JAERI -M
83-234

SHEAM BB O EREEEIZE L
P a A REEDF WA

1984 1H

wiE Mo

B X B ¥ H W K M
Japan Atomic Energy Research Institute



I —}}4-

o ML Ty AR RS T

JAERIM b R— r i3, H A E - i A AL )iz -
CERFA (T R19-1155080 Wk T B sl

AT G, AARE 76 70 FE 0 0
WY BT, BRLILRE G, B, IOz f\'“ Tl e re e v —
g HEEEN Y BE I T

{319 11 AR RS0 F N gl R H A - F7 i A

BOET,

JAFREM veports are issued irregularly.
[rguiries abouc availabilivy of the reports shoutd be addressod 1o Infermasion Secton, Divisio

of Technical Informarion, Janany Aromic y Nakg-gun,

Iharaki-ken 319-11, Japan.

Fnergy Kesearch Instiiure. Tokal-mur

Cidupan Atomic Energy Resesrch [nstilute, 1983

wmUHET O H AR TN {iff 7% i
£l W e N b




JAERI-M 83-234

S (TR DRI Ut Vv o 4 SURE O PR

NAGETFHUIART BEHsi BT
W oB o=

(1983412H218%H)

Eﬁm/w¢l—-nw$yﬁ(HBWR)mﬁuf,m&uoz&vwh&vwﬂn4ﬁ%%®
WEMAR (PCL) RERY 5 FNIHEORERHO LD BHAREEHEL T 5. CORBPI
17 %178 PWR MRER I A28 25006 L O L ERICEHRES T Ll HBWR FZANO &
o b A REORE, FOWIRIZIERELDA - T BMEEOTER : Vs o A EBELA V2
-6 0 0MEOUBEARTRE L &K Ui, 20dL0 T OWIRR PCT &WBIORK
CEBBDTHAD EEA LN, | | |

w%%ﬂﬁmﬂ%én1mt%ﬂ¢®ﬁ§ﬂﬁm®ﬂ%ﬁ?ﬂaﬁxwﬁﬁmﬁﬁénfmt%ﬂ
BH TR 2y —~DF — 5 5 S RRBHORESTIbN, Fhb T = ol BBk e
HIEE O MO RE B A e B8 L s~ Ui . o S

I AOK I E e & ARET 1 E L P A ABRE LD, BETNL D BERARDED T
¢ HRDY Ty FORED -1 0 &by 51c, ThOWEEMIOKLFRRORBED DM
I TSSO R A 2B OULINSA Y, TOUNTROFBURECS >/ 1AD
PWR HAEHEHTEIE L7 & 0 S HlT = nuico ' o

RRIRRE b o b 7R I CABRE S S Bchs, DUBRERIEA Lk 2 HEE SR
Lictohic 5 » 7 & HibtL 2 RtERHESE® S i, |

KETE &b AR TS S E R T R U Ao E e O SR & RIS & T ORBIRICE S
LD TRECHENANLTVEEZLNLOTRGETHLEL L. I



JAERI-M 83-234

IN-CORE FAILURE OF ZIRCALOY SHEATHED INSTRUMENTED
FUEL ROD OCCURRED IN THE PORTION OF DIFFUSION WELDED
TRANSITION JOINT

Kazuaki YANAGISAWA

Department of Nuclear Safety Research,
Tokai Research Establishment, JAERI

(Received December 21, 1983)

To study a mechanism of fuel rod failure related to pellet-cladding
1nteraction,in-cdre experiment has been undertaken by JAERI in Halden Boiling
Water Reactor(HBWR),Norway. In the experiment, a 17x17 type PWR fuel rod
which has been exposed approximately to one year caused fission gas leakage
to the coolant.Non-destructive inspection beside reactor core was made
immediately and found that the location of failure was in fuel rod top. In
that area zircaloy was diffused with Inconel-600. So,the failure is seemed |
to be different from pellet-cladding interaction-related fuel failure.

A study was made to know the situation of such type of failure by
means of data of measured fuel centerline temperature and that of measured
rod internal pressure those have been logged by equipped instrumentations.
It is revealed from the study that rod internal pressure increased suddenly
immediately after the failure.to the value of 14 MPa.Time-dependent gradual
decrease of fuel centerline temperature has been lasted after that.
The:identified. failure time determined from such instrumentations was
coincident with that observed from monitering data of coolant radioactivity.

The cause of failure has assessed through a record of coolant
purification control and a result of ex-reactor inspection. It is revealed
from the assessment that almost PWR fuel rods with diffusion welding have
been covered with heavily deposited crud on their outer surfaces due
principally to plenty of dissolved oxygen involved in coolant.It is then
concluded that such heavily deposited crud led the diffusion welding portion
worse and brought the fuel of worst surface condition to faiiure.

Keywords: In-core Fuel Failure,Zircaloy Sheathed Cladding,Diffusion Weldind,
Instrumented Fuel Assembly,Pellet Cladding Interaction
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Table 1 Characterization of 17x17 PWR fuel rod

1.1 Material Sintered and grounded UO2 pellet

1.2 Enrichment{%U-235) 13.0
1.3 Density(%7TD) 95,2
1.4 Pellet diameter(mm) ~ 8.28
1.5 Pellet tength(mm) 13.55
1.6 Dishing(mm) 6.0(dia.)x0.3(depth)
1.7 Edge chamfer(mm) None
2.Cladding
2.1 Material Stress relieved Zircaloy-4
2.2 Cladding 0.D.(mm} 9.498
2.3 Cladding I.D.{mm) 8,377

3.Assembly

3.1 Enriched fuel Tength(mm}446.3

3.2 Enriched fuel weight(g) 247

3.3
3.4

3.5

Diametral gap{mm)
Fill gas{MPa)

Plenum volume{c.c)

0.098
3.2 with pure helium

4.5
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(Left) Schematic representation of a forced coolant flow
in the LWR simulated high pressure flask;coolant flow down
through down comer and subsequently cool the instrumented
fuel rod,(Right) Axial distribution of coolant temperature
where open circlesishow temperature of 1ight water coolant
and closed circles do that of heavy water which flows
between high pressure flask and shroud.
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Fig. 4 Chronology of coolant temperature thraugh an irradiation

of'defecfed fuel rod.

50- TFOR-MT DATA ANALYSIS: IFR-524.
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Fig. b5 Local power history measured at thermocouple rosition

of the defected fuel rod as a function of burnup
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Local power history measured at thermocouple position

of the defected rod as a function of irradiation time.
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Chronology of fuel centerline temperature of the defected

rod as a function of burnup in which point G is showing the
starting point of gradual decrease of fuel centerline

temperature, {7
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Fig. 8 Variation of rod internal pressure as a function of burnup;

point P shows sudden increase of rod pressure at the burnup
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Fig. 9. Coolant pressure in PWR condition loop; an arrow indicates

point of sudden increase of fuel rod internal pressure
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Fig. 10 Fuel centerline temperature of the defected rod as a function
of irradiation time{month)



JAERI-M 83—234

— e W ¢ W e g
JM*&%&}@MWMM% ; a»ﬂ&&&vt@'&a»w
yww EOERE Ea ke mayl
Y ¥l i LA

@

INIOF NOLLI

. Vo W A Lo .:M.ﬂ,&é,fﬂ&ﬁ .
2 b
PO i BT . ap s apib e : =
- s R v PR S S s
s R AL X o g w iR . VRN T L AN
s M AP L L Sl AP NPy Tt R
MWMW &...@i.%&.@ﬁ&%ﬂ%%%%ﬁ%“%“Mmmmmmﬁn@%r&mm o iy 2
e L Fa %?iw“&%%.m &.«M.m&m«m:w%mw.&mﬁw o g 86 AR AR R AT 5 B2
52 o . At g w o w o F o ap RO %l 8 W ISR W 4 wE o
i dpty g B g B G G 8 et SR R : FinE
g gl ek g Y i 6 o3 9 PR e : grag s
et - A B PR REL SR &*mw%,mm‘@w\;wﬁ 5 5 1R F TN agan btk 0 : wm»ww%%mwﬂw@w
Tt g e W VTS 8 W Sy Ik W e i g 8
awdE ¥ i P SR L S S L S LT T e A R R sanw BB

BOTTOM

iocn

t

i

cted at trans

of fuel rod found to be defe

lew

Overv

11

Fig.

i0n

t positi

join



0F HYURCGEN [PPHI

CONMCENIRIE TN

CONDUCTIVITY {HICRO 5/CH)

JAERI-M 83—234

PLOT OATA TABLE

irradiation time

__2 1—

thE At

L e S

5
!
S
4
4
4
3
4

L1BE-DD
L0SE+01
.53E-00
L55E+01
.02%+01
.BCE+OL
LBAE+01
L35E+01

Tt

L28E-C1
S10E-Z1
JQOE-22
LJ0E-22
.80E-C2
WQDE-C2
\0DE-G2
JO0E-C3

N = Lt ] RN

PLOT OATHR THBLE
-DOE+QO

AWM NN — — D

.32E+02
.92E+02
«31E+02
-70E~02
«97E+Q2
-27E+02
.00E+02

OGOBEBER

WRIMNMN WR NN

.ODE+O1
.QUE+0}
.70E+0QG
.00E+08
-GDE+00
LAQE+O0
+30E+Q0
.50E-0!

WOTER CHEMISTRY IN LOOP NOD.3Z
] ——— e ——— m B8.00E-09
i O 1.320+02
. D 1.82E+02
: Hz © 2.31E-02
15° 4 = F10'c 2.70£-02
% . xss~\\‘5Hﬂ o 2.87€+02
4 ¢ 3.27E+02
; o 4.00E-02
e’ —m“%
=
- z
. 2 . g
S SO "
] - 5
} \\\\”;_‘- §
j | \ z
10“{ e L ot %
! \- %
(=]
::ai . 107
G 100 200 300 400
[ARADIAT10N TIMELDAY)

Fig, 12 Concentration of time-dependent dissolved hydrogen and
oxygen in which the defected fuel rod has been irradiated;
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cluster with defected fuel rod
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rrmy
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Photo I Overview of irradiated PWR fuel rods unloaded from HBWR core
for suspicion of defection at thermocouple transition joint
position;photo B is taken from differert angle to photo A.
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Photo I

Overview of irradiated BWR fuel rods have been irradiated
in high pressure loop system in HBWR core and unloaded
for suspicion of their defections at thermocouple transition
joint positions; photo C is showing a rod sueface covered
with significant deposition of crud, photos D and E are
showing a rod surface after brashing deposited crud
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