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Abstract

This work describes the plan for a process to incorporate into the regulatory activities the risk
information derived from probabilistic risk assessments, as well as information generated, by the
periodic evaluation of the Maintenance Rule (MR, 10CFR50.65). The current status of the Laguna
Verde NPP (LVNPP) risk analysis, PSA Level 1, allows determining in a reliable way the accident
scenarios and the involved systems having significant impact on safety. The determination of system's
risk significance allows carrying out a prioritization of safety issues to be evaluated and inspected; for
example, operational events, changes to technical specifications, design modifications, inspection
priorities, etc. In addition, complementary and basic information are the results generated by the
performance monitoring of structures, systems and components (SSCs) under the scope of the MR.
The SSCs performance trends are indicatives to focus evaluation and inspection activities on important
issues. Then, with the reportability in short periods the performance evaluations of SSCs and the
incorporation of a process of risk management, the evaluation and inspection activities will be directed
to those risk significant systems showing degraded performance. Therefore, based on systems
performance results and risk information, it is feasible to have certain flexibility or a better balance
between the regulatory requirements. Inside this process, a consensus is needed with the utility to
establish quality attributes for the plant-specific PSA, as well as the rules to be followed in the use of
this tool and the kind of information to be reported for MR results.

1. INTRODUCTION

The Laguna Verde Nuclear Power Plant (LVNPP) is located in the coasts of the Gulf of Mexico. This
nuclear plant has two reactor units of the GE BWR/5 type with Mark II containment. For Unit I a PSA
Level 1 [1] has been completed and the PSA Level 2 is in regulatory review phase. This PSA Level 1
will be applicable to the Unit 2 after a comparative analysis to account for design differences between
both units. Since 1992 the .Mexican regulatory agency (CNSNS) and the national utility (CFE)
initiated some plans to use the PSA to address improvements in the regulatory requirements for
operation and maintenance of LVNPP. In this stage, workshops on PSA application and seminars for
maintenance optimization were organized. The benefits of this effort were used to solve some specific
issues related to requirements surveillance testing and maintenance of equipment. The following
sections include an approach to use PSA information and results of safety indicators including results
from the maintenance rule program. In 1994 the utility was required to implement the regulation from
10CFR50.65 [2]. In the initial phase, CFE and CNSNS developed in parallel way the selection of
SSCs and the corresponding determination of risk significance for each SSC, both set of results were
compared. Later on, CFE continued with the selection of criteria for monitoring SSCs performance,
such as number of functional failures per year, and unavailability, among others. In a first inspection
on MR implementation, with the purpose of observing results for SSCs performance, an agreement
was made for reporting the results of the SSCs performance monitoring every three months during an
operational cycle for each reactor unit, including shutdown stages. During a following inspection, it
was determined that CFE should form a panel of experts for the interpretation and decision making on
the results of the MR. Finally, during the second half of the year 2000 the utility was required to
comply with the requirements of the 10CFR50.65(a)(4), related to the assessment and management of
risk increases.
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2. RISK INFORMATION

In this section the results of the PSA Level I are described, about dominant accident sequences and
most safety significant systems for core damage frequency (CDF), and risk impact assessment for
inoperability of significant Systems. It is also described briefly the way these results have been
focused. Results of PSA Level 2 are not described because this study is in final phase of regulatory
review.

2.1. Significant accident sequences and systems

Figure 1 shows, in terms of percentages, the contribution of the most important accident sequences to
core damage risk. As it can be observed, the most dominant accident sequences are the sequences of
loss of offsite power (SBFl/2) followed by sequences of ATWS and DC power. Sequences can also be
observed with minimum contribution as losses of coolant, among others. The CDF of the Unit I have
a value of 3.5-10"5/year.
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FIG. 1. Contribution of accident sequences to the risk of core damage -Unit 1 [1,3].

Analysing in more details the results of the PSA Level 1, the systems and components having higher
importance to avoid risks of core damage can be identified, it is on these systems and components
where the attention and resources of the regulatory activities should be focused. The following table
[4] shows in order of importance (class) some risk significant systems, joined with risk-based
calculations for maximum surveillance test intervals and maximum times allowed for inoperability.

Table I. Summary of risk-based AOT/STIs compared to technical specifications requirements.

System Allowed Outages Times
Class dmax TS

Surveillance Test Intervals
Class Tmax TS

Diese! Generator DG-1A/1B/1C
High Pressure Core Spray
Batteries 2A(B)-125-DC

Batteries 250-DC •
Reactor Core Isolation Cooling

RHR Suppression Pool Cooling - A/B
Low Pressure Coolant Injection - A/B

Low Pressure Core Spray
Low Pressure Coolant Injection - C

1
1
1
1
1
2
3
3
3

2
2
2
3
4

29
»
»
»

3
U

2 tars
not ia TS

14
3
7
7
7

1
1
1
1
2
3
3
3
3

14
S3
14
20
92

366
36S
»
»

7,31
31,91
7,91

not is TS
31,91

91
31,91
31,91
31,91

Class 1: Unacceptable, 2: Important, 3: Non-important. Time in days.

The determination of the risk significant components involves those systems and components
modelled in the PSA Level 1 using the typical risk importance measures. For Maintenance Rule
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purposes, other systems not explicitly modelled in PSA may be classified in terms of risk through an
analysis to search for relationship to those systems and initiating events modellled in PSA. Other SSCs
are defined as risk significant or non-risk significant considering containment functions and
radioactive release prevention.

2.2. Risk assessment of inoperable equipment

As an approach for assessing plant risks [4], a review of LV operational experience was carried out for
the Unit 1 7th cycle of operation. In this first approach, the review was conducted to identify the
unavailability of single systems to observe the risk profile. The results shovm in Figure 2 take into
account inoperability of four risk-significant systems. These systems are HPCS, RCIC, Batteries 125
VDC, and RHR. Before plotting the CDF profile, an assessment of the loss of system's function in
each case was performed without considering the time of function unavailability. In the risk profile,
some instances of high-risk level can be observed, but achieving levels below a risk criterion used in
[3,4] for instantaneous risk, 10 times the baseline CDF.
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FIG. 2. Risk profile - Instantaneous risk for single inoperabilities of 4 significant systems.

These risk levels seem to have a well-defined frequency. In order to get more accurate results, a
rigorous research for function availability of redundant systems should be done, which could give a
lower risk level for each case, or unavailability of other systems giving higher risk levels. In
conclusion, as required by the Maintenance Rule [2,5], some activities must be done for management
and control of plant configurations before entering into maintenance or surveillance activities
programmed for single systems or combinations of them.

3. PLANT PERFORMANCE INFORMATION

The information determined to be useful inside the process here described are the derived data from
the Maintenance rule program to monitor the maintenance effectiveness, as well as the results of
performance indicators. This way, the identified safety indicators are: the results from performance
monitoring of systems and components in the MR, and the performance indicators evaluated by the
plant.
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3.1. Maintenance Rule requirements

The implementation of the 10CFR50.65 regulation was required to LVNPP. In summary, the MR was
applied to safety related systems and to those non-safety related systems described in paragraph
10CFR50.65(b), more systems in technical specifications with possibility to cause changes in the
modes of reactor operation (CFE criterion). Then, a process for determining systems' safety
significance is applied and, based on safety significance, one or more parameters are assigned to
monitor the SSCs performance. Based on the resulting performance and the application of corrective
actions, monitoring levels are applied: monitoring (a)(l), strict; or monitoring (a)(2), normal. Also,
according to the paragraph 10CFR50.65(a)(4) [5] an assessment and management of risk must be done
before putting equipment out of service, identified as risk significant. Finally, an evaluation of all the
MR and maintenance activities for the whole cycle (operation + shutdown) must be made, to prepare a
report reflecting the evaluation of maintenance effectiveness and corrective actions in deficient areas.

3.2. Maintenance Rule results

For the process of maintenance rule implementation, from 223 systems, 128 systems were selected to
be under the scope of this regulation. After applying the selection criteria for systems to be under the
scope of the monitoring for maintenance rule, the following set of systems was obtained. Some
systems appear in different groups.

Table II. Systems of Laguna Verde 1 in the maintenance rule requirements.
Total analysed systems: 223
Safety related
Non- safety related
In Technical Specifications
In Emergency Procedures
Systems to mitigate transients
Non-safety related whose failure prevents fulfillment
of a Safety Related function
Non-safety related causing scrams or SR actuation

Systems in MR: 128
29
56
64
11
29

12
57

After selecting the maintenance rule systems, the determination of the risk significance for each
system was carried out. Using the PSA Level 1 results, the safety significance was determined for
some of the 128 systems with the criteria shown in Figure 3 together with the results for LVNPP Unit
1. According to risk significance criteria, the significant systems are those in Categories I, II and III,
and the systems contributing to 90% of CDF; and the non-significant systems are those in Category
IV. An analysis of the initiating events was performed to include systems not considered in an explicit
way in the PSA. Additional considerations were used to assign risk significance categories to the
systems not modelled in PSA, neither explicitly nor implicitly. Taking as basis these risk categories,
the corresponding criteria (parameters) were assigned for performance monitoring, these are: specific
criteria for significant systems, and plant level for criteria for non-significant systems. The specific
criteria are unavailability and reliability; and the plant level criteria are: number of scrams per 7000
hours of criticality, unplanned capability loss factor, number of entrances to special reports, and
number of entrances to internal reports.

Risk significant SSCs [6]:
SSCs in categories;
plus SSCs accounting for
90% CDF.

Risk

Category I

Category II
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FIG. 3. LVNPP categorization of systems in the MR.
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Within the agreements in the implementation program, it was accepted to account for only one
previous cycle (shutdown + operation) for initial evaluation of systems performance, and for the
following period of evaluation, to emit every 3 months a systems performance report. The results of
performance monitoring for the systems of both reactor units are shown in the following table [7]. The
number of systems in (a)(l) monitoring increases not much from initial evaluation to the last 3-months
period report.

Table III. Systems under monitoring (a)(l) - Performance Evaluation! for Units 1 and 2.

Unit 1 Reports -

Initial
1st 3-months
2nd 3-months
3rd 3-months
4th 3-months
5th 3-months

I
4
4
4
4
4
4

Level of risk importance
II
1
1
1
1
1
2

III
8
9
11
12
12
12

IV
3
3
3
3
3
4

- Unit 2 Reports

Initial
1st 3-months
2nd 3-months
3rd 3-months
4th 3-months
5th 3-months

I
3
3
3
4
—
-

Level of risk importance
II
2
2
2
2
..
—

Ill
5
5
5
5
—
-

IV
1
1
1
2
. .
—

3.2.1. Maintenance Rule considerations

It is considered that for satisfactory accomplishment of the Maintenance Rule regulation it is necessary
to have an adequate establishment of performance goals and performance criteria for the SSCs to be
evaluated through the effectiveness of their maintenance. An adequate performance goals setting can
be achieved from plant data and compared to the wide industry experience. In this way, for the
maintenance rule implementation, it can give some benefits the execution of an initial evaluation of
the maintenance by means of plant data review for determination of the initial status and setting of
initial performance criteria, and goals if necessary. Then, in a next performance evaluation, the initial
settings can be compared and adjusted. Hence, by means of the analysis of historical data for risk
significant systems and their corresponding components, it will be possible to assure an adequate
setting of performance criteria and goals for systems with the greatest impact on safety.

3.2.2. Risk assessment and management

Regarding the requirements of the MR for the assessment of overall impaict on plant key safety
functions before taking equipment out of service, the plant needs to establish an adequate process.
This process refers to methods and tools to perform the required safety evaluations, with the use of
appropriate criteria to evaluate the safety level for each configuration, considering qualitative or
quantitative elements. The assessment of plant configurations during operations at power is focused on
safety functions of the systems modelled in the PSA. Using a Risk Monitor based on EOOS [8], the
assessment is done under risk terms for annual core damage frequency against specific criteria for risk
impact. For assessing and managing risk during shutdown periods, CFE has adopted a methodology
based on defense-in-depth philosophy, keeping as many requirements as possible for key safety
functions. In the case of the risk monitor, specific risk thresholds will be established to take
appropriate actions, according to each risk level present.

3.3. Performance indicators

The performance indicators evaluated by the CFE are based on indicators defined by the World
Association of Nuclear Operators (WANO). However, the industry guide NEI 99-02 [9] define the
indicators: number of unplanned scrams per 7000 critical hours, scrams with loss of normal heat
removal, unplanned power changes per 7000 critical hours, safety system unavailability, safety system
functional failure, specific activity of the reactor cooling system, reactor cooling system leakage,
emergency preparedness, occupational and public radiation safety, and physical security, These
indicators may be required to LVNPP because some are generated in the results of the Maintenance
Rule program.
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4. PROCESS FOR OPTIMIZING REGULATORY REQUIREMENTS

In this section the necessary minimum elements are described for improvements in the regulation
when incorporating risk information and information of plant operation performance. It is considered
that when incorporating plant performance information into the regulation, the regulation becomes
outcomes oriented. In a similar sense, when incorporating risk information, the regulation is
interpreted as regulation oriented to design and operation, which should be modified, should the need
arise, to improve safety if plant performance indicates this way it.

4.1. Elements for the process of regulation optimization

The necessary elements in this approach are: identification of parts of the regulation where it is
feasible to apply information of risk and plant performance; results of specific risk analysis; results of
safety indicators; inspection results; and policy defined and agreed with the licensee for the
implementation of this process, as the reportability of necessary periodic information. The following
Figure 4 shows the approach for the process of regulation improvement.

The initial scope of this proposed process is focused toward areas of the nuclear safety involving
prevention of initiating events, timely response of mitigating systems, and integrity of barriers. In an
extensive process other safety indicators can be included, involving other areas as emergency
preparedness, radiological protection and physical protection.

Risk
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FIG. 4. Process for the optimization of regulatory requirements.

Requirements of the regulation. Inside each aspect of the regulation, several areas exist where the
application of risk information is feasible. However, other areas exist where it is not possible to
incorporate risk information; and the improvement in the regulatory process should be through other
means. Therefore, case-by-case, or area-by-area, those parts of the regulation should be identified
where it is possible to use risk information. It is considered that the use of the safety indicators is more
extensive and it is only necessary to take this information and use it.
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Risk analysis. The risk analyses already developed for LVNPP are the PSA levels 1 and 2. The PSA
Level 1 was reviewed in very detail, and it is in a updating stage in terms of plant configuration, and
incorporation of plant specific data. The results from PSA Level 2 will be considered after concluding
the regulatory review.

Safety indicators. It is considered that the indicators of the MR and the performance indicators
contained in the guide NEI 99-02 have a very precise meaning in terms of safety, since the systems
associated to these indicators have certain attributes of safety, so that it is valid to call them safety
indicators if appropriate action thresholds are introduced.

Inspection results. In connection with the inspection results, it is important to implant a process of
categorization of inspection findings based on risk to determine the impact level on safety. This way,
the derived requirements, operational restrictions or other enforcement will be consistent with safety
significance importance and, at the same time a feedback into the inspection pi ans is possible with risk
categorization of the inspection findings.

Establishment of policy. Inside the necessary policy, it is in process the revision of a draft guide [10],
getting some guidelines from reference [11], this draft will be agreed with this licensee for the use of
the risk information, taking into account the concepts of the defense in depth philosophy. This is,
deterministic considerations on nuclear safety. That draft guide will contain guidance about specific
acceptance risk criteria, among another safety thresholds. Inside the agreements with the licensee, it is
necessary to establish requirements of periodic reportability for safety indicators.

5. DISCUSSION AND CONCLUSIONS

The safety indicators here presented need to be compared as follows: to compare the performance
criteria used in the Maintenance Rule against the performance indicators evaluated by the plant, to
avoid duplicity of results, and incorporate indicators from the guide NEI 99-02. Likewise, as in the
MR thresholds established for the monitoring of SSCs performance, it is necessary to define action
thresholds for the performance indicators. The results of the monitoring of maintenance effectiveness
follow a established procedure of documentation and reportability. It is necessary to establish an
agreement of reportability for results of the performance indicators not reported by MR. It is important
to clarify that there are other areas of the regulation that are out of this proposed process, in which it is
possible to introduce improvements. These areas of improvement can be treated through a wider
improvement program of oversight like the Reactor Oversight Process [12], which includes additional
topics of safety with another type of indicators. An important part in this process is the wide
participation of the licensee for the identification and timely solution of the problems reflected in
trends performance, showing deficiencies or degradation in important areas for safety. Inside the
action plans for prevention and correction of deficiencies it is convenient for licensee to make use,
among other considerations, of risk information. The implementation of the proposed process can
support decision-makings for better-oriented evaluation and inspection activities, in order to verify
adequate accomplishment with regulation.
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