methods of fabrication are the sole respon-

sibility of the fuel fabricator and at his discretion.

IV SPECIAL CONDITIONS

, For paragraph 3.4 of Purchase Specification FE-RR-2h a radiograph will be required of

each Fuel Plate accepted for assembly into a Fuel Element,
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AMF ATOMICS
Greenwich, Connecticut
PURCHASE SPECIFICATION FE-RR-2h o

1. SCOPE

This specification defines and lists the critical requirernents for Fuel Elements which are
made up of several individual aluminum clad Fuel Plates containing an aluminum base uran
iumfuel alloy. These Fuel Elements will be used in nuclear reactors whizh are to be emplo
yedfor research and educational purposes. The reactors may use either heavy or light water
as coolant and will have a maximum metal temperature ‘of 280°F. In addition to meeting t
he hcritical requirements enumerated below, it is expected the supplier will take any precaution
tathe deems necessary during manufacture to insure satisfactory dry storage and service perf

or-mance of the assemblies or parts of assemblies.

2. METHOD OF MANUFACTURE

2.1 Individual Fuel Plates shall be made by encasing a fuel filler of an aluminum-uranium
alloy within an aluminum cladding in a manner which will insure complete bonding between
the fuel and the cladding and complete cladding integrity.

2.2 A Fuel Element shall be made by combining the necessary number of plates and end
fittings nto an assembly which is held together by mechanical means and is suitable for im-
mediate in-pile insertion in the reactor. The detailed method of mechanical fastening shall be
approved in advance by the puirchaser.

2.3 The number of live and/or dummy Fuel Plates shall be in accordance with the Purchase
Order and designated drawings.

2.4 There shall be no change in the materials or process of manufacture from beginning

to end of an order or between successive orders without prior approval of the purchaser.

3. CRITICAL REQUIREMENTS

3.1 Fuel Alloys
The alloy used for the {uel material shall be a binary alloy of aluminum and uranium.
A ternary alloy containing up to 3 w/o silicon may be use, if the prescribed loading, in terms
of grams of #**U and the isotopic enrichment of uranium, will require alloy to contain in excess
of 20 w/o uranium.
3.2 Raw Materials

3.2.1 Aluminum for filler alloy shall be 99. 3% pure aluminum,

3.2.2 Aluminum for cladding shall be 1100 or grades of higher purity. (ASTM- B209;55T'» 7
Grade 990A) In those cases where the composition of the fuel alloy requires a stronger',f lad-
ding material for mechanical compatibility during hot rolling, 6061 (ASTM-B209- 55T Grade

GS11A) or 5050 may be used. These alloys also are permissible for use in making “picture '

H
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frame” components, .

3.2.3 Aluminum for the end fittings shall be 356-T7 castings or shall be machined from
6061 solid bar stock.

3.2.4 Fissionable material for fuel shall be as reported by the Atomic Energy Commission
for purity and isotopic analysis.

3.2.5 The boron in the aluminum used for fuel alloy and for cladding shall be r_épofted as
pom (for information purposes only). B

3.3 Fissionable Materials

3.3.1 The amount of uranium contained within each Fuel Element shall be adjusted in
terms of the isotopic assay of the uranium raw materials so as to give the necessary weight of
235U as specified on the designated drawing. In addition, the amount of fissionable material in
any individual Fuel Plate shall not differ more than plus or minus 3% from the amount in
any other Fuel Plate in the same Fuel Element. The sampling plan used to establish the
amount of fissionable material in an element shall be approved in advanced by the purchaser.

3.3.2 The enriched uranium furnished shall be used by the supplier as efficiently as possible.
The supplier shall notify the purchaser should the irrecoverable scrap generated in manufacture
make it impossible to complete the order from the material for which the purchaser obtained

allocation.

3.4 Location of Fuel Filler
Location of the fuel filler within a completed Fuel Plate in terms of the prescribed drawing
shall be verified by fluoroscopic examination or by suitable beta gage scanning of the full length
of each plate. If beta gage scanning is used, the equipment and procedure shall be approved
in advance by the purchaser. In addition, one randomly selected plate from each heat shall be
radiographed to give a permanent record of homogcneity and fuel location. In some cases a
radiograph of each plate will be required and so stipulated on the purchase order. All radio-
graphs shall become the property of the pucase.
3.5 Dimensions
All dimensions shall be in accordance with the prescribed drawings as specified in the

purchase order.

3.6 Bonding of Cladding and Fuel
Complete bonding between cladding and fuel of individual fuel plates shall be verified by
a short time “blister” test consisting of heating the completed plates to 900°F for 30 minutes
at temperature and examining the plates immediately after removal from the furnace. Plates
exhibiting raised or blistered areas while hot shall be rejected. Blistered arears on rejected
plates shall be marked while hot with a suitable crayon. In the case of the flat plate elements,

acceptable plates shall be cold rolled to finish size by a thickness reduction of at least 5%.
3.7 Marking

3.7.1 Each Fuel Plate manufactured shall be -assigned- a serial nubmer at the time:it: is |

assembled for rolling. This number shall be marked on the plate and carried forward in all

subsequent processing sieps. This number shall be shown on the list of accepted -plates and on

the reference drawing as required by paragraph 3.8.1.c.

B
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3.7.2 Each Fuel Element or Dummy Element shall be engraved on both side plates, in
letters at least 2" high, with a serial number as specified by the purchaser. The depth of
engraving shall be 0.003 inch to 0.005inch and shall be clear and legible.

3.8 Records and Reports
3.8.1 Four certified test reports shall be furnished for each order, giving the following
informating : ' ) ‘ ‘ '
a. Chemical analysis of each heat of fuel alloy ¢1d the calculated value of the ***U con-
tent per plate and per element as required by 3.3.1
b. Chemical analysis of all other major materials used in the fabrication of the element.
c. Complete reference drawing of each element detailing the internal dimensions and giving
the serial number of the element. (See Paragraph 3.8.1d) These drawings shall show
the location of each plate with its associated heat and rolling identification and the total
quantity of ?**U in each element.
d. Inspection records of all dimensional measurements. (Forms similar to MTR form WC-
R-100a and 102 may be used.) If dimensions are within tolerance, they need not be
recorded individually.
: e. A statement that the elements have been manufactured in accordance with and do, in ’
fact, meet the specification.
3.8.2 Radiographs as required by 3. 4.
3.8.3 A five-gram sample from each heart of core material.
3.8.4 Record of plates passing Magnagage test or photomicrographs as required in 3. 11.
3.8.5 Serial numbers of all acceptable plates as required by 3.7.1.
3.8.7 Samples to show depth of anodixing as required by 3.9.1,

3.9 Cleanliness and Corrosion Resistance

In order to avoid any hazard of contaminating the reactor coolant water and also to verify

that the surfaces of Fuel Elements do not contain imperfections which could adversely affect

service performance, each Fuel Element shall be treated in the following manner:

3.9.1 Fuel Plates and Side Plates which have been checked for surface contammatlon and
found to have less than 10 micrograms of uranium per square foot shall be electrolytically
anodized immediately prior to assembly, Depth of anodizing shall be 0.0005in. minimum.
Anodized parts shall be handled only with white, lint-free gloves. Suitable samples to verify
the depth of anodizing shall be submitted to the purchase.

3.9.2 After anodizing, but before assembly, all parts shall be closely examined for the

presence of any imperfection which could be indicative of poor service performance; e.g., bond

line attack on fuel plates. If the supplier so desires, workmanship standards which have pre-
viously been aged upon may be used as a basis for inspection.

3.9.3 If the method of mechanical assembly requires use of a lubricant, the method of
cleaning to remove lubricant after assembly shall be approved in-advance by-the purchaser,

3.9.4 Immediately following inspection a sufficient amount of desiccant suitably “contained -in:

porous bags shall be placed in the end fittings of each fuel element and- the element: placed:in:
a polyethylene bag. The material for the polyethylene bag shall be at least 0.0101n. thlcl\_‘v
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The bag shall then be twice evacuated and backfilled thh dry nltrogen after whlch the bag
shall be closed by heat sealing the open joint.
3.10 Scratches and Marks

Scratches, pits, or other marks on the heat transfer surfaces shall be 0,003 in. maximum

in depth as determined by a snitable optical depth gage.
3.11 Cladding Thickness

In order to verify that the cladding is sufficiently thick‘;‘tafddedﬁafélg}-‘pifdtééégfﬁé fuel from
corrosion and also to retain fission products, Magnagage measurements shall be made of cladding
thickness at each end of the fuel portion of each plate on both surfaces. Minimum thickness
shall be 0.010in. Go no-go type of inspection may be used provided an adequate record is
kept of each plate inspected.

A suitable set of standards shall e maintained in order to calibrate the Magnagage at
frequent intervals with respect to the thickness being measured. As an alternate, one randomly
selected plate from each heat shall be destructively tested. Two small longitudinal samples
from each end of the plate shall be suitably prepared and examined microscopically to establish
the actual thickness of cladding covering the end of the fuel filler. . Cladding thickness less
than 0.010in. shall be cause for rejection. A photomicrograph shall be made of each specimen

and given to the purchaser.

4. INSPECTION

Inspection shall be at the place of manufacture. Fuel Plates and Fuel Elements inspected
and accepted, but which are subsequently found to be not in accordance with the specification,
are subject to rejection. During and after manufacture the supplier shall afford the purchaser’s.
representative reasonable access to the plant and records to establish that Fuel Elements or
Dummy Elements have been manufactured in accordance with and do, in fact, meet the re-

quirements of this specification.

5. PACKING AND MARKING

The method of packing and marking, whether for overseas or domestic shipment, shall be
as stipulated on the order. All packing shall be for safe shipment in accordance with existing
Atomic Energy Commission and other Federal regulations. The method of packing shall
insure integrity of the polyethylene bag in which the fuel element has been sealed. For
certain types of elements it will be necessary to insert strips of plastic or other suitable non-

contaminating material between plates in order to maintain proper spacing during shipinent.

6. CUSTOMER LICENSE PROVISION

In some instances the reactor owner must make applxcahon for a Special Nuclear Materlals
License. The supplier shall notify the purchaser or parchaser representatlve at least 2 monthm

prior to shipment of the crating and shipping procedures to be employed
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7. SAFETY AND AEC APPROVAL

Nothing in these specifications shall absolve the supplier of his responsibility for good
workmanship, safe manufacturing, suitable inspection procedures, proper and adequate health

physics, and security control in complete compliance with U.S. AEC regulations.

8. REQUEST FOR WAIVER

It is expected that only Fuel Elements which have been fully inspected by the supplier
and found to be in accordance with this specificafion will be submitted to the purchaser for
inspection. In those cases where elements are known by the supplier not to be in strict accor-
dance with the specification, but where there is good reason to expect satisfactory service
performance from the elements, the supplier should in advance submit in writing a request for
a waiver of the appropriate requirement. This request should clearly state the extent of devia-
tion from the specification and the reason why the supplier is request acceptance.

The purchaser will make every effort to expeditious review and approve or disapprove of
all waivers submitted. At the time of inspection the purchaser’s inspector can be expected to
closely scrutinise all elements for which a waiver has been granted in order to verify that the

facts pertaining to the waiver are in accordance with the request.
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1st power-up test for JRR-2

Abstract
JRR-2 (Japan Research Reactor No. 2)isa 10,000 kW heavy water modelated and cooled,
CP-5 type heterogeneous reactor fabricated by American Machine & Foundry Co. at Tokai
Laboratory of JAERI. 1st power-up for JRR-2 was started Mar. 6 ’61 and attainted to
1,000 kW on 22 Mar, By the end of Aug. JRR-2 was operated 370,000 kWh with good

conditions.
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TABLE 23 Pump and blower
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D,O systern
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TR | | S
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He system o .
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H.O system
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D,O temp.
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Fig.36 100kW power-up test ( Mar.7, '61)
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3.

TABLE 24 Thermal equivarent test
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Fig.47 r and neutron radiation distribution of reactor face at 1000 kW operation.
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Fig.48 7 and neutron radiation distribution of Reactor top at 1000 kW operation
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