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Irradiation- Induced Creep of Zircaloy-2 Cladding
Kazuaki YANAGISAWA

Division of Reactor Safety, Tokai Research Establishment, JAERI

(Received,September 28,1977)

- The creep deformation of zircaloy-2 cladding after irradiation was
measured and compared with calculated one. Visual inspection of the
cladding was also carried out.The ATR type cladding was irradiated up
to 1 720 MWd/t {on average) in OWL-1 Toop of JMTR.The results are :

(1) The average value of clad bowing was 0.33 mm in total length
800 mm.

(2) The measured and the calculated creep deformation were 17 pm
and 25 um respectively.

Keywords: Irradiation, Creep, Zircaloy-2, ATR type cladding, JMTR,OWL-T
Inpile Loop, Bowing, Radiation Effects.
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Table 1 Specification for used specimens

Cladding
Material : Zircaloy-2
Total length: 848 mm,
Fuel Tlength: 698.mm.
Dimensions : 16.4mm 0.D.
'0.8mm thickness.

Gap size : 0.3mm diametral.

Fuel Pellet

Material :  Uranium Dioxide (U02)
Enrichment : 1.8 w/o
End Form : Dished at both ends with chanfer.
Dimensions : 14.40 mm diameter.
18.0 mm height.
Density . 92.5,95, 97 %TD
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TABLE 2.  Irradiating Condition in OWL-T
ITEMS VALUE DESINED TRRADIATION ~ CYCLE
31 3¢ 33
. N: 258.9-265.3 249.6-257.1 249.0-253.4

clad inlet temp. (C) - L: 107 3-143.7

clad outlet temp. {(C) - N: 273.9-280.7 268.2-274.8 266.0-271.6
L: 174.0-150.2

fuel inlet temp.(C) - N: 271.2-277.7 264.8-271.1 262 .7-268.0
L: 109.2-146.4

fuel outlet temp.(C) 280 N: 284.4-292.3 281.4-287.5 278.1-284.5
L: 115.1-155.0

clad inlet flow (kg/min.) 45 N: 42.3 -45.8 42 .9 -45.8 43.8 -45.7
L: 153.6-157.7

clad inlet press.{MPa) 9.4 N: 9.33 -9.44 9.32 -9.41 9.27 -9.45

- Ls 30
PH 5.5-8.5 6.9-7.3 6.2-8.4 5.2-7.7
oxygen dissolved (ppb) <400 40 -133 2 -58 £8.3
electrical conductivity < 1 0.1-0.4 0.1 -0.3 0.3 -0.8
( wes/cm)

total power level (kW) - 50.9-60.2 57.9 -67.7 56.1 -64.2

acerage B.U. (MWd/t) - 554.5 573.7 h85.3

max. " 707.4 742.7 769.7

* N: nommal operating condition , L:

Tow temp.operating condition.
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Table 3. Dimensions and densities for rod No. 74

PELLET
NURER

Al

B2
Cel
0,1
E1s
Fiyf

Agl
a7
Cre
Dzé
E12
Fis

Agn
B33
Cro
D74
B2
Fi%

Asa

ot
Doe
£ 5
Fie

Azl
4%
C19
oy
£31
Fal

Az
3 4
C20
D23
Eaut
Fi5

relating to Fig. 2.

D7 AMETe <
(M)

1w %00
1usdil)
lavoely
tad 3l
190400
lu.QZQ

1.8l
144410
laes*ly
14-3?6
1w a0
laoe ‘41\:}'

130410
L4-3?O
laa.41)
144372
14-"410
1a%20

TweUQ
144420
120
iQtSIU
laswd(
1&-410

14,420
14+380
la.sl0
lbl370
144400
las4eD)

1a.410
14,380
144410
l4n370
14-“00
las4l0

HETGAT
(M)

17,799
14,9840
17.890
17,830
17.919
17,980

17,790
15,560
171.35%9
17.870
17.932¢C
18,000

17,300
17,949
17,830
17.310
17.920
17.930

17.740
17.950
17,1230
17,540
17,910
17,450

17.790
17.35%0
17.330
17.450
17.380
17,590

17,789
17,4950
17.300
17,920
17,920
17,920

29.170
2FeBTT
30039
29.8713
30.250
304742

29154
29637
L0537
290935
3C.23¢8
3C.930

29.228
79.236
30,053
29.97¢
30,257
3U+835

23154
29454
3G.035
23.37¢%
30.267
30,7140

29157
293933
30.0579
29:959
30.231
33.768

79,107
29,384
30,117
30.933
30.200
3044383

LM
5
N

- t_

) [
(QESMETHY)

33.074G
33,082
35,283
25,220
75.8600
97,342

92.920
92,920
3%.370
25.500
35,770
37.490

93,070
32,950
95,352
95,400
95,690
97,340

$3,1179
23,010
95,275
95,730
95,030
37,400

92.700
33,090
95.210
95.5930
95.%960
37,2890

92.190
93.04Q
95,290
95,540
95,760
37.390

Iy e/ Tuua)

[MMERS [ U

Fa.21C
35,370
95,630
G53,95C
97.620

94,120
93,29C
95.40u
9§-de
95,950
27.610

94,274
93,450
95.470
95.600
95,980
97.630u

4.270
93.200
959,480
93,540
95.%70
97.5384

94,340
33,160
45,330
95,4699
95.%3y
9T7.h4%U

94,300
93.230
95.430
95.£30
95,930
97,600



Table 4. Dimensions and densities for rod No.

numbers are correspond to those in Fig. 3.

PELLET
NiUBER

A1}
C13
Dis
17

Fab

D] aMe Tk
¢4M)

144410
141370
la.+1l0
14v370
1a.430
14.410

14-420_
14!390
1aeBey
.14-3?0
1&.400
14440

141410
14+380
1&;420
14380
1&042&
14420

1a4.%10
14,410
145620
l+-370
14410
14420

14410
14370
140410
lq.}(U
140430
l@anG

14+%410
14¢%20
1as 370
1a-%10
14.410

JAERI-M

HE | GHT
( Am 3

17.4800
17,330
17,890
17.880
17.940
i7.890

17.780
17.969
17.850

- 17.9090

17.92Q
13.030

17.890

17.930
17,440
1-71900
17.370
17.910

17.790
18,030
17.43469
17,1330
17.910
17.220

17.1790
17,960

-17.900

T, 340
17.960
17.940

17.790

13,090

17.560
17,390
17.900
17.890

7349

e 1 Gril
(oR)

23-161
29.231
30.109
26992
jGnJQO
30.771

23.2u2
29.379
30,812
29,9317
30232
31.957

29.167

29+ 365
30,020
30,017
30.257
10.806

23.183
23602
30-045
30.030Q
3N« 241
30-825

29.154
29.366
3C.096
3J.04%3
30-34#
30-8??

294132

29.655
30+ 403
30.994
304235
30,771

23 each pellet

DENSITY(O/0  T.04)

(GEOMETRY)

92.820
92.980
35,310
95.63C
35.380
97,430

92,960

32.340
95.2890
95,510
95,910
.9T.4230

92.870
930090
95,170
95,472
95,670
97.290

92.980
92.370
95,140
95, +80
95, 70}
. 97.319

92.380
93,0860
95,240
35,41
75.480
97,490

92,810
- .92.350
94,939
95.369

S 95.730

97.430

[AMERSION

944100
93.500
95,450
95,720
95,350
97,600

94,390
93,4730
95,430
95.172V
95%.97U
97700

L 34,320
93.484¢
95,460
35,730
95,4870
47.330

Gq,420
93,200
95,430
35,710
36,000
97.560

94,170
93,45V
95.370
95.710
95.300
97.690

94,300
193,180
95,160
95.710
96,30V
97,600
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Fig. 8 Fccentric pellet model
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Fig. 9 Schematic force diagram around an eccentric pellet
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Pyt = | (1~ pc #p) —1.} ------------ ©
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(D—e)
Pn - W { (1+p'c 'up) ._1} wea et s (7)
2hcpp U(D4+e) —HpH
Pn/" Php—1 Z2EALBAEH/T 2,
tD+e) —ipH 7
Pn (l+#cHp —  D—-e
— * = . e )
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—e

BRALDEHOLICLIOKRE L, @RIC>VTHRFTZMZ 2,
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D—e
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D—e

ROBZHELZOXEZHOEOXEE 5,

H/D+#c } n—i

P, =P {
T U gop-se

(1

BHHA DA T TRIECELZEBRLILES (rore ELEBA)IKDOVTEL S,
tCéTFlu—%im®amofw§&Vwhmﬁmfébfcnuﬁnﬁﬁﬁéc

Py fo U 12
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Bt - TR IT

n—i

H/ D+ #c
py - 1o {1VDHE )
H/ D—#c
THZ o5,
BiE 3 &ty PMCVER T3 an®f  sum
Psym = %Pn
mfO-f-fOI'-i_f()l!'2‘+’ """"" _"‘+f0rn~l (#)
H/D+Hc B
HL r= ——  , (B BexEBE LA ED)
H/D - i
rt =1
("‘) =fo _—
r —1°
H/D—#c¢ H/D+ He ?
Psum = fg + —— {(_.—_) _1} ............ {14
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et 4 <Ly tO2OUR
nHbHLELy FEEHTIAD RV y PESMEL ZTHIC sum L A8 HEHMHBET2
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4 =

H- 1o H/ D—pc [(H/D-F#c) n 1}
ZD?E e "I\ D-se

ZZWERUQsC by bDXY ¥ TETEH B,
& 2

"AER L 2BEBEOEROGE "

AFCLEBEEED 7)) ~TEBLHE T2, BHEHRITLDOEBV THD.

HwEELEEEE 388 °C (661K)
o FE 2%10% n/em? sec
Gt 5 1518k (3447
AR L BIER ar =1207 MPy

g =12459 MPa
| s, =6524 MPq
ROFAL THAEEET KD 5,
e =@-A-B-C-T

EEOCERIROMD TH L,

1.02
M B 70 —7EHETH= 10
_Y . 1.67 — l
@ A ! sinh {Sc'ﬂ} zs.inh{ -
10° )

GHMEMIENTHAL SNEAEIC LB o, 95,0, DOEROEIKLTRD B
(von Mises D)

— 1
-7 ﬁ}ruagﬁ-+(az—ar>*+(agﬁazf

) |
52.07—-124.59)% (65.24 —12.0D* + (12459 —6534)*

!
- = [1901022
J2”

— 09749 MPa) =97.49x10° (Pa)
TE-T

167
a0 5)

108
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167
~ sinh { X 9749 X 10‘}

108

= sinh (163)

=244
Q 5862 (kJ /mol)

ey Blexp{—ﬁ}#exp {“ : }

RT 831 [d/mol K] - 661 (K]

=exp (— 1087) |

232
BRYT

=) C ¢ = FPMFHE [n/on’ sec) °*F°
(2 Y 1013)035
202x10"

Ry T B EERRY
t=1519x10% {(h)

M~ ZHITe 23HET 2L

@]

102 232 3
= (m) X (244) X (F) X (202x10") x (1.519x10%)

of

—177%x10""

€r . €p, 8, AAOEZRRICLDEKRD 5,

. 1 —
g = ——= (20p—~9y—az)-c¢€
24
1 -
{Eg = — (Zaa—az—ar)-e
2
1. —
E; = — (2ay, —ap —0y ) - ¢
L 2o
1 -3
Ep = . {2><12.07—124.59—65.24 } X (L77x10 )
2 %9749 [(MPa ]

= 150x107°

|eg)= 156x107
[ez,=5.6><10’4
BT M EEECAROEEE d= 16437 (om)EALLERFRD 7Y —74ER
MKE Do - '
_27_
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4d 3
— = = X
p £r 150 x 10
- :
4d = (150%x10 ) X 16437 [(mm]
= (002466 [rom)
= 25 { #m]

REMOHBEEOEAILE 44 =25 ([(Mm] &1 -to

i - 28 —
|



