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ABSTRACT

For an optimum recovery from a Steam Generator Tube Rupture (SGTR) event, the operators are
directed to isolate the steam generator (SG) with ruptured tube(s) as early as possible in order to
minimize the radioactive material release. However, the Reactor Coolant System (RCS) cooldown and
depressurization to the Residual Heat Removal (RHR) System operation conditions using the intact
SG only can not be readily achievable unless the affected SG is properly cooled since the isolated SG
remains at high temperature even though the RCS has been cooled down. Therefore, a study on the
intentional back flow from tie ruptured SG secondary side to the RCS was performed to evaluate its
effectiveness on the ruptured SG cooldown during a SGTR event for the pressurized light water
reactor, especially for the Korean Standard Nuclear Power Plant (KSNP). In order to evaluate the
intentional back flow effect, a series of analyses was conducted by using RELAP5/MOD3 computer
code. In these analyses, the primary and secondary systems of KSNP are modeled including the
major Nuclear Steam Supply System (NSSS) components such as the reactor vessel, steam
generators, hot and cold legs, pressurizer, and reactor coolant pumps. Also, the key safety systems
and control systems are modeled. Using this model, two possible methods of the ruptured SG
cooldown by using back flow after RCS cooldown were evaluated: the first method is a tube uncovery
method, and the second method is a SG drain (back flow) and fill method.

In the first method, SG tubes are exposed to the steam space by draining SG secondary water into
the RCS in order to condense the steam directly onto the uncovered tubes. The analysis results
showed that the steam condensing reduces SG pressure and, in turn, temperature rapidly
demonstrating its effectiveness for cooling the ruptured SG. However, this method can not be used if
the rupture location is at the top of the Utube because a further draining beyond the rupture point
using back flow is impossible. The second method, SG fill and drain, was also found to be effective in
cooldown and depressurization of the ruptured SG even if the rupture occurred at the top of the U-
tube. However, in this case, the makeup of cold feedwater was required in order to complete cooldown
by one cycle of the draining and filling. Therefore, it is concluded that the isolated ruptured SG can be
effectively cooled using the intentional back flow regardless of the rupture location either by direct
condensation on the uncovered tube surface or by filling cold feedwater. The operator actions based
on these results are expected to reduce the time required to recover from a SGTR event while
minimizing the possibility of radioactive material release to the environment.


