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Multi-rod Burst Test under A Loss-of Coolant Accident Condition ( IV )

---- Experimental Result of the No.7808 Bundle ----

Takashi OTOMO, Masao HASHIMOTO, Satoru KAWASAKI

Teruo FURUTA and Hiroshi UETSUKA

Department of Nuclear Safety Research, Tokai Research Establishment, JAERI
(Received May 17, 1983)

Multi-rod burst test of No.7808 bundle was performed in steam to estimate
quantitative coolant flow channel restriction caused by the ballooning of
zircaloy claddings in a fuel assembly during a LOCA transient in LWRs.

The test was conducted under the condition that the initial internal pressure
in each rod was 35kg/cm?{RT) and the heating rate was 9°C/s in steam with flow
rate of 0.4g/cm”.min.

The following results were obtained ;
{1) Maximum and burst pressures in rods were in the range 45 to 48kg/cm? and
41 to 45kg/cm®, respectively. The burst temperature of cladding were
estimated to be 850 to 880°C.

(2) Axial portions of tubes with greater than 34% strain were observed in the

range 0 to 40mm in most rod. The mean length was 19mm in the bundle.

(3) The degree of maximum increase in cross-sectional area is 54.2% in the

bundle(7x7) and 66.9% in the internal rods(5x5).

(4) Maximum channel area restriction was 40.5% in the bundle(7x7) and 51.4%

in the internal rods{5x5}.

Keyword : LOCA, Zircaloy cladding, Internal Pressure, Multi-rod Burst,
Ballooning, Channel Blockage, Temperature Distribution, LWR
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Table1-1 AVERAGE HEATING RATE OF EACH THERMOCOUPLE

JAERI-M 83-083

Ass. No 7808
1 2 3 4 5 6 (oc/sed)
/.4 7.7 8.8 8.3 8.6 8.6 3.4
7.6 8.5 3.7 | 8.9 9.1 9.1 9.0
3.0 8.4 9,2 9.0 .9.4 9.1 8.4
7.7 9.3 8.7 9.3 9.3 9,5 9.0
7.8 8.9 9.5 9.0 8.9 9.2 8.9
7.4 9.1 8.6 8.8 — 9.1 8.2
6.6 8.4 8.4 8.7 8.5 8.3 3.1

Heating rate was obtained from the temperature

increase in the time of which the temperature

of the rod, D-4 Tc-2 changed from 500°c to

burst

(883°¢c)
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Table 1-2 AVERAGE HEATING RATE OF CLADDING

Ass. No 7808

{°c/sec)
Al A2 A3 Al
7.0 8.4 8.6 8.4
7.4 7.7 8.8 8.3
7.9 8.8
B2 %85 Mgg
8.4 . .
Te-l — [ 8.5 8.7 8.9
Te-2 — | . 8.5
Tc-3
(3 CYy
9.3 9.0
9,2 9.0
9,1
DY
7.0
/; 9.4
9.3
Te-S1 i
Te-1 %/ 8.3
6.5
Tc-2 // '
TC-3 ///,////
Te-S2

Heating rate was obtained from the temperature
increase in the time of which the temperature
of the rod, D-4 Tc-2 changed from 500°c to
burst (893°c)
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Table 2 AVERAGE HEATING RATE OF RODS FROM MAXIMUM
TO BURST PRESSURE

Ass. No 7808

{(°c/sec)
Al A2 A3 Al
7.1 7.8 2,9 8.3
6.4 7.4 7.6 7.8
5.0 3.8
B B3 B
_ 3.8 9,2 8.0
Te-1 — . 8.3 3.7 7.9
T2 1~ 7.6
Tc-3
% Cl
10.1 9,4
9,3 9,0
3,2
Dl
7.8
i
Te-S1 Pt
Tc-1 ::::::::,,- 3.2
T2 |- 7.5
Tc-3 //////’
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Table 3 RESULTS OF BURST PRESSURE AND BURST TIME

Ass., No 7808

1 2 3 4 5 6 7
47-54 47-52 4756 4644 47-50 Lb-46 46-48
43-72 44-70 43-70 £3-68 42-70 43-68 43-72
47-52 46-52 46-54 47-50 46-52 48-54 47-56
44-68 42-70 41-66 42-66 42-66 44-66 44-68
47-44 47-54 47-54 46-50 47-52 47-50 47-44
43-66 43-64 43-64 42-64 L4-64 45-64 44-68
47-44 47-50 47-46 47-42 47-52 47-50 47-42
43-64 43-64 43-64 43-64 43-64 44 -64 45-64
46-50 47-50 47-52 46-42 47-38 47-50 47-48
4464 4£3~64 L4 -62 42-62 43-62 43-64 44-66
4844 4744 46-52 47-54 46-50 46-52 46-54
44-66 42-64 43-64 42-64 43-64 41-64 43-66
48-46 45-48 46-40 45-52 47-44 46-44 47-46
45-66 43-66 4466 43-66 44-68 43-68 42-68

Pm : Maximum pressure (Kg/cmz)
Pm = Tm Tm : Time of maximum pressure (sec)
Pb - Tb Pb : Burst pressure (Kg/cm?)

Tb : Burst time (sec)
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Table4  PRESSURE DECREASE AND DURATION BETWEEN MAXTMUF
AND BURST PRESSURE AND PRESSURE DROP RATE

Ass. No 78408

1 2 3 4 5 6 7
0.22 0.17 0.29 0.13 0.25 0.17 0.13
A 4 3 4 3 5 3 3
18 18 14 ] 24 20 18 24
0.19 0.22 0.42 0.31 0.29 0.33 0.25
3 4 5 5 4 4 3
16 18 12 16 14 12 12
0.33 0.4 0.4 0.2% 0.25 0.16 0.13
4 4 4 4 3 2 3
12 10 10 14 12 14 24
0.2 0.29 0.22 0.18 0.33 0.21 0.09
D 4 4 4 4 4 3 2
20 14 18 22 12 14 22
0.14 0.29 0.3 0.2 0.17 0.29 0.17
2 4 3 4 4 4 3
14 14 10 20 24 14 18
0.18 0.25 0.25 0.5 0.5 0.42 0.25
4 5 3 5 3 5 3
22 20 12 10 6 12 12
0.15 0.11 0.08 0.14 0.21 0.13 0.23
3 2 2 2 3 3 5
20 18 26 14 14 24 22

Average pressure drop rate from maximum

0.18 — pressure to burst pressure (Kg/cm?/sec)
2; ~~—— pressure drop (Kg/cm?)
™ puration of pressure drop (sec)
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Fig. 4 DISTRIBUTION OF MAXIMUM PRESSURE

AND BURST PRESSURE
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Fig.s HISTOGRAI4S CF TIME AND PRESSURE DECREASE FROM
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Fig. 7 APPROXMATE ORIENTATION AND ELEVATION OF BURSTS AND
BURST TIME.
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Fig. 8 SUMMARY OF BURST DATA
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Photo. 1l POSTTEST VIEWS OF FOUR-SIDES OF BUNDLE
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FUEL ROD No. Ch

Photo.9 Overview and close-up view of C-4 rod.
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FUEL ROD No. A7

Photo.10 Overview and close-up view of A-7 rod.



JAERI-M 83-083

FUEL RCD Ne. C3

Photo.11 Overview and close-up view of C-3 rod.



JAERI-M 83-083

Ass.No.7808
6 7

Photo.12 Close-up views of rupture opening area.
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JAERI-M 83-083

ASS.NO, 7808

7

Ballooning

(%)

7x7

5x5

3x3

5KAKU

7KAKU

15.0

15.4

14,6

15.8

14.6

*#Channel
blockage (%)}

7x7

5x5

*:Inside the assumed boundary.

Photo.13 A cross section of a fuel assembly ruptured in

flowing steam.
(Below 224 .1mm from the midpoint)



JAERI-M 835-083

ASS,NO, 7808

1 2 3 L 5 6 7

[ ! 1 | | J
50 MM
Ballooning 7x7 5x5 3Ix3 5KAXU 7KAKU
(%) 20.2 21.0 20.1 21.5 19.4
*Channel 7x7 5x5
blockage (%) - -

*:Inside the assumed boundary.

Photo.14 A cross section of a fuel assembly ruptured in

flowing steam.
(Below 173.5mm from the midpoint)
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JAERI-M 83-083

ASS.NO, 7808

Ballooning

7x7

5x5

IX3

SKAKU

7KAKU

37.3

39.8

39.2

40.1

34.6

%#Channel

7x7

5x5

blockage (%)

Photo.l5

flowing steam.
(Below 73.7mm from the midpoint)

*:Inside the assumed boundary.

A cross section of a fuel assembly ruptured in



JAERI-M 83- 083

ASS.NO, 7809

50 MM
Ballooning 7x7 5x5 3x 3 SKAKU 7KAKU
(%) 47.9 54.6 47.5 58.6 40.9
*Channel 7x7 5x5
blockage (%) - -

*.Inside the assumed boundary,

Photo.l6

flowing steam.
(Below 23.3mm from the midpoint)

A cross section of a fuel assembly ruptured in




BRI

JAERI-M 83-083

ASS.NQ, 7808

Ballooning 7x7 5x5 3% 3 S5KAKU 7KAKU
(%) 48 .4 54.5 46,2 59.1 42.12

*Channel Tx7 5x5
Blockage (%) 37.3 43,2

*;Inside the assumed boundary.

Photo.17 A cross section of a fuel assembly ruptured in
flowing steam.
(Below 15.7mm from the midpoint)



JAERI-M B83-083

ASS.NO, 7808

Ballooning Tx7 5x5 3x3 SKAKU 7KAKU
(%) 47.3 52.5 43.4 57.6 42.0

*Channel 7x7 5x5

blockage (%) - -

*:Inside the assumed boundary.

Photo.18 A cross section of a fuel assembly ruptured in
flowing steamn.
(Below 13.9mm {from the midpoint)



JAERI-M 83-083

ASS.NO, 7808

50 MM
Ballooning 7x7 5X5 3x3 SKAKU 7KAKU
(%) 42.9 42.7 39.1 44.6 43.1
*Channel 7x7 5x5
blockage (%) 33.0 34,3

%:Inside the assumed boundary.

Photo.19 A cross section of a fuel assembly ruptured in
flowing steam.

(Above 4.0mm from the midpoint)



JAERI-M 83-083

ASS.NO, 7808

Ballooning 7x7 SX5 3x3 5 KAKU 7KAKU
(%) 45.0 44,9 40.9 47.1 45.2

*Channel 7x7 5x%5
blockage (%) - -

*;Inside the assumed boundary.

Photo.20 A cross section of a fuel assembly ruptured in
flowing steam.
(Above 6.4mm from the midpoint)
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JAERI-M 83- 083

ASS.NO, 7808

*.Inside the assumed boundary.

Photo.21 A cross secticn of a fuel assembly ruptured in

flowing

steam.

(Above 34.2mm from the midpoint)

50 MM
Ballooning 7x7 | 5x5 | 3x3 |SKAKU | 7KAKU
(%) 47.4 | 59.7 | 61.3 | 58.8 | 34.5
*Channel 7x7 5x5
blockage (%) 37.3 47.0



JAERI-M 83-083

ASS,NO, 7808

Ballooning

(%)

7x7

5x5

3x3

5KAKU

7KAKU

49.1

62.1

64 .4

60.8

35.6

%*Channel

blockage (%)

7x7

5x5

*.Inside the assumed boundarty.

Photo.22 A cross section of a fuel assembly ruptured in

flowing steam.
(Above 36.9mm from the midpoint)



R

JAERI-M B3-083

~ASS.NO, 7808

A
B
c
D
E
F
G
Lo
50 MM
Ballooning 7x7 SX5 3x 3 S5KAKU 7 KAKU
(%) 54.2 66.9 71.2 64.5 40.9
*Channel 7x7 5x5
blockage (%) 40.5 51.4

*;Inside the assumed boundary.

Photo.23 A cross section of a fuel assembly ruptured in
flowing steam.
{Above 44.5mm from the midpoint)



JAERI-M B3-083

ASS.NO, 7808

A
B
CZ
D
Ei.
=
G
L [ | ! i
50 MM
Ballooning 7x7 5x5 3x3 5KAKU 7KAKU
(%) 38.7 44 .6 41,9 46.1 32.6
*Channel Tx7 5x5
blockage (%) 31.0 35.2

*:Inside the assumed boundary.

Photo.24 A cross section of a fuel assembly ruptured in
flowing steam,
(Above 53.7mm from the midpoint)
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JAERI-M 83-083

ASS.NO, 7808

A

B

c.

D

E

F

G

Voo o]
S0 MM
Ballooning 7x7 5x5 3x3  |5KAKU | 7KAKU
(%) 28.8 | 32.6 | 32.4 | 32.7 24,9

*#Channel 7x7 5x5

blockage (%) 22.7 25.9

*:Inside the assumed boundary

Photo.25 A cross section of a fuel assembly ruptured in

flowing steam.
(Above 103.7mm from the midpoint)



JAERI-M B83-083

ASS.NO, 7808

5C MM
Ballooning 7x7 5x%5 3x3 SKAKU 7KAKU
(%) 26.3 31. 33.2 29.9 21.4
*Channel 7x7 5x5
blockage - -

#:Inside the assumed boundary.

Photo.26

flowing

steam.

(Above 154.2mm from the midpoint)

A cross section of a fuel assembly ruptured in




F N N R

JAERI-M 83-083

ASS.NO, 7808

blockage (%)

Photo,27

flowing steam.
(Above 203,7mm from the midpoint)

*:Inside the assumed boundary

50 MM
Ballooning Tx7 5x5 3x3 5KAKU TKAKU
Z20.8 24,4 25.6 23.7 17.0
*Channel 7x7 5x5

A cross section of a fuel assembly ruptured in



