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Influence Analysis on the Number of Ruptured SG u-tubes
During mSGTR in CANDU-6 Plants
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ABSTRACT

An influence analysis on multiple steam generator tube rupture (mSGTR) followed by an unmitigated station
blackout is performed to compare the plant responses according to the number of ruptured u-tubes under the assumption
of a total of 10 ruptured u-tubes. In all calculation cases, the transient behaviour of major thermal-hydraulic parameters,
such as the discharge flow rate through the ruptured u-tubes, reactor header pressure, and void fraction in the fuel
channels is found to be overall similar to that of the base case having a single SG with 10 u-tubes ruptured. Additionally,
as the conditions of low-flow coolant with high void fraction in the broken loop continued, causing the degradation
of decay heat removal, the peak cladding temperature (PCT) would be expected to exceed the limit criteria for
ensuring nuclear fuel integrity. However, despite the same total number of ruptured u-tubes, because of the different
connection configuration between the SG and pressurizer, a difference is foud in time between the pressurizer low-level
signal and reactor header low-pressure signal, affecting the time to trip the reactor and to reach the PCT limit.
The present study is expected to provide the technical basis for the accident management strategy for mSGTR
transient conditions of CANDU-6 plants.

Key Words : CANDU-6 (%), SGTR (571'4437] [ E& 1heh), Multiple events (Ths= A1), Fuel channel integrity
(AA=AE A7), MARS-KS code (MARSKS FE)
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Fig. 1 MARS-KS nodalization of a CANDU-6 plant with two ruptured locations.
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Table 2 Steady-state condition for normal power ope-

ration
Parameters MARS-KS |CATHENA Re;f]ff"
0
Pressure of RIH, [MPa(a)] 11.41 114 0.09
Pressure of ROH, [MPa(a)] 10.00 10.0 0.00
Temperature of RIH, [K] 541.15 541.15 0.00

Temperature of ROH, [K] 583.44 583.15 0.05

Quality of ROH, [%] 4.9 4.9 0.00
AP of PHT pumps, [MPa(d)]| 1.80~1.83 1.80 0.00~1.67
Level of Pressurizer, [m)] 12.48 12.48 0.00
Pressure of SGs, [MPa(a)] | 4.83~4.88 4.7 2.71~3.87
Level of Separators, [m] 2.5 2.5 0.00
Recirculation ratio of SGs 5.1:1 5.1:1 0.00
Heat Load to SG, [MW] 533.37 532 0.26

Outlet Temperature of

Moderator, [K] 34216 | 34215 0.00
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Table 3 Comparison of event sequences
Time (s)
Sequences
Base Case 1 Case 2 Case 3 Case 4 Case 5 CATHENA*
Event initiation 0.0 0.0 0.0 0.0 0.0 0.0 0.0
D,O feed starts 22 23 2.7 32 4.0 4.8 -
Low level of D,O tank 43.0 432 435 44.0 448 45.6 < 60.0
Low level of pressurizer 575.6 563.8 567.0 568.2 590.6 630.6 504.9
Low pressure of ROH 689.4 672.6 669.6 641.1 550.2 413.8 691.1
Reactor trip 693.2 676.4 673.4 644.9 594.4 634.4 691.1
Turbine trip/SBO starts 720.2 703.6 700.6 672.0 621.9 661.7 733.8 / n/a
Loop isolation 725.7 708.6 705.5 677.1 6272 667.0 7244
MSSVs open firstly 1,140.1 1,135.0 1,136.0 1,099.0 1,048.1 1,078.0 crash cooling
PCT limit reach 2,131.2 1,759.5 1,633.7 1,509.7 1,570.9 1,968.6 -
SCS operation - - - - - - available
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