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Technical Specifications (TS) in a nuclear power plant are specific

requirements on its day-to-day operation, designed to protect public health and

safety. Two primary aspects of the TS are (1) limiting conditions of operation

(LGO) with allowed outage times (AOTs) and (2) surveillance testing intervals

(STIs). In recent years, there has been growing interest1" in the nuclear

community in reexamining the TS. One of the reasons is that a significant

portion of reactor downtime (plant unavailability) is attributable to the strict

TS. Existing TS were derived from engineering judgement based on deterministic

review; they were not directly risk-based, and their efficacy in enhancing

public safety is difficult to establish.

This paper presents a summary of a critical review1* of the Westinghouse

report which proposed that AOTs for a number of safety systems at the Byron

Generating Station be increased from 3 to 7 days.

Basic methods that address the AOT problem in Ref. 5 are the usual PRA

techniques that can be characterized as the methods of "static" fault trees.

The static fault tree method is a technique used to evaluate higher-level

performance measures of a plant, e.g., core damage frequency and health risks,

by propagating, through a set of binary structure functions, time-averaged (over

some baseline periods) performance-measures of lower-level basic components. It

is simple to use and generally conservative in comparison with other methods

that can be used £or the AOT problem.6

*This work was done under the auspices of the U.S. Nuclear Regulatory
Commission. Views in this paper do not necessarily represent those of the
U.S. Nuclear Regulatory Commission.
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Event trees used in Ref. 5 are slightly modified and expanded versions of

those for the Zion Probabilistic Safety Study,7 and detailed fault trees were

developed for the Byron-specific safety systems. Ref. 5 employed a simplified

support state approach, did not explicitly treat loss of service water as an

initiating event, and only implicitly included the dependence of risk, on AOT by

using mean time to repair (MTTR).

Important methodological differences in the present work are: (1) it

adopted a fault tree linking approach to provide minimal cutsets, in order to be

sure that support systems were properly treated and that system failures were

properly conditioned on initiating events; (2) it included the loss of service

water initiator; and (3) it computed risk as functions of repair outage times

(Tr's) between two bounding values. It is noteworthy that the fault tree

linking approach provides holistic information for the top event and an

integrated model which facilitates sensitivity studies, e.g., through importance

analysis.

The evaluation in this study focused on the core damage frequency from one

unit operation only, since crossties of the shared systems between the two

units, in particular, the Essential Service Water System (ESWS) and the

Component Cooling Water System (CCWS), were not completely established. Note

that the ESWS at Byron Unit 1 consists of two trains with a single pump in each

train. Figure 1 shows the results on core damage frequency as a function of

Tr between A0T1 (19 hours) and A0T2 (168 hours) and depending on which system

is relaxed in its AOT. The ESWS has a predominant effect. This is attributed

to the loss of service water initiator included in this study where the

probability of a reactor coolant pump (RCP) seal LOCA given loss of service

water was nominally assumed to be 0.5. (See Ref. 4 for the results when it is

assumed that there is no RCP seal LOCA given loss of service water.)

Figure 1 also shows the individual system rankings with regard to the AOTs:

the ESWS and the diesel generators (DGs) are the first two dominant contributors

to the increments in core damage frequency due to the AOT relaxation and next in

importance is the Auxiliary Feedwater System (AFWS). The effects on the core

damage frequency of the AOTs for the containment heat removal systems



(Containment Spray System and Containment Fan Coolers) and the ECCSs (Charging

pumps, Safety Injection pumps, and RHR pumps) are considered to be small.

This study identified a significant vulnerability in the ESWS at Byron Unit

1 (and subsequently led to interim resolution, pending completion of Unit 2 for

crosstie, that at least one ESW pump train from Unit 2 be made available for

Unit 1) and supported NRC recommendation that AOTs for six systems (Containment

Fan Coolers, Concainment Spray Systera, Charging pumps, Safety Injection pumps,

RHR pumps, CCWS) of insignificant importance be relaxed, while AOTs for three

systems (ESW3V DGs, AFWS) not be relaxed.
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Figure 1. Core damage frequency as a function of Tr's for 9 cases
assuming the probability of a RCP seal LOCA given loss of
service water is 0.5.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Governif^Tit. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.


