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An intersystem loss of coolant accident (ISLOCA) is defined as a class of events in which a
break occurs outside containment in a system connected to the RCS, causing a loss of reactor coolant
inventory. The loss of inventory might disable emergency core cooling systems, and create a
radionuclide release pathway that bypasses containment. Although the ISLOCA risk is a relatively
small contributor to the total probability of core damage, the scenario influences risk perceptions
because containment is bypassed at the outset. The Korean Next Generation Reactor (KNGR) is
designed to reduce the level of ISLOCA challenges to all systems interfacing with the RCS. The general
design features to address ISLOCA challenges consist of an increase of the system design pressure and
incorporation of design features that terminate and/or limit the event by means of isolation or pressure
relief. Although these design features provide protection against ISLOCA challenges, they could cause
adverse effects such as 1) to incur additional risks as a result of reducing ISLOCA risk, 2) to increase
equipment costs, 3) to reduce operation flexibility, and 4) to make the system design more complicated.
Without establishing compliance method properly, the ISLOCA requirements might be conservatively
applied and be unduly excessive. Therefore a design approach to address ISLOCA for the KNGR is
established deliberately and judiciously.

The compliance methods for ISLOCA go beyond the traditional approach for assuring the
ability of systems that interface with the RCS to withstand an overpressurization event. It is treated as a
beyond-design base event. Therefore, the ASME code rules are not applicable and the associated
standard review plan guidelines are not considered for the design of piping system. The KNGR low-
pressure intersystems are designed to withstand the consequences of ISLOCA challenges practically and
reasonably. The design approach is shown in Fig. 1. The aim of this design approach is to reduce
core damage frequency (CDF) and public risk due to overpressurization and failure of low-pressure
systems. Important factors considered to accomplish this aim are:

- likelihood of pressurizing initiators such as human errors and Pressure Isolation Valve (PIV)
failures,

- component fragility,
- consequence of coolant loss and radionuclide release during ISLOCA, and
- post-ISLOCA recovery operations.
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Fig. 1 KNGR Design Approach Against ISLOCA
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One of the methods complying with these factors is to follow a rigorous inspection program with
improved surveillance, maintenance, and test procedures after construction. Whereas, this paper focuses
on the compliance methods that are applicable to the design process. To ensure satisfaction of ISLOCA
criteria, a design guidance for the KNGR has been set forth. The preliminary system design reflects only
traditional design bases events at the beginning stage of the design process. The system design is then
evaluated for ISLOCA challenges. Both deterministic and probabilistic approaches are applied for the
evaluation. The acceptance criteria are addressed based on the ISLOCA requirements as described in
the Korean Utility Requirements Document [1].

Systems susceptible to ISLOCA are to be designed such that the following acceptance criteria
are satisfied:

- The system retains its structural integrity throughout the event (structural integrity is preserved if,
by definition, the system maintains its pressure boundary despite distortion and/or loss of
function).

- Any leakage caused by the event is limited to the makeup system capabilities and offsite doses are
limited to a small fraction of those specified in 10 CFR 100.

For piping systems normally open to the atmosphere and for certain large tanks and heat exchangers it
would be difficult or prohibitively expensive to design such systems for full RCS pressure. For the cases
where the first criterion is not met, a system design to meet the second criterion only is acceptable.

Operating experience has indicated that, in three cases where the interface boundary failures
occurred in U.S.A., there was a degradation of the PIVs due to personnel errors. The historical data
support a PSA approach. In the design process, PSA insights are used to select an appropriate design
among design options, strengthen the design against previously known vulnerabilities, characterize the
design, and evaluate the design for ISLOCA. A probabilistic evaluation is performed for the cases that
do not satisfy the acceptance criteria. The pressurization pathways from the RCS are probabilistically
evaluated, considering human and hardware contributions to ISLOCA for the interconnecting systems.
The failure frequency data used are per Korean URD [1] and NUREG/CR-5102 [2]. The mean
ISLOCA CDF is estimated to be 2.0E-6/reactor-year in the PWR ISLOCA assessments [3, 4, 5]. By
comparison with this, the estimated probability of l.OE-12/reactor-year is selected as an acceptance
criterion because the contribution to core damage is considered to be too small. For those systems
meeting the probability criterion, the system is considered acceptable. If the ISLOCA vulnerability is
significant, system design modifications are made. The design pressure of the low pressure systems is
increased to a high-pressure rating of 40 percent of RCS normal operating pressure, that is, 6.31 MPa,
so that the ultimate rupture strength is at least equal to the RCS pressure, or design features that
eliminate the potential for ISLOCA events, or terminate and/or limit their scope are incorporated.

All NSSS systems or subsystems have been reviewed to identify all the possible pressurization
pathways which are located outside containment and have direct interfaces with the RCS during some
modes of operation, but are not designed to the high pressure rating of 6.31 MPa. The design
modifications and justifications of KNGR as a result of ISLOCA evaluation will be presented during
the poster session.
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