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Evaluation Method and Prediction Result of Fuel Behavior
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Small amounts of additional failure of HTGR(High Temperature Gas-cooled
Reactor) fuel will occur during operation. In the safety design requirements
for the High Temperature Engineering Test Reactor (HTTR) fuel, the addi-
tional failure fraction in the coating layers of the coated fuel particles is
limited less than 0.2% through the full service period. The failure fraction
should be know during the HTTR operation. Short-lived fission gases are
released from the through-coatings-failed particles and contamination uranium
in the fuel compact matrix since the coating layers can retain short-lived
fission gases. Then fission gas concentration in the primary coolant reflects
the failure fraction in the core. Based on fuel fabrication data (exposed
uranium fractions and the SiC failure fractions) and the HTTR operating
condition, the though-coatings-failure fraction and release fraction of *Kr are
analytically predicted. The results are as follows. (1) The intact particles will
not fail by kernel migration, Pd-SiC corrosion and internal pressure, however,
some of the as-fabricated SiC-failed particles will be the through-coatings-failed
particles by the pressure vessel failure. (2) The release fraction of *Kr, that
will be determined mainly by the release from the contamination uranium in
the fuel compact matrix, will be less than 10° considering the additional

through-coatings-failure fraction.

Keywords: HTGR, Fuel Failure, HTTR, Operation, Fission Gas, Uranium Con-
tamination
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Table 1 Measured exposed uranium fractions and SiC-failure fractions.

Exposed uranium fraction (average)

Location in the core | Region-I Region-II | Region-IIl | Region-IV
Layer-1 5.9x10° 3.6x10° 4.4x10° 2.8x10°
Layer-2 4.4x10° 2.6x10° 43x10° 3.6x10°
Layer-3 3.1x10° 4.4x10° 42x10° 2.6x10°
Layer-4 6.7x10° 7.8x10° 3.1x10° 8.8x10°
Layer-5 6.7x10° 7.8x10° 3.1x10° 8.8x10°

SiC-failure fraction (average)

Location in the core | Region-I Region-II | Region-IIl | Region-IV
Layer-1 9.7x10° 8.9x10° 1.2x10* 2.1x10*
Layer-2 6.5x10° 1.1x10™ 5.5x10° 8.9x10°
Layer-3 3.7x10° 6.5x10° 3.1x10° 1.1x10*
Layer-4 1.1x10* 9.0x10° 3.7x10° 8.1x10°
Layer-5 1.1x10* 9.0x107 3.7x10° 8.1x10”
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Table 2 Evaluated through-coatings failure fractions, SiC-failure fractions

and fuel compact matrix contamination fractions.

Through-coatings failure fractions (average)

Location in the core || Region-I Region-II | Region-Ill | Region-IV
Layer-1 3.1x10° 2.0x10° 1.9x10° 0
Layer-2 1.9x10° 0 1.9x10° 2.0x10°
Layer-3 7.8x107 1.9x10° 1.8x10° 0
Layer-4 3.8x10° 5.8x10° 7.8x107 5.5x10°
Layer-5 3.8x10° 5.8x10° 7.8x107 5.5x10°

SiC-failure fraction (average)

Location in the core || Region-I Region-Il | Region-IIl | Region-IV
Layer-1 9.2x10° 8.6x107 1.1x10* 2.1x10™
Layer-2 6.0x10° 1.0x10* 5.1x10° 8.6x10°
Layer-3 3.4x10° 6.0x10° 2.7x10° 1.0x10™
Layer-4 9.9x10° 8.2x10° 3.4x10° 7.2x10°
Layer-5 9.9x10” 8.2x10° 3.4x10° 7.2x10°

Fuel compact matrix contamination fractions (average)

Location in the core || Region-I Region-Il | Region-III | Region-IV
Layer-1 2.9x10° 1.6x10° 2.5x10° 2.8x10°
Layer-2 2.5x10° 2.6x10° 2.3x10° 1.6x10°
Layer-3 2.3x10° 2.5x10° 2.4x10° 2.6x10°
Layer-4 2.9x10° 2.1x10° 2.3x10° 3.3x10°
Layer-5 2.9x10° 2.1x10° 2.3x10° 3.3x10°
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st (¢ 1 | BORHRREEE (K9 wt%) RICE A
oo | RARF D
Y 1lalsl4 B Elxpme
DX (Fmm) | Fwt%)
1 6.717.919.4/9.9] 14 2.0
2 5.2(6.3|7.27.9] 14 2.5
3 43|5205.9/6.3] 14 2.5
4 3.43.9(4.3|4.8] 14 2.0
5 3.4|3.9(4.3/4.8] 14 2.0
(%1) ERESRTRISRTELDTHS.
1 R EEIS
. 25 2 RIS,
25 3 RKRIEEI,
B 4 KSR

Fig. 2 Fuel loading pattern of the HTTR core.
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