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An lnvestigation of Graphite Dust and Plateout Fission Product Behavior
under Pipe Rupture Accident Condition

in Primary Cooling System of High Temperature Gas-cooled Reactor
Kazuhiro SAWA

Department of HTTR Project
QOarai Research Establishment
Jpapn Atomic Fnergy Research Institute

Qarai-machi, Higashiibaraki-gun, Ibaraki-ken
(Received May 16, 199%5)

In high temperature gas-ccoled reactors (HTGRs), a small amount of fission
products are released from fuel elements during normal cperation. Then
condensable fission products plateout on the innmer surface of primary cooling
system components. In accident conditions such as rapid depressurization
events, plated-out fission products would be re-entrained into the coolant by
chemical and/or mechanical forces. The re-entrainment process is called
liftoff.

Since this process is very complicated phenomencn, a guantitative model for
analysis has not been established. Therefore, experiments were carried out to
investigate the behavior of fission products and graphite dusts under the rapid
depressurization condition caused by large-scale pipe rupture accident. One
experiment was focused on fission products plated-out on metal surface or on/in
oxide film and another was focused on the graphite dusts behavior. In this
paper, applicability of turbulent burst model to graphite dusts and fission

products liftoff models to the experimental data was investigated.

Keywords: HTGR, FP, Depressurization, Plateout, Liftoff, Dust, Turbulent Burst
Model
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Table 2.1 Plateout conditions of test specimen.
Materials Stainless steel (SUS-310),
Hastelloy-XR, Inconel-800
Temperature
9th irradiation test 670 °C
10th irradiation test 675 °C
12th irradiation test 630 °C
Helium gas pressure 3 MPa
Plateout duration
9th irradiation test 120 days
10th irradiation test 100 days
12th irradiation test 150 days
Helium gas velocity
9th irradiation test 60 m/s
10th irradiation test 50 m/s
12th irradiation test 50 m/s
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Table 2.2(1) Blow down test results {Cesium).

Specimen name® Mazx. velocity (m/s) Liftoff fraction (%)
9HBL1 | 219 7.69
9HAL2 371 6.40
9HBL2 378 9.95
91IBL2 304 3.77
91IBL1 . 367 1.87
9JAL2 495 _ 537
9JAL1 547 3.58
10SAL1 86 2.38
10SAL2 ) 198 4.18
10SBL2 536 5.94
10HAL1 106 4.66
10HAL2 395 10.6
10HBL2 576 3.64
10HBLI1 576 2.06
10IBL1 344 2.27
10IAL1 367 2.55
10IBL2 536 7.73
10IAL2 540 1.92
12HBL3 184 4.96
12HBL2 270 7.75
12HAL2 300 14.0
12HAL1 436 175
12HAL3 553 21.8
12HCL2 553 19.0
12HCL1 557 6.19
12HBLI1 557 10.7
(a) First number : irradiation test number {(plateout condition shown in Table I)

First alphabetic character : H=Hastelloy-XR, S=Stainless steel, I=Inconel
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Table 2.2{2) Blow down test results (Iodine).

| Specimen name® Max. velocity (m/s) Liftoff fraction (%)
12HBL3 184 8.81
12HBL2 270 22.7
12HAL2 300 20.8
12HALI1 436 29.3
12HAL3 553 37.8
12HCL2 553 28.4
12HCL1 557 2.68
12HBIL1 557 10.6

(a) First number : irradiation test number (plateout condition shown in

Table I)
First alphabetic character : H=Hastelloy-XR, S=Stainless steel,

I=Inconel
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Table 2.3 Wipe off test results (Cesium).

Specimen Wall shear Wipe off Cumulative
name® stress (x10° fraction (%) fraction
dyne/cm?) removed (%)
9I1BL2®™ 80.5 9.49 12.2
209 2.66
9IBL2® 117 9.35 10.2
194 0.875
10SBL2® 7.28 5.20 6.55
21.3 1.35
10IAL1® 203 4.79 7.40
hand wipe 2.61
10IAL1® 234 3.69 7.00
361 3.31
10IBL2® 30.6 2.17 2.17
208 0
10TAL2® 227 6.46 6.46
hand wipe 0
10JAL2® 11.6 2.23 5.49
1150 3.26

(a) First number : irradiation test number (plateout condition shown in

Table I)
First alphabetic character : H=Hastelloy-XR, S'—fStainless steel,

=Inconel
(b) a half of vertically cut specimen
(c)  another half of vertically cut specimen
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Table 2.4 Result of leaching test (Cesium).

Specimen name® Removed fraction Removed fraction Cumulative
by water washing by chemical removed fraction
(%) leaching (%) by leaching test

(%)

9HBL1 57.6 343 91.9

9HAL2 65.0 27.8 92.8

SHBL2 65.6 24.1 89.7

9IBL1 71.9 243 96.2

9JIAL2 72.1 213 93.4

9IAL1 753 203 85.6

10SAL1 42.9 54.3 97.2

10SAL2 442 49.4 93.6

10HALI1 41.0 53.7 94.7

10HAL2 37.6 514 89.0

10HBL2 214 73.7 95.1

10HBL1 44.7 51.6 96.3

10IBL1 16.5 80.3 96.8

9HAY1 76.4 23.6 100

9HBY1 78.0 22.1 100

9JAY1 76.5 22.6 99.1

10SAY1 55.9 435 99.4

10SBY1 45.8 53.0 98.8

10HAY1 35.9 63.7 99.6

10HBY1 473 51.5 98.9

(a)First number : irradiation test number (plateout condition shown in Table I)
First alphabetic character : H=Hastelloy-XR, S=Stainless steel, I=Inconel
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Fig.2.2 Schematic diagram of fission product blow down test apparatus.
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Fig.2.3 Measured fission product liftoff fraction in blow down test.
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Fig.2.4 Summary cof fission product liftoff test.
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Fig.4.4 Measured and caleculated dust liftoff fraction.
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Fig.4.6 Parameter calculation results of dust liftoff fraction.
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