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Emergency Diesel Generator (EDG) AOT Extension

1.0 PURPOSE

This report provides the results of an evaluation of the extension of the Allowed Outage Time
(AOT) for a single Emergency Diesel Generator (EDG) from its present value to seven days.
The AOT is specified in the plant technical specifications. In addition, this report provides
justifications for allowing the extension of this same AOT to 10 days on a "once-per-refueling
cycle” frequency. This AOT extension is sought to provide needed flexibility in the performance
of both corrective and preventive maintenance during power operation. Furthermore, adoption
of the proposed AOT extension reduces the risk of unscheduled plant shutdowns. Justification
of this request is based on an integrated review and assessment of plant operations,
deterministic/design basis factors and plant risk.

This request for + JOT extension is consistent with the objectives and the intent of the
10CFRS50.65, Appendix A, "The Maintenance Rule® (Reference 1) and the draft staff guidance
for incorporation of EDG reliability requirements within the Maintenance Rule (Reference 2).
That is, the Maintenance Rule will be the vehicle which controls the actual maintenance cycle
by defining unavailability and reliability performance criteria and assessing maintenance risk.
The requested AOT exten-ion will allow efficient scheduling of maintenance within the
boundaries established by i...plementing the Maintenance Rule. The CE plants are in the process
of implementing the Maintenance Rule, and are presently setting targets for unavailability and
reliability of systems and trains. Therefore, this effort is seen as timely, supportive and integral
to the Maintenance Rule program.

2.0 SCOPE OF PROPOSED CHANGES TO TECHNICAL SPECIFICATIONS

The proposed technical specification changes address revision of existing requirements for the
operation of the Emergency Diesel Generator subsystems. Specifically, the proposed changes
in technical specification requirements are:

(1) In general, extend AOT for a single INOPERABLE EDG from [72] hours to 7
days.

(2)  Provide a once per fuel cycle allowance for an AOT of 10 days for a single
INOPERABLE EDG.



3.0 BACKGROUND

In response to the NRC's initiative to improve plant safety while granting relief to utilities from
those requirements that are marginal to safety, the CEOG has undertaken a program of obtaining
relief from overly restrictive technical specifications. As part of this program, several technical
specification AOTs and STIs were identified for joint action.

This report provides support for modifying the Technical Specifications for Electric Power
Systems in order to extend the AOT for a single emergency diesel generator during power
operation. The CE fleet of PWRs utilize one of two possible AOTs within the plant techaical
specifications (See Table 3-1). More recently designed PWRs have a 72 hour AOT for the
EDG, whereas early CE PWRs have a seven day AOT. The intent of this report is to provide
technical justification for the extension of the AOT for our more recent PWRs from a period of
72 hours to seven days. In addition, this document provides support for a one time per cycle
10 day AOT extension for all CE PWRs. The intent of this modification to the AOT is to
enhance overall plant safety by avoiding risks associated with unscheduled plant shutdowns and
providing for increased flexibility in scheduling and performing necessary "on-line* maintenance
and surveillance activities. In addition, adoption of the proposed AOT extension will provide
uniformity in this AOT for CE PWRs with a minimum of two dedicated EDGs per Unit.

This report provides generic information supporting the proposed AOT changes, as well as, the
necessary plant specific information to demonstrate the impact of these changes on an individual
plant basis. The supporting/analytical material contained within the document is considered
applicable to participating CEOG member utilities regardless of the category of their Plant
Technical Specifications. Utilities participating in this task include Maine Yankee, Palisades,
Ft. Calhoun Station, St. Lucie Units 1 and 2, Millstone Point 2, Waterford 3, ANO-2, San
Onofre Units 2 and 3, and Palo Verde Units 1, 2 and 3. Baltimore Gas and Electric’'s Calvert
Cliffs Units are in the process of upgrading their EDG capacity to include enhanced redundancy
of their EDGs, and the addition of a station blackout diesel generator. Therefore, Baltimore Gas
and Electric is not participating in the plant specific aspects of this effort at this time.




Table 3-1
SUMMARY OF DIESEL GENERATOR MANUFACTURER AND
ALLOWED OUTAGE TIMES FOR CE PWRs

Station
| Maine Yankee | General Motors Customized | 7*
I Milistone 2 Fairbanks Morse Standard
| Palisades Alco Customized 7
| Palo Verde 1 Cooper Energy Services | Standard 3
Palo Verde 2 Standard 3
Palo Verde 3 - Standard 3*
San Onofre 2 General Motors Standard 3
San Onofre 3 | General Motors Standard 3
St. Lucie 1 . Standard 3+
St. Lucie 2 " Standard 3*
Waterford 3 | Cooper Energy Services

* For these units, surveillance testing of an alternate EDG is not required when the other EDG
is deliberately rendered inoperable in order to perform pre-planned preventive maintenance.



4.0 SUMMARY OF APPLICABLE TECHNICAL SPECIFICATIONS
There are three distinct categories of Technical Specifications at CE NSSS plants.

The first category is the Standard Technical Specifications. Through February 1995, NUREG-
0212, Revision 03, commonly referred to as "Standard Technical Specifications,” has provided
a model for the general structure and content of the approved technical specifications at all other
domestic CE NSSS plants.

The second category corresponds to the Improved Standard Technical Specifications (ISTS)
guidance that is provided in NUREG-1432, Revision 0, dated September 1992. A licensing
amendment submittal to change the Technical Specifications for San Onofre Nuclear Generation
Station Units 2 & 3 so as to implement this guidance was submitted to the NRC in December
1993.  Additionally, licensing amendment submittals are being developed that will modify the
technical specifications for Palisades Station to implement the ISTS guidance.

The third category includes those technical specifications (TSs) that have structures other than
those that are outlined in either NUREG-0212 or NUREG-1432. These TSs are generally
referred to as "customized® technical specifications. The CE NSSS plants that currently have
"customized” technical specifications are: Palisades Station, Maine Yankee Station, and Ft.
Calhoun Station.

Each or these three categories of Technical Specifications includes operating requirements for
the applicable plant's emergency diesel generators (EDGs).

Table 3-1 provides a summary of the diesel generator manufacturers and allowed outage times
for CE PWRs.



4.1 Standard Technical Specifications

'I'he requirements for emergency diesel generators during power operations are embedded in the
requirements for Electrical Power Systems in the standard technical specifications of NUREG-
0212, Revision 03 and NUT'SG 1432, Revision 0.

LCO 3.8.1 of NUREG-1432 provides the following definition for a fully OPERABLE set of AC
sources for plant operations in Modes 1 through 4:

a Two qualified circuits between the offsite transmission network and the on-site
Class 1E AC Electrical Power Distribution System; [and]

Two diese! generators (EDGs) each capable of supplying one train of the on-site
Class 1E AC Electrical Power Distribution System; and

Automatic load sequencers for Train A and Train B.

Both LCO 3.8.1.1 of NUREG-0212, Revision 03 and LCO 3.8.1 of NUREG-1432, Revision
0 (Attachment A) allow the continuation of power operation with one inoperable emergency
diesel generator for a maximum of 72 continuous hours.

Additionally, LCO 3.8.1 of NUREG-1432 (Attachment A) includes a provision that allows
cont'nued power operations for a8 maximum of six days when a contiguous series of different

degradations of the full set of AC sources occurs. (An example is the case where one of the
required offsite power circuits becomes inoperable at the same time that a diesel generator that
was previously inoperable is returned to an OPERABLE state.)

Following a diagnosis that an EDG is INOPERABLE, an assessment or test confirming that the
OPERABLE EDG is not subject to a common cause failure would be performed. If a common
cause failure mode is suspected, the OPERABLE EDG must be declared INOPERABLE and
actions must be taken to restore one EDG to OPERABLE status in within a small number of
hours. Inability to return one EDG to OPERABLE status results in the entry into a more
restrictive LCO ACTION STATEMENT.

4.2 "Customized" Technical Specifications
Customized technical specifications for the EDGs differ from the STS in the duration of the

specified AOT and the details of the subsequent ACTION statements. Table 3-1 indicates which
CE PWRs have customized technical specifications and lists their respective AOTs.




5.0 SYSTEM DESCRIPTION AND OPERATING EXPERIENCE

This section summarizes EDG configurations and operating experience for CE PWRs. Data
contained in this Section is derived from a combination of sources including recent plant specific
data and relevant data available from a recent EDG industry survey (Reference 3).

5.1  System Description

The roie of the EDG is to provide emergency power to essential safety systems in the event that
all offsite power sources are lost. All CE PWRs with the exception of Calvert Cliffs Units 1
and 2 employ two dedicated EDGs per plant. Calvert Cliffs is presently undergoing a plant
upgrade to provide 2 class 1E diesels per unit with a shared non-class 1E seismically robust third
EDG. A summary of current EDG configurations for CE PWRs is presented in Table 5.1-1.

Many CE PWRs include alternate means of providing power to some, if not all, essential safety
systems. In general, CE PWRs residing on multiple unit sites are capable of being powered by
some of the on-site power supplies of the other unit. In addition, in the Station Blackout Rule
(10CFR50.63, Reference 4 ) implementation process, many CE PWRs have procured equipment
designed to mitigate the consequences of a station blackout event. For exampie, at ANO, a
"swing” non-class 1E full capacity station blackout diesel that can support either unit has been
installed. These plant features, along with the expected plant station blackout coping times are
presented in Table 5.1-2.

Table 5.1-1
CONFIGURATIONS OF EMERGENCY ELECTRICAL SYSTEMS FOR CE PWRS

No. of Dedicated Diesel EDGs Total No. of
Units per umit shared Diesels

None

Calvert Cliffs 1&2 | 1

Fort Calhoun Station

Maine Yankee

Milistone 2

Palisades

Palo Verde 1, 2 &3

San Onofre 2 & 3

St Lucie 1 & 2

Waterford 3

* Each generstor has two engines




Table 5.1-2
ALTERNATE EMERGENCY POWER FOR ESSENTIAL SAFETY SYSTEMS AND
STATION BLACKOUT BATTERY POWERED *COPING" TIMZS FOR CE PWRS

"Swing” Non-clase 1E Station
Blackout EDG can provide

power 1o either units during ¢
station blackout

A shis EDG wpgrads & in
progress which will result in 2
dodicatnd EDGe per unit and o
“ewing " non-class 1E blackout

Calvert Clifts 142

Fort Calhoun Station

pump (FW-10) to mainiain

feadwater svaliability during
an $BO,

Agpendix R DG-2 uesd m»
AAC Generator

The Millstons site includes » yes
14.4 Mw Combustion Turbine
W eupply sssential satery
loads in the event of loss of
offsite powasr and lose of

Maine Yankee

Millstones 2

Palisades
Palo Verde 1, 2 &3

San Onofre 2 & 3

St. Lucie 1 & 2

Waterford 3




5.2  Operating Experience

The Emergency Diesel Generators provide on-site emergency ac power in the event that all
offsite power sources are lost. As a consequence, the reliability of these on-site power sources
is an important factor in assuring the safety of light water reactors. As a result of this concern,
the NRC established the Station Blackout Rule in 1988. In the implementation of this rule, the
NRC (via Regulatory Guide 1.155, Reference 5) required that all LWRs ensure the reliability
of the EDGs to be greater than either .95 or .975 depending on the specific plart class to which
the unit was considered to belong. Plant class typically reflects various factors including (1)
redundancy of on-site emergency ac power systems, (2) reliability of on-site emergency power
sources, (3) frequency of loss of off-site power and (4) the probable time to restore off-power.

At the time of the SBO rule, unavailability of the EDGs throughout the domestic commercial
nuclear industry due to “"on-line® maintenance was .007. As maintenance programs were
implemented to improve EDG reliability, the on line out-of-service (OOS) unavailability of the
EDG has increased industry-wide. A recent survey of EDG unavailability of power operation
indicates that the mean unavailability of the EDG "at power® due to preventive and corrective
maintenance (PM and CM) are .0118 and .0082 respectively. Correspondingly, the unreliability
of the EDGs has decreased on an industry average from about 0.020 in the early 1980's to 0.014
in the 1988 to 1991 time frame (Reference 3). Reference 3 further postulated that the increase
in reliability in recent years and the increase in unavailability due to maintenance may be related.
Table 5.2-1 provides a comparison of the individual and mean unavailabilities and unreliabilities
of CE EDGs to their industry average. As a group, the EDGs at CE PWRs involved in this
study have an average EDG "at power" unavailability below the industry average. No individual
CE PWR can be considered an outlier.

5.2.1 Preventive Muintenanc.’

Most plants in the United States ( 95%) routinely carry out scheduled PM on EDGs during
power operation (see Reference 3). Preventive maintenance (PM) for EDGs encompasses a
variety of tasks including:

-Lubrication, Oil and Filter Changes
-Replacement of switches
-Calibration of equipment
-Component Cleaning

-Component Inspections
-Manufacturer upgrades

A survey of CE PWRs indicates that preventive maintenance tasks, such as those listed, can take
from 4 hours to more than 70 hours to complete. While certain PM tasks can be performed
without taking an EDG out of service (such as those involved with EDG equipment calibrations),
many PM tasks cannot be performed without declaring the applicable EDG out of service. The
typical frequency of diesel generator maintenance for CE PWRs varies from less than once per



year (that is, no planned preventive maintenance) to about once every calendar quarter. The
mean duration of maintenance tasks is currently less than 24 hours. This is generally consistent
with the observed industry trends. Reference 3 indicates that the mean PM on an EDG was 24.6
hours with a standard deviation of 37.6 hours. This suggests that maintenance done at power
frequently exceed one-half of the AOT and in about one quarter of the occurrences exceed the
typical 72 hour AOT. This is particularly true, if a PM uncovers equipment degradation which
would require further maintenance. At one site, the 72 hour AOT has been approached on nine
(9) separate occasions and exceeded once. This later event occurred during a weekend and
required a discretionary enforcement to continue plant operation.

On a yearly basis the amount of "on-line" preventive maintenance for EDGs varies from less
than | hour to a maximum of about 200 hours per EDG for CE PWRs with a 7 day AOT for
a single EDG, with the average per EDG PM equal to 135 hours. For CE plants with a 72 hour
AQT, the average and maximum yearly PM per EDG are 100 and 140 hours respectively. This
level of “"on-line* maintenance is consistent with United States industry average estimate
(Reference 3) of about 100 hours per year.
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5.2.2 Surveillance/Testing of EDGs

Surveillance testing of EDGs is typically performed as required in the plant technical specifications.
Industry average data confirms that the durations of EDG tests are typically short (on the order of
2 hours) and the total unavailability of an EDG is under 20 hours per year (See Reference 3).

5.2.3 Corrective Maintenance

Corrective maintenance refers to maintenance that is unscheduled and is therefore condition directed.
Such maintenance can occur when the EDG fails a surveillance test or a degradation in EDG
performance is noted. This definition of CM includes conditions where the EDG can perform its
safety function, as well as, cases where the safety function is affected. In either case of CM, the
EDG would typically be considered to be INOPERABLE. The analysis presented in Section 6
assumes CM is performed due to inoperability of the EDG.

Industry survey data suggests that corrective maintenance is performed on an EDG at a mean
frequency of 3.3 times per year with a mean duration of 23.3 hours and a standard deviation of 46.7
hours. The large uncertainty associated with CM clearly indicates the potential for EDG repair to
exceed the existing 72 hour AOT. For the CEOG member utilities, the yearly unavailability due
to CM is lower than 0.006 per year per EDG, regardless of the current AOT. This low value of
CM reflects a high EDG reliability and the effectiveness of existing EDG maintenance programs.

5.2.4 Comments on EDG Unavailabilities

The CE fleet includes plants with both 3 and 7 day AOTs. Plants with 3 day AOTs have a mean
yearly scheduled maintenance unavailability of about 77 hours per EDG per year compared to 132
hours per EDG per year for plants with a 7 day EDG AOT. Both groups of plants show similar
yearly repair time outages for unscheduled maintenance (46 vs. 51 hours). In the future, all plants
within the CE fleet are expected to set maximum maintenance rule targets for EDG unavailability
in the .025-.03 range (220 to 260 hrs per EDG per year). Therefore, adoption of a 7 day AOT for
a single inoperable EDG is not expected to have a significant impact in overall EDG unavailability.
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6.0 TECHNICAL JUSTIFICATION FOR AOT EXTENSION

This section provides the technical bases for the request for the AOT extension. The presentation
of this information generally follows the guidance in the Handbook of Methods of Risk Analyses
in Technical Specifications (Reference 8 ).

6.1 Statement of Need

The EDGs provide on-site emergency alternating current (ac) electric power to a nuclear plant in
the event all off-site power sources are lost. The importance of this equipment to plant safety has
resulted in the "Station Blackout Rule®, which among other features, required that the reliability of
EDGs reliability be acceptably high. In the implementation process, Regulatory Guide 1.155
specified target reliability values of .95 and .975 dependent upon a set of defined criteria. In
response to meeting these reliability goals, many reactor sites implemented or extended EDG
surveillances and "on-line* PM activities.

The participating CEOG utilities request that the present EDG AOT be uniformly extended as
follows:

(1)  Extend AOT for a single INOPERABLE EDG from [72] hours to [7] days.

and,

(2)  Provide a once per fuel cycle allowance for an AOT of 10 days for a single
INOPERABLE EDG.

Implementation of this AOT modification will:

(I)  Allow increased flexibility in the scheduling and performance of preventive
maintenance

(2)  Reduce the number of individual entries into LCO action statements by providing
sufficient time to perform related maintenance tasks within a single entry.

(3)  Reduce stress on plant maintenance personnel by allowing adequate time to perform
the more complicated maintenance activities (including those associated with EDG
manufacturer recommended surveillances and upgrades)

(4)  Enable the plant to minimize EDG operability restoration time by scheduling
maintenance wiich de-emphasizes multiple simultaneous EDG tasks (resulting in
potentially long associated restoration times). By emphasizing single or combined
repairs and inspections, there will be shorter times for EDG restoration.
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(5) Allow the plant to better control maintenance tasks between power and shutdown
operation thereby increasing EDG reliability both "at power® and in the early (risk
dominant) stages of shutdown.

(6)  Avert unplanned plant shutdown and minimize potential for requests for Notices of
Enforcement Discretion (NOEDs). Risks incurred by unexpected plant shutdowns
can be comparable to and often exceed those associated with continued power
operation.

(7)  Improve EDG availability during shutdown modes.

The mean EDG PM or CM is about 1 day with a standard ceviation of nearly 2 days. Therefore,
Mumy-wide,ahrgenumbuofmﬁvemﬁnmmuwmmuapeaedwwﬂw
existing 72 hour AOT. This difficulty has been noted at various CE sites. At one CE site, it was
mponadthnthemmnzﬂ)GAO’rmnarlyexceededmneG)nmumd actually exceeded once

requiring a discretionary enforcement to continue plant operation.

Plants with existing 7 day AOTs report that their present EDG AOT is adequate for most EDG
repairs. However, instances have occurred when a 7 day AOT is inadequate. Such an event
occurred at a CEOG utility (Reference 11) which required a one time emergency change to the
Technical Specifications exiending the EDG AOT to 10 days to allow completion of repair of a
cracked cylinder head. Implementation of a 10 day AOT on a once per cycle basis will allow the
plant to continue operation while repairing a non-functional EDG. The once per cycle extension is
not expected to expand the level of PM or CM to be performed at any plant. It is expected to
provide margin to ensure that serious EDG degradations uncovered during equipment surveillance
or a scheduled PM can be successfully completed without exceeding the plant LCO ACTION
STATEMENT. “At power" operation provides a resource rich environment for accident
management and minimizes the risk of initiating loss of power and loss of feedwater events that can
accompany a forced shutdown. It is also possible that, under certain controlled conditions (such as
availability of a full capacity "swing" EDG or alternate AC power source), the 10 day per cycle
AOT extension may be entered following unanticipated delays encountered in performing a EDG
preventive maintenance activity.
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6.2 Assessment of Deterministic Factors

The Emergency Diesel Generators (EDGs) provide on-site alternating current (ac) electric power
in the event that all off-site power sources are lost in a nuclear power plant.

A dedicated diesel generator is the on-site standby ac power source for each engineered safety
feature power supply bus. In the event of an accident with loss of off-site power, EDGs are
designed to automatically connect to and power safeguards equipment. In addition, automatic load
sequencing assures that EDGs are connected to the plant ESFs in sufficient time to provide a safe
plant shutdown. In the event of loss of preferred power EDGs are intended to provide emergency
backup power for the plant essential safety feature electrical loais until such time that the preferred
power supply is restored.

Each CEOG plant's EDG configuration satisfies the requirements of Regulatory Guide 1.9. Each
of the diesel generators is capable of starting, accelerating to rated speed and voltage, and
connecting 1o its respective engineered safety feature bus on detection of bus undervoltage within
a specified period of time (i.e. 10 - 15 seconds). Each diesel generator is capable of accepting
required loads within the loading sequence intervals assumed in the safety analyses, and continuing
to operate until offsite power can be restored to the ESF buses. These capabilities exist, under a
variety of initial conditions including the diesel generator being in standby with hot engine
temperatures, the diesel generator being in standby with the engine at ambient conditions, or the
diesel generator operating in the parallel test mode.

6.2.1 Station Blackout Rule

The loss of off-site ac power o the essential and non-essential electrical buses concurrent with
turbine trip and the unavailability of the redundant on-site emergency power system, i.e. EDGs, is
termed "Station Blackout®. Reliability of on-site power sources is an important factor in assuring
an acceptable level of plant safety. In recogrition of the importance of these on-site power sources
the Station Blackout (SBO) Rule was established in 1988. Guidance for implementation of the SBO
rule was defined in Regulatory Guide 1.155. Specifically, the SBO rule required the licensees to:

1. Ensure the reliability of the EDG was > 0.95 (or >0.975) dependent on plant specific
features.

2. Establish an EDG Reliability Program.
and, in the event of an SBO event
3. Ensure that the plant has adequate coping capability.

The station blackout (SBO) rule addressed the need for maintaining a highly reliable ac electrical
power system. At the time the rule was developed, the unavailability due to maintenance was

14



estimated at 0.007. At that time it was recommended that EDGs be reliable and that maintenance
unavailability be kept low by performing the maintenance at plant shutdown.

Over the past decade the utilities have begun programs to improve the reliability of the EDGs via
regular preventive maintenance. As a result of lengthening of the time between refuelings some of
this maintenance was performed at power. Furthermore, recent shutdown risk assessments suggest
that shutdown risks are in general comparable to those of power operation, resulting in questions
about the benefit of delaying PM on EDGs to shutdown conditions. This increase in "on-line* PM
has resulted in an increase in maintenance unavailability to 0.02 with a corresponding industry-wide
increase in EDG reliability from 0.9%8 to 0.986.

6.2.2 Brookhaven’s Analysis of EDG Unavailabilty and its Risk Impacts

The safety implications of performing EDG maintenance at power was investigated by Brookhaven
National Laboratory (BNL). The BNL report (Reference 3), which is discussed below, investigated:

L The sensitivity of the plant core damage frequency (CDF) to maintenance and the
probability of failure to start and run on demand.

3 The relative benefits of performing maintenance at power vs shutdown.

The analysis found that the increased CDF level during maintenance, as well as the duration of the
maintenance are important factors in the assessment of the risk impact of EDG unavailability due
to maintenance. The integrated risk impact over the duration is calculated as the product of the
increased CDF and the maintenance duration.

It was concluded that during power operation, changes in CDF are more sensitive to failures to start
and run than to EDG maintenance unavailability. Specifically, it was concluded that EDG failure
unavailability has a factor of 2.6 greater impact on the CDF than does the "at power" maintenance
unavailability (Reference 6). Furthermore, an increase in unavailability to .02 per EDG per year
had no significant impact on plant risk (i.e. CDF). If one presumes that the increase in maintenance
related unavailability is offset by a decrease in the failure to start and load-run unavailability, the
net impact on the CDF would be beneficial.

This report also developed insights for scheduling EDG preventive maintenance items (PMs). PMs
were divided into three categories:

(1) Scheduled PMs that need to be performed at an interval less than 18 months,
(2)  Scheduled PMs that need to be performed at an interval of 18 months or longer,

(3)  Condition-directed PMs, based on test results, as needed to correct degradations of
equipment which may lead to failures.
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BNL recommended that short duration PMs be performed at power. Longer duration PMs were
recommended to be scheduled during the later portion of the refueling outage when the risk impact
is relatively low. Risks associated with EDG maintenance during the early, low inventory shutdown
modes were found to be generally comparable to that of performing the maintenance at power.

For condition-directed PMs (and CMs), somewhat longer maintenance outages may be allowed
during power operation since a plant shutdowa, in this case, involves the additional risk of
maneuvering to a safe shutdown state.

Insights obtained from this and associated efforts were presented in a memorandum for Thomas E.
Murley from Eric S. Beckjord in Research Information Letter Number 173 entitled "Risk-based
Methods to Evaluate Requirements in Technical Specifications® (Reference 9). The memorandum
stated that scheduling DG maintenance during power operation is risk neutral for preventive
maintenances of short duration and they can be scheduled during power operation.

Results of the CEOG plant specific analyses presented in Sections 6.3.2 through 6.3.5 are in general
agreement with those of the BNL study. When the full scope of plant risk is considered, the risks
incurred by extending the AOT for either corrective or preventive maintenance will be substantially
offset by plant benefits associated with avoiding unnecessary plant transitions and/or by reducing
risks during plant shutdown operations, improved EDG reliability upon entering shutdown, and
implementation of compensatory measures. The combined CEOG results indicate that the risk of
performing EDG maintenance at power varies from risk beneficial to risk neutral depending upon
the duration and type of maintenance.
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6.3 Assessment of Risk

6.3.1 Overview

The purpose of this section is to provide an integrated assessment of the overall plant risk associated
with the adoption of the proposed AOT extension. The methodology used to evaluate the EDG
System AOT extension was based in part on a draft version of the *Handbook of Methods for Risk-
Based Analyses of Technical Specifications®” (Reference 8) and related industry guidance. As
guidance for the acceptability of a Tech Spec modification, Reference 8 noted that any proposed
Technica' Specification change (and the ultimate change package) should either:

(1) be risk neutral, OR
(2) result in a decrease in plant risk (via “risk trade-off considerations®), OR
(3) result in a negligible (to small) increase in plant risk.
AND
(4) be needed for utility to more efficiently and/or more safely manage plant operations.

A statement of need has been provided in Section 6.1. This section addresses the risk aspects of
the proposed AOT extension.

In this evaluation, a risk assessment of the EDG AOT extension is performed with consideration of
associated "at power”, "transition” and "shutdown®. The assessment includes consideration of risk
increase associated with potential increased EDG unavailability and the associated risk benefits due
to avoiding a forced mode transition, improvements in EDG reliability and performing the same
maintenance at shutdown (see below).

Section 6.3.2 provides an assessment of the increased risk associated with continued operation with
a single EDG out of service (OOS) for preventive and corrective maintenance. The evaluation of
the "at power” risk increment resulting from the extended AOT was evaluated on a plant specific
basis using the most current individual plant PSAs as their respective baselines. Plant specific
evaluations were performed by each participating utility. Results of these evaluations were then
compared using appropriate risk measures as prescribed in Reference 8.

Section 6.3.3 assesses the risk of transitioning the plant from Mode 1 into a lower mode with a
single EDG inoperable. The "at power” risk assessment presented in Section 6.3.2 provides an
evaluation of continued operation of the plant with an extended EDG AOT for the purpose of
performing corrective maintenance on the EDG. A conservative lower bound estimate of this risk
was evaluated by modifying the reactor trip core melt scenario for a representative CE PWR. Based
on this analysis, a core damage probability for the plant shutdown was established and compared
to the single AOT nsk associated with continued operation.
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The relative risk of EDG PM for "at power® and "at shutdown” conditions is provided in Section
6.3.4.1. Recent experience has shown that the risk of maintaining the reactor in a shutdown
condition can rival that of power operation.

EDG PM programs have been effective in reducing EDG unavailability due to failure to start and
load-run. Section 6.3.4.2 provides a demonstration of the risk reduction possible by implementing
a planned "on-line® PM program. In that analysis ¢ parametric study is performed to demonstrate
the impact of modest (10 to 30%) improvements in EDG reliability on decreased plant risk.

For completeness, the impact of the extended AOT on the plant large early release fraction is
qualitatively assessed. The assessment includes an evaluation of the events leading to large early
fission product releases and the role of the EDG in the mitigation of those events. This assessment
is presented in Section 6.3.5.

6.3.2 Assessment of "At Power” Risk
Methodology

This section provides an assessment of the increased risk associated with continued operation with
a single EDG out of service (OOS). The evaluation of the "at power" risk increment resulting from
the extended EDG AOT was evaluated on a plant specific basis using the most current individual
plant PSAs for their respective baselines. Plant specific evaluations were performed by each
participating utility. Results of these evaluations were then compared using the following risk
measures (from Reference 8):

Average Core Damage Frequency (CDF): The average CDF represents the frequency of
core-damage occurring. In a PSA, the CDF is obtained using m._an unavailabilities for all
standby-system components.

Core Damage Probability (CDP): The CDP represents the probability of core-damage

occurring. Core-damage probability is approximated by multiplying core-damage frequency
by a time period.

Conditional Core-Damage Frequency (CCDF): The Conditional CDF is the Core Damage
Frequency (CDF) conditional upon some event, such as the outage of equipment. It is
calculated by re-quantifying the cutsets after adjusting the unavailabilities of those basic
events associated with the inoperable equipment.
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Increase in Core Damage Freguency (ACDF): The increase in CDF represents the
difference between the CCDF evaluated for one train of equipment ynavailable minus the
CCDF evaluated for one train of equipment always avaiiable. For the EDGs:

ACDF = Conditional CDF g gnc weraaase - Conditional CDFg g pertees

where CDF = Core Damage Frequency (per year)

Single AOT Risk Contribution: The Single AOT Risk contribution is the increment in
risk associated witn a train being unavailable over a period of time (evaluated over either the
full AOT, or over the actual maintenance duration). In terms of core damage, the Single
AOT Risk Contribution is the increase in probability of core-damage occurring during the
AOT, or outage time, from the baseline. The value is obtained by multiplying the increase
in the CDF by the AOT or outage time.

Single AOT Risk = ACDF x r

where, ACDF = Increase in Core Damage Frequency (per year), and
r = full AOT or actual maintenance duration (ycars)

Yearly AOT Risk Contribution: The Yearly AOT risk coatribution is the increase in average
yearly risk from a train being unavailable accounting for the average yearly frequency of the
AOT. It is the frequency of core-damage occurring per year due to the average number of
entries into the LCO Action Statement per year. The value is estimated as the product of
the Single AOT Risk Contribution and the average yearly frequency (f) of entering the
associated LCO Action Statement. Therefore:

Yearly AOT Risk = Single AOT Risk x
where f = frequency (events/year)

Incremental changes in these parameters are assessed to establish the risk impact of the Technical
Specification change.

Calculation of Condirional CDF, Single and Yearly AOT Risk Comtribwtions

Each CEOG utility used its current PSA to assess the Conditional CDF based on the condition that
one EDG is unavaiiable. Each plant verified that the appropriate basic events are contained in the
PSA cutsets used to determine the AOT risk contributions. This verification was performed as the
first task in calculating the Conditional CDFs. If basic events had been filtered out of the PSA
cutsets, one of the two methods described below were used to ensure the calculation of Conditional
CDF was correct or conservative:
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Select the basic event for the failure mode of the component with the highest failure
probability if the test/maintenance failure mode of the componen: had been filtered
out; or

Retrieve cutsets containing relevant basic events at the sequence level and merge
them with the final PSA cutsets.

The Conditional CDF given 1 EDG is unavailable was obtained by performing the following steps:

1.
r 3

6.

Set basic event probability for the failure mode for an EDG equal to 1.0.

Set any basic event probabilities for other failure modes for that train set equal to
0.0.

Set basic event probability for EDG unavailable due to test and maintenance equal to
0.0.

For the case where the LCO Action Statement was prompted by need for Corrective
Maintenance (CM) (i.e., equipment failure), adjust the other train's corresponding
hasic event common cause failure unavailability to the probability of failure given one
train has failed (i.e., equal to the beta factor, 8, for the Multiple Greek Letter
Method).

For Preventive Maintenance (PM) (i.e., no equipment failure), set the failure rate of
the train remaining in service to the total single train failure rate (including both
independent and common cause failure data).

Requantify the PSA cutsets.

The Conditional CDF was therefore assessed for both CM and PM. The difference between the two
values is a result of the aforementioned difference in treating common cause failure. It should be
noted that the definition of CM for use in the PSA is considerably more stringent than the pragmatic
TAGGED INOPERABLE definition of CM used in Section 5.0. In this context, CM refers to
maintenance performed on a component that cannot otherwise perform its safety function.

The Conditional CDF given 1 EDG is never out for test or maintenance was obtained by setting the
basic event probability for the failure mode for an EDG equal to 0.0, and requantifying the PSA
cutsets. No adjustment was made to common cause failure from the value used in the baseline PSA.

The Conditional CDFs were evaluated for each EDG, and the most conservative result was used.
The Conditional CDF was then used to calculate the increase in CDF. The Single AOT Risk
Contribution for each plant was then calculated for the following cases:
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- Current full AOT,

- Proposed full AOT (both 7-day and once per cycle 10-day),
- Mean downtime for CM, and

- Mean downtime for PM.

A mean downtime of 24 hours/event was assumed for CM. For PM, the mean duration per event
was calculated by dividing the proposed downtime (unavailability target, hours/year/EDG) by the
proposed frequency of PM. A proposed downtime of 160 hours/year/EDG and a frequency of 2.8
per year was assumed for PM. These values are mean values presented in Reference 3. Plants with
actual data available used plant specific values.

The Single AOT Risk Contributions were then used to calculate the Yearly AOT Risk Contributions
(Single AOT Risk x frequency) based on each plant’s actual frequency of entry into the AOT, for
both CM and PM. Plant specific frequencies were used in this calculation for CM and PM
whenever available. If not available, maintenance frequencies were assumed to be 2.5 events/year
for CM, and 2.8 events/year for PM. If available data for downtime frequency did not distinguish
between CM and PM, a split of 50/50 was conservatively assumed for CM/PM.

The overall Yearly AOT Risk Contribution is assumed to be the sum of the Yearly AOT Risk
Contribution due to CM and the Yearly AOT Risk Contribution due to PM. Tables 6.3.2-1 and
6.3.2-2 provide the Conditional CDFs and the Single and Yearly AOT Risk Contributions for each
plant for CM and PM, respectively.

At many plants both EDGs may power different equipment and therefore risk predictions will not
be symmetric. In the current analyses, the risk measures presented are those of the "worst” (i.e.
most important) EDG.

Calculation of Average CDF

In order to calculate the Average CDF for the extended EDG AOT, a new value for EDG
unavailability due to test/maintenance was derived. A 2.5% unavailability was assumed, which
equates to a maintenance duration of 220 hours per year per EDG. For plants with a maintenance
schedule already in place or defined, then actual plant data was used in lieu of the above
assumptions.

The impact on the PSA was then calculated to obtain the Average CDF for this new EDG

unavailability. This new Average CDF was then compared to the base case value in the plant’s
PSA. Table 6.3.2-3 provides the proposed Average CDF and the base average CDF for each plant.
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Results

The results from each plant were assimilated, and the Single AOT and Yearly AOT Risks were
calculated for each plant. Tables 6.3.2-1 through 6.3.2-3 present the results of these cases on a
plant specific basis, and summarizes the EDG AOT CDF contributions for each jlant. These risk
contributions include the Conditional CDFs, Increase in CDF, Single AOT and Yearly AOT risks
for both CM and PM, based on full AOT and mean downtime, and current Average CDF and
proposed Average CDF,

The results for the conditional CDF and Single AOT risks presented in Table 6.3.2-1 are
conservative. Specifically, the evaluation of the conditional CDF for corrective maintenance
considers that the operable EDG is subject to a common cause failure for the entire duration of the
AOT. In several CEOG member plant technical specifications it is required that either an
assessment of the absence of a common cause failure mechanism or an EDG start/run test be
performed following discovery of the EDG inoperability. In practice, even when the technical
specifications do not require 2 common mode failure assessment, it is likely that such an assessment
is performed upon the discovery of the cause of the EDG inoperability. Thus, plant operation with
one EDG in CM, while the OPERABLE EDG has a high likelihood of common cause failure, would
be restricted to a narrow time window which is considerably less than the full 7 day AOT.

For CM, most CE PWRs indicate that repair of a non-functional EDG results in an increase in
conditional core damage frequency (CCDF) from the baseline CDF by a factor of less than 5. The
increase in Single AOT Risk Contribution for all CE PWRs (from Table 6.3.2-1, Proposed Single
AOT Risk based on a full 7 day AOT - Current Single AOT Risk) varies from 0.0 (for plants that
already have a 7 day AOT for EDGs) to 2.16E-06. The increase in Single AOT Risk Contribution
for a Single AOT Risk based on a 10 day AOT varies from 3.38E-07 to 3.78E-06.

For all CE PWRs, declaring the EDG INOPERABLE and taking the EDG out of service for
maintenance increases the conditional CDF by a factor of between 1.5 and 4. The increase in Single
AOT Risk Contribution for all CE PWRs (from Table 6.3.2-2, Proposed Single AOT Risk based
on a full 7 day AOT - Current Single AOT Risk) varies from 0.0 (for plants that already have a 7
day AOT for EDGs) to 1.38E-06. For a full 10 day AOT, the increase from Current to Proposed
Single AOT Risk Contribution varies from 2.09E-07 to 2.42E-06.

As will be shown in the following sections, these risks are offset by reductions in transition and
shutdown risks.

Table 6.3.2-3 summarizes the impact of the proposed AOT extensions on the plant yearly core
damage frequencies. The change in the Average CDF due to increasing the EDG AOT varies from
a factor of 1.01 to 1.078. When interpreting Table 6.3.2-3, it is important to note that some plants
evaluated their IPEs based on actual plant data and not on the full AOT, whereas the Proposed
Average CDFs presented in the table for all plants are based on the full proposed AOT. Two plants
(ANO-2 and FCS) that based their IPEs on actual EDG downtimes had recent plant histories with
very limited EDG PM. Therefore, the change factor for these plants is overestimated. A more
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appropriate estimate of the change factor can be established by evaluating the baseline PRA PM at
one full AOT per year. This value is presented in parenthesis for these plants.

Waterford Unit 3 indicates a higher impact on the CDF than other plants. This increased impact
is primarily due a conservative treatment of the SBO event within the IPE. Specifically, the
Waterford-3 IPE assumes that all EDG failures occur at the time of loss of offsite power (i.e. all
EDG failures are conservatively assumed to be start failures). Even with this conservative modeling
approach, Waterford-3 has a relatively low plant baseline CDF (1.54 x 10° per year). A
preliminary evaluation of a more realistic approach to the treatment of EDG failures was performed
to support this assessment. In this realistic method, the product of the EDG run failure probability
density function and the offsite power non-recovery function was integrated over the mission time.
This accounts for the fact that EDG run failures can occur at any time during the mission time,
including late in the sequence when the probability that offsite power will be recovered is high.
Using this realistic methodology, the expected CDF increase factor will reduce from 1.14 to 1.078
(see Table 6.3.2-3). This translates to an absolute yearly risk increase of about 1 x 10* per year,
For Waterford-3 taking the EDG out for maintenance would result in an increase in CCDFs by a
factor of about 7.2 for CM and 2.9 for PM. These risks are generally comparable to those
associated with the CE group as a whole.




Table 6.3.2-1
CEOG AOT CONDITIONAL CDF CONTRIBUTIONS FOR EDGs - Corrective

Maintenance

PARAMETER ANO-2 Fort Maine Paliisades Palo
Calhoun Yeankee Verde
EDG Success Critena lof2 fof 2 lof2 l1of2 1of2 1of2 lof2 1of2 iof2 1of2
Present AOT, days 3 7 7 3 7 3 3 3 3 3
Proposed ACT, days 7710 70 710 7710 710 719 o 710 7710 710
Conditional CDF, per yr 126E04 | S2BEQ5 | 1.1SEO4 | 943E05 | 1 64F04 | 243E0¢ | S2E0S SSEOS 6.3E0S 1.56E-04
{1 EDG unavailable)
Conditional CDF, per yr 327E05 § LITEDS | TI6EQS | 3J2E05 | SOOEOS | 45S8EQS | 26905 2.1EQS 23E05 1.50E-05
(i EDG never out for T/M)
Increase in CDF, per yr 930E05 | 411EDS | 4 ME05 | 6.19E05 | 1. I4E4 | 19TE04 | 323E05 JBEOS 40805 [4IE04
Single AOT Risk, Current T6SEQT | 788EQ7 | T94EQ7 | SO9EO7 | 2.19E06 | 1.62E06 | 265EQ7 3.1E07 I3E® 1. 16E-06
Single AOT Risk, Tday | 1.78606 | 7.88E-07 | 794E-07 | 119506 | 2.19E06 | 3.78E-06 | 6.19B47 | 7138407 17807 | 1”»
Proposed 3
10 day 255806 | 1.13E-06 | L.13E06 | 1.70E-06 | 3.12E.06 | S40E-06 | 8R3E07 | l.“ LiB06 | 155806
Downtime Frequency, per yr 0.63 25 25 25 20 18 063 25 25 25
per diesel®
Yearly AOT Risk, Current, 47BEQ7 | 197E06 | 198E06 | 127E06 | 437E06 | 292E06 | 1. 66E07 | 7T8EO7 $2E07 2.90E-06
per yr/dicsel**
Yearly AOT Risk, 1.LI2EQ6 | 197E06 | 1.98E06 | 297E06 | 4.37E06 | 68IE06 | 3 87EO7 1.3E-06 1.9E-06 6.76E-06
Proposed, per yridiesei**
Actual Durstion, hre/event®*® 15 24 24 24 24 24 233 24 24 24
Single AOT Risk 161EQ7 | 1.I3EQ7 | LI2EQ7 | 1.70EQ7 | 3.12EQ7 | S40£07 | 3.78E08 1.0EQ7 1107 3 86E27
(based on actual data)
Yearly AOT Risk/yr/dicsei** {O0EQ7 | 282E07 | 284E07 | 4.24E07 | 625E07 | ST2EQ7 | S43E08 28EQ7 2707 $.66E-07
(based on actual dats)
* Generic data = 2.5 per yr per diesel

**Value presented for worst case dicsel
*** Genenic data = 24 hrw/event
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Table 6.3.2-2

CEOG AOT CONDITIONAL CDF CONTRIBUTIONS FOR EDGs - Preventive Maintenance
PARAMETER ANO 2 Fort Maine | Milistone | Palisades e | om S Lucie | & Lucie | Waterford
Calhour: | Yankee 2 Verde Onofre 1 2 3

1,2, &)

EDG Success Critena

Present AOT, days

Proposed AOT, days 70 710 710 0 710 710
Conditional CDF, per yr 1OIEO4 | 371EOS | 1.13EO4 | RSEEOS | 1. STED4 L. T2E04
(1 EDG unavailabie)
Conditional CDF, per yr J2TEOS | LITEQS | 736E05 | J4EQ05 | SOOEQOS | 4 58E0S
{1 EDG never out for T/M)
Increase in CDF, per yr SB6EQS | 2.54E05 | I4E0S | SMEOS | 1LOTEDd | 1.26E04
Single AOT Risk, Current SGAEQT | 487EQ7 | TS6EQ7 | 4.39E07 | 205E06 | 1.04E06
Single AOT Risk, 7 day 1.32E-06 | 487EQ7 | 756B07 | 1. RBO6 | 205696 | 2.42E06
s 10 day L.SBE06 | 6.96E07 | 1.08B06 | 1.46B06 | 293606 | 3.46B.06
Downtime Prequency, per yr* 20 28 28 28 40 30
Yearly AOT Risk, Current, per yridiesel®* LI3ED6 | 1.36E06 | 2.12E06 | 1.23E06 | 82I1E9 | 3.11E06

Yearly AOT Risk, Proposed, per yr/diceel** 263E06 | 136E06 {| 2.12E06 | 287E06 | 821E06 | 7.26E06

Proposed Downtime hra/train/yr®*® 192 160 173 144 92 160
Actual Durstion hra/event*?>* % 57 63 51 a8 53
Single AOT Risk 752607 | 1.66E07 | 281E07 | 3. 14E07 | S86E07 | T.68E

(hased on actual duration)

Yearly AOT Risk/yr/dicsci*® 1.50E06 ! 4 54E07 | 787E07 | 8.78E07 | 2.35E06 | 2.31E06

(based on sctual duration)
e e p———
* Generic date = 2.8 per yr per diesel *** Durstion (hre/event) = Proposed Downtime (hra/yr)/Froquency (evemta/yr)
**Valies presented are for worst case diesel **2% Generic daia = 220 hre/yridiesel



Table 6.3.2-3
CEOG PROPOSED AVERAGE CDFs

Masne
Yankee

* Generic dats = 220 hro/yridiesel
** The Proposed Aversge CDF is presented here is based on using the full AOT whereas the besciine IPE Average CDF was based on actual plant date which had very little PM on line (see Table

5.2-1).
#3% The Numbers in parenthesis represent % change from baseline IPE if the beseline IPE was evalusied over the full AOT.

#2945 Sce page 25 for discussion of results
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6.3.3 Assessment of Transition Risk

For any given AOT extension, there is theoretically an "at power" increase in risk associated
with it. This increase may be negligible or significant. A complete approach to assessing the
change in risk accounts for the effects of avoided shutdown, or “transition risk*. Transition
Risk represents the risk associated with reducing power and going to hot or cold shutdown
following equipment failure; in this case, one EDG unavailable. Transition risk is of interest
in understanding the tradeoff between shutting down the plant and restoring the EDG to
operability while the plant continues operation. The risk of transitioning from "at power® to a
shutdown mode must be balanced against the risk of continued operation and performing
corrective maintenance while the plant is at power.

To illustrate this point, a representative CE PWR has performed an analysis for transition risk
associated with one inoperable EDG. The methodology and results obtained by this plant are
presented below and are considered generically applicable to the other CE plants.

Methodology

The philosophy behind the transition risk analysis is that if a plant component becomes
unavailable, the CDF will increase since less equipment is now available 1o respond to a
transient if one were to occur. However, as long as the plant remains at power, this CDF is
constant. At the point in time that a decision is made to shut down, the CDF increases since
a "transient” (manual shutdown) has now occurred, and the equipment is still out of service.

The Core Damage Probability (CDP) associated with the risk of plant transition from plant full
power operation to shutdown is obtained by modifying the "uncomplicated reactor trip” core
damage scenario in the PSA model. In this evaluation the incremental risk is dominated by the
increased likelihood of loss of main feedwater and the reliance on auxiliary (and/or emergency)
feedwater to avert a core damage event. A cutset editor was used to adjust cutsets representing
manual shutdown or miscellaneous plant trips to reflect the CDP associated with a forced
shutdown assuming one EDG is out of service and requantifying the PSA cutsets. Conservatisms
that had been included in the base PSA model were deleted to reflect the greater control that the
plant staff has in the shutdown process. Specifically, the baseline PSA assumed total loss of
main feedwater (MFW) within 30 minutes of reactor trip. In the transition analysis, MFW was
assumed to be recoverable following failure of Auxiliary Feedwater. A human error probability
(value of 0.1) was added to cutsets that contained no basic events, including human actions, that
would cause MFW to be unavailable. The duration of the transition process was assumed to be
12 hours (6 hours to hot standby and 6 hours to hot shutdown), and result in a Mode 3 or Mode
4 end state with core cooling provided via the steam generators.

Additional human errors that would be associated with a detailed portrayal of the shutdown
process and the entry into shutdown cooling were not included in order to establish a
conservative lower bound assessraent of the transition risk. Errors of commission, such as
diversion of RCS flow during SDT valve alignment, are also not considered in this analysis.
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Such errors would add to the disadvantages of the shutdown alternative, and therefore, to include
them would be non-conservative for the purpose of this comparison. Similarly, any transitional
risks associated with the return to plant operation are conservatively neglected.

Based on the above methodology the CDP associated with the lower mode transition was
calculated for the representative plant to be 1.00E-06. Results of transition risk analyses can
be generalized for the other CE PWRs by assuming that the ratio of the CDP for Transition Risk
to the baseline Average CDF is constant for all plants. The baseline CDFs were selected rather
than the Conditional CDFs for the ratio between the other CE plants because the analysis for the
representative plant indicated that transition risk was more a function of Loss of MFW rather
than a function of the specific equipment out of service.

That is,

A CDPyy s = (COF o /CDF o s * ACDPry o v sinnd)

where:
ACDPry puu = Incremental risk due to mode transition for plant
CDF .. = Baseline CDF for plant
CDF y iamt = Representative plant baseline CDF
CDPry tor rep plase = Incremental risk due to mode transition for
representative plant

The transition risk may be used to evaluate the relative risks of performing EDG repair at power
to that of performing the same repair at some lower mode. The risk of continued operation for
the full duration of the AOT is bounded by the single AOT risk for CM (if a common cause
failure is suspected) and by the single AOT risk for PM when common cause failure can be
ruled out. The comparable risk of the alternate maintenance option involves consideration of
four distinct risk components:

(1) Risk of remaining at power prior to initiating the lower mode transition.
This risk will vary depending on <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>