
FR0200400

. &

Risk-lnforming Special Treatment Requirements for Reactors

£. M. McKenna, U. S. Nuclear Regulatory Commission
Washington, D.C. 20555, USA (EMM@NRC.GOV)

T. A. Reed, U. S. Nuclear Regulatory Commission
Washington, D.C. 20555, USA (TAR@NRC.GOV)

KEYWORDS: Regulation-Reliability-Risk

Summary

The U.S. Nuclear Regulatory Commission (NRC) is proposing to make regulatory
changes to the scope of structures, systems, and components (SSCs) requiring special
treatment. "Special treatment requirements" refers to those specific examples of
regulations that are applied in order to provide a high degree of assurance that SSC
will be capable of performing their intended functions when needed. The current scope
of SSCs covered by the special treatment requirements governing commercial nuclear
reactors is deterministically based and stems primarily from the evaluation of selected
design basis events, as described in updated final safety analysis reports (UFSARs).
This regulatory framework provides reasonable assurance of no undue risk to the
health and safety of the public. However, recent advances in technology, coupled with
operating reactor experience, have suggested that an alternative approach that would
use a risk-informed process for evaluating SSC safety significance, would, in turn,
result in a more focused determination of which SSCs should receive special treatment
requirements.

Background - Existing Regulatory Framework

The NRC has a set of regulatory requirements for commercial nuclear reactors to
ensure that operation of a reactor facility provides reasonable assurance of adequate
protection to public health and safety. The current body of NRC regulations and their
implementation are largely based on a "deterministic" approach. Requirements were
devised on the basis of a defined set of events that are analyzed as "design basis
events." This approach has employed the use of safety margins, operating experience,
accident analysis, and qualitative assessments of risk, relying on the application of a
defense-in-depth philosophy. One element of this defense-in-depth approach is the
imposition of "special treatment" requirements on SSCs relied upon to prevent and
mitigate design basis events to provide reasonable assurance that the SSCs will meet
functional requirements during postulated design basis conditions. Special treatment
requirements are imposed on nuclear reactor applicants and licensees through
numerous regulations that have been promulgated since the 1960's. These
requirements specify different scopes of equipment for different special treatment
requirements depending on the specific regulatory concern. For example, certain non-
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safety-related electrical equipment whose failure could prevent safety-related
equipment from functioning is within the scope of section 50.49 (Environmental
Qualification of Electrical Equipment) of 10 CFR Part 50.

Approach

Against this deterministic regulatory backdrop, in 1995, the Commission published a
policy statement on the use of probabilistic risk assessment (Reference 1). The
Probabilistic Risk Assessment (PRA) Policy Statement states: the Commission
believes that the use of PRA technology in NRC regulatory activities should be
increased to the extent supported by the state-of-the-art in PRA methods and data and
in a manner that complements NRC's deterministic approach. This "complementary"
aspect is why NRC refers to its actions as being "risk-informed." To implement this
Commission policy, the staff developed guidance on the use of risk information for
evaluating changes to a facility's licensing basis. The staff is processing applications
that use risk information as part of their technical justification utilizing regulatory
guidance documents. In this respect, the NRC has been successful in developing and
implementing a regulatory means for factoring risk insights into the current regulatory
framework.

As a further stage, beyond individual licensing actions, the Commission directed the
staff to evaluate strategies to make risk-informed improvements to its regulations. One
approach that is under review is to revise, using risk insights, the scope of the
commercial nuclear reactor regulations that impose unique requirements identified in
this discussion as "special treatment requirements." For the purposes of this
rulemaking effort, the staff has defined special treatment requirements broadly as
current requirements imposed on SSCs that go beyond industry-established
requirements for SSCs classified as "commercial grade1" that provide additional
confidence that the equipment is capable of meeting its functional requirements under
design basis conditions. These special treatment requirements include additional
design considerations, qualification, change control, documentation, reporting,
maintenance, testing, surveillance, and quality assurance. Typically, the regulations
establish the scope of SSCs that receive special treatment using one of three different
terms: "safety-related," "important to safety," or "basic component." The terms "safety-
related" and "basic component" are defined in the regulations.

1Basic components are safety-related SSCs that are designed and manufactured
under a quality assurance program complying with Appendix B to 10 CFR Part 50 (or that
have successfully completed the dedication process). The term "commercial grade item" is
defined in 10 CFR Part 21 as a SSC, or part thereof that affects its safety function, that was
not designed and manufactured as a basic component.
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The risk-informed approach for establishing an alternative scope of SSCs subject to
special treatment requirements is intended to complement the NRC's traditional
deterministic approach. The risk-informed approach will be consistent with the
defense-in-depth philosophy, will maintain sufficient safety margins, will provide
reasonable assurance that necessary safety functions will be performed, will ensure
that increases in core damage frequency or risk are small and consistent with the NRC
safety goal policy statement for power reactors, and will ensure that a performance
measurement strategy is employed.

It is important to note that this rulemaking effort, while intended to ensure that the scope
of special treatment requirements imposed on SSCs is risk-informed, is not intended to
allow for the elimination of SSC functional requirements, or to allow equipment that is
required by the deterministic design basis to be removed from the facility. Instead, by
restructuring the regulations to allow an alternative risk-informed approach to special
treatment, this rulemaking should enable licensees and the NRC staff to focus their
resources on SSCs that make a significant contribution to plant safety. Conversely, for
SSCs that do not significantly contribute to plant safety, this approach should allow a
reduced level of assurance that these SSCs will meet functional requirements.

To accomplish this goal, it is necessary to amend the governing regulations. The
current regulations use terms such as "safety-related," "important to safety," and "basic
component" to identify the groups of SSCs and associated activities that require
"special treatment." This rulemaking will build into the regulations an alternative that
offers licensees the flexibility of utilizing a risk-informed process to evaluate the need
for special treatment. The NRC published an Advance Notice of Proposed Rulemaking
(ANPR) on March 3,2000 (Reference 2), that provided a summary of the staffs
rulemaking plan, a description of the rule approach as discussed above, and a
discussion of issues that represented challenges to completing the rulemaking. As part
of the ANPR, the NRC discussed a framework under which a new section of the rules in
Part 50 would be issued to allow the use of the new risk-informed categorization for the
regulations identified with this new section. Section 50.69 (as it is was designated in
the ANPR), would also require that licensees use a categorization process conforming
to requirements to be contained in a new Appendix T to Part 50. (Since the risk-
informed approach is intended to be a voluntary alternative to existing regulations,
preparation of a new section to contain these requirements was viewed as more
efficient than modifying individual regulations with alternative provisions).

A graphical depiction of the changes that are expected to result from a risk-informed
re-categorization of SSCs is illustrated in Figure 1. The figure is only intended to
provide a conceptual understanding of the new SSC categorization process. It depicts
the current SSC categorization scheme with an overlay of the new risk-informed
categorization.
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Box 1 of Figure 1 contains SSCs currently subject to special treatment that a risk-
informed categorization process concludes are significant contributors to plant safety.
These SSCs are termed risk-informed safety class 1 (RISC-1) SSCs. SSCs in this box
would continue to be subject to the current special treatment requirements. In addition,
it is possible that some of these SSCs may have additional requirements concerning
reliability and availability, if attributes which cause an SSC to be safety significant are
not sufficiently controlled by current special treatment requirements. However, the staff
is not currently aware of any examples of this situation.

Box 2 depicts the SSCs that are not presently subject to special treatment
requirements, but for which the risk-informed categorization concludes make a
significant contribution to plant safety. These SSCs are termed RISC-2 SSCs.
Examples of RISC-2 SSCs could include the station blackout emergency diesel, startup
feedwater pumps, or SSCs that function for pressurized water reactor (PWR) "feed and
bleed" capability. For RISC-2 SSCs, there will probably need to be requirements to
maintain the reliability and availability of the SSCs consistent with the plant PRA. As
discussed below, the NRC currently envisions that 10 CFR 50.69 (i.e., the new rule) will
specify the regulatory treatment required for RISC-1 and RISC-2 SSCs regarding the
reliability and availability of these SSCs.
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Figure 1. Risk-Informed Part 50 Option 2
Categorization

RISC1

Within STRs*
Safety Significant

RISC-3

Removed from STRs*
Low Safety Significant

RISC-2

Outside of STRs*
Safety Significant

RISC-4

Outside of STRs*
Low Safely Significant

DETERMINISTIC
"'Special treatment rc<fiiraDents—cxcq)tS0.6S. Themaintenance rule
applies to bothRISC-1 md RISC-2.

Box 3 depicts the SSCs currently subject to special treatment requirements that a risk-
informed categorization process determines are not significant contributors to plant
safety. These SSCs are termed RISC-3 SSCs. The rulemaking would revise Part 50
to contain alternative requirements such that RISC-3 SSCs would no longer be subject
to the current special treatment requirements. For RISC-3 SSCs, it is not the intent of
this rulemaking to allow such SSCs to be removed from the facility, or to have their
functional capability lost. Instead, the RISC-3 SSCs will need to receive sufficient
regulatory treatment such that these SSCs would still be expected to meet functional
requirements, albeit at a reduced level of assurance. As discussed below, it is currently
envisioned that section 50.69 would contain the regulatory treatment requirements for
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RISC-3 SSCs. The NRC staff may determine that this level of assurance can be
provided by licensee's commercial grade programs2.

Box 4 depicts SSCs that are not subject to special treatment, and which continue to be
categorized as not being significant contributors to plant safety. These SSCs are out of
scope of both current special treatment and any future regulatory controls of
section 50.69. The functional performance of these SSCs is controlled under the
licensee's commercial grade program (no change from the current requirements).

Guidance Development and Pilot Plants

The nuclear power industry, primarily through the efforts of the Nuclear Energy Institute
(NEI) and the reactor owners groups3, have undertaken pilot activities and guidance
development.

As a "proof of concept," the NRC has been reviewing an exemption request from one
licensee to allow reductions in treatment as a result of a risk-informed categorization
process. The staffs review of this request has focused attention on the possible
differences in treatment that could result. Because of difficulties in defining the
appropriate treatment for low significant SSC, the staff issued a draft safety evaluation
report (DSER) on November 15,2000, with several open items requiring resolution.

The NEI has prepared a draft guidance document that they propose be endorsed by
NRC as a suitable process for categorization and treatment of SSC. The NRC
provided comments on this document and is awaiting a response from NEI to these
comments. In addition, NRC wants to engage in pilot efforts with a few facilities to
gauge the usefulness of the industry guidance documents and the feasibility of the
categorization process and to utilize the lessons learned to improve the guidance and
governing regulatory framework. The initial efforts by the owners groups have focused
on determining the costs and benefits of risk-informing special treatment requirements.
Pilot activities involving categorization represent a significant commitment of resources

2 Reference to commercial grade programs refers to licensee practices and
programs that are applied to equipment in instances where explicit regulatory requirements
for treatment do not exist. The practices applied to equipment reflect such considerations as
economic value and consequences of failure. For instance, certain power production
equipment or major components with insurance coverage may receive a greater degree of
licensee oversight than other equipment.

3 The Nuclear Energy Institute is the Washington D.C.-based policy organization of
the nuclear energy industry. Its members include owners of the nuclear power reactors.
Owners groups (each group is comprised of the owners of reactors of one of the four major
nuclear steam supply vendors) also undertake actions on behalf of their members in areas
where the commonalities of the reactor plant design help leverage resources.
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for these facilities, and at this point in time, the uncertainty about the potential benefits
of undertaking the steps needed to move forward with this alternative is high. These
uncertainties have led to delay in further pilot efforts. Reaching agreement on the
proposed guidance (including resolution of the open items as identified in the South
Texas DSER) will be needed before pilot efforts proceed further.

Categorization Process

A robust categorization process is a key cornerstone to the effort to risk-inform special
treatment requirements. The determination of safety significance of SSCs must be
performed as part of an integrated decisionmaking process which uses both risk
insights and traditional engineering insights. In categorizing SSCs, it must be
demonstrated that the defense-in-depth philosophy is maintained, that sufficient safety
margin is maintained and that increases in risk (if any) are small.

As part of this process, the PRA will be used to determine the relative importance of the
modeled SSC to accident prevention and mitigation. The use of PRA importance
measures such as Fussell-Vessely and Risk Achievement Worth will help identify SSCs
that are potentially of low safety significance and therefore candidates for reduced
treatment. External initiating events (e.g., events initiated by fire or earthquakes), as
well as shutdown and low power modes, need to be considered.

The NRC staff is reviewing the PRA peer review process, as submitted by NEI, in
document NEI 00-02 (Reference 3). Each commercial power reactor has either
already undergone such a review for its PRA, or plans to during the next year or so.
The peer review process then provides to the owner of the PRA findings and
observations about the strengths and weaknesses of the PRA. Such information can
then be used by the licensee (and the NRC) to determine what complementary efforts
are needed to appropriately categorize SSCs using the results of the PRA and other
information.

The categorization process is built around use of an integrated decisionmaking panel
(IDP) that determines safety significance giving consideration to quantitative risk
information from the PRA and qualitative risk information, as well as deterministic and
other engineering analyses. Thus, the I DP determines the significance of any SSC that
is implicitly depended upon by the PRA, as well as the significance of any SSC outside
the scope of the PRA.

As part of the qualitative evaluation process, the IDP gives consideration to the impact
of relaxing requirements on SSC reliability and performance, including detection of
failure modes. The potential change in risk from changes in treatment that occur
following the recategorization is to be small. This can be demonstrated using sensitivity
studies to bound the overall change in core damage frequency (CDF) and large early
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release frequency (LERF). Documentation of the decisionmaking process for various
SSC is necessary.

Treatment Requirements

In its most recent communication with the Commission, SECY-00-0194 (Reference 4),
the staff outlined its conceptual approach to the treatment aspects of this rulemaking.
Licensees would be required to maintain functional capability of SSC using existing or
(if needed) new programs. When functionality is not maintained, they would be required
to take corrective action. For RISC-2 SSCs, licensees will be required to maintain
reliability, availability and capability of SSCs consistent with the assumptions in the
categorization process. For RISC-3 SSC, licensees would be required to maintain the
design functions of the SSCs at the conditions under which the intended functions are
required to be performed. The NRC expects to establish minimal requirements in the
new rule. Licensees would describe how they will meet these requirements through
measures such as procurement control, monitoring and corrective action.

The public comments on the ANPR were generally supportive of the NRC's efforts to
develop the rule and guidance, but also noted a number of areas for further
development. For instance, most commenters believed that the additional treatment for
safety-significant attributes, or the altered treatment for low safety-significant (but
safety-related) SSCs, should rely, to the extent possible, on existing licensee programs.
They believe that this treatment, combined with performance monitoring and PRA
updates, is sufficient to maintain reliability and availability of SSCs consistent with PRA
assumptions.

Challenges

The most significant challenge has been to define minimum attributes for treatment
such that capability to perform functions continues, while at the same time allowing
lesser treatment requirements for SSC found to be of low safety significance. Sufficient
controls on such practices as procurement, installation and maintenance, and
performance monitoring are needed. Certain features of current requirements, such as
the degree of documentation or the extent of testing, are areas for possible relaxation.
One of the other areas under discussion concerns replacement of components that are
presently subject to the ASME Code with non-code replacement components.

Another challenge is structuring the revised regulatory framework to take into account
that NRC would be establishing a process to be implemented by a licensee over a
considerable period of time, with categorization (on a system by system basis) and
resulting changes to treatment as this occurs. Thus, as contrasted to past reviews,
NRC would approve the essential elements of the decision-making process to be used
by licensees for this purpose, and not the specific results obtained. NRC needs to
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maintain a degree of regulatory control over licensee activities yet still allow them the
flexibility needed to categorize SSC, adjust treatment, and feedback the results of
performance into the process.

Other Initiatives

The NRC is continuing its efforts to move forward with risk-informed regulation on a
number of fronts. As noted, licensing actions using risk insights are being reviewed.
NRC is also evaluating other requirements, such as the technical specifications, to see
if further use of risk insights can improve configuration control. The NRC is also
examining individual rules to see if the technical requirements contained therein can be
made more risk-informed. These, and other risk-informed initiatives, are discussed in
the NRC's Risk-Informed Regulation Implementation Plan (RIRIP) (Reference 5).

Conclusions

The NRC staff continues to work with industry to resolve key technical issues to enable
the staff to develop a proposed rulemaking package for risk-informing the special
treatment requirements. Progress has been made on the development of a conceptual
approach for the regulatory framework and in the development of the implementing
guidance. Significant issues and challenges still remain. The part of the process that
has not advanced as quickly is the staffs efforts to reduce the special treatment
requirements that are to be applied to less significant SSCs. This results from the
intention to maintain equipment functionality under conditions where it is difficult to
monitor performance. Further, the NRC staff is challenged to assess how the current
treatment requirements impact upon reliability and thus how reliability might be affected
by changes in treatment requirements. Thus, the initial promise of this approach as
envisioned by the NRC two years ago, has not been achieved to the extent or on the
time frame planned. As noted above, NRC is also pursuing a range of other risk-
informed regulation initiatives that may also provide opportunities for burden reduction.
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