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Table 3. Worst-case MTRC results

Time for 1260°C fuel average temperature, h 8

Time for CACS restart, h

Limited by core outlet gas tempersture
>1093°C for <1 h

With LCS 12.5
Without LCS 12

Time for LCS restart, h

Limited to prevent upper-plenum cover L0
plate failure
Limited by 816°C maximum liner temperature 60

been released; the rate of water release is 0.29 kg/s scd the totazl fuel
failure fraction determined from the GA (Gocdin) time-at-temperature
modell? is 0.68. Within the next 8 h, carbon dicxide begins to be
released, ard the upper-plenum cover plates begin to fail. Shortly
after these cover plates fail, the water release rate peaks at 0.35
kg/s. By the end of the 10-d (240-h) calculation. the water release
rate has dropped to 0.24 kg/us. Conservative estimates of carbon dioxide
release rates reach as high as 0.38 kg/s (for limestone concrete) during
the transient.

At the end of the 10-d calculatica station blackout period, a total
of 200,000 kg of water and 118,000 kg of carbon dioxide has been released,
the average fuel temperature has reached 3140°C and is still increasing,
100% of the fuel has failed, and most of the deterministic models used
in NRECA have probably become invalid. The major results of the UCHA
station blackout runs are summarized in Table 4.

The second UCHA transient assumes that there is no MLCD or CACS
operation, but that the LCS continues to function in spite of boiling in
the LCS cooling water system, relatively high liner temperatures, and
significant water release from the PCRV concrete. PCRV depressurization
occurs in about 1.5 h. The core continues to heat up, and after 44 h,
the average fuel temperature reaches 2300°C and 50% of the fuel has
failed.!® The upper-core sidewall cover plate fails after 56 h, and
shortly after that, the PCRV concrete water release rate peaks at 0.038
kg/s. After 144 h (6 d), the average fuel temperature reaches its
maximum of 2820°C; just prior to that (128 h), the peak fuel temperature
has reached its maximum of 3910°C. By the end of the 7-d calculated
transient, the average fuel temperature was down to 2810°C, 88% of the
fuel had failed, and the water release rate from the PCRV was 0.01 ¥kg/s
(total reiease = 7700 kg). No carbon dioxide release was predicted.
Regarding the crucial question of whether the PCRV liner would have
failed during this transient, the liner conditions are probably not
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Table 4. UCHA results for station blackout

(LCS not operational)

Depressurization time, h
Time for 50% fuel failure, h
Failure of most top-head cover plates, h

Failure of upper-core sidewall cover plates, h

At ¢ = 240 h (1C d)

Average fuel temperature, °C (°F)
Peak fuel temperature, °C (°F)

PCRV water release rate, kg/s (1b/h)
Total PCRV water released, kg (1b)
PCRV CO; release rate, kg/s (1b/h)
Total CO; released, kg (1b)

Fuel failure, %

1.5
42
72
48

3140 (5680)

4010 (7250)

0.24 (1300)
197,000 (435,000)
0.066 (5.0)
120,000 (265,000)
100

severe enough to cause “ailure. The peak temperature seen by the liners

is only about 200°C.

A summary of the results of the UCHA with the LCS operation main-
tained is give.u in Table 5, and selected results for the two UCHA

transients are shown in Figs. 4-6.

Table 5. UCHA results with LCS operational

Depressurization time, h

Time for 50% fuel failure, h

Failure of upper-core sidewall cover plates, h

Maximum average fuel temperature, °C (°F)
occurs at h

Maximum peak fuel temperature, °C (°F)
occurs at h

At t = 168 h (7 d)

Average fuel temperature, °C (°F)
PCRV water release rate, kg/s (1lb/h)
Total PCRV water released, kg (1b)
Total CO; released, kg (1b)

Fuel failure, %

1.5

44

56

2820 (5110)
144

3910 (7075)
128

2810 (5090)
0.01 (80)
7,700 (17,000)
0 (0)

88
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1.5 Fission Product Release from HTGRs

T. B, Lindemer

Equations were derived for the partial pressures of metal, metal
oxide, and metal carbide gases at 2000 to 4000 K in the HTGR core under
acrident conditions. The species included those for the actinides,
fission products, silicon, and boron. In the 2240-MW(t) core, there are
about 3.4 moles of SiC (from the Triso coatings) per mole of actinide,
and about 2.6 moles of boron (as boron carbide) per mole of accinide.
Background information and a detailed description of the equation
derivations and calculations are given in the following paragraphs. The
results of these calculations were used in the design of the initial
experimental apparatus for studies of loss of materials from the core
during a UCHA. The equations and explanatory text were also sent to BNL
in support of the 2240-MW(t) HTGR siting study.

In a 1974 GA repnrt,ll John Norman published equations f r the
partial pressures of metal and metal carbide species over actinide
carbide fuel. However, the metal oxide gases must also be considered
because of the presence of CO. The CO has two possible sources. One is
the conversion of the ThO, and U0;-UC, fuel to carbides after the
coatings fail, giving 2 moles of CO for each mole of actinide dioxide.
This generates enough CO to give a few atwospheres of CO in the primary
circuit. The second CO source is the reaction of hot graphite with
water (steam) introduced into the circuit if the LCS, and thus the
liner, fails.















time fuel

roduct



















Ctmv 135 1. REPORT NUMPE @ (4 ed by DDC)
US NUCLEAR REGULATORY COMMISSION ¥ 040 2

BIBLIOGRAPHIC DATA SKHEET

TLE (Agd Volum feppropriate)




NUR |

o
-
-
Q
!
x
s
—
P
3

|-
—~
—
(-

PUR

078877
IV nF
E

120555

US NRC
ADM-D
POLICY
W-501
WASHING TON




