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IN-CORE FAILURE OF THE INSTRUMENTED BWR ROD
BY LOCALLY INDUCED HIGH COOLANT TEMPERATURE

Kazuaki YANAGISAWA

Department of Fuel Safety Research,
Tokai Research Establishment, JAERI

{ Received November 8, 1985 )

In the BWR type light water loop instrumented in HBWR,
a current BWR type fuel rod pre-irradiated up to 5.6 MWd/kgU
was power ramped to 50 kW/m, During the ramp, the diameter of
the rod was expanded significantly at the bottom end.
The behaviour was different from which caused by pellet-cladding
interaction {PCI)., In the post-irradiation examination, the rod
was found to be failed. In this paper, the cause of the failure
was studied and obtained the followings.

(1) The significant expansion of the rod diameter was
attributed to marked oxidation of cladding outer diameter,
appeared in the direction of 0°-180° degree with a shape
of nodular.

{2) The cladding insthe place was softened by high coolant
temperature. Coolant pressure, 7MPa intruded the cladding
intoiinside chamfer void at pellet interface.

{3) At the place of the significant oxidation, an instrumented
transformer was existed and the coolant flow area was very
Tittle, The reduction of the coolant flow was enhanced by the
bending of the cladding which was caused in pre-irradiation stage.
They are considered to be a principal cause of local closure

of coolant fiow and resultant high temperature in the place.

Keywords: Failure, Instrumented BWR Rod, High Ccolant Temperature

Expansion, Oxidation, Cladding
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Table 1 Characteristics of the fuel rod: BWR 8

1. Fuel
Form Sintered and grounded UO2
Bulk density (% T.D.) 94,80
Quter diameter (mm) - 10.440
Enrichment (wt %) 13.0
End form Chamfered in both sides
Length {mm) 10.279
2. Cladding
State Fully annealed zircaloy-2
Outer diameter {mm) 12.275
Inner diameter (mm) 10.547
Thickness {mm) 0.864
3. Fuel rod

Enriched column length {(mm) 447.0

Plenum volume (c.c.} 5.4
Diametral gap (mm) 0.108
Fuel weight (kg) 0.395



JAERI—M 85— 196

Efa- V}ﬂﬂﬁﬂdﬁ é
<[ \ ; 200
E%; Zi._, \\\\ ? 200
= \
Hp \ 8 1D0

I% il (Forced )
Wal N a
@] 0 . . .
U \ \ ’ ! 5 RSSEH:LY ﬂVE‘RHGEU BkURN-IJPalHHD/K}}UJ
g _
é }) %j/ 400
<2 / :
= W g
Q E .I &' 300
g 0,0 /] 14 -
iy 1 (NG‘UE!" / l E 2004
| _ z
AE A :

W= I, -

o/ (*\ b

z 3 : 5 % k]
ASSEMBLY RVERAGED BURN-UP (HHD/NGU!

200 20 300
COOLANT TEMPERATURE (’\C)

400+

100+

3004

COOLRNT TNLET TEWP. {DEG.C)

. 1ed

STYSTEN PRESSURE (KG/(CHZ!

o 7 N T I LI
ASSEHBLY RVERAGCED BURN-UP [HWD/KOU)

e

a —_

0 2 5 3 5 1 7
ASSEHBLY AYERAGED BURN-UP | HHD/KGUY

Fig. 1  Coolant temperature at the various location (a~vc), flow direction
and typical temperature of coolant in the pre-irradiation rig (d),
and coolant pressure in the system (e), as a function of assembly
averaged burn-up of a BWR type rod.



JAERI-M 85—-196

*(3ydt1a yyey) Surdwea

1smod pue (3397 ITRY) UOTIRIPEAAT ©SBqQ BUTINP QYMg Poi 9yl Jo £103sTy Iamod g °*8Td

(AHA) 3WIL ONTJWBY (NOM/0MU) <d3ddN> dN-N¥NG ¥3ILSNTD
& . 0 3 3 ; ! 0.
‘go e)Wn_‘r
° gﬂ.ﬁm%
) 01
’ Loz
@ 1 ’I‘JL
n , M LM
. et B
ﬂ%{w,
o @ °
) - (Uyz~) -
,_ . buwopuo)
t -0y
@ en.nl.Alu
° QE@:QQm -08
S ——, *x%x GOUME 00Y 40 AYOLSIH ¥3IMOd *xx

NYHY

(W/MX ]



JAERI-M 85— 196

PoUOEII® S5U0T] *owty Butdwex Jo coﬁ_uczw
‘03 T "
® SB gyMgd °2Ul JO 2INSSd
- NI1SUT JXCO-UT pu® (z6-vdl .
.MHN&MEN.M 1omod 243 ww 2IN30NnIg 7 814 w2]$4As pue aanjelisdwa; JuUBTOO) c Td

_ _ wo330q 840)

m/.///% Buidwey
]
N 41— 2qn] aplsul AE ch.._.w | : .
4373 MO| 4 SULGANG Jue 00 TH \ | £ _ : -
\ “  pnouys ”0
buippe k
J23aW05ua3x%a buippey \ yoeLs aanssasg 1
N g o
» L L tnﬂb m
H N <
‘HiIm (2A) 2 o 5
i J070913p UDUINBY ] 5
Iy N a
HH N .m .M
u \ (1100 JeLnany a4, % :
HN E % 3
afineb usjaueip pod Lani<H \ \ £ oo 2
. [
H \ \ s :
JA0SUSS 3893 JudAAND APpY K X - 3
N po4 ang o g
N iy
) b il o
H N \ .
abneb aunssaad seb uoyssig L : /o
\ \
m \
\ \
N ]
I N
JapuL| A2 BALJp J1|NRJADPAH \ N -
m \ 80
3 \
N N
\E N
N \
Leas

3213N0 Joge —qatuL Jdsjep

Bn|d [eas doj Lun peas ajLydeas



JAERI—M B85 -196

*UOTIBTPERIIT Jo 3UTUUTSRq 9Y] B T9AD] AOJ3WETP pol il Moys () pue (D) ur saUT]
usNoxg fW/MA Hohy (0) PUR W/MA 9tev (D) ‘w/mMY yroy (d) f‘w/MY vrzz (V) Fo asmod Tevoy

24yl 3B ‘sedTileiausl oml pue 23ex yirSus[ TBETIXE 92Ul JO uorioungy ® se safrioad poa Tong

(X1 3199 H18N3T)
o

o) L] a9 7]

oQ¥Z 08

08l -0

Wi 77 amad (] )

wigg(

LOBLOD = ONNNH ¢ 10280 = H4I

(X} 31HY HICH3Y
® % o o sz "

28~

laz-

oOm.N |oOm

WMH9 6 Jomod (7))

96LLO = DNNNY : 10280 = WAL

Laz-

la1-

Yi-

21—

IHOYLE

ATHONd

(%3 Z1BY HLON®
Du.m og 0g oy

53

¢ 314

NN poy e o

o0LZ =406 ¥

UK 7°GY7 JOMOY Am v

¥YGLLOD = ONNNY : 10280 = ddl

(*/) 3LYE HLIONTT
001 08 09 oy 0z

" | " L ) i 1

) EEE ) —

208l ~ 0

UM 7L 1omy A,q V

FLLLO = ONNNY : T0280 = H4L

J26

Log-

r-

-

ATkOdd

TIuayd



JAERI—M 85— 186

IFR = DS201 : RUNND = 07820

w2

Power 6.6kWim

=158

-184

0°-180°

-F24

PROMIL

V.

=247 @'um in dept Ridglng by PCI

] Bottom ' Top
—ZH

=304

}-50,umd

324
0

50pm—~|

L

r—— Fuel length: 0.45m

0 | 20 ' W0 " 60 R i 0
LENGTH LATE (*&}

Fig. 6 Fuel rod profiles as a function of the axial

length rate and two generatrices at the

local down power of 6.6 kW/m.

E
3
=)
uy
. Diameter profile
corresponded to the
location ot pressure . -
transformer . ¢ gum # -
o
B
e
=]
e
5
gl
o
il ol g
2|4
&
D*Gl 0G2 bt B4 MM ———! E E
T - R S P ——————————— R 10
. — : u Pressure ‘ ] | =E
— =t o
. | - '

(Bottom) Condition of the fuel rod stayed at the upper dead
point in a stroke of diameter measurement, in which the
coolant flow gap between rod 0.D. and pressure transformer
was to be 1.13 mm. (Top) Diameter profile at the power of

6.6 kW/m.
— 12 —



— Pl ~ ¢1 —

‘w/My 9* g To aamod TeDOT @yl I8 arpjoad i@ysweTp papuodsario)d (dey)
‘gid UT pealasqc Q¥ME JO 22BIANS PRIZIPTXO 2yl JO NITAIIINY (uo330q) T °"ojloud

3491l 331150 0} 13]jd

s A Ssusece]
QLOHd 3HIL HO4 3ONVY
WARM 0 3O Jamed a8y

1B 2)joid tsjawel(]

ERINET
1e1ed o} 13jied

wr{ g —=f

W

ER R R

96! -- 98 W —TdAV[



+do3 2y3z ur umoys pue pIdiBTUD SBM ¢ UOTIEDOT 2yl
38 3ands ey} Jo suo UOSTuym uT *gymg Xo3 217ds 3ulppelo 9yl Jo 3nsay 7 *o03o0ug

s & BB

JAERI —-M 85 —196

O v M %o

w . . .
- o N .
) £l P P X
@ x - -
8o aomo - +
i A T >
¥

R R R




JAERT—M 85— 1396

CAFER T AR E R MR R R Y O ) Rl R

HBWROFHNHEIE Y 2 7 L TR, BEECERAEPEIRHEINEHS 5, oo, EEH
ERRER SR TEED 20, ) SCEE LA Vo ABIBHETRIEE (ND) » SHHl - 704
WTBHD i T, BEHE OB 0 PkW/ m) %3FE L .

=kgx [ (ND)/L (1)
T itk (kW/DA)Y 1F, /5 Vo ABIGEETIRHES & OFEUE (AL nA) &, WHEIM D in
Eiﬁ%ﬁofﬂmﬁmwﬁbtmﬂﬁﬁﬂ%(ﬁmkWL&@ﬁ%f%@,ﬁ%¢ﬁﬁ&~ﬁ
TH B, £7-1 (ND) T HRESESS 15 0k Si0EoN A B ERE TORICHAME FL
nA) Th Y, L dBEEoRAROEE (YR TH 5,

Ogm,mﬂwﬁ%m%ﬁ®%%ﬁ&ﬁPmi2%@%%&@$ﬁﬁﬁﬁP@%%ﬁf%é%
LT SBERH 7. COR®, BAIAERICEL T, BEPLREHEHORBE
i Uk BAHREE A B O TR RBET » 2o CNFRREBHPORED O OEBND,
MR AT 20EFHLALEDOTH S,

ﬁgAlﬂ,Mﬁ?~9®1%%ﬁbfwéoHME?@MﬁQJMWﬁK%ﬂ%%LﬁK%
%L,%%nt%ﬂ$®ﬁ£mé®@%ﬁ%7my%Lt%@fﬁéoc@%%@,%ﬂ%ﬁ@
HEE b E R EEENORET % 10 L LATEERTH 5, £/, DC OME F MK
Mzt s TlRn s, 207 - Pk Eni, Inms, DG 1007 180°H{IFE)
RS DG 2 (90° -270° M) O&AEFRTREBOFITRE I, ERFBEROTEREILD
BT 5 &80T, .

Fig.A. 242, BFEHNALESHSER L&D, DG 1 XU DG 2 i ZHXERTIA B
LA ANELEERTHE, COEMS, DG1RDVTHE, 086410021, DG 220 TH
0821 + 0.034 2B, BHESAERC, DG1TRH M ZOHNET, DG2THW 8%
HAE TR 5, '

FEICIE, KLBOEDNS -1, BIRLNORITEM L, COZREETE L SHML,
EA T2 BEE O B AR TR i O |, b 0843 £0.028 & L7

Cie D, BEHEEBNESEETAEROTERENP L35 &, BERAERCREHEEM
M7 Polid

Po= (1—-015T) P
= 0.843 P
L1115,



JAERI—M 85—196

4411 BWRSEREMED BRI 545 6 7R
NWE7Ta 74— g

BEEOERAIER, MEATOITLsncBEoRS LR v &S LHT) Bo0sf
Tud, Table A, 115, 22EEFTLAEEREDS v &5, B 10EOERNEREZAEL L
PR, BETEL A, BEIM OEE BEHETE  TT - 1, #EHE B TO -1 RUHEM
i) AEEHLOTHE,

Fig. A. 375 Fig. A.681F, &4 D5 »FSICHE LBEEERK (o7 4 —-0) 2RL
Thb, 1EDF T 0°—180° kT 90°—270° D FRIDER 71 7 4 — V5B 51 BH, |7
—F yBHICH LT, 2HROERT 07 o —NVBERT S,



JAERI—M 85 — 196

T2 [1e £12 9°9 60°LS 028 -
L2 £eg 22e 9-01 L£°95 8181
"¢ £22 €22 0°02 06545 9187
L*¢ e £€ee 6°62 £0°5G €182
L2 82z 9ee 6" L€ FAA A LL8L
L"¢ L2z €22 v oy [9°€5 608.
L"2 622 52¢ 1 5§ Ly £08L
L"e £22 £2¢ 9" v 12" 0¥ 508/
L7e 8¢ 722 L"1§ 21" S€ €08,
L'e 622 1244 9°0t v9' 1€ 0082
L"¢ g8ee 522 65 oL L€ 9641
L*2 122 2ee 5y ¥9°0€ v6L1
L"e L£2 9¢e L vv 91°0¢ 26LL
1'2 [22 ez 2 0F 9262 06LL
"¢ L€2 Lez £°8¢€ L0762 8814
L"¢ G2¢ 022 bSE GL'82 984/
L*¢ 922 2ee LvE ¥0°82 ¥8LL
L2 62¢ 522 L "LE 0L°12 28L1
"¢ 92¢ €2z £°62 66°92 0847
L"2 £22 122 L"62 0292 8LLL
L"e 522 £2¢ b 62 06°52 9LLL
"¢ gee 922 v ie 09°6¢ vLLL
L2 - Lee 1ze v le AN 2LLL
L°e 612 912 5'82 Lt L 0LLL
¢’z 861 61 " 0€ 20"y £9L1
e L2 01z 9°0¢ 8L°¢ 591
2'2 L12 L2 8°92 5°€ €941
¢ ¢ 8ee £ee A v6'2 1944
¢'e 912z cle 6°8 19° 1 6541
¢'e 81 81 82 265°0 L5LL
22 (81 981 672 8520 671
22 861 861 52 0'0 €641

(s/w) (20) (3a) {w/m) (u)

14 L1-0l 1-11 dIMOd INIL ON NN
49M0d 3@ JuBWRUNSPAW JIIBWRLP POJ IYJ SO SUOLILPUC) |'¥ 9|qel



Relative power at DG1

o

JAERI-M 85— 1096

Relative flux

L L L B L

G

LiLgo

Fig. A.2

Reactor power (MW)

Relative power at twa DGs as a function of the

reactor power.

Fig. A.l Result of the experiment for determining
the local power reduction at DGl and DGZ.
i 1 L L L L 1 1
S.80E+Q0 ) & 8.74E-01| + 8.22E-01
S.706+00 } & 8.80E-01| + §.16E-01
9.80E+00 | & §.46E-01| + 7.87E-01
8.20E+00 | & 8.7'E~01 | + 8.1CE-OIL
9.10E+00 | & 8.G9E-D1 | + B.16E-01
1-10E+01 | & 8.36E-01| + B8.83E-01
1.50E«+01 [ & 8.30E-01] + 89-00E-01
DG4 DG-2
. Q- s = 0.
A a A
r-Y
F-3
+
+ +
+
S 0.
+
.7 T 0
5 g fo §! iz 13 14 15

7

Relative power at DG2



PRGMIL

PROMIL

JAERT—M 85— 196

PERIODIC. IFR = 05201 : RUNND = 07753 : PIN MOVING = DOWN

+ = RIRPTIO-1BO)

-12-
—144
15
18- 3
-20- 1

2 L\WVM\'W'_M

—244

-25+

-ZB+

T

A0 60
LENGTH RATE (%)

8o 100

Fig. A.3 Diameter profile at run 7753 (0° - 180°).

PERIODIC. IFA = 05201 : RUNNO = 07753 : PIN MOVING = DOWN

=+ = RIBEZO-2701

—~t2+
—~144
-164
=18+
-204
-224

~24

'“’: WWMWWM‘J B
| T

=284

~304

-32 T * T

z0 40
LENGTH RATE (¥)

60 . g0 | |] 100

Fig. A.4 Diameter profile at run 7753 (90° - 270°).
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Fig. A.6  Diameter profile at run 7755 (90° - 270°).
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Fig. A.14 Diameter profile at run 7763 (90° -270°).
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Fig. A.15 Diameter profile at run 7765 (0° - 180°).
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Fig. A.16 Diameter profile at run 7765 (90° -270°).
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Fig. A.17 Diameter profile at run 7767 (0°-180°).
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Fig. A.18 Diameter profile at run 7767 (90° - 270°).
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Fig. A.24 Diameter profile at run 7774 (90° -270°).
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Fig. A.26 Diameter profile at run 7776 (90° -270°).
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Fig. A.27 Diameter profile at run 7778 (0° -180°).
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Fig. A.28 Diameter profile at run 7778 (90° - 270°).
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Fig. A.30 Diameter profile at run 7780 (90° -270°).
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Fig. A.31 Diameter profile at run 7782 (0° -180°).
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Fig. A.32 Diameter profile at run 7782 (90°-270°).
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Fig. A.33 Diameter profile at run 7784 (0° -180°).
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Fig. A.34 Diameter profile at run 7784 (90°-270°).
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Fig. A.37 Diameter profile at run 7788 (0° -180°).
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Fig. A.38 Diameter profile at run 7788 (90° -270°).
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Fig. A.46 Diameter profile at runm 7796 (90° -270°).
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Fig. A.47 Diameter profile at run 7798 (0° -180°).
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Fig. A.48 Diameter profile at run 7798 (90° -270°).
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Fig. A.49 Diameter profile at run 7800 (0° -180°).
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Fig. A.50 Diameter profile at run 7800 (90° -270°).
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Fig. A.53 Diameter profile at run 7805 (0° -180°).
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Fig. A.54 Diameter profile at run 7805 (90° - 270°).
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Fig. A.57 Diameter profile at run 7809 (0° -180°).
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Fig. A.58 Diameter profile at run 7809 (90°-270°).
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Fig. A.59 Diameter profile at run 7811 (0° -180°).
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Fig. A.60 Diameter profile at run 7811 (90° -270°).
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Fig. A.61 Diameter profile at run 7813 (0° -180°).
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Fig. A.62 Diameter profile at run 7813 (90° - 270°).
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Fig. A.63 Diameter profile at run 7816 (0° -180°).
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Fig. A.64 Diameter profile at run 7816 (90° - 270°) .
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Fig. A.65 Diameter profile at run 7818 (0° - 180°).
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Fig. A.66 Diameter profile at run 7818 (90° - 270°).



PROMIL

PROMIL

JAERI—M 85~ 196

PERIODIC. IFA = 05201 : RUNNG = 07820 : PIN MOVING = DOWN

<+ = RIKO=-LE0]

=12
-14
-16-

- |

-204

-2

-244

28+

=28

-3 T T T T
2 0 20 ) 40 60 80 100
LENGTH RATE (%)

Fig. A.67 Diameter profile at run 7820 (0°-180°).
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Fig. A.68 Diameter profile at run 7820 (90° -270°).



