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The Influence of Coolant Flow on Fuel Behavior under
Reactivity Initiated Accident Conditions (1)
(Test Results under Ambient Pressure and Temperature Conditions)

Toshio FUJISHIRO, Shinsho KOBAYASHI, Makoto HIROSE,
Sadamitsu TANZAWA, Hiroyuki YOSHIDA™

Divisidn of Reactor Safety, Tokai Research Establishment, JAERI

(Received September 1, 1980)

This report describes the test results to study the influence of coolant
flow on fuel behavior under reactivity initiated accident {RIA) conditions
conducted in NSRR.

The tests were conducted under forced convection cooling at ambient pressure
and temperature in a NSRR atmospheric pressure capsule, in which a single fuel rod
was sustained vertically in a 16mm ID flow shroud, and the coolant was circulated
by a small immersion pump directly connected to the flow shroud.

In order to study the effects of coolant flow, the same energy of 190 cal/g.
UO2 was deposited to the fuel rods under three different coolant flow
velocities, 0.3, 1.0 and 1.8 m/s. Then the fuel failure threshold was
confirmed by increasing the energy deposition to the fuel under flow velocity
of 1.8 m/s.

It was found from this test series that the coolant flow velocity had large
influences on RIA fuel behaviors. The maximum cladding temperature for the same
energy deposition decreased by 300 to 400°C under flow velocity of 1.8 m/s
comparing with the NSRR standard cases in which fuel rods are cooled by stagnant
coolant, and the suppression of cladding temperature rise resulted in the

increase of failure threshold up to 30 cal/g.UO0s.

Keywords: Reactivity Initiated Accident, Fuel Behavior, Fuel Failure,
Nuclear Safety, In-pile Experiment, Forced Convection,
NSRR Reactor, Flow Shroud, Coolant Hydrodynamics

* Tokyo Shibaura Electric Co., Ltd.
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Table 2,1 Test fuel design summary

U0, Pellets
Diameter 9.29 mm
Length , 10 mm
Density 95 %ZTD
Enrichment 10 %
Shape Chamferred
Cladding
Material Zircaloy-4
Wall thickness 0,62 mm
Outer diameter 10.72 mm
Gap
Pellet-cladding 0.095 mm
Element |
Qverall length 309 mm
Active fuel length 135 mm
Weight of fuel pellets 95.5 g
Number of pellets 14
Fill gas  He
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Fig. 2.1 NSRR MC-type standard test fuel

Flow Shroud

Test Fuel

Flow Meter

Fig. 2.2  Schematic of forced coolant flow experimental rig
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Fig. 2.3 Photograph of testing rig assembly for forced coolant flow

test
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Fig. 2.5 Mini submersion pump Q-H characteristic measurement as

a function of power source voltage
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Fig. 2.6 Measuring points of cladding surface and coolant temperatures
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Photographs of bare wire thermocouples attached on

éladding surface by spot welding
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Fig. 2.8 Cross section of welded point of a bare wire thermocouple
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Fig. 2.9 Drag~disc type flowmeter
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Table 3.1 Summary of transient data in forced coolant tests

Cladding Surface Coolant
Coolant Ener:g_\-/ /¢ Max imum Quenching " Maximum

Test No. | Flow Rate | Deposition No. Temp. Time Temp. Time FBD Temp. Time
(rvs) | (cal/g-U0e) (oc) | (sec) | (o) | (sec) | (sec) | (=€) | (sec)
#1 1060 2.6 650 3.2 2.8 32 0.36
240-1 1.0 194 #2 1070 31 560 3.7 3.3 45 0.32
#3 910 2.5 510 2.9 2.5 50 4.9

#4 960 3.2 620 3.7 3.3 58 5.1
#1 >1620 1.6 * - * 38 0.30

240-2 1.0 269 #2 >1700 1.0 * * * 42 1.8
#3 1700 1.7 800 3.3 .0 54 1.8

#4 1730 1.9 790 3.2 .9 - -
# 1000 1.3 530 1.6 1.2 24 0.32
240-3 1.8 190 #2 800 1.2 750 2.1 1.7 27 0.32
#3 810 1.4 620 2.5 2.1 32 3.0

#4 800 1.0 560 2.5 2. 43 3.4
# 1480 1.7 570 4.8 4.5 24 0.30
260-4 i.g 262 #2 1290 Q2.9 480 4.3 4.0 K} 0.30
#3 13%0 1.7 540 4.6 4.2 37 2.5

#4 1460 1.3 490 4.7 4.4 41 2.7
#1 1300 1.9 540 5.1 4.7 23 0.33
240-5 0.3 187 #2 1130 1.9 600 5.7 5.3 30 0.32
#3 1110 1.5 ‘490 5.4 5.1 . 83 6.9

#4 1170 1.8 500 5.7 5.3 79 7.3
# 1470 1.8 1270 2.3 2.0 30 0.30
240-6 1.8 230 #2 1060 0.9 670 3.3 3.0 30 0.30
#3 1190 1.0 550 4.0 3.7 30 0.30
#4 1200 1.0 530 3.6 3.3 35 g.30

#1 >11060 0.53 * * * 20 -
240-7 1.8 290 #2 1460 0.9 670 3.8 3.5 35 0.30
: #3 1350 1.3 730 3.9 3.6 38 2.1

#4 1330 1.0 500 3.4 34 47 2.9
#1 >1360 0.50 * * * 35 0.27

#2 >1550 0.70 * * * 99 1.6
240-8 1.8 310 #3 1530 1.6 570 7.6 7.2 37 0.28
#4 >1610 0.85 * * * 98 5.8
#5 - - - - - 34 0.27

* N.A. due to T/C failure

** F80 = Film Boiling Duration
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Fig. 3ﬁl31 Enlarged photograph of active fuel region of the rod
- following Test No. 240-7 (290 ‘cal/g-U0,, l.S}m/s}

A..Lower Section

B. Middle Section

C. Upper-Section

Fig. 3.14 Enlarged pﬁotdgfaphs of the rod'following Test No. 240-8
(Energy deposition: 310 cal/g-U0,, Coolant flow: 1.8 m/s)




11.1%

11.0

10.9

10.8

10.7

i1.0

Fuel Rod Diameter { mm }

10.7

10.8

10.7

10.8

10.7

Fig.

10.9

10.8

JAERI -M 2104

290 cal/g.U07

260 ca]/g.UD2

190 cal/g.U0p

1 | 1 L i N L 1 [ ] [ i —l
0 1 Z 3 4 5 6 7 8 g 10 711 12 13 14 15
Axial Distance from the Stack Bottom ( cm )}

3,15 Comparison of profile measurements of post test fuel rods

(Coolant velocity: 1.8 m/s)
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Fig. 4.2 Radiul temperature distribution during RIA test transient
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Coolant Velocity
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4.6 Cladding radial expansion plotted as a function of

energy deposition
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Stagnant 20°C %
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2000

Stagnant { 90°C )

1500} \ /
| /8

1000 /
' // /4;%\\‘Forced Convection ( 1.8 m/s )
V‘ .

K

500 1 l
100 200 300

Energy Deposition  {cal/g-UO2)

Fig. 4.9 Maximum cladding surface temperature as a function
of energy deposition



