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With respect to the simulated reactivity initiated accident (RIA)
experiments with pre—-irradiated LWR type fuel rods at nuclear safety
research reactor (NSRR), there were principally three technical diffi-
culties which should be overcome::

(1) Fabrication of the rodlet fuel:

Fuel rods from the commercial power reactors had an active column

length by 3.6m. To utilize this for NSRR pulse experiment, rodlet

fuel having an active column length by 0.12m (reducted to one
thirtieth) is requested to fabricate without changing the inside
fuel conditions.

(2) Development of in-core instrumentations:

During pre-irradiation stages, a long-sized fuel rod had dimensional

changes by waterside corrosion, bowing, creep down and so on. The

fuel also had greater amount of radicactive fission products. This
condition is significant to in-core instrumentations to be attached

to the fuel rods. Well characterized data to be obtained from

+ Department of Reactor Fuel Examination

++ Department of Research Reactor Operation
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- these, however, are quite necessary and important from research
point of view. Remote handling techniques to attach the rod pres-
sure sensor, the cladding extensometer, the fuel extensometer, and
the cladding surface thermocouple to pre-irradiated fuel rods are,
therefore, requested to develop.

(3) Installation of PIE equipments for pulsed rodlet fuels:
PIE on the pulsed rodlet fuels are necessary to better understand-
ing the fuel performance detaily. Equipments which can easily
detect the data felated to PCMI type fuel failure are matter of
CONCEerIT.

Since 1986, the technical difficulties have been tried to
overcome by all staffs belonging to Reactivity Accident Laboratory,
NSRR Operation Division, Department of Reactor Fuel Examination and
Hot Laboratory. This report describes the technical achievements
obtained through four years work.

Keywords: RIA, Pre—irradiated LWR Fuel, Refabrication, In-core Apparatus,

PIE Devices
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Table 2.2-1 Specification of dry cutting device used for refabrication
of rodlet fuel

H H ERULRRU Tk
Ly Efe—b U.?S“”dPéJ’rﬂ{HMZUUWSO~E-0Hz
2 Ay y— (4 150m/m(?'lﬁ'£??“fw9~) N
3| N ABR YT A (FH)

4 | T—THEYR -2 = 250m/m

5 | /NA ABEE 3om/m (HEE25m/1)

6 |HiigFA -2 190n/m(ASY27:E D) ALnvh 1)

7| BERMEER AR SA NSRS IR LT A Y E LT E )
8 | KMtk ik S Y650X L600X H1005m

9 | HER = 160kg

10 | T #3, 200V, 50Hz

11| Ay ¥ — [ #7 1900RPH

Table 2,2-2 GSpecification used for dry

TH Z] {t ]
SR e JIEINE Ui 2k
R=ELEN

HZE® 1. 33Pa

HY Ry R Y — 7 R

HIER 7 EEE It 1, 100V, 200W, 4P
[Ingh ]

7 7% {5 7 O 200°%C

WeziR 120°C(MAX)

b — & —8sE V— Ak - —

k—¥Y-EHBELEH $3, 200V, 1. 8kWwW
B 1 30k
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Table 2.2-3 Specification used for peripheral welding
TH B {t R
By a8 b —F @ #5
Fryi— | BEK He+Ar
BRETIRE HE
BREEN — 1~ 1kg/em? G
b — 7 [ R 3~11RPM
R S R
TIG Pulse 1 5 O%!
g HIRER $3, AC200V
il 8 75 3, AC1LOOV
61, AC200V
HE F N #1 7 Oke
HHER ¥ 7 bke
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Table 2.2-4 Specification used for end plug seal welding

15 B i+ #
B ik =1 iA #
BIEF vy — | iR1E NI LHA+FYE ) A
BEHE N — 1~50kg/cniG
WHRIE - 1 ~5 0kg/cm?G
FREIRE 40°C
HAREY 7 | Kk NG EAN A+ IS UH R
BREtE D ~ 1~86 0ke/cn?6
HEHIEH — 1~ 86 0kg/cm?G
RAtEE 40°C
T REA WO Ees%  TIG Pulse 100%
COR iR $3 AC 200V
] {4 & 7 $3 AC 100V
1 AC 200V
g # FrN—% #12 0 0kg
g 1 4 0ke
i 7 A LA R B ik
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Table 2.4-1 Result of FP gas puncturing made on pulse irradiated PWR

fuel
B R ;% whE N ABERER
PRE A AHBERT ~ 5 HEBEEES G 0 8
®EHES K4-K1
% B HIWR 24 25 SH
FHAMBRER (cm”) 84, 78
ZARAKBRER (cm?) 89. 00
PREL R P SR R BR B TR (cm?) 4., 22
FAMBEEER (Pa) | 1.09x%x10 °°
HAREET (Pa), 1. 32x10°
PREL R AT (Pa) 4, 19%x10°
FABEPERETER {"C) 25. 2
LHAR (FREAKE) (cm”) 159. 85

HIHER
1) ATRARKE. SHOWET -2 QR EHIEERT.
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Table 2.4-2 Result of mass spectrometry against sampled FP gas
from irradiated PWR fuel

B B % N Fy —BE  (HABHF)
NP F v —HB £ LS KA G 0 8
F=—&—hk (HASH) w O = K 4
B OB OB omlH2 2.13-KH2. 3. 1|8 H £ | NSRRAVARKHERAE
1. kol
[ £y EE L (Vol 8) EE (g) %1
H, <0, 01
He "BASE
N, 0. 02
0. <0, 01
Ar 0. 14
Kr 0. 186 9., 7x10"*
Xe 1. 68 1.6xX10°¢
[ Xe/Kr [ 10.5 ]
2. A&
% Hi E > jie (%)
83—XKr 9. 2
84 —-Kr 34, 89
85—Kr 2. 4
86—Kr 53. 5
131—Xe 5. 4
132—~Xe 21. 8
134—-Xe 27.5
136—-Xe 45, 3
3. ®WiEE
4 A BB SHIMADZU  GCMS-2015 / GC-94

¥ 1 AVTr-BRREVEChERRAAAARK. Ko, XeFRERULOPEERRERLLETHS,
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Fig. 2.2-2 Work flow used for segmented fuel fabrication
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Fig. 2.2-4 Dismantling device of UOQ, pellet from fuel rod




JAERI-M 90-021

22

L

g |-

774

@ WEYV Y- @ vIv¥-—-8 @ ~v FHREER
@ HWHEHEZRE o TYTY-— D NATERG

O NATRIBRIE @ A==

Fig. 2.2-5 Device for inserting end plugs into fuel cladding
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Y — TR

(1)

(2)

Fig. 2.2-8 Macrostructure (1) showing the welded gas filling hole and
(2) showing the location after peripheral welding; As—etched
by distilled water+HNO3 (45ml)+HF(10ml)
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Fig.

2.3-2 Work flow used in fuel refabrication system
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Fig. 2.3-3 Assembling method for the end plug insertion into cladding
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Fig. 2.5-2 Upper part structure of the PWR type segmented fuel rod
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Fig. 2.5-3 Lower part structure of the PWR type segmented fuel rod
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Fig. 3.2-2 (a): Schematic drawing of the electron beam welding apparatus for thermocouple attachment
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(b): Outerview of the welding apparatus; this was viewed from the direction shown in (a).
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(d): Outerview of semi-hot cable located in the 2nd basement of NSRR

160—06 W-T4EYL



vI¥ Suranp sanssead
TRUIDIUT POX JO BBUBYD DYl 2InskawW 03 IaS J0sULS 2ansserd payiesys LoTedaTz 2y) Jo Jummeaq [-y'¢ "8Id

JAERI-M 90091

e a0&-0ird
Ly # Y H
EEY D 0
TG Rk 4 = o L u
PN%I:& o Ak @Nl L\ [
eNL N 4 z
2L d4& X E ¢
2l G- Le. V) 7
2N e v 5
Ay LA 0 X 9
N>LN _,R.\n : NN@ / k
gAY LLma L dET g
1509 -
'7 S¢S _ _ _ _
- ]
My T (ZE ) e I3 K n
< T I I i R
S . o -
TF 2R
3 R e (]
1+ =
¥ - R
YA ‘
™S e |
- ~ 6 —or+e—o—|| - :
[ 2. ¢ [
ditgon fzam-T1 _ 4 \
[ Zikd _




JAERI-M 80-061

Josuas ainssaad poi Teny Jo
FurTquasse I0J [T22 30y oyl ur 310s IalTddns urssi oyl Jo uorlejuasaidal DTIBWSYDS

Z-%°¢ "81d

AL IV RNAR AR ML MM ML Y

8

o 4r¥d0)

ST ATEAs N L
hln“ﬁun..um @M{U._\
W“H = HEL-T4019
— @U ~ WuwEi

EZEEN w
#d AQD1DYV I+1MWﬂHMﬁHH?r\r£\\
7

Br—t




JAERI-M 90081

a7

0 FUSLE A -

%

£3 q
GIRE [N ] SRV ¥ o e N

TAKE T

(3G 7 ) . )

0

iate

| S GIEER)

HAKE T
e EE)

75t

- AR ES L

SHEBE)

7k i

&0 sl R
(REEH 72 a)
T EE

LIAMEL

L Gikd

(HIB#H 7 a) i

Mk
AR 3

(a)

(K88 H 7 )

%
(HES 7 ewn)

15mm
LLpsg 21711 IIIL

(b)

Fig. 3.4-3 (a) Outline of the double capsule designed to perform the
pulse irradiation with pre-irradiated LWR fuel rod
(b) Capsule pressure sensor attached to the capsule
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Fig. 3.5-3 Principal method used in assembling and disassembling of
the extensometers
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HAA 2 g 7 L ADRHEEEf (He) 45, L—%K3, MR s—-icdlk-70b, 27
A= L X SITREE L 1 - THEMT B4, BMEREOEEI L - Th 5 HEERE gt (sec)
RiEsng, '

T OB At ITHE L TV BN () psEHRlaniz E TN,

At=N/f - 4.3.1
ém%oﬁEE—A®ﬁEV<mmm)m,@ﬁ¢5£0ﬁ7i5~f®ﬁﬁéﬁﬁtf

V=2.2zrn+F (4.3.2)
E1 B, BEoT, MEHEOARED i3

D=V At
=2.92xn «F « N/f

TERDH SN B,

EEOMIETHE, NEZHRLTD ZRH TV 2, Fig 432 &, THHEEEOMEERL TO
3, $7bb, [EEERZ, RITEEE FIESRCT - AR BRI N TEY, #éh B
PEICd - TiE, THBEHER D RO O EHR CHEUERGREAIMR I N TV 5, 72, X
BRAIESREE, UTossnTH b,
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g

AMEH L—FAFrrvAroxr—% (LSM—1610ERD
AERE: A % 0005 mm
Ao £ 0.05 mm
E & £0.0bmm
EEE i, 19884 G Hick v b 7 FicEE S N,
4313 BonikpkdE

NSRR 2T/ 2 JE & h - TS FARIR I L, BEEEBWATERESZ T
[E (1990.2 B7r) EESH TS,

Fig. 43313, BonimERTH B, T78b5, §5100cal/g fuel TV ZBE ST
EHE O PWR kL (EAKELMERK 30 MWd/kgl) OAET 07 4+ —LTHS, TOHD
5, BlAKE, BERBEHIHLKNES AU TH S E, i, ZOPRHE16.6 mm OGP
W, BER (T/C) &2 2kDIHID & - 2EARES 0.035 mm ARESE>VWTH S
TEENIFL I E N,

;®7u74_wf—&&Nmemfm74—»?—9&®mﬁhﬁw;@,Nwzﬁ%ﬁ
BEHEOBERICEZ BB W THEENRIN T 5,

432 WNBREGABREE
4321 H i

NSRR % H - RBEHEHRIC £ 590 ABEERTE, InETE QX OWIEE — KR
BExhTwa4 b ihs, BEEOMEESAEVE E (< 0.6 MPa) OBEEOERNEL
Dk BHER CREBROMERMARS WL E (> 06MPa) OHEED S NICX SWHEBIRT
5,

—%, FREREERENC & 5 NSRR 4V R BIHSEER T, 6k 50T - MITNA, 2
Rl b EVAA DAL BEENEML, HEEVIRREAEZT S, THDLL, HENHEAIER
(Pellet-Cladding Mechanical Interaction, L{F PCMD 2R3 2HESEL 6N TV 5,

2O PCMIBHE T, B T/NE 54 FsiBEIns, WEEONES SAMECHD» - TH
545 EEZLND, FRBHFEBED V2% PIE T, IOHNOEELIFPIRNICEST
xhITFNLIBORESER ICEBICE 5, IREREERE (Eddy Current Testing, LIF ECT
LESS L) HEEIZ, © 0 PCMI B B[R ARSI OB ECRET 2010, RPFEPRVKE
TH D,

43992 ECTEEOHME

Fig. 432 10 L7-kgic, ECT %8 2~EilEEB I ECT HoE® (k7o —7) af i
ML bR TH D, ECT R, MEHESEED L ] PWR IR TRAEW 115
‘mm) HAEE LTV HESE bATV S, EEOHEFERATHIIDRLAED THLDT,
I THRAEERT B,

i, COEBEOREEERIC, BRERBRHAOEEEADRBEHE Y VA oA ETEEEEL .
hiz, HohUnEERomhBRE RS SERBEERL TS E, ECTEELZBILET A
BHOHEDTH B, FOF— 2B OTRBRBERED L8 O N THEBIRAHD 7 — & 204
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L. RAIOEOTR ERE o LWTEES TS N, COEEFADWEF LoV TE, M4
filc TR IR T 5,
1323 EANERE

EEAEHERBROREEN, TEMEOTIR IR L T S RHEOL(LE, EEOIP
THIA T » THRT 20 TH 5, THbBL, BBELHEY ETAR

y=—N» d®/dt (4.3.9

L5, CCRNEIAVOEE, O RHGE tIZFRTS 5
ZOwEv i

y=V sin{wt+¢)
= (V cos¢)sinwt + (Vsing) coswt (4.3.40

LD, TV, RE 32 §RANED. ¢ BHERTH L.
CmExE, BERL R ZEAVYE-S R, REEREI LEIVTZ5 VA, Chaovy
248 v AELT

=V,/Z
=V,./¥yR+ (wL—1/&C)* (4.3.5)

LA, CORDPOSMPELIIC, 4 vE—-¥ Y REERK (resistive) & & (inductive) 5>
PORRENE Y S LTh D, COERNY b AHERIRa A LIEOMEE LTECT S
BTREREND,
Rl REE (BIAE, HESEEOUDREE) BHAE, A O (Phase angle) iZI5%E
Mhk b b, —/, ¥V, (signal amplitude) 13, REETEDRDEIEET %o
O RV, 2R VB f 2 2 4 L0, ECT O v A5 AL bikET BOBRSH
TW5, ThoicMT aEMIEIGES P ESRE N,
FEBETIE, DTFOLMIZTECT £#FEL 7,
5 & MIZ— 18 CKE ZETEC +3)
T 4 v EER o4 (11.5mme, PWR AKEIRECIEE)
SHepEwE: 400 kHz
fr #8 f EE 30°
¥ 4 v: —4dB
B & & & 30 mm/sec
4324 \BonfomkE
' NSRR % 7= FEREE e 0 L ARSI, 1989 ShilEE T8, CNETIC
ECT i & A BEHEEOBEE H BT - 2.
Fig. 43412, BontREHTH 5, 31h B, BEE 400 kiz, {45307 DOMREET, PWR A
RIS U, ~HERIE & ECT 2906 L7 D TH 5, Mo iz, RIEHREBICH 2 57K
ﬁm&ﬁﬁﬁ%wﬁﬁﬁéﬂfméoC®ﬁE,*m%oﬁtﬁﬁ(?ﬂbﬁ,%ﬂﬁmﬁﬁm
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(CER I 1o ¥ o BERIE A 5 55 mm 12 B BB FPHE TORFEROEERSD S T L 1Ua) R ODS
LLUTIREN, 208K~ FVEDE LTRERTV B,

COMEIR, Fig 433 10R0L Ik H i, BENEWRMNT 3709, EXWCREEEREOATE
Wl & -+ BT B, THbL, BEE7D7 1 - VTHESN A EY ECT ToHiR « HH
ENTWV A,

COBEORIE, TR & A BEERIC LN, BARIEROFHEOD - b EHTS
n, ZOEATEZESH 166 mm, 121 mm, #ES 003 mm Thot BE, TOLIRER
S ABENIL - THT L L RELAED - 0T, BERBHAOEREAVHBE THIEEsN
TWihote UL, FRESEBEO S VAERTE, COREIRMTICLED-2EE
AIEENIC O ¢ THEEAZ VO T, BLD - 2EE O HEEEEFIRER L. ThE Fig
435 15T, COEES T 5 ECT O#E% Fig. 436 1Rt chb o b LI, Fig
434 1 TETREB LN KIET 3EHSEB S N, $4b 5, L AREHR O BEFRE D
BMEBWNAHO ->HEHIE, ECTick vtioB L HRERIET 5 C EAEREE - 72,

433 IBEREESRBRAT ¥ 75 OBHE
41331 B ‘

FRBHFRENL, LSS LHRORE AEHEOMEHE BWR: 24417, PWR: 3 54
7Mbb, THbHE, BWRETH, MEBARTES 1430 mm OFEMRE (HT < 728
BWR) & (A B~ 7525, 12.26 mm @7 4 ) 7RIZEMREL (8 X 881 BWR) 215 5, —71,
PWR 52 AE~T A 10.72 mm OEEBE, LR U IMTR FHRERRENS 2, Th
DizoWnTid, BREHEETES LT OMREOENRREFR TR > TVWb, JDHERRET
HEEEwy FOFAS LS, TPHREBERAII, 7575 ERNT TEREH LI B
WT, T— I HA KENMLTRAL— R EEF v v 7 THED DA SRS & D UfEEE L,
CRSBEOEE 7 ¥ 7 ¥ ORERE Fig. 43.7 1R

44 EEEADILADABEREETORE BB

441 BifE0HEM

JFEEA b 3R IC ECT (REREGRR ¥BERET HLENLE L, 0 ECTRER,
R (2L LTYLS o4 HER PREEALE ZICEUARRBIRE, WERIC X SRR
DEAUCKBRL, Hiz 7Y YEEICE LTV A REEEBSIICRITG 5 < itk - TRAIL,
BoFnENCHE LERIBERHO T -5 28550 TH 5, -7, ECTEEL DG
F— 4 HARBIEF - TH 0, INEEHRECET RS b UDEFOMN G (R
ik ARIE (RIBEMECEE) 2EET 5LEVES D,

F fo, BIMERER EX ¥ 5 0I& S EUVHRR, BCT b 5RO~k L BIEH
SRERAOTIERE E A BN GEV SO GFICHEECEREMIV D) 2BV S 1 ETH L,
ch, HEEENZ DS SEEREIAREEVTL 2D TH S, JOBD, EEGOREN
§%T%®%ﬁ¢k%éﬁ%6ﬁc®ﬁﬂm%%tfmé®ﬁ%§§§Lm“*“*%
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422 BUFROTTHERER

NSRR 2FiH L 7o T EEHFRE O v R BHEESR TRV 288813, ECT O Rt 5 K5
T2 3BEICES, $HHE, @HT x T4 BWR oHBESAR EEEAE 43mm, #EE
A 0.8l mm, #— 2 L—7%), (b)14 X 14 B PWR 02k, FEiRME RO IMTR 2
(Z#E HBEEARR 1072 mm L@, AR REE IMTR 8K 062 mm, RERH
BO5TmmTHD, WFhaIE4A—27 L — 7)) R} 8 X §RIBWR @7 v ¥/ FIRE (&
MR 12.26 mm, WEAE 08l mm, FEA—7 L —TH), OIFETH L,

IR LT, B L B HEE & P AR R O IR LE 21T 2 &, Tabledd — 1 D&
35, WENOKIERMEM &, FEED» o500 5 & 0 K FRESFEREICERY LV S
oThe

CHS JEEOKTIEEEE I, THRENEBEERD PIE 2485475 JMTR & » b 5 F,
EHBRESRE, RUTRFEERE Y b3 Rt sk, 2055, BERFEEAREED
R FOEHED S, Bi2EC-2VTREEEZ BImmic L, BHFIC2VWTIEAEZ 30 mm &L
tzo Fig. 44 — 113, PWR BEFEM (& 60mm) o, HXKTH %,

SUEB DM FAS b THEFAICH VW TIE, Tabledd — 2 iCRd HEIC THRBEL . £/, FHAT
RITARE, b 2 g L oo fERE BAETLRUGHTEP I NI Y FRBHL 500,
DTHEDWL DTH » 70

443 B B

Photo. 4.4 — 1%, fERUCET) L7z 460 mm EOKIEAHEM OAMEETH L, 2D 5,
PWR R TEE (Tabledd — 108, GHLERHT 26 0) IfFRIL A 15um ) » ¥ v 7@ ECT
A, Fig 44 — 237, B, (&R UOBEHEESRICET S ECTRAET 5055,
K (resistive) N UFEE (inductive) A Th b, 2095, @Bl TR *EETOMNE, X
Fo, (B L TH—EEOME (&S ICERICRELAESD S 65 mm OffE) TOIAK
A, (@) RUMY & LTR L, K@z o) &) DE~7 b ARKTH 5,

s, Vs Uy FOAR~s FAVEE, BEASHE ] RUSISRCREShTRTENS
N —YTELIEDN B, FEB Y 2T ATR, ROy —»TY v Py rpidiahic
B, VAT ABREBEIONY -V D LELSTESHALR, FlIRE, BTV 0BG
#od, FUX5UY Uy IBEIRUENRRICENTO 3,

45 HUvRF+ 2 TEROEME (B8

451 H ©

e, FRBS OB U EICARIEREROHT RB) AMERSFSZL, 0
T — 1S REST L, BEHEOFRNEE), I FP Fhic K NHEEEER 5, JORERS 3,
P23, FELERThNE Y 7 ) v Ik - T, SIEEOE c@Erhicbdd s, EOR
EBrRE{ZHABEEBED, JORBSHIZMEEH LBEHEEIIRE 7 - FYy 78N
DT, BT AERNET - I BRETH L,
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NSRR SV ZEHTH, T, NSRR TO-vAREIC & 2 RBSHOLHPRESINLO
<, BEBORBREL—BERIc 3, BEERICE LA N oEBESEREHL L, BHSS
W O—BIE L0, HrYsAdr=v 7 H@BroHONEF— 9 THE, COREEH
WL, TR oSV ERIC LT, FIAIE, YZr—PNbo#E;, 7/, HENHHEIEO
BRIV TIR, A, YCsoBHATFNIEIC LY, BEEOHAROBENESICH
Liplcdhd LEbn 3,

A%EE 12, NSRR TrOL 2 B & M FHBHFBEROLNEEEZHLAICL, i, BE
JHMCE RN E o — K FPRETAIN $0 7 U v 7 ORE R LER, BEO I VIR
F— s DAFERE L TERES N HDTH 5,

45.2 EEOHE
AEBORAEER, Fig 45— 1 IKRTEEB0TH S, THEFHEBRRON v v A+ v =V
_f%%ﬁ@ém%L,ﬁ%@ﬁyvz#+:yf%ﬁmﬁb,uTmﬁﬁ%%K%ELtﬁﬂé
Fl i,
O RE+F
@ HoERANY L VHIEEE
@ #M=avA-%
@ AbL-IH—T R PER v T
LT, Ay v AE e = v SEBINA LN ANBEEEDOIC, FEECBEEHNT 5,
O =¥ F
BEEo 2+ o ¥ F I3EFEEREOTEC AR L TR s 0T, BHBOEKRICELS
&5&,%hmﬁ%bﬁtu%m&mofmtac@tm,ﬁ%%ﬁmiiTu,MmeN
R BB S N 2 TR RS R OFBR AT 2 C EHARRET H - 72
MmRN»zﬁw&@Mﬂ@m%Lru,PWR@&UBWR@%ﬂ@#&%(E&H%~
Amm, Ex220mm~ 310mm) bl T, SREodulis EFREEL, RICERMER
tybtfz#+yéﬁ5%§ﬁ%akoC@tb,V7mv7ﬁ®ﬁﬂiﬁé%@ﬁL%@
N— 2 PREBET AL &b, BREBREORBICR by s RRTERESEMEIZC 28D
S OWEET - oo REFXBAOME R, KRR AHELC X 2 NE~DOHEEET 5
BTN = LMEERL
I, BRLOE#E,OH Ve QP BREATUELREERTILESS 5700, 2
il Lt — 4 OFHROBBHHOSMEAERBEL, BFEMBLdsothic, 13 —7
ZMEL, Ay v AE—FEF/PNSmm/min £ TELETES LI
@ RS VHEEE
SRR PR RS PRI, H v AF =y S RARHICERE TS SAEERT B
¥, T5 I RECRETEXL Y by v IO Ge (Frv=vs) KhEEREL
120
Ge ez, +v F 2AVADE—ER L) ¥VICEESNS L OBRIMGHHTOREERD
T SR E 75 2 EATARR N, Z Ok, RS TR0 — F e VNERTERE LRI
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HOERERBIC LV RBAESEERUHATE, BIFE2 O OMRLTAS XD BRIV AT
MrME LT, 21, Ge RINBHOSE®EE, WE Y 27 &~ HRlHESEHEBLET 5700
D7 v TEOBMEHIT- ’
@ $anA—%
7X**:Vfﬁéctfm,ﬁﬂ%fﬁ@rﬁﬁﬁﬁﬁ%ibétb,%3Uiﬂ9ﬁﬁ
ozmm,EéZ&mn@xuv%%%Utocnm,E@@Emé$%ﬁﬁﬁmﬂﬁéfuﬂ
IGTE AR LIHERTH 5,
%3Ux—¢nm,¢%%mm,¢@mmm,k@%nm,ﬁﬁﬁmmmm®ﬁﬁmﬁﬁ
o) A — S AE DS OISR A TR T X BIBIRE Lz, BT, B IRTPIROAIE BE
ﬂ?%of%,MﬁﬁmﬂﬂﬁﬁtﬂUx—&&m@@ﬁﬁ~m@%;i%§ﬁ%éﬁtt:
Uﬂ—ﬁﬁfﬁf%ﬂﬁb,%E%#mﬁmﬂéwﬁﬁﬁﬁkbﬂw;5E§bto
gﬁ,ﬁ77z$*:y7thﬁﬁ®7§fﬁ?%ﬁﬂ%éﬂfhﬁﬂin?ﬁﬁﬁ%
@éf@,ﬁ%ﬁf&ﬁ%m%ﬁﬁﬁmﬂt5ﬁﬁ%ﬁﬁmﬁt,%E@;mrﬁﬁﬁﬁﬁm
ﬁﬁﬁgmm:&ﬁ%MénKtb,ééu@ﬂMmm_ﬁéammmJgéummmﬁﬁﬁﬁ
R4 LERREN RS )T
@ APL—VFr-TE-EER S
x#vTKQﬁﬂQkybﬁﬁyvx#vy;yﬁtwﬁéﬁ%ﬁ—b%ﬁbf%ﬁtfb
BN LU — TR RS ERR S H 5 HRB L EN TV Do |
zbvﬂ9&—7Eﬁ§ﬁ®%ﬁ%ﬁﬂﬁﬁ%$ﬂfhé@ﬁ,ﬁ—b&@l##;Vft
LA SR L, AEF - CREARETRANS - o, THhEMILT 2720, A b
LU — RO R - M CER Y v v FERE LT :
B NG R F e VN ATk - THACERS N TBY, TERECERA -
‘9#—?@5@&%@@%%me:&ﬁ%%@uﬂotc:@tb,ﬁ—r%u%i¥ﬁ%
ﬁ”*ﬁ%%éHMmm@ﬂﬁﬁ%ﬁX$#fN-ziE§TT%L£—bi%%ﬁﬁﬁ%
HRERAL.

453 EEOFEMEE
H yx*F+7
e A&+ AE—F: §mm/min~ 600 mm/min
. FiEATEEaREl T B 450 mm, K 20 mm
(2) A~ P VRIERE
e T A FE 4R 2.0keV (at 1332.5 keV)
SR EPFSEvIE S . 26%
RIETRE T 2 ovF —FE: 40 keV~ 3000 keV

454 BohimR
mmeN»zﬁ%%ﬁot%ﬁﬁﬁﬁmﬂmﬁt,ﬁﬁﬁvvﬁx&ﬁkwME&U%ﬁm
ﬁyvz##:yf%mﬁﬁéiﬁbtoﬁ§<Qﬁ%ﬁiM”T%ﬁéﬂfwéﬁﬁ,TV*
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LREHATARKIOTAY L =T D35, LEEETHoH ANV FaT ) v IETER(L
TE5DiR, "Kr, ¥Kr, ¥KeFETH 97,

— 5, MEITENTE CERYEAS10.6F) 0b0 s LT, PKrdib s, COYKricBiL TR, ER
H 2R~y VRIER & 0 REEENCERIL L B E RBVHBSS 2NN TV 5,
FhaHL, (ERIEEARE THH B NS T X235 - f2 FP 4 2 QI HEA 2RI
KpHENBEEVDTETHD, TNIEREIT L WD THREE 7 — & OEMAETHLEE
2505, LivL, ZOPKrEEBLT 279I0id, 7L+ A0 A B Cott & DR
(Wit o T¥Kri= 27 LTLE 2 ERS S 5) £PHRT 2 4EHH D, KERHYITKr
25 ERET B0 RPEDELV & ENTH, Fig. 45 — 213, #9100 cal/g T/¥w 2 B4
L7 PWR BIBEWED, 7L F ABT 5EHA ¥ 27 + VAIEDIHRTS 5,

L OFEED HH] 5 A TR AEIERE L 72 PWR BUREHEISH 4 2 B4 ¥ <A <2 b VRIE
KBWT, PRrAMENCRING 5T LRI L, TR, FYeaE e =y SEEICHE
HEOEH SV AVARKEAMAERLBRSNE, Bonny— 4, KETEDHN A/
Vo FaT ) Y SF— s EORLEEIC LD, FP 4 RECHO SIS R TR S
F e

46 FPHRMNSVOFL7UTEROSE (EE)D
RUE w7 v 7TRBECRE (BT

461 d 0]

FEBEE = L o b3, R FP ISR L THI30% DEST FP A ABFREL TV S L
ANTVE, COFRONE, vEORICEREELEML, KREEOLNNREIFNEHL
+AEHMEOH B EDE WS, A, BERLy P50 FP A AKREE, BEEoNLE LR
SEBRBTHCBENL Y F EEEBEROF ¢ » T2 v 57 5 v RBHEE, REETICEH
BREA LR &Y LRSS B, BEHEE O LR, BEBSMORESA, 5 ANE, ITELVE
BTG,

Zhe SIS &S, NSRR 4L AERICER L - FRBEEBE#HEHC >V, RIHFP AR
OFEBILAETFS &, BEORAUFM EBRASTEETH S, JOFMICE VT, FP A AN
VHF T v SEEET b7 FICERE L

4162 EEOHEE
AFEE I,
@ ZFAEE v FaTIVTD
@ FP H2HEEE (FP # 2 OWME L RHEMEETD)
@ ARADFEE WEIROSREITS)
SRR S TWE, FOBEKREES Fig. 46 — 1 iCRd,
@ TFIEB L, SEECELNABRTREBCEAC Y Z2RAIL, #EBARIC/cE-TV
ZFP H2AWESB2EBETHY, BEBEEZEEIURS tdbr— THIKRESNL TV 5,
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SRERTTAE SRR TE R, B 10 mm~ 1000 mm, B 8 mm~ 30 mm, BHEEZTRAKLD
mm (SUS308) &#-To 5, |

@ RBEEEE, - 775 SRR AETEEEN LTy - TROFALRE LERE AT
B0 TSR A R 2 HEEB O BERN IS SRR TOENED SR MH A ARER
W, Hio—MABEAT v 7 VICHET 350 TH 5, #AERAIEEHFER, 0.5ce~400cc (F
R 59 BEETSH 3, OB, BERCRET M, I—0 FP #AREHIHT 5
LwEL LT, BEARERFE I ELNLT 7 ) VEIBIEE » 7 ANIKAE LT, 72,
ERER T o, BZEE, CEZER Y FEORMER, T v/ BREEET /NRIREEN L
TIHVEEEEIET 2, 55, SASBRUHBEEEOEERL, SSIEETE 0T
mmHg, J—7 L — bk 107 °lusec BEOBEHEREEEL TV 5,

@ SEB L, WET 20N AEE EAERSEESRT R e S5 THRE
AR E DRI N TV S, FP # RO EENTH 2 Kr KU Xe icMd 3 MG EM =
Wiz, FOEESWEAR, m/z; 1~3000s0EHEL TV S,

463 ® o 77 v FTHREBEOCEHE

FIEBEHEIREI D T RSy 7 F 27 ) v SIS, RBEWEERI, He, Xe XU Kr 25
Z—ENEATHALKLEy 77 v ZHBRERE BEEL 0 -TH UG "Ly FORDDIL, 7
Wy AESEIESRTVE) AERIL 2, TOEE% Fig 46 — 210K, COREBNT,
FEDOR LD 5 04.82% He+ 1.01% Kr+ 4.17% Xe offigk  (RREEIE) EORGN A%
90MPa £ CHVEAHEL, @&ME L, CRERVWTH RN Y I F 27 ) v IBRENETE
ThHbH,

47 BEBREROREE (F

411 H 8]

NSRR T/ A Ja8§ L~ BRSSO A FF 5 5 AN RO 1 51, MATME (Energy
Deposition) T# 5, %V ARSI, RS SR T £ TRRERIC 124725 ms (25 /1000 )
BETKTLTLESBATEVERTH S, -7, BEEE T THVTYS LS BRIEIE
R (Linear Power Generation Rate [kW/m}) OE&RS CEH L, BARBERR, BzRivg e
FEY D DAL F VT — [cal/g fuel] TRASNE, TOTFNF—FRD I B, HRHL OV
1%%Kﬁ“:%ﬂ®%§%@%ﬂﬁﬁgéo#ﬁ,ﬁ%@%ﬂuﬁkéntl$w¥—®ﬁﬁ
ﬁ%[bs]?%b,Eﬁ@ﬂ?uﬁﬁ?%ﬁ,%$%K@%ﬂ$ﬁ%ébtﬁ%§£&%(ﬂ%
DT ANF—OEFHEAT T VD, JOTALF—FEDLBIE, LA BEHEDEEL
Ly AR - BT (LN BRENNETE B, ARER, TOLHIERIOTV 2,

472 REEFHOREANEAT]
S 2 BEE & N B UO, ~< L o b FP #RE FP 4 S B 0 Gry QRT3 2
NTVWBETE, CDEE, NURBREBIBE S v 2 VvF—% Er 90, RO
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MT 5o
N,= {Gri/Ir » 4;} * 24X B0? 4.7.D

z o,
N, ¢ SRt BT BRI FP 0 FER (atom)
2 @ FPMREOBETH (day ™)
Ir © 2aVF¥— L~V Er T, |E2%IcLRBEhid y<#E
4 FP, BHAEO B TE Utk THUL, RFTFEN, (atom) i,

N, =Nexp(ii=t)
= {Gro/Ir « A} (24 %609 exp (i« t) 4.7.2)

E15 B, —F, FP iR FP OBIERTI» SE L TEETRE,
o & X2OEFFE N, (atom) &,

N =Nexp@i» t) {1j/Aj—AD)
(1—exp(ii—apt} ! 4.7.3

THA 5N 5,
C T Al B FPHEOREER (day™) TH %,
2o (419 BT Q13 Ao, 2808 (fission/g) ZIRD LI D,

F=100XN,/Y + M
éf: i,
F,=100XNy/Y * M 4.7.4

haull
Y | OESBUER)
M . llEMER U0, HE hicaE h s U0, OEEE(R
Th B,
oA BV TRET 22 0F -% 1T64MeV (2 18) e, WV ARFICT
FEE L RS ) FEEE y (cal/g fuel/MWs) 13,

n=F x176.4>10°x1.6022x107#/4.186 XQ (4.7.5)

ELTERDHONE,

CCQM, T4vavESSLEDHIESHABETFIORAENTH S, £, F OER,
BlEE 4 2 FPIEOS S, HEAEEL, §% UROBERELR > SOZH L THEIH
IRB ENBETH 5,

T A S L & B 72 NSRR 4L B EE T3, FERIE683 7T Cs 5475 "Ba
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(4Cs T W0BR) %, HIEHSHRIEEL TV 5o

473 EBEOME

BEHED —EARERE & LTUEL, Smol ERTERRL 2%, —EREFRL, To-RE
friEsF el & LTS 2 IERABRF AR E £ BIE L 7o, FIEBOMES Fig. 47— 1R
+, KTW, FRTEEITh N ERBESHERICP T T BREERL TV S, 3T,
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Table 4.4-1 Specification of pre-irradiated fuel and that of
unirradiated standard cladding tube for calibration
of eddy current test

T BB AT E BER RN ERREHABER

(a) old7 X 7 BWRH, Iry-2 (a) TH: Zry-2

O, D, =14.3mm O. D. =14,14mm

t =0.81mm t =0, 76mm

F— kT L= A=+ L—TH
(b) 14XU4PWRHE Iry-4 (b) G#I: Iry-4

O. D. =10.72mm O. D, =10,72mm

t =0.62,0.57mm t =0.62mm

FF—rIL=TH g —t 7 b7
(¢) B8XBBWRHE, Iry-2 (¢) AR Iry-2

O. D, =12.26mm O. D. =12.23mn

t =0.81mm t =0.70mm

FF—-bIV—TH EF—r I L—TH
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Apparatus

useful both for measuring fuel rod diameter profile and for eddy current inspection
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Fig. 4.5-1 Schematic representation of the gamma scanning devices
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Devices for dissolving the UQ, pellet
(1) Schematic representation, and (2)

outside through to cell inside

specimen to be used for burn-up analysis:
Cutlock of the whole apparatus from cell
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THTS AREA WAS FUSED
} AND DEFORMED QUICKLY

CHAMFER

!! MODIFICATION

1) DELETION OF CHAMFERING
AT THE EDGE OF TOP END PLUG

2) ADOPTION OF MULTI GAS FILLER HOLE SYSTEM
FILLER HOLE SYSTEM

4¢

() er

0\S '\.O.bﬁ

Fig. A.1.3 (1) Cause of the edge irregularity at top end
during welding of gas filler hole, and
(2) Modified end plug, deletion of chamfering
and adoption of multi gas filler hole system
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