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BWR Thermal-Hydraulic Stability

decrease the core average void fraction and stabilize the reactor. Increasing the core inlet
restriction (flow onficing) will increase the single-phase component of the pressure drop
across the core which retards dynamic increases in the flow rate (a stabilizing effect).
Therefore, the effects of all parameters must be taken into account when evaluating
mitigation strategies.

Mitigation of Power Instability

GDC 10, 12, and 20 of 10 CFR Part 50, Appendix. A, require that protection systems be
designed to ensure that specified acceptable fuel design limits are not exceeded as a result of
power oscillations that are caused by thermal-hydraulic instabilities. Minimum critical power
ratio (MCPR) is the primary fuel design limit that is being protected during potential
instabilities.

The BWROG submitted to the U.S. Nuclear Regulatory Commission Topical Report NEDO-
31960, "Long-Term Stability Solutions Licensing Methodology" (Reference 7) for staff
review. Long-term solutions described in this report consist of conceptual designs for
automatic protection systems developed by the BWROG with its contractor, the General
Electric Company. The automatic protection systems are designed to either prevent stability-
related neutron flux oscillations or detect and suppress them if they occur. This report also
described methodologies that have been developed to establish setpoints and demonstrate the
adequacy of the protection systems to prevent violation of MCPR limits in comphance with
GDC 10 and 12 in Appendix A of Part 50.

Because of the variety of plant types, and the need to accommodate differing operational
philosophies, and owner-specific concemns, several aiternative solutions are being pursued.
For some BWR/2s, existing systems and plant features already provide sufficient detection
and suppression of reactor instabilities. This capability is limited primarily to those plants
having quadrant average power range monitors (APRMs); it is referred to as Option II, and
has been agreed upon by BWROG and the NRC (Option II is not discussed in this TITB).
However, for most of the BWRs, new or modified plant systems may be necessary. A
summary of the three most promising BWROG long-term solutions is provided below.

Solution Description Option I-A

Regional Exclusion, Option I-A, ensures compliance with GDC 12 by preventing the
occurrence of instability. This is accomplished by preventing entry into a power/flow region
where instability might occur. An example of an exclusion region (1) is shown in Figure 4
along with the restricted (11) and monitored (111) regions. Upon entry into the exclusion
region, an automatic-safety-feature (ASF) function will cause the region to be exited. The
ASF may be a full scram or a selected rod insert (SRI). For plants choosing SRI as their
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