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Multi-rod Burst Test under A Loss-of-Coolant
Accident Conditiomn ( IT )
——— Experimental Result of The Bundle No.7806 —

Takashi OTCMO, Masao HASHIMOT(O, Satoru KAWASAKI
Teruo FURUTA and Hiroshi UETSUKA

Division of Reactor Safety, Tokai Research Establishment,

JAERI
( Received July 24, 1981 }

Multi-rod burst test No.7806 was performed with a views
to estimating the quantitative channel blockage caused by
the ballooning of fuel assembly during a postulated LOCA.

The test was conducted under conditions of initial inter-
nal pressure 20 kg/cm?, steam flow rate 0.4 g/cm?min and
heating rate 9 °C/sec. ‘

Following results were obtained

(1) Internal pressure increased up to 28 kg/cm? during
the heat-up stage, the average burst pressure of
49 rods being measured to be about 26 kg/cm?®.

(2) Almost all ruptured claddings had relatively short
ballconed region length expanded above 34%.

The length ranged from 0 to 40mm, being much shorter
than those measured in other tests performed under
different conditions.

(3) Maximum channel blockage of the assembly(7x7)} was
measured to be 36.2%, while was 43.4% in the interior
rods(5x5) which had relatively uniform temperature
distribution in the radial direction of the rod.
These values were also smaller than those measured

in other tests.

Keywords : LOCA,Zircaloy Cladding, Internal Pressure,
Multi-rod Burst, Ballooning, Channel Blockage,

Temperature Distribution
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TABLE 2 RESULT OF BURST PRESSURE AND BURST TIME

29-74 28-72 28-72 27-64 28-62 27-72 29-74
27-84 27-82 26-82 26-82 27-80 25-84 28-86

28-68 28-62 28-54 23-64 27-68 28-58 29-66
22-80 27-76 26-76 25-78 25-78 27-78 28-80

28-64 28-64 28-62 27-54 28-56 28-58 29-60
Z1-78 26-76 26-76 13-76 18-76 27-76 28-78

29-58 28-612 29-62 26-60 28-58 28-62 28-66
26-78 27-74 27-74 26-74 26-74 21-76 27-78

28-538 27-62 28-66 28-66 27-66 28-62 28-62
27-78 26-76 26-74 26-74 25-74 27-76 26-80

29-60 28-66 27-56 27-62 27-66 27-066 28-68
28-80 26-76 25-76 26-76 13-7¢6 25-78 26-78

28-66 27-58 27-64 27-56 28-62 28-66 28-66
"27-82 26-78 25-78 25-78 26-80 26-78 24 -82

Pm-Tm Pm : Maximum pressure | kg/cm2 )
Pb-Thb Tm : Time of maximun pressure [ sec
—_— Pb : Burst preséure { kg/em® )

Tb : Burst time [ sec )
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TABLE 5 TEMPERATURE AT MAXIMUM PRESSURE
A2 A3
28 28
72 72
q 808 q 801
844 833
B2 B3 B4 .
28 28
54 64
. 706 a 815
739 820

C3 C4

Maximum pressure
Time of maximum pressure

Thermocouple~”’;7

TC-1

TC-2
TC-3

TABLE 6 AVERAGE HEATING RATES OF CLADDINGS
Heating rate was obtained from the temperature
increase in the time of which the temperature
of the rod, D-4 Tc-2 changed from 498°C to
burst (922°C}

=

2 3 4 5 b /
Al 7.8 86 | &4 § 85 | 87 | 87 | 8.1

B |82 88 | 387838 | 8.0 9.0 85

c) 804} 92| 9.0 &7 4 9.3 9.1 | 89

D{7.8 1} 901929292 9.4 8.7

E| 7.3 8.

oo

97 | 82 {907 9.1 8.3

Fi1 78] 87 | 88 | 9.5 | 85 | 86 | 8.9

G - 8.2 | 9.0 | 9.0 ; 85 | 8.6 | 8.4

(°C/sEC)
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TABLE 7 TEMPERATURE DIFFERENCE BETWEEN D4 (TC-2) AND OTHERS DURING
HEAT-UP STAGE.

0 (sec) *D4-TEMP.410 °C
1 2z 3 4 5 6 7

Al =27 T <35 | -52 | -25 | -34 | -36 | -48
B -24 | -22 | -17 | -17 | -20 | -24 | -19
c{-19 | -10 | -18 | -21 { -17 ! -23 | -28
D| -14 | - 8 | -14 * -16 | - 5| -13
E| -35 -18 -7 -3 - 8 -16 -15
gl -21 | -27 ] -15 | -5 | - 3| -13| -18
G

-36 -14 -18 -37 -49 -41

74 {sec) *D4-TEMP.922 °C

1 2 3 4 5 6 7

AL -97 -56 -73 -68 -49 -53 -89
B| -54 -47 -36 -9 -24 =25 ~47
c|-79 -4 -11 -21 + 3 -13 -44
Dy -75 | -15 -5 * + 6 + 4 -26
Ei-116| -13 + 5 -1 + 1 + 6 -31
Fi -101] -27 - 6 +10 -37 -22 - 6
G -53 + 7

+ 7 -65 -43 -50

76 (sec) *D4-TEMP.950 °C
1 2 3 4 5 6 7

Al -107 ] -66 -98 -77 -62 -60 -103
B -80 -58 -45 -26 -39 -36 -63
C)| -98 -6 -23 -28 -9 -24 -53
D|-100} -27 - 7 * -9 -7 -3z
E| -130} -32 - 8 - 4 - 6 -9 -48
F{-111| -38 -16 - 2 -54 -29 -19
G -71 -9 - 8 -78 -56% -71

78 (sec) *D4-TEMP.973 °C
1 Z 3 4 5 6 7

-79 -19 11 -36 -69 -82

A -119} -81 -109) -81 | -80 -75 -113
B | -99 -65 -51 -37 -46 -38 -71
C|-1201 -14 -31 -32 -18 -31 -49
Dl -1t6 1! -37 -15 * -20 -9 -34
E | -148: -48 -11 - 4 -11 -22 -55
F|-1234 -46 -32 -8 -59 -39 -38
G
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TABLE 8 TEMPERATURE DIFFERENCE BETWEEN D4 {TC-2) AND OTHERS DURING
HEAT-UP STAGE.
80 (sec) *D4-TEMP.991 °C
1 2 3 4 5 6 7

-134 | -57 -33 -11 -68 -40 -41
-87 -18 -24 -87 -75 -87

al-1317-87 [ -114] -91 | -92 { -79 | -115
B|-1151 -70 | -55 | -39 | -49 { -38 | -72
Ci{-139¢ -14 | -36 | -24 | -19 | -33 | -48
D[ -132] -43 | -16 * -19 | -11 | -38
£| -156| -47 | -14 | - S} - 8| -20| -62
F

G

82 (sec) *D4-TEMP.1015 °C
1 A 3 4 5 6 7

-151 | -61 | -36 | -25 | -85 | -41 | -49
g9 | -23 | -30 | -59 | -86 | -99

Al -1441 -103| -130| -103 -99 -92 -125
B -133| -79 -59 -46 -62 -47 -76
€| -156| -18 -40 -23 -22 -39 -60
D| -148 | -49 -18 * -25 -21 -44
E| -169 ] -53 -28 - 8 -5 -26 -77
F

G

B4 (sec) *D4-TEMP.1034°C
1 2 3 4 5 6 7

-173 | -58 -38 -31 -92 -37 -55
-103| -25 -29 -105| -88 -105

Af -155] -116| -133| -108| -106| -107| -133
B| -140{ -80 -59 -47 -67 -45 -76

Cl-1631 -26 -38 -23 -20 -38 -58

D| -145 | -47 -21 * -24 =20 -47

E| -180| -52 -28 - 8 -1 -26 -79

F

G

86 {sec) *D4-TEMP.1048 °C
1 2 3 4 5 6 7

-185 | -56 -32 -23 -99 -32 -48
-94 -17 |- -24 -10Z| -81 -94

Al -166] -118] -126] -116[ -104! -112| -133
B[ -134 | -78 | -57 | -37 | -60 | -44 | -72

cl-150] -z¢ | -31 | -2¢ | -11 | -31 | -57

D[ -136] -44 | -22 ¥ “15 | -13 | -48

E| -185] -41 | -21 | -7 | + 4 | -15| -71

F

G
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TABLE 9 BURST LOCATIONS AND BURST TIME.

6 7

5
e@

80 86
T4 76 76 Ji 78 eao
C 78 76

@

D 78 ) ] 78
E 78 76 = 80
G 78 78 78 80 ]

Appoximate orientation

-

<" Elevation(mm) of burst center above
midpoint of heated zone
/T Burst time(sec)

o
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TABLE 15 TEMPERATURE AT BURST TIME,MEASURED AT THE POSITION
OF TC-2.

1 2 3 i 5 6 5
379 | 912 | 885 | 912 | 900 | 927 | 915
376 | 891 | 905 | 936 | 927 | 935 | 919
53 | ouy | 927 | 922 | 9u1 | 926 | 924
857 | 907 | 916 | 922 | 928 | 943 | 939
85 | 918 | 927 | 921 | 923 | 9ul | 929
$57 | 912 | 934 | 948 | 896 | 93 | 935

~ |89y | o954 | 962 | 904 | 904 | 916

Gy TMom ;s o >
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