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EXECUTIVE SUMMARY

This study was performed by the Risk Evaluation Group, Department of
Nuclear Enerzy, Brookhaven National Laboratory for the Office of Nuclear
Reactor Regulation, Technical Specifications Branch, U.S. Nuclear Regulatory
Commission. The scope of this project was to support the NRC's effcrt to
respond to a request by the Westinghouse Owners Group (WOG) concerning
alternative plant Technical Specifications (™) for surveillance time
intervals (STIs) and allowed outage times (AOTs) for the Engineered Safety
Features Actuation System (ESFAS). The WOG request was supported by extensive
analysis of the unavailability of ESFAS signals under various LCO (limiting
conditions for operation) policies, as well as, an evaluation of the impact of
these policies on the core damage frequency and health risk. The documents
(WCAP-10271, Supplement 2 and WCAP-10271 Supplement 2, Revision l) contain the
description of the approach and the results of the WOG calculations.

The unavailabilities of ESFAS signals were presented by the WOG for two
kinds of system designs: 1) relay and 2) solid state. Relay systems are used
at older Westinghouse plants. At newer Westinghouse plants various versions
of the solid state systems are installeds The WOG analysis demonstrates that
the unavailabilities of the relay and solid state ESFAS signals bzhave
similarly for the most part. It is structured to demonstrate alsn, that the
unavailabilities of solid state ESFAS signals envelope (i.e., are consistently
higher than) the unavailabilities of the relay ESFAS signals under the
conditionrs and assumptions applied by the WOG. Based on these results, the
WOG decided that it was sufficient to evaluate the impact of the proposed
Technical Specification revisions on the core damage and heaith risk on a
relatively new plant having a solid state ESFAS, serving as a "bounding"

representative for all the Westinghouse plants.

For such a representative plant, the Millstone Unit 3 plant was
selecteds The plant has a solid state ESFAS of fairly recent vintage with 2/4
logics The Millstone 3 Probabilistic Safety Study (PSS) which was reviewed by
the NRC, was considered by the WOG to adequately address the importance of the
ESFAS. In addition, the relevant results obtained in that PSS concerning the
ESFAS were deemed by the WOG to be similar to those obtained in other plants'



PSS, The WOG risk impact analysis involved the evaluation of core damage

frequency and changes in person-rem generated by ‘changes in the unavailability
of selected ESFAS signals due to modified LCOs. The risk impact analysis was

restricted to only internally initiated accident sequences.

The WOG states that while the risk impact analysis was plant specific,
because of the application of bounding solid state signal unavailabilities,
the results obtained should envelop almost all of the Westinghouse piants.
Consequently, the proposed Technical Specification modifications were claimed
to cover the majority of Westinghouse plants, including those having relay i
ESFAS designs.

The objectives of this report are:

le to provide the results of auditing the WOG's calculations on the
changes due to the proposed modifications of limiting conditions of
operation for the ESFAS,

2. to review the WOG's approach used in the analysis of the impact of
these LCO modifications to the core damage frequency (CDF) and to
present the results of CDF calculations performed by BNL for its

validation, and !
|

3+ to analyze the risk analysis methodology applied by the WOG by
presenting some independent results obtained through considerations
specifically addressing STI and AOT modifications from a risk
standpoint,

BNL Findings on ESFAS Signal Unavailabilities

From the depth and extent of the ESFAS signal unavailability analysis, it
is clear that the WOG has performed a really thorough study of the ESFAS de-
signs presently used at the plants. In this respect an excellent job was done

on the solid state systems as well as on the relay system designs. The

following items highlight the BNL findings in this area:




le
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BNL concurs with the WOG's finding that the unavailability
contributions of the analog channels for the ESFAS logic design. are
small and that they become even smaller when one considers process
parameter signal diversity. Therefore, whether the analog channels
are tested on a staggered or non-staggered basis, there is negligiole

effect on the ESFAS signal unavailability.,

Human errors associated with testing and maintenance activities for
the logic as well as the master and slave relays were not modelled in
the topical report. We note this as a shortcoming of the model.
However, although not part of the quantification, it is noted that
the requested extended allowed outage times, if granted, would be

expected to lower the human error contribution.

BNL Findings on Core Damage Frequency

le

The BNL review calculations provided a CDF frequency increase of 2.8%
for solid state plants if the LCO modifications proposed by the WOG
are accepted. The value obtained is in acceptable agreement with the
value assessed by WOG (i.e., 2.4%) in its Justification Risk Anal,~-

sis.

The increase of the CDF for relay plants calculated by BNL when the
same conditions were used for relay ESFAS unavailability as the. WOG
(i.e., concurrent slave relay testing) is: 4.0%. This value is a:
variance with the WOG's expectation. The WOG stated that the CDF in=-
creases at relay plants would be 'bounded" by the CDF increase ob-
tained at a reprecentative solid state plant. The WOG did not do any
calcmulational effort, however, to prove this expectation. As a
sensitivity study, BNL also performed a calculation to see the effect

that a sequential testing scheme would have on the CDF., The results

of the sensitivity study yielded a CDF increase of 5.7%.
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As part of the review, BNL pointed out that the use of M.1lstone Unit
3 as a reference plant may not fully bound the change in CDF for
Westinghouse plants in general because Millstone has a 2/4 ESFAS
logic and other plants have 2/3 logic which produces higher
unavailability. 1In response to BNL's concern, Westinghouse did a
separate calculation, which was documented as Supplement 2, Revision
1, Addendum 2 to WCAP-10271. The calculation was performed on
Millstone assuming the Millstone logic was simply changed from 2/4 to
2/3. The bottom line resuit yielded a 3.3% increase in CDF verses
the 2.4% for the 2/4 logic designs. BNL accepts this additional
calculation as a reasonable estimate for the 2/3 solid state

designs. Given that the BNL analysis shows the relay designs as
bounding over the solid state, and assuming that the ACDF increase in
the solid state designs between 2/4 and 2/3 logic would be
proportionately equivalent to the relay designs, an overall upper
bound tor the CDF increase dus to the proposed TS changes should be

less than 6% for the majority of Westinghouse-design plants.

@



le INTRODUCTION AND BACKGROUND

lel Scope and Objectives

The scope of this project was to support the NRC's effort to respond to a
request by the Westinghouse Owners Group (WOG) concerning alternative plant
Technical Specifications for surveillance time intervals (STIs) and allowed
outage times (AOTs) for the Engineered Safety Features Actuation System
(ESFAS).

The direct objectives of this report are:

le to provide the results of auditing the WOG's calculations on the
changes due to the proposed modifications of limiting conditions of
operations (LCOs) for the ESFAS,

2. to review the WOG's approach used in the analysis of the impact of
these LCO modifications to the core damage frequency (CDF) and to
present the results of CDF calculations performed by BNL for its

validation, and

3. to comment on the risk analysis nethodology applied by the WOG by
presenting some independent results obtained through considerations

specifically addressing AOT modifications from a risk standpoint.

le2 Background

The WOG request is supported by extensive analysis of the unavailability
of ESFAS signals under various LCO policies, as well as, an evaluation of the
impact of these policies on the core damage frequency and health risk., The
documents, WCAP-10271, Supplement 2! and wCAP-10271 Supplement 2, Revision 12
contain the description of the approach and the results of the calculations.

Additional information with regard to various review questions posed by the

NRC and BNL was provided by the WOG in three important letters, WOG Memo
06=207,% WOG Memo 0G-87-15,“ and NS-NRC-88-3308, °




In References | and 2 the unavailabilities of ESFAS signals were
presented for two kinds of system designs: relay and solid state. Relay
systems are used at older Westinghouse plants. At newer Westinghouse plants
various versions of the solid state systems are installed: The WOG analysis
demonstrates that the unavailabilities of the relay and solid state ESFAS
signals behave sinilarly for the most part. It shows also, that the
unavailabilities of solid state ESFAS signals envelope (i.e., are consistently
higher than) the unavailabilities of the relay LSFAS signals under the
conditions and assumptions applied by the WOG.

Based on these results, the WOG decided that it was sufficient to
evaluate the impact of the proposed Technical Specification revisions on the
core damage and health risk on a relatively new plant having a solid state

ESFAS, serving as a "bounding'" representative for all the Westinghouse plants.

For such a representative plant, the Millstone Unit 3 plan: was
selecteds The plant has a solid state ESFAS of fairly recent vintage. Its
Probabilistic Safety Study6 reviewed’ by the NRC was considered by the WOG to
adequately address the importance of the ESFAS. In addition, the relevant re~
sults obtained in that pss® concerning the ESFAS were deemed by the WOG to be
similar to those obtained in other plants' PSS,

The results of the risk impact analysis based on the Millstone Unit 3 PSS
were given in variously detailed and successively modified versions in Refer=-
ences | through 5. The risk impact analysis involves the evaluations of core
damage frequency and man-rem value changes generated by changes in the
unavailability of selected ESFAS signals due to modified LCOs. The risk
impact analysis was restricted to only internally initiated accident

sequences.

The WOG claims that while their risk impact analysis was plant-specific,
because of the application of bounding solid state signal unavailabilities,
the results obtained are characteristic for almost all of the Westinghouse
plants. Consequently, the proposed Technical Specification modifications were
claimed to be applicable to the majority of Westinghouse plants, including
those having relay ESFAS designs,
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The review of the ESFAS unavailability and risk impact analysis by B3NL
has been a protracted one due to the interactive nature (questions, auswers)
of the review process. Many questions were posed due to the proprietary
aspects of the submitted materials and the abbre: {ated descriptions of certain
methodological or calculational details. The answers resulted in References 3
through 5 and two presentations at the NRC (August 19, 1987 and January 13,
1988).

The present report summarizes the results of the BNL audit calculations
on the unavailabilities of actuation signals used in the WOG's risk analysis
and the results obtained in reviewing the impact of the signal unavailability
changes due to the proposed LCO modifications to the core damage frequency.

[n order to check the WOG's claim about the general applicability of the
proposed Technical Specification modifications, in contrast with the WOG's ap-
proach, the BNL review calculations used unavailabilities for both types of

¢ignale: signals from solid state and relay ESFAS designs.

l+3 Organization of the Report

The report is organized as follows: Section 2 describes the solid state
and relay ESFAS designs and their testing methods. Section 3 presents the
proposed relaxation of Technical Specifications and briefly discusses the WOG
methodology and the results of the WOG justification analyses. Section &
presents the results obtained by BNL in auditing the ESFAS signal
unavailability analysis of the WOG. Section 5 describes the core damage
frequency calculations performed by BNL. Section 6 discusses the comments on
the WOG methodology and summarizes the findings and the mzin conclusions of
the BNL review. Appendix A provides formulas to assess relay signal
unavailability differences for concurrently or sequentially performed slave
relay testing. Appendix B contains some additional results obtained at BNL by

using considerations specifically addressing AOT modifications from a risk

standpoint.



2. ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

2.1 System Description

The Engineered Safety Features Actuation System (ESFAS) of a nuclear
power plant provides actuation signals to safeguard equipment (and for reactor
protection) when process and nuclear parameters exceed certain preset limits

ensuring that safe operating conditions exist at all times.

The ESFASs presently used at Westinghouse plants belong to two basic

designs: solid state and relay.
The main components of both of these designs are:
l« the analog channels,
2. the combinational logic units, and

3. the actuation relays.

2.1+1 Analog Channels

An analog channel involves: an analog sensing device (sensor/transzi:-
ter), a loop power supply, a signal conditioning circuit, and a signal
comparator. The sensing device monitors a given process or nuclear parameter,
such as pressure, level, flow, temperature or flux, etc. At solid state
ESFASs the signal is converted to proportional voltage signals by the power
supply of the loop (Figure 2.1)s At relay plants the sensed signal is trans~-
mitted by the current loop (Figure 2.2). The sensed signal is "shaped" by the
signal conditioning circuit (signal modifiers). The shaped signal is compared
with a preset parameter value by the comparator (bistable). The comparator
controls two output relays; one of them provides input signals to the combiuna=-
tional logic train A and the uther to combinational logic train B. The output
relays may be either ac or dc powered, low voltage (=25V) or high voltage

(=120V) depending on the plant-specific application.



24142 Combinational Logic Unit and Master Relays

a. Solid State Design

The combinational logic unit is a dual train electronic system. The
trains A and B contain several 2/4, 2/3, and 1/2 logic circuits built on
universal logic (UL) cards. The analog channel output relays operate ground=-
ing contacts at the inputs of the combinational trains. A trip signal is gen-
erated in each of the trains if an appropriate number of card inputs are
grounded. Outputs of various logic circuits in each of the trains can be
further interconnected by using additional logic circuits to achieve desired
reactor trip and safeguard initiator signal combinations. The safeguard
finitiator signals drive the master relays by creating a current flow which
energizes thems The block diagram of a solid state ESFAS i{s shown in Figure
243

b. Relay Design

The combinational logic unit of relay designs consists of two trains of
series~-parallel centacts. When an appropriate number of contacts are closed
or opened, one or more associated master relays are energized or de-energized,
depending on the safety function. The output relays of the analog channels
operate the series-parallel contacts of each of the two trains. An appropri-
ate number of contacts may represent a logic of 1/2, 2/3, or 2/4. Thus, if
the correct combination of analog channels senses the monitcred parameter out=-
side of limits, the master relays are energized. The diagram of a relay logic

train is given in Figure 2.4.

2.1+3 Slave Relays

Given an initiator signal, in both of the designs (solid state or relay)
the energized master relays close contacts in the slave relay circuits and
energize the associated slave relays. The slave relays activate the safety
systems by energizing contacts in a sequencer unit or in motor starters,
solenoid circuits, etes, Usually each slave relay activates several safety

system components. The number of master and slave relays energized is
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dependent upon the complexity of a given protective function required by a
specific initiating event., The ESFAS trains, independently of the type of
design, are train oriented: ESFAS train A energizes train A of a safety sys-

tem, etc.

Figures 2.5 and 2.6 show the schematics of slave relay arrangements for
solid state and relay ESFASs, respectively., Table 2.1 presents the master and
slave relay arrangements typically used in generating actuation signals for

various safety functions modelled in References | and 2.

For the illustration of the ESFAS operation, Table 2.2 shows a list of
Design Basis Accidents (DBA), the process or nuclear parameter signals and the
associated ESFAS signals which actuate the safety equipment required to

mitigate the event.

The average number of analog channels sensing either process or nuclear
parameters is 58 (20 channels are dedicated to the ESFAS, 38 channels are com=
mon with the Reactor Trip System). For the solid state system, the total nuam-
ber of master relays and slave relays per train (as modelled in the submittal)
is 7 and 16, respectively. For the relay system the total number of master

and slave relays per train is 6 and 15, respectively.

2.2 Testing of the ESFAS
:s:

Se ksl Tescin;ﬁof the Analog Channels

The functional testing of the analog channels is performed at power. Its
purpose is to verify the entire operation of the channel excluding the
sensor. Calibration and verification of proper eperation of the sensors (the
associated electronics included) is usually performed at shutdown. The func-
tional test scheme of the analog channels for solid state and relay designs
are shown also in Figures 2.1 and 2.2, respectively. The sensor is discon-
nected during testing. By using test jacks, test signals are sent through the
circuit. A proving lamp is connected to the output of the bistable; usually
the bistable is adjusted to ensure that the whole channel performs as

required. The input relays of the logic trains are energized from



an outside circuit if the channel is tested in bypass. The input relays are

de-energized if the channel is tested in trip.

During normal operation, a failure of a sensor or a loop power supply
would cause abnormal {indication and/or alarms. The status lights are checked
by operators every shift, therefore, an analog channel failure is detectable

in eight hours.

The surveillance time interval (STI), test time, and maintenance time of
the analog channels currently required in the Technical Specilications for
solid state and relay systems are listed in Table 3.l in the columns; "Base
Case." An analog channel is allowed to be bypassed for a duration specified
in the Technical Specifications. However, it has to be put in the trip mode
if the allowable bypass time is exceeded and surveillance testing or mainte-
nance is made on another channel. The surveillance tests are currently re-

quired to be performed on a staggered basis.

P P 4 Tescing,of the Combinational ngic Units

a. Solid State Design

While a plant is at power, each of the combinational logic trains located
in separate cabinets is allowed to be tested or wmaintained separately in "by=-
pass' condition. Time sequenced pulses are applied to the logic circuits
through switches located on a logic test panel dedicated to each train (semi=-
automatic tester)., The pulses check the logic, but are of such a short dura-
tion that slave relay (or trip breaker) actuation is not possible. The semi-
automatic tester allows quick and efficient testing of all the possible logic
combinations of actuate or non-actuate conditions as well as the effects of
the permissives. 1f one train is in test or in maintenance, the other is
charged with providing all the safety function signals. It is not possible to
lock out both logic trains without tripping the reactor. The tests of the

combinational logic trains are performed on a staggered test basis.
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bs Relay Design

There is no semiautomatic tester for relay ESFAS designs. The logic
testing method is essentially plant-specific. According to the WOG, the most

typical testing method is as follows:

For a given logic combination, an appropriate number of input relay
contacts are individually operated by tripping the required number of analog
channels, while blocking the operation of the master relay. The verification
of actuation signal generation is performed by using a proving lamp or proper
voltage indication. Associated with the logic test is the potential for human
error in that personnel may omit testing certain logic configurations, induce
failures or fail to return components to their operating configuration. Other
features of the testing (train unavailability, reactor trip, staggered test

bases) are similar to those of the solid state design.

Table 3.1 lists the currently required STI test and maintenance times

(""base case") for the logic trains.

2.2.3 Testing of the Actuation Relays

a. Solid State Design

The master relays are "continuity'" tested as part of the logic test to
demonstrate total circuit operation. The master relays are actuated during
master relay testing and proper contact operation is checked. Figure 2.5
shows the test conditions for the actuation relays. Proper contact operation
is verified by "continuity" checking of the associated slave relay. This test
is performed by applying a voltage to the master relay contact which
demonstrates the continuity but which is insufficient to activate the slave

relay.

The "actuation" test of a slave relay is performed individually by
energizing the relay and demonstrating proper contact operaticn. Proper
contact operation can be demonstrated with or without operating the associated

equipment. The slave relay test sometimes requires the reconfiguration of the



equipment to be tested in such a way that the test would not cause adverse ef-

fects on the plant operation. After the test, the equipment has to be
returned :o its normal operating configuration. Therefore, associated with
each slave relay test there is also a potential for human error in that the
personnel conducting the test could fail to return the equipment to its proper

operating configuration.
bs Relay Design

The typical Westinghouse relay plant has a designed-in on-line master
relay test capability but no designed-in on-line slave relay capability. The
mester relay test (see Figure 2.6) requires proper operation of the relay
contacts if the relay is energized. Proper contact operation is verified by
performing a "continuity" check in the slave relay circuit., The continuity
check is performed by observing the operation of a test lamp in series with
the coil of the slave relay. The lamp will check the signal continuity, but
the resistance of its filament will restrict the slave relay current from

operating the contacts of the slave relay.

The actuation test of the slave relays can be performed individually, in
a sequential process, similar to that of the solid state design or concur-
rently. Each slave relay is energized simultaneously and proper contact
operation is checked. The verification of proper contact operation can be
performed by continuiﬁy check, by testing only the operation of the actuation

circuit or by effectively operating the associated equipment.

Table 3.1 lists the currently required STI, test and maintenance times
("base cases'") for the actuation relays. The master relay tests are usually
performed following the associated logic train test on a staggered test
basis, Master relay testing or maintenance activities inhibit the entire
train, Slave relay testing or maintenance affects only the individual relay
being tested., However, when the slave relays are tested concurrently, tha
entire train is inhibited. During the testing or maintenance of actuation

relays belonging to one train the opposite train is kept functional,



Figure 2.7 shows the testing scheme of a complete ESFAS train applied at

Millstone Unit 3 power plant, The testing scheme is considered to be typical

for solid state Westinghouse plants.,
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Table 2.1. Master/Slave Relay Arrangements for Various
Safety Function Actuation Signals.

Solid State Design Relay Design
Safety Function Master Master
Actuation Signal Relays1 Slave Relays1 Relaysl Slave Relays1

l. Safety Injection A Al A2, A3 A Al, A2, A3,
E Bl, B2, B3 A4, AS, A6

2. Steam Line A Al, A2 Al AR, A
Isolation

Main Feedwater Al, Al None
Isolation

Auxiliary Feedwater Al, A2 None
Pump Start

5. Containment Spray A Al, A2 A Al, A2, A

6. Containment Isolation A Al, A2 A Al, A2, A3

lRelays per ESFAS train as applied in the unavailability analysis.
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3, WOG JUSTIFICATION ANALYSES FOR RELAXED ESFAS TECHNICAL SPECIFICATIONS

For clear understanding and for the sake of convenience this section
prasents the proposed relaxation of Technical Specifications concerning the
ESFAS and a brief summary of the methodology and results of the justification

analyses pertormed by the WOG.

3.1 Proposed Relaxation of ESFAS Technical Specifications

The relaxation of the Technical Specifications proposed by the WOG fol-

lows :

a. Surveillance Time Interval. Increase the STI for analog channels

from the current one month to three months. No STI relaxation is requested

for the logic, master, and slave relays.

b. Test Time. Increase the allowed test time of the analog channels
from the current two hours to four hours for both solid state and relay sys~-
tems. Increase the test time of all components tc four hours in solid state
systems., Increase the test time of the logic trains and master relays to

eight hours and the slave relays to twelve hours in relay systems.

¢e Maintenance Time. Increase the allowed maintenance time of all com=-

ponents to |2 hours. During maintenance all the components would be in bypass
(except for analog channels); an analog channel would be tripped after having

spent s8ix hours in bypass.

d. Staggered Testing. It was requested that the staggered testing re-

quirement for the analog channels be removed.

Table 3.1 details the current and proposed surveillance requirements for
ESFAS for both the solid state and relay systems. For comparison, the table
also shows the previous and recently granted (NRC SER, 1985)8 Lco requirements
for those analog channels which provide plant parameter signals to the Reactor

Protection System.




3.2 Methodology and Results of Justification Analyses

below:

l.

24

3.

The above proposed set of relaxed Technical Specification requirements
was based on WOG experience and by the results of justification analyses. A

summary of the WOG justification analyses relevant to this review is given

A number of safety features actuation signal unavailabilitics were
calculated for solid state and relay designs by developing and quant-
ifying appropriate "static" fault tree models. The calculation in-
cluded two-of=-three and two-of-four logic requirements and considered

the effects of permissives.

(Figure 3.1 shows the frequency distributions of 24 solid state and
24 relay signal unavailabilities selected in both cases with
identical logic requirements and permissives. The distributions were
compiled by BNL from WOG data to see the concentrations and spreads
of these unavailabilities. The figure shows that the signal unavail=-
abilgties of the solid state system are consistently higher than
those of the relay systems The distributions relate to the current
set of surveillance parameters. Unavailability data given in the
submittals shows that other sets of STI and AOT values provide
similar distributions, i.e.,, signal unavailability data for the solid

state systems envelope those obtained for the relay systems.)

Selected solid state and relay system signal unavailabilities were
evaluated by the static fault tree method to study their sensitivi=-
ties for various combinations of STI and AOT requirements (seven
cases). In order to check the results obtained by the static fault
trees, '"time dependent" (Markovian) unavailability calculations were
carried out for several signals of the solid state system. The time
dependent vnavailabilities provided results in agreement with those

of the static fault trees.

By using the unavailabilities of two solid state signals (the
safety injection signal and the auxiliary feedwater pump start
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signal) the impact of the LCO changes on the core damage frequency
and man-rem exposure were investigated for the Millstone Unit 3 power
plant. From the seven cases studied, Case 3 provided acceptably
small increases in core damage frequency (2.4%) and man-rem exposure
(4.7%)e Since the corresponding surveillance parameters were the
closest to the WOG experience, Case 3 parameters (see columns "Pro-

posed" in Table 3.1) were selected to be proposed for NRC acceptance.

Table 3.2 shows the unavailability changes of the selected signals
generated by Case 3 parameters. Table 3.3 presents the results of
the risk analysis. The risk analysis was based on the Millstone 3
PSS.® Some modifications were applied to the Millstone 3 PSS, other-
wise the Millstone 3 PSS fault tree/event tree models and data were

used.
The WOG results were obtained by the following approach:

« the ESFAS signal unavailabilities corresponding to the seven cases
of LCO requirements were propagated through the Millstone support
system's state model developed in conjunction with the initiating
event frequencies,

» the support system state frequencies were propagated through all
event trees (plant matrix),

+ the plant damage state frequencies were propagated through the
containment matrix, aand

» the release category frequencies were propagated through the site

analysis matrix to determine man~rem values.
The WOG modifications were:

a. Two kinds of ESFAS signals (defined earlier in this report) were
used instead of a single typical safety injection signal repre~
senting all types of actuation signals in the original Miilstone

3 P8BS,
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5e

Manual recovery actions were added to appropriate transient
events to provide credit for manually starting an auxiliary feed-
water train.

ce No recovery was considered for large LOCA. The probability of
failure of recovery of safety injection for medium LOCA was as-
sumed to be 0.l inste2ad of 0.0l applied in the PSS. ® For all
other initiators the failure of recovery of ESFAS was taken to be
the same as in the PSS: 0.01.

d. Credit for recovery of quench spray actuation was applied for the

large LOCA leading to an early core damage state, since suffi-

cient time is available for an operator to take action to actuate

the sprays. (This action only affects the man-rem exposure.)

The risk analysis has shown that from 22 initiating events, the domi~-
nant initiating event contributor to the core damage frequency change
(Case 3) was the large LOCA. Smaller contributors were the medium
and small LOCAs. The dominant contributors to the man-rem exposure
increase were the LOCAs with early or late core melt combined with
failure of quench and recirculation sprays or loss of recirculation,

respectively.

It was claimed that the proposed Technical Specification relaxations
are applicable to all Westinghouse plants (see particularly Reference
4)s The claim is based on the signal unavailability resuits which
indicates that the unavailabilities associated with the solid state
eystem are higher than those associated with the relay system. Ac~-
cording to WOG, it is conservative to apply the results from risk
study based on the solid state system to a plant having a relay sys-
tem, assuming the plant analyses are equivalent. Since the signal
unavailabilities are lower, the changes in the core damage frequency
were expected by WOG to be lower in a relay plant than in a solid
state plant, Thus, the signal unavailability analysis and the risk
analysis results represent bounding limits for the majority of plants

in question,
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Table 3.1 Surveillance Requirements for Solid
State and Relay ESFAS Designs

Solid State¥* Relay System
Current Proposed Current Proposed
ESFAS Component (Base Case) (Case 3) (Base "ase) (Case 3)
Analog Channel :*%
+Test Interval (Month) 1 3 1 3
Test Time (Heur) 2 4 2 4
Maintenance 7Time (Hour) s e s 12 1 12
Logic Cabinets:
Test Interval (Month) 2 2 1 1
Test Time (Hour) le5 4 3 8
Maintenance Time (Hour) 2 12 2 12
Master Relays:
Test Interval (Month) 2 2 1
Test Time (Hour) le5 4 3
Maintenance Time (Hour) 2 12 6 12
Slave Relays:
Test Interval (Month) 3 3 3 3
Test Time (Hour) - 4 4 6 12
Maintenance Time (Hour) 2 12 6 12

**For the RPS Analog Channels the surveillance requirements granted previously
(SER, 1985)8 are:

Previous Granted Previous Granted
RPS Analog Channel:
Test Interval (Month) 1 3 1 3
Test Time (Hour) 2 4 4
Untripped Maintenance (Hour) 1 6 l 6

*Solid State System has been used for risk analysis.
+Note that STI change is requested only for analog channels.

|
|
Untripped Maintenance (Hour) (6) (6)
|
|
|
\
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Table 3.2 Signal Unavailabilities (WOG Results)

Unavailability of SI Unavailability of Auxiliary
Signal# Feedwater Pump Start Signal**

Case Two Train Single Train Two Train Single Train
a. Solid State System
Base l. 14E-03 2.37E-02 5¢72E-04 1.09E-02
Proposed (Case 3) 1. 30E-03 3.94E-02 6.39E-04 1.90E~02
be Relay System
Base 6+66E~04 Not given 4.80E-05 Not given
Proposed (Case 3) 8, 14E=04 Not given 5¢56E=05 Not given

Generated by the signal selection logic:
*Low pressurizer pressure (2/4) interlocked with permissive, P=11 (2/3).
*kSteam generator water level low=-low (2/4 in one loop).
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Table 3.3 Results of the Risk Analysis (WOG Results)

Case Core Damage Frequency Man-Rem Exp.
(yr=1)

Base 4e23E-05 288

Propoict (Case 3) 4433E-05 293

Changes 1.0E-06 5

(2.4%) (1e7%)




4e REVIEW OF THE UNAVAILABILITY ANALYSIS OF THE ESFAS SIGNALS

The WOC unavailability analysis of the ESFAS signals reflects by its
depth and extent the importance attributed to this work by the WOG. It is ob=-
vious that the WOG is interested in aéhieving a reliable knowledge of the un-
availability of this system in all the conceivable applications at the West-
inghouse plants. This became more and more clear as the reviewers attained
more and more understanding of the systems and penetrated into the intricacies
of the fault tree models. As the review progressed it resulted in numerous
questions and answers concerning various aspects of the unavailability analy-
sis and the following observations are based upon this final product of the

interactive review process.

The fault tree models of ESFAS for both designs; solid state and relay
were evaluated with regard to adequacy of system representation including ran-
dom failure modes and rates, as well as unavailability contributions due to
test and maintenance, common cause failures, and human errors. From the
numerous signal unavailabilities the review naturally concentrated on those
which were selected by the WOG for the CDF (core damage frequency) analysis
(to be reviewed in Section 5). These were: ''Low Pressurizer Pressure (2/4)
Interlocked with P-11 (2/3)," and "Auxiliary Feedwater Start Signal Prompted
by Steam Generator level Low Low (2/4 in 1 loop)." Since the CDFs were iound
to be influenced more by the unavailabilities of the first signal, the re-

view's emphasis was also concentrated on nis signal.

4.1 Adequacy of System Representation

The fault trees of the above signals are provided in Appendix C of Refs.
| and 2. The fault tree structure, which i{s characteristic for all the’
analyzed signals in the WOG analysis consists of a top fault tree, one or more
middle fault trees, and then analog channel fault trees. The top fault tree
describes the master and slave relays, the middle fault trees represent the
logic cabinets including the permissive circuits; and the analog channel fault

tree models the sensor, power supply, signal conditioning, and signal compara-

tor circuits.
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At BNL's request the WOG supplemented the original ESFAS circuit
diagrams with additional detailed diagrams. These, as well as the system
schematics given in Refs. | and 2 were compared to the system's fault trees.
The fault tree models constructed by the WOG (at a level of detail down to
minute electronic parts) were judged to be more than adequate for representing
the systems., At that level of detail, however, it may be worthwhile to note
for the sake of completeness, the omission from the trees of the loss of rack
(cabinet) ventilation (or less importantly the loss of control room
ventilation) which may result in a long-term failure of the ESFAS due to
overheating. By the same token, mechanical failures of the cabinets were also
not considered. (These very detailed fault trees might well be recommended as

standard ESFAS fault tree models for future PRA work.)

4,2 Random Failures

The BNL review did not identify additional failure modes beyond those
considered in the fault trees. The frequencies of various failure modes were
favorably compared with data given in other data sources; e.g., with those
given in the data bases for Oconee? and Seabrook PRAs,lo or with those listed
in a recent issue of the Military Handbook. !!

4¢3 Common Cause Failures

BNL concludes that the common cause failures were modelled
satisfactorily. These included the anaiog channels, the logic cabinets, and
the master and slave relays. For the analog channels the Atwood/Binomial
failure rate method was used. For the logic cabinets as well as the master
and slave relays, the beté factor method was applied. However, the potential
common cause failure due to relay chattering was not included in the
analysis.s Due to the very low recurrence frequency at most U.S. plant sites,
this omission is not expected to have a major impact on the ESFAS

unavailability for the majority of the Westinghouse plants,
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4,4 Human Errors

Human errors were adequately addressed in the analog channel fault
trees, They were not considered, however, in the top trees which addressed
the modelling of master and slave relay testing, Their omission may cause an
underestimation of system unavailability mainly for the relay designs where
semiautomatic tester units are not available. Similarly, the fault trees do
not model the consequences of human errors which are associated with slave
relay testing when the actuated systems are not properly reconfigured from
their test configurations. Although this is noted as a shortcoming of the
model, it is also noted that the extended outage times, if granted, would be

expected to lower the human error contribution.

4.9 Unavailability Contribution Due to Test and Maintenance

The checking of the assumptions used for proper modelling of the test and
maintenance contribution to the system unavailability is one of the most im-
portant parts ot the review of the system unavailability, The assumptions as=-
sociated with the unavailabilities due to test and maintenance as well as com=

ments on them follow:

A+ Analog Channel Trees - (Solid state and relay designs.)

le The fault tree model assumes that a channel 1s unavailable when in

its bypassed condition during testing or maintenance.

2+ The model assumes that all channels associated with a process para-
meter can be tested simultaneously. This i{s a conservative assump-
tion used oaly for modelling purposes and is not compatible with the
Technical Specification requirements concerning individual and stag=-

gered testing of these channels.

Bs Top and Middle Trees (Solid state and relay designs.)

le Only one logic train is in test or maintenance at a time.
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2. During testing or maintenance the train i{s unavailable. In addition:

a., for solid state systems, the testing of the logic and the permis-
sive circuits, as well as rLhe continuity test of the master re-

lays are performed in bypass, and

b. for relay systems, when the input relays are operated to test the
logic combinations the associated master relay is prevented from

operating.

3. During master relay (actuation) testing or maintenance the associated

train is unavailable.

4e An ESFAS signal is assumed to be unavailable if equivalent slave re-

lays in both trains are unavailable.

5« Slave relay maintenance makes only the individual slave relay un-

available.

6, The modelling of the slave relay testing, however, was found to be

asymmetric for solid state and relay designs:

a. for solid state designs, it was assumed that the slave relay test

makes only the affected slave relay unavailable.

b, for relay designs, it was assumed that the slave relay test makes

the associated train unavailable.

The latter assumption used for the solid state designs reflects the prac=-
tice that the actuation testing of slave relays is performed individually
in a sequential process during which the actuated equipment may or may not be

operated.

The assumption used for the relay design, however, reflects only the pos~-
sibility that the actuation test of slave relays will be performed concurrent=-

ly instead of an individual testing process. WOG characterizes this assump~




tion as conforming to general practice, and, in addition, as conservative, be~-

cause the concurrent test inhibits the entire train. However, when
quantifying the model, WOG takes the duration of one slave relay test. Since
six slave relays are in the unavailability model of the relay design SI
signal, the duration of the concurrent slave relay test is six times shorter
than the total duration of a sequential testing scheme. BNL performed a
sensitivity study (Appendix A) to investigate the impact of a sequential
testing scheme. As shown in Appendix A, this procedure results in smaller
calculated signal unavailabilities than that which would be obtained by

assuming sequential slave relay testing.

In the modelling of the auxiliary feedwater pump start signal unavail-
ability for the relay designs the question of concurrent or sequential slave
relay testing does not occur because the actuation signals are directly gen-

erated bv the master relays.

4.6 Audit Computations for Signal Unavailabilities

In order to audit the numerical evaluation of the fault trees performed
by WOG with the WAMCUT computer code,12 BNL used the SETS code, }? Appropriate
SETS code inputs were prepared from the fault trees and the trees were suc-
cessively evaluvated, i.e., first the analog channel trees, then the middle
trees, and finally the top trees. The particular aim of these computer cal-
culations were to obtain for each of the relevant signals the unavailabilities
of single trains needed in the subsequent core damage frequency calculations.

Not all of them were given in the submitted WOG documentation. It was desir-
able also to see the leading cutsets ranked according to their contribution to
the train's unavailability. This information was also missing in the submit~-

tals.

As examples of the results obtalned, the singl: train unavailabilities
(Base Cases) of the "Safety injection on Pressurizer Pressure Low (2/4) Inter=-
locked with P=11 (2/3)" signal for solid state and relay designs are shown in
Tables 4.1 and 4.2, respectively.
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From an inspection of the tables one can see that the dominant contribu-
tors to the single train unavailabilities besides the expected test and main-
tenance are the random (mechanical and electrical) failures of the master and
slave relays., Thus, the existing requirements for their relatively frequent
operational testing is obviously warranted. It should also be pointed out
that the unavailability contribution of the analog channels does not appear

among tae leading cutsets, indicating their relative insignificance.,

The actual SI and AFWS pump start signal unavailability values (base and
proposed cases) for single trains and for both trains of the solid state ESFAS
are presented in Table 4.3. The table also displays the common cause failure

contributions.

The unavailability values (base and proposed cases) of the same signal
for the relay design systems are given in Table 4.4, The table presents two
sets of values for each signal; one set for concurrent and another set for se-
quential slave relay testing. The calculation of single train and system un-
availabilities for sequential slave relay testing is described in Appendix A.

The table also indicates the common cause failure contributions.
The unavailability values of both Tables 4.3 and 4.4 were then used as
inputs to the support state model of the Millstone Unit 3 PSS to complete the

independent BNL quantification.

4.7 Results of Audit Calculations on ESFAS Signal Unavailabilities

The results of the audit runs with the SETS code were found to be in
agreement with the presented unavailabilities in the WOG submittals.
Therefore, BNL concurs with the following findings of the WOG unavailability

analysis:

le Analog channel contribution to signal unavailability is negligible
for the solid state systems. This is also valid for the relay sys=-
tems when the signals are generated through the slave relays.

Considering process parameter signal diversity, the analog channel

contribution is even smaller. Consequently, the BNL review supports




2.

3.

the finding of the WOC analysis that the question of staggered and
non-staggered testing of the analog channels is not important from

the point of view of ESFAS unavailability,

For the relay design systems when a signal is not generated through
the slave relays as Table 4.4 shows; the analog channel (common
cause) contribution increases to the total system unavailability.
However, even in these cases, due to process parameter signal diver-
sity, the analog channel contribution may still remain relatively

small.,

Generally, common cause failures (logic trains, master and slave re-

lays) are the main contributors (60-90%) to the ESFAS system unavail-
ability.
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Table 4.1 Dominant Cutsets for Solid State ESFAS Single Train

Based Upon Safety Injection on Pressurizer Pressure Low

(2/4) Interlocked with P=11 (2/3) - Base Case
Term Prob.
it of Term Cutset Description
l 3. 1200E-03 TAT Train A unavailable due to test*
2 1.85000-03 SRCIT -
3 1.8500E-03 SRC2T
4 1.8500E=03 SRC3T Slave relay (Cl..«D3) unavailable due to test
5 1.8500E-03 SRDIT
6 1.8500E-03 SRD2T
7 1,8500E-03 SRD3T —
8 1. 7800E-04 SSPSB Failure of SSPS to generate actuation signal
9 4. 3200E-04 SRCIMB —
10 44 3200E-04 SRC2MB
11 443200E-04 SRC3MB Slave relay (Cls.«D3) fails due to mechanical binding
12 4.3200E-04 SRDIMB
13 4+3200E-04 SRD2MB
14 4+ 3200E-04 SRDIMB =
15 3.4700E=-04 MRCM Train B master relay C unavailable due to maintenance**
16 3.4700E-04 MRDM Train B master relay D unavailable due to maintenance**
17 2.8800E-04 MRDMB Master relay D fails due to mechanical binding
18 2.8800E-04 MRCMB Master relay C fails due to mechanical binding
19 2.3100E-04 SRCIM p—
20 2.3100E-04 SRC2M
21 2.3100E=-04 SRC3M Slave relay (ClessD3) unavailable due to maintenance
22 2.3100E~04 SRDIM
23 2. 3100E-04 SRD2M
24 2.3100E-04 SRD3M p—
25 1+ 4400E-04 GATE4TA Inverter gate failed open
26 1+ 4400E=-04 MXZ13TA Multiplex IC Z13 failed short
27 L+ 4400E-04 PRWIRTA Printed wiring open
28 1« 4400E=-04 INGATETA Input gate failed open
29 1+ 4400E-04 WIRTA Printed circuit board wiring failed open
30 1.4400E-04 GATE3TA Output gate failed shorted
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Table %“,1 (Continued)

Term Prob.

# of Term Cutset Description

31 144400E-04 MXZ7TA Multiplex IC Z7 failed short

32 1+ 4400E-04 LZ12TA Card A213 logic IC Zl2 failed open

33 1. 0800E~04 SRCIFS e

34 1.0800E-04 SRC2FS

35 1. 0800E-04 SRC3FS Slave relay (Cls.es.D3) fails shorted electrically
36 1. 0800E-04 SRDIFS

37 1. 0800E=-04 SRD2FS

38 1. 0800E~-04 SRD3FS e

39 7.2000E-05 MRCFSB Master relay C fails shorted

40 7.2000E-05 MRDFS Master relay D fails shorted

41 5+4000E-05 118VAC loss of 118 V AC to slave relays

42 3.6000E=-0% 15VDCA 15 V DC power supply faults

43 3.6000E-05 48VDC Loss of 48 V DC power to master relays

44 2.5900E~05 BTRANSTA Bias transistor failed open

45 2. 5900E~05 PTRANTA Power transistor failed open

46 2. 1000E~05 SRCICS e

47 2. 1000E-05 SRC2CS

48 2. 1000E~05 SRC3CS Slave relay (Cl...D3) contacts do not close to start |
49 2. 1000E-05 SRDICS component

50  2.1000E=05 SRD2CS 1
51 2.1000E=05 SRDICS e ‘
52 1.8600E-05 ZD62TA Card A313 Zener DIODE CR 62 failed short

53 1.8600E~05 ZZDDTA Output Zener DIODE failed shoited

54 1.8600E-05 ZENDTA Input Zener DIODE failed open

55 1.8600E~05 ZD59TA Card A313 Zener DIODE CR 59 failed short

56 1+ 4000E-05 MRCCS Master relay C contacts do not close

57 1+4000E=-05 MRDCS Master relay D contacts do not close

58 1. 0800E~05 SRCIEL

59 1. 0B00E=05 SRC2EL Slave relay (Cl...C3) fails open electrically

60 1. 0800E~05 SRC3EL
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Table 4.1 (Continued)

Term Probe
# of Term Cutset Description
61 1. 0800E~05 SRDIEL
62 1.0800E=05 SRD2EL Slave relay (Dl.s+D3) fails open electrically
63 1.0800E-05 SRD3EL
64 7.2000E~06 MRDEL Master relay D fails open electrically
65 7+ 2000E~-06 MRCEL Master relay C fails open electrically
66 5. 4400E-06 DIODTA Output diode failed open
67 5+ 4400E~06 BDIODTA Blocking diode failed open
68 5+4400E-06 D48TA Input diode CR 48 failed open
69 5+ 4400E=-06 D6OTA Card A313 output diode CR 60 failed open
72 5+4400E-06 D52TA Input diode CR 52 failed open
71 3.5300E-06 BRESITA
72 3. 5300E-06 BRESTA ::]Bias resistor failed shorted
73 5« 3800E-Q7 P38TA Input pin 38 failed open
74 5+ 3800E-0Q7 RPINTA Reset pin shorts to ground
75 5. 3800E-07 P34TA Card A313 output pin 34 failed open
76 5« 3800E~-07 PIN2TA Pin 2 failed open
77 5. 3800E~07 PIN37TA Input pin 37 failed open
78 5. 380CE=-07 PIN46TA Pin 46 failed open
79 5+ 3800E=-07 INPINTA Input pin failed open
80 5. 3800E-07 PINITA Output pin to ground failed open
81 5¢3800E-07 PINTA Output pin failed open
82 2.0736E-08 GATE1TA*
GATE2TA ] Inverting gates 1 & 2 failed open
83 7e7472E~11 RCATETA®
PINSGTA ::] Reset gate failed open & pin shorts to ground
The sum of the term values is: 2.37E-02 T

*Includes sequential testing of logic and master relays.
**Includes also half of the unavailability due to logic maintenance.
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Dominant Cutsets for Relay ESFAS Single Train

Based llpon Safety Injection on Pressurizer Pressure
Low (2/4) Interlocked with P=11 (2/3) - Base Case

Term Prob.
i of Term Cutset Description
\ le 1111E-02 TAT Train A unavailable due to test*
2 9.2600E~04 MRAM Train A unavailable due to maintenance of master
relay and logic
3 64 9400E=04 SRAIM =
4 6. 9400E~04 SRA2M
5 6+ 9400E-04 SRA3M Slave relay (Al...B3) unavailable due to maintenance
6 6+ 9400E-04 SRBIM
7 6+ 9400E~04 SRB2M
8 6+ 9400E-04 SRBIM
9 4. 3200E-04 SRAIMB  ——
10 4.3200E-04 SRA2MB
1 4. 3200604 SRA3MB
12 443200E-04 SRBIMB Slave relay (Al...B3) fails due to mechanical binding
13 4+ 3200E~04 SRB2MB
14 4+ 3200E~04 SRBIMB —
15 1« 4400E-04 MRAMB Master relay A unavailable due to mechanical binding
16 1. 0800E~04 SRALFS e
17 1. 0BOOE=-04 SRA2FS
18 1. 0800E~04 SRA3FS
19 1.0800E~04 SRB1FS Slave relay (Al...B3) fails shorted
20 1. 0800E-04 SRB2FS
2 1. 0800E~04 SRBIFS e
22 5« 4000E-05 125VDCA loss of 125 V DC power
23 3.6000E~05 MRAFS Master relay A fails shorted
24 2. 1000E-05 SRAITCS e
25 2. 1000E-05 SRA2TCS
26 2. 1000E-05 SRA3TCS Test relay (Al...B3) contacts fail open
27 2. 1000E=05 SRBITCS
28 2. 100CE-05 SRB2TCS
2. 1000E=-05 SRB3ITCS e
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Table 4.2 (Continued)

Term Prob.

# of Term Cutset Description

30 2+ 1000E-05 SRAICS e

31 2. 1000E-05 SRA2CS

32 2. 1000E=05 SRA3CS Slave relay (Al...B3) contacts do not close

33 2. L0O0O0E=05 SRBICS

34 2.1 :00E=05 SRB2CS

35 2. 1000E-05 SRB3CS

36 1. 0800E=-05 SRAI J—

37 1+ 0800E-05 SRA2

38 1.0800E-05 SRA3 Slave relay (Al...B3) fails open

39 1.0800E=05 SRB1

40 1. 0800E-05 SRB2

4l 1.0800E~05 SRB3 —

42 6+9800E-06 MRACS Master relay A contacts do not close

43 64 9800E-06 MRARCS Reset relay contacts fail open

44 6. 9800E-06 TESTI Test contacts fail open

45 3.6000E-06 MRA Master relay A fails open

46 1, 3J000E-06 BCONT| Blocking contacts fail open

47 1. 3000E-06 MRARSW Reset switch contacts fail open

48 2.3148E-07 BCHAN2*
BCHAN3* Bistable channel 2,3, and 4 do not remove power
BCHANSG

49 2.3148E-07 BCHANI* e
BCHAN3* Bistable channel 1,3, and 4 do not remove power
BCHANG

50 2. 3148E-07 BCHANI*
BCHAN2* Bistable channel 1,2, and 4 do not remove power
BCHANG o

The sum of the term values is: 2.11 E~02

*Includes sequential testing of logic, master relay, and concurrently performed
slave relay tests.
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Table 4.3 Unavailabilities of ESFAS Signals = Solid State Systeam

Unavailability of the
Auxiliary Feedwater
Pump Start Signal

Unavailability of the
Safety Injection Signal

Base Proposed Base Proposed

Case Case Case Case
Single
Train 2.37E=02 3.94E-02 1« G9E=-02 1.90E=-02
Two
lrains 1. 14E-03 1. 30E-03 5¢72E=04 6 39E-04
Common Slave Relays: 5. 18E=04 Slave Relays: 1. 73E-04
Cause Master Relays: le 15E~04 Master Relays: 5¢76E=05
Contri=- logic Cabinets: 3. 17E=04 logic Cabinets: 2.60E-04
butions Analog Channels: 1+ 50E=05 Analog Channels: 1.50E=05

Total 9.65E=04 Total 5.06E~04




Table 4.4 Unavailabilities of ESFAS Signals ~ Relay System

Unavailability of the
Safety Injection Signal

Unavailability of the
Auxiliary Feedwater
Pump Start Signal

Base Proposed Base Proposed
Case Case Case Case
Single Train
-Concurrent
Slave Relay
Testing 2.11E=02 4445E-02 9.70E=03 2.55E~02
-Sequential
Slave Relay
Testing 3. 50E-02 7., 23E-02 9.70E-03 2.55E~02
Two Trains
~Concurrent
Slave Relay
Testing 6.66E~04 8. 14E-04 4.80E-05 5¢56E=~05
-Sequential
Slave Relay
Testing 7+35E=-04 9.68E~04 4.80E-05 5¢56E~05
Common Slave Relays: 5. 18E~04 Slave Relays: —
Cause Master Relays: 2.88E-05 Master Relays: 2.88E-05
Contributions logic Cabinets: 1. 26E-06 logic Cabinets: 0.0
Aralog Channels: 1. 50E~05 Analog Channels: 1.50E-05
Total 5.63E~04 Total 4.80E-05




5 CORE DAMAGE FREQUENCY CALCULATIONS

561 Objectivea

This section describes che approach and the results of Core Damage Fre-

quency (CDF) Calculations for the Millstore Unit 3 power plant performed at

BNL.

The objectives of the CDF calculations were the following:

b.

Ce

d.

To perform an independent evaluation of the impact of proposed Tech-
nical Specification modifications on the CDF by applying an approach
similar to that of the WOG (i.e. similar assumptions and conditions),

To check the WOG's claim that the core damage frequency increase ob-
tained for a plant having a solid state ESFAS design is bounding for
plants with relay ESFAS designs and if it is not bounding, to what

extent,

To estimate the sensitivity of the CDF to the assumption of concur~
rent vs., sequential testing of slave relays at relay design plants,

and

To determine an overall bounding CDF increase for the ESFAS, which if
found acceptable by the NRC would render the proposed Technical Spec=
ification modifications generally applicable to the majority of West-
inghouse plants (i.e., solid state and relay; 2/4 and 2/3 logic)

The CDF calculations represent the most important part of the review.
Since they are based on the Millstone 3 PSS and the WOG's modifications, they

might seem to be somewhat complicated. For the sake of better understanding,

therefore, they will be presented in a more detailed form in the subsections

below.
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5¢2 Calculational Approach

To validate the WOG calculations, BNL used the following approach:

le

24

3.

4

5e

e

Instead of a single typical Safety Injection Signal representing all
types of actuation signals as was done in the Millstone 3 PSS, the
WOG procedure and the BNL review used two kinds of ESFAS signals for
various initiators., Table 5.1 identifies the leading internal initi=-
ators of the Millstone 3 PSS and the associated ESFAS and Process
Parameter Signals that would be triggered by each initiating event.

Conforming to the success criteria used in the Millstone 3 PSS, only
one train of Safety Systems in the ECCS was required for accident
mitigation and any one auxiliary feedwater train (out of three) was
required to be operable for the success of that system. Failure to
manually start at least one auxiliary feedwater train was assumed to

be .0l (the same value that was assumed in the WOG analysis).

Signal unavailab‘'ities from both types of ESFAS design; solid state
and relay were ,ropagated cﬁrough the support system state model of
the Millstone 3 PSS, In the WOG calculations only solid state ESFAS

unavailabilities were appiied.

For the relay design, two signal unavailabilities were used
(representing concurrent and sequential slave relay testing,

respectively.)

For eacl. signal unavailability, two numerical values were considered;
the one corresponding to the base case, and the one corresponding to

the proposed case (denoted as Case 3 in the WOG documents).

The probabilities for the failure of recovery of ESFAS signals were

the same as those in the WOG analysis:




e 1.0 (no recovery) for large LOCA
e 0ol for medium LOCA
¢ 0,01 for all other initiators

These probabilities were taken into account via the support state

model.

7o

The support state probabilities developed in conjunction with the
initiators were propagated through all the event tree models where
the support state probabilities were significantly dependent on the
ESFAS unavailability. For these event trees the CDFs were evaluated
in both of the cases; the base and the proposed case. The ESFAS
dependency of the event trees through the support states (see more
about this below) was determined by an earlier screening review., For
initiators whose associated support state probabilities were found
completely or practically independent of ESFAS, the CDFs obtained in
the Millstone 3 PSS were accepted without any changes.

Section A and Section B of Table 5.2 list the ESFAS-dependent and the
ESFAS-independent initiators with their original CDFs given in the
Millstone 3 PSS. Section A of Table 5.2 contains several other
quantities as well whose roles in the total CDF calculations will be

discussed later.

The sum of CDFs of ESFAS-independent initiators (see Subtotal B of
Section B of Table 5.2) is

21
I (CDF), = 1.956E-05 = 1.96E-05(yr 1),
=15

where i denotes the 1ith initiating event in Table 5.2, This sum
represents the total ESFAS-independent contribution to be used in
Table S5.11, where the calculation of total CDFs is presented.



5.3 Support State Model and Accident Sequence Representation in the Millstone

3 PSS

In various probabilistic risk studies of reactor accidents, the unavail-
ability of the ESFAS system is usually incorporated into either the event
trees or into the support state model, The Millstone 3 PSS incorporated the
ESFAS into the support state model., The Millstone support state model
includes, besides the ESFAS system, the electrical power, the emergency gene-

rator load sequencer, and the service water systems.

The support system model is analyzed conditional on the initiating event
and the partial or total unavailability of the above support systems. Figure
5.1 shows the support state model of the Millstone 3 PSS for initiators where
the ESFAS is important., The model results in 72 states, which by their
impact on the frontline systems, can be reduced to 8 unique support states.

The definition of these support states is given in Table 5.3.

It is clear from the model shown in Figure 5.1 that the probability of
being in any particular support state will depend on the unavailabilities of
the individual ESFAS trains and the whole ESFAS. Any changes in these un-
availabilities will impact the state probabilities.

In the Millstone 3 PSS the support state probabilities are referred to as
support state split fractions. By using the support state technique the event
trees of the Millstone 3 PSS themselves do not involve the ESFAS, but each
tree associated with an initiator has to be evaluated for each of the 8 sup~
port states, which do. The procedure leads to the determination of the CDFs
for individual accident sequences, or for several similar sequences (Plant
Damage States, PDS) or for the sum of all sequences (sum of all the Plant

Damage States) in a given tree.

Corresponding to the above description, e.g., the frequency of an acci=-
dent sequence in the Millstone 3 PSS can be represented by the symbolic equa=-

tion:




Frequency of an accident sequence to PDS=X =

IE* initiating event frequency,

SSP(IE,SJ)* support state probability for state J,
TOP | (1E,SJ)*
TOP,(1E,S8J)* logical union of conditional probabilities of top

sesae events in event tree [E for support state J.

This representation of accident sequences significantly facilitates the
study of the impact of unavailability changes of support systems to the core
damage frequencies. It is easy to see that whenever an accident sequence is
already quantified and there 1is a change in the unavailability of a support
system, in order to obtain the new frequency of the accident sequence only the

ratio of the new and old support state probabilities needs to be calculated.

544 Calculation of Support State Probabilities

ing to the variation of the ESFAS unavailabilities due to changes in the test

To determine the variation of the support state probabilities correspond~-
and maintenance times, a SETS-code computer model was constructed. The com=-

puter model maps the Millstone Unit 3 support state model shown in Fig. 5.1

and computes {ts state probabilities regrouped into the eight main states de-

fined in Table 5.3.

The following cases were computed with the SETS-code: }
A, For Solid State ESFAS:
le Reproduction of Millstone 3 PSS Support State Probabilities.
This was needed in order to check whether BNL's understanding of the
original Millstone 3 PSS support state model was correct or not. In addition,

the reproduced support state probabilities served as reference probabilities

for requantification of the ESFAS-dependent accident sequences.
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2. Support State Probabilities for Large LOCA (base and proposed cases).

As input unavailabilities to the support state model, the "Low Pres=-
surizer Pressure (2/4) Interlocked with P=11 (2/3)" safety injection signal
unavailabilities were used without considering any human recovery actions

given a complete loss of the signal.

3, Support State Probabilities for Medium LOCA (base and proposed

cases).

As input to the support state model, the above safety injection signal
unavailabilities were used with a failure probability of 0.1 for signal re-

covery (given a complete loss of the signal).

4., Support State Probabilities for Small LOCA and Steam Generator Tuhe

Ruptures (base and proposed cases).

As input to the support state model, the above safety injection
signal unavailabilities were used with a failure probability of 0.0l for

signal recovery (given a complete loss of the signal).

5« Support State Probabilities for Other Initiators i.e., other than

LOCAs or Steamn Generator Tubé Rupture (base and proposed cases).

As input to the support state model, the "Auxiliary Feedwater Pump
Start'" signal unavailabilities were used with a fallure probability of 0.0l

for signal recovery (given a complete loss of the signal).

Table 5.4 lists the results obtained for all of these cases, The

underlined values agree completely with those given recently by WOG in Ref. 5.
B. For Relay ESFAS:

Except Case | (which was performed as a check to verify the BNL model
against the Millstone results), all the previous cases (with similar signal

recovery failure probabilities) were run twice:
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- for signal unavailabilities when the testing of the slave relays was
assumed to be carried out concurrently, and
- for signal unavailabilities, when the testing of the slave relays was

assumed to be carried out sequentially.

Tables 5.5 and 5.6 show the results obtained for concurrent and sequen=-
tial slave relay testing, respectively. Note, that the support state proba-
bilities for "Other Initiators' are the same for both cases; concurrent and
sequential slave relay testing. The reason for this, as was mentioned in Sec-
tion 4, is that in the unavailability model of the relay "Auxiliary Feedwater
Pump Start' signal, there is no slave relay to be tested. The actuation
signal generated by the master relay is assumed to directly start the asso-

ciated auxiliary feedwater train.

5.5 Requantification of ESFAS-Dependent Event Trees

According to the WOG analysis, the large and medium LOCA event trees are
the most sensitive to the unavailability changes of the ESFAS. Therefore,

these event trees were completely requantified at BNL.

In Plant Damage State vs. Support State representation, Tables 5.7.A and
5.7.B display the large LOCA CDFs for the solid state ESFAS in the base and
proposed cases, respectively. Tables 5.7.C and 5.7.D display the large LOCA
CDFs for the relay ESFAS, when concurrent slave relay testing is assumed.
Tables 5.7.E and 5.7.F show also the large LOCA CDFs for relay ESFAS, when the

slave relay testing is assumed to be sequential.

A similar set of tables, Tables 5.8.A through 5.8.F present the CDFs for
medium LOCA.

In order to validate the CDF calculations performed by the WOG, the CDFs
for individual dominant large and medium LOCA sequences were also determined
at BNL. These sequences occur mainly in support states, Sl through S4.

Table 5.9 lists the results of the calculation for solid state ESFAS compared
with the CDFs given by WOG in Ref. 5. The table does not list the dominant




accident sequences in support state Sl because these do not differ to any

degree from those originally determined in the Millstone 3 PSS,

Table 5.9 also lists the requantified dominant accident sequences for all
the initiators whose assocliated support states are ESFAS-dependent. An in-
spection of the table shows there is a very good agreement between the results
of WOG and BNL for those sequences which were identified in both of the cal-
culations. However, BNL identified several dominant sequences not listed in
Ref. 5. These sequences are noted in the table with lower case letters ad-
joining to the WOG serial number of the last commonly identified accident se-

quence.,

Table 5.10 presents the results of the CDF calculations for the dominant

sequences for relay ESFAS signal unavailabilities,

Since the CDF values were already determined in Tables 5.7.A through F
and 5.8.A through F for the large and medium LOCA event trees respectively,
from Tables 5.9 and 5.10 only '"the sums of the dominant sequences w/o large
and medium LOCAs'" values will be used for the evaluation of total CDF values

in the following section.

5.6 Determination of Total Core Damage Frequencies

To determine the total CDFs the partial results obtained in previous sub=-

sections are integrated here.

The various CDF contributions are summarized in Table S5.1l. Most of the
contributions are taken directly from other tables presented earlier. Some
entries into Table 5.11, however, were obtained by some additional calcula-

tion,

The descriptions of these entries are given below:

1,2+ The CDF coatributions from the large and medium LOCAs are taken from
Tables 5.7.A through F and 5.8.A through F, respectively.



- ESFAS-dependent initiators (other than large and medium LOCAs):

kN

b

5e

6o

The CDFs of the dominant accident sequences in support state Sl are
essentially insensitive to ESFAS signal unavailability changes. There~-
fore, the sum of the Millstone 3 PSS values was taken from Table 5.2 Part

Ae

The sum of the CDFs of the dominant accident sequences in support states
§2 to S8 were calculated in Tables 5.9 and 5.10. These sums represent
the entries into Table 5.11. The CDF contributions from non-dominant
sequences were determined for each individual initiator in Table 5.2 Part
A. The table also inaicates their sums for the subgroup consisting of
small LOCA and steam generator tube rupture and for the subgroup
consisting of "other" initiators, Subgroups had to be formed because the

signal unavailabilities for the two groups are different.

The CDF entries into Table 5.11 from the group of small LOCA and steam
generator tube rupture were calculated by requantifying the group sum
value given in Table 5.2. Part A with the assumption that each of the

constituent sequences were in Support State 2.

The CDF entries into Table 5.11 from the group of "other than small LOCA
or steam generator tube rupture initiators" were calculated by
requantifying the group sum value given in Table 5.2 Part A with the

assumption that all of the constituent sequences were in Support State 2.

The assumption that the above non-dominant sequences are in the support
state S2 is considered to be conservative because it results in a signif-
fcant change of CDF from base case to the proposed one. Presumably, WOG
either neglected the contributions of these sequences or assumed that

they were in support state Sl.



- ESFAS-Independent Initiators:

7. The CDF contribution due to these initiators was given in Table 5.2 Part

57

B. This value was taken from there without any alteration.
The total CDFs for solid state and relay ESFAS designs obtained by the
summation of the above entries are also displayed in Table 5.11. The

table also indicates the CDF increases for the proposed cases.

Discussions of the Results

A comparison of the total CDF values in Tables 5.1l reveal the following:

l« The CDFs associated with the relay ESFAS are smaller than the CDFs
assoclate! with the solid state ESFAS in the base cases. In this
respect, the results of BNL are in agreement with those of the WOG.

2. The increase of the CDF from the base case to the proposed case cal-
culated by BNL for the solid state ESFAS (2.8%) can be considered to
be in a rough but acceptable agreement with the value (2.4%) obtained
by the WOGC.

3. The increases of the CDF from the base case to the proposed case cal=-
culated by BNL for the relay ESFAS are bigger than the increase ob~-
tained for solid state ESFAS. This i{s at variance with the claim of
WOG, which stated that the CDF increase for the relay ESFAS was
bounded by the CDF increase obtained for the solid state ESFAS, but

did not do any calculation to prove the claim.

4s If the CDF calculation had been carried out for the relay ESFAS by
WOG and they had assumed sequential slave relay testing as they did
in the risk analysis for the solid state ESFAS, they would have
obtained a CDF increase about double the value obtained for the solid
state ESFAS,




Figure 5.1.

Millstone Unit 3
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Signals Used in the CDF Calculations

Accident Initiators, ESFAS and Process Parameter

ESFAS
Signal

Process Parameter
Signal

Table 5.1
Initiating
Event Description
1 Large LOCA
2 Medium LOCA
3 Small LOCA
4 Steam Generator Tube Rupture

- - - . - - - - -~ -~~~ -~~~

5 Steam Break Inside Containment
6 Steam Break Qutside Containment
7 Loss of RCS Flow

8 Loss of Main Feedwater

9 Primary to Secondary Power

Mismatch

10 Turbine Trip

11 Reactor Trip

12 Core Power Excursion

13 Spurious Safety Injection

14 Loss of Offsite Power

15 Incore Instrumentation Tube
Failure

16 Interfacing Systems LOCA - V
Sequence

17 Loss of One Service Water
Train

18 Loss of One Vital OC Bus | or 2

19 Loss of Both Vital DC Busses

20 loss of Vital AC Bus | or 2

21 loss of Vital AC Bus 3 or 4

- -~ - -

Safety Injection

Auxiliary Feed-
water Pump Start

low Pressurizer
Pressure (2/4)
interlocked with
Permissive, P~l11l
(2/3).

Steam Generator
level Low Low
(2/4 in one loop)

22% Anticipated Transients without
Scram

ESFAS Signal+
Reactor Trip

See above

- ————— - —

*The ATWS event tree 1is included in the event trees of other initiators.



Table 5.

A. Initiating Events with ESFAS Dependent Event Trees

2 Internal Core Damage Frequencies with Recovery

$=13

by Initating Events in the Millstone PSS.

Core Damage

CDF Contribution
of Dominant
Sequences (yr‘l)

CDF Contribution
of Non=Dominant
Sequences (yr=?!)

Inftiating Frequency Support Support Support
Event,(1) Description CDFi, (yr'l) State | States 2-8 States |=-8
1 Large LOCA 2.37E-06 2.29E=06 -— 8.0 E~08
2 Medium LOCA 5.49E-06 5¢32E=06 l.38E~07 3.0 E=08
3 Small LOCA l.58E-06 l+39E-=06 1. 46E~08 14 75E=07
4 Steam Generator Tube l. 66E~06 8+ 52E-07 5¢57E=07 2.51E=07
Rupture
5 Steam Break Inside 2.69E~-08* 2.69E~08 —-——- -
Containment
6 Steam Break Outside 3.51E=06 2.78E=06 Se¢ S6E=07 le 74E=0Q7
Containment
7 loss of RCS Flow 5¢23E-Q7 l. 20E~-Q7 7.89E~08 3. 24E=-07
8 Loss ot Main 7.77E=07 2.89E-07 2.12E=07 2.76E=Q7
Feedwater
9 Primary to Secondary 4.08E-06 2.07E=06 1« 60E-06 4e 11E-O7
Power Mismatch
10 Turbine Trip 2.48E-06 l. 15E=06 9.73E-07 3.57E=07
L1 Reactor Trip 3.23E-06 1. 49E=-06 1. 27E=06 4.,80E-07
Subtotal A 2.57E=05 1. 78E=05 5 40E=-06 2. 56E=06
Subtotal A w/o large and 1. 79E-05 1. 02E-05 5. 26E-06 2.45E-06
Medium LOCAs
Sum of i=3,4 24 24E-06 4,26E-07
Sum of 1=5,11 7.93E=06 2.02E~-06

*The CDF for this initiator is assumed to be completely associated with support

state Sl.
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Table 5.2 (Continued)

B. Initiating Events with "ESFAS" Independent' Event Trees

Initiating Frequency
Event,(1) Description CDFi.(yr'l)

12 Core Power Excursion 7.65E-08

13 Spurious Safety Injection 5.32E-08

14 loss of Offsite Power 6+68E-06

15 Incore Instrumentation Tube Failure l« 60E~0Q7

16 Interfacing Systems LOCA - V Sequence 1.90E-06

17 loss of One Service Water Train 7. 10E=07

18 Loss of One Vital DC Bus | or 2 2.37E=06

19 loss of Both Vital DC Busses 6.31E-10

20 Loss of Vital AC Bus 1 or 2 4e LOE~06

21 loss of Vital AC Bus 3 or 4 3.45E=06

Subtotal B 1.96E~05

Total A + B 4. 53E-05
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Table 5.3 Millstone Unit 3 Support States

Support 8122231221 ESF Buses ESFAS Trains EGLS Trains Service Water
State Power Available Energized Actuated Actuated Trains Available

1 Yes 34C+34D A+B A+B A+B

2 Yes 34C+34D Aor B Aor B Aor B

3 Yes 34C+34D A or B Aor B None

“ Yes 34C+34D None None None

5 No 34C+34D A+B A+B A+B

) No 34C or 34D Aor B Aor B Aor B

7 No None Aor B None None

8 No None None None None
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Table 5.9 Dominant Accident Sequence Frequencies for Solid State ESFAS*

Core Damage Frequency, [yt‘ll

Sequence WOG Results ** BNL Results
Initiating WOG (Only Failed Support Base Proposed Base Proposed
Event # Top Events) State Case Case Case Case
l. Large LOCA l Rl 52 8.87E-07 1.46E-06 8.88E-07 1.46E-06
(See also total 2 Ri, X3 82 4,34E-08 7.11E-08 4,34E-08 7.12E-08
CDFs in Tables 3 ACC $2 3.61E-08% 5,91E-08* 3,48E-08 5.71E-08
5.7.A and B) 4 Qs, Rl S2 7.33E-09 1.20E-08 7.34E-09 1.20E-08
5 LPl, HP1 52 4,41E-09* 7,23E-09* 4,.26E-09 6.,98E-09
6 LPi, R1 S2 4,03E-09 6.61E~-09 4,04E-09 6.62E-09
ba LPl, Rl 83 - ———— 2,40E-08 3,.39E-08
7 LPl, Q8, HPI S4 4,41E-07 5.03E-07 4,41E-07 5.03E=07
2. Medium LOCA® 8 R2 82 2.20E-07 3.27E-07 2.20E-07 3.27E-07
(See also total 9 52, 23 52 1.04E-08 1.54E-08 1.04E-08 1.54E-08
CDFs in Tables 10 ACC S2 7.18E-09 1.07E-08 7.17E-09 1.07E-08
5.8.A and B) 11 HP2, OAl, Qb 84 6.95E-08 7.93E-08 6.95E-08 7.93E-08
3. Small LOCA®°® 12 HP2, OA2, QS S4 1.03E-06 1.18E=06 1.03E~06 1,18E-06
4. Steam Gen. 15 AF2, R2 82 2.08E-07 2.39E-07 2.07E~07 2.38E-07
Tube Rupture®® 13a AF2, 0A3 82 ——— —— 9.03E~-08 1.04E=-0Q7
5. Steamline Break Inside Cont.t e - — ———
6. Steamline 14 AF2, R2 82 1.78E~07 1.93E-07 1.77E~07 1.93E-07
Break Outside l4a AF2, 0A3 82 —a— -— B.54E~-08 9.27E~08
Cont.t
7. Loss of 14b AFl, O0A7, QS S4 - —— 2.80E-08 3.13E-08
Reactor Coolant
System Flow?t
8. Loss of l4c AFl, R2 52 — —— 4,465-08 4.84E-08
Main Feedwatert l4d AFl, O0A7, QS S4 - — 4.16E-08 4.65E-08
9. Primary to 13 AF1, 22 §2 2.35E-07 2.54E-0Q7 2434E-07 2.54E-07
Secondary Mis=- 15a AFl, 0A7 S2 — - l1.16E-07 1.26E~0Q7
matcht 15b AFl, OA7, QS S4 -— -— 2.19E-07 2.44E=-07
15¢ 82(HP2,0A1',QS8) 87 -— -— 2.84E-07 2.85E-07
10, Turbine 15d AF1l, R2 82 — — 1, 43E-07 1.55E=07
Tript l15¢ AF1l, O0A7 82 —— — 7.042-08 7.64E~08
158 AvV1, OA7, Q8 9% —_— —— 1.33E=07 1.49E=0Q7
15¢ S2(HP2,0Al',QS) 87 -—— -— 1+72E-07 1.73E=07

- ———— - -~ -~ -~~~ -~ -~~~ -




Table 5.9
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(Continued)

Core Damage Frequency, [yr’ll

Sequence WOG Results ** ENL Results
Initiating (Only Failed Support Base Proposed Base Proposed
Event Top Events) State Case Case Case Case
11, Reactor AFl, R2 $2 1.86E-07 2.01E-07 1.85E-07 2.01E-07
Tript 4F1, OA7 82 - - 9.15E-08 9.94E-08
AFl, 0A7, QS S4 - - 1.73E-07 1.93E-07
S2(HP,0Al',QS) 87 - - 2.25E=-07 2.26E=-07
Total 3.59E~-06  4.62E-06 5.50E-06 6.70E-06
Total, w/o Large and Medium LOCAs 1.84E~06 2.,07E-06  3.75E-06 4.12E-06

+
s

The Table do~s not display sequences in support state Sl.

Given in Ref. 5.

WOG uses for R3 a value of 2.01E~03, instead of that given in Millstone PSS;

3. 795‘02.

Failure of SI signal recovery:
Failure of SI signal recovery:
Failure of auxiliary feedwater start signal recovery:

1.00E-01
1.00E~02

1.00E-02



1 Table 5.10 Dominant Accident Sequence Frequencies for Relay ESFAS*
\
Core Damage Frequency, [yr”ll
Concurrent Slave Sequential Slave
Sequence Relay Testing Relay Testing
Initiating WOG (Only Failed Support Base Proposed Base Proposed
Event it Top Events) State Case Case Case Case
le Large LOCA l Rl $2 7.96E-07 l«65E-06 l.30E-06 2,66E-06
(See also total 2 Rl1, R3 S2 3.89E-08 8.05E-08 6.34E-08 1,30E-07
CDFs in Tables 3 ACC §2 3.12E-08 6.45E-08 5.09E-08 1.04E-07
5¢7.C = F) 4 QS, Rl $2 6.58E-09 1.36E-06 1.07E-08 2.18E-08
5 LrPl, WPl §2 3.82E~-09 7.89E-09 6.23E-09 1.27E-08
6 LPl, Rl $2 3.62E-09 7.48E-09 5.91E-09 1.20E-08
ba LPl, Rl 53 2.24E-08 3.73E-08 3,12E-08 5.49E-08
7 LPl, Q8, HPI S4 2.57E=07 3.15E=07 2.84E07 3.75E=-07
20 Medium LOCAo 8 R2 52 2-025-07 3062E"07 2.978"07 5.52E'07
(See also total Y R2, R3 82 9.56E-09 1.70E-08 l.41E-08 2,60E-08
CDFs in Tables 10 ACC 82 6.59E-09 1. 18E~08 9.69E-09 1.81E-08
5.8.C = F) 11 HP2, OAl, QS S4 4,05E-08 4,96E~-08 4,48E-08 5.11E-08
3. . Ssall LOCA®* 12 HP2, 0A2, QS S4 6.00E~07 7+39E-07 6.64E~07 8.78E-07
'I‘¢ Steam Gen. 13 AFZ. RZ SZ 20025-07 2.“85-07 2.29E"07 3GOIE"O7
Tube Rupture®® 13a AF2, O0A3 $2 8.81E-08 1.08E-07 9.97E-08 1.32E-07
5. Steamline Break Inside Cont.t —— -— - -—-
6. Steamline 14 AF2, R2 82 1.74E-07 2.05E-07
Break Outside l4a AF2, 0A3 S2 8.42E-08 9.85E-08
Cont.t
7. Loss of 14b AFl, O0A7, QS S4 2.35E~08 2.72E=-08
Reactor Coolant Same values as
System Flowt those for the
--------------------------------------------------------------- concurrent slave
8. Loss of Main l4c AFl, R2 S2 4.40E-08 5.14E-08 relay testing.
Feedwatert 14d AFl, OA7, Q8 84 3.49E-08 4.05E~08
9. Primary to 15 AFl, R2 82 2.31E=-07 2.70E-07
Secondary Mis- 15a AFl, 0A7 82 l« 14E=07 1. 34E-07
matcht 15b AFl, OA7, Q8 S4 1.84E-07 2.12E=07
15¢ S2(HP2,QAl',QS) S7 2.39E-07 2.48E-07
10 Turbine 15d AFl, R2 82 le41E-07 1.65E-07
Tript 15e AFl, OA7 $2 6.94%~08 8.12E~08
15 AFl, OA7, Q8 S4 1.12E-07 1.30E-07
158 S2(HP2,0Al1',QS) S§7 l.44E-07 1.51E=07



Table 5.10 (Continued)
Core Damage Frequency, [yr~!]
Concurrent Slave Sequential Slave
Sequence Relay Testing Relay Testing
Initiating WOG (Only Failed Support Base Proposed Base Proposed
Event # Top Events) State Case Case Case Case
1l. Reactor 16 AFl, R2 S2 1.82E-07 2+ 14E~C7 Same values as
Tript lba AFl, OA7 S2 9.02E-08 1.06E~07 those for the con=-
16b AFl, OA7, Q8 S4 1.45E-07 1.68E-07 current slave
léc S2(HP2,0Al',Q8) S7 2.22E-07 1.90E=07 relay testing.
Total 4.55E-06 6.20E-06 5.34E-06 7.82E-06
Total, w/o Large and Medium LOCAs 3.13E-06 3.50E-06 3.23E-06 3.80E-06

Failure of SI signal recovery: 1.00E-0

l.

Failure of SI signal recovery: 1.,00E~02.
t Failure of auxillary feedwater start signal recovery:

The table does not display sequences in support state Sl.

loOOE‘OZO
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6. OVERALL COMMENTS AND FINDINGS |

6.1 Comments on the WOG Methodolggx

The justification analyses that accompanied the WOG's request to modify
the STI and AOT requirements for the ESFAS consisted of very detailed
actuation signal unavailability calculations and a "bounding" plani-specific
risk analysis intended to be valid for the majority of Westinghouse plancs.
The WOG argument of key importance for acceptance of the proposed STL/AOT
modifications by the NRC is the rather slight increase in core damage
frequency (2.4%) and man-rem exposure (l.7%) of a representative Westinghouse
plant, The WOG states that the analyses and results are consistent with the
planned NRC guidelines for requesting STI/AOT modifications. The following is

quoted from the summary of Ref.2:

"These increases are consistent with the guidelines established in
the final draft copy of "Risk Methodology Guide for AOCT and STI Mod-
ifications" (Reference 29) which states ''the change in core melt
frequency should be small compared to the Commission's Safety Goal."
The analysis also shows that there is only a small increase in
public risk. All increases are well within the uncertainties of a
plant risk analysis. Additionally, these changes represent substan-

tial financial benefits to the utilities." (Reference 29 quoted

above is denoted as Ref.l4 in the present report.)

The Risk Methodology Guide quoted above actually states that the small
core damage frequency and man-rem exposure changes are necessary but not suf=-
ficient conditions for accepting STI/AOT modification requests. The guide
suggests that in addition to a demonstration of small core damage frequency
(man=-rem exposure) increase, it should be demonotracad that the single down-
time risk (associated exposure) increase also be within acceptable limits.
(Single downtime risk is the probability of a core damage occurring in one
downtime when a component or a train is down. It is obtained as the product
of the conditional core damage frequency given a component or a train is down

and the time period during which this condition exists.) The WOGC




justification analyses did not make any attempt to satisfy the "sufficient”

conditions for acceptance.

In order to demonstrate the feasibility of the additional analysis re-
quired to fulfill the "sufficient" conditions for acceptance (as outlined in
the guide) within the framework of WOGC's risk analysis, BNL evaluated the con=-
ditional core damage frequencies for the Millstcae 3 large LOCA event tree
assuming various parts of the solid state ESFAS (analog channel, one logic
train, etc.) to be down (unavailable). The results of these example
calculations are presented in Appendix B. BNL recognizes that the guide's
suggestions have not yet been made requirements by the NRC for approval of LCO
changes. However, these calculations have been included by BNL to form a

complete review.

6.2 Findings on ESFAS Sggnal Unavailabilities

From the depth and extent of the ESFAS signal unavailability analysis, it
is clear that the WOG has performed a really thorough study of the ESFAS
designs presently used at the plants. In this respect an excellent job was
done on the solid state systems as well as on the relay system designs. The
following items highlight the BNL findings in this area:

l« BNL concurs with the WOG's finding that the unavailability
contributions of the analog channels for the ESFAS logic designs are
small and that they become even smaller when one considers process
parameter signal diversity. Therefore, whether the analog channels
are tested on a staggered or non-staggered basis, there is negligible
effect on the ESFAS signal unavailability.

2. Human errors associated with testing and maintenance activities for
the logic as well as the master and slave relays were not modelled in
the topical report. We note this as a shortcoming of the model.
However, although not part of the quantification, it is noted that

the requested extended allowed outage times, if granted, would be

expected to lower the human error contribution.




6.3 Findings on Core Damage Frequency

le

2.

3.

The BNL review calculations provided a CDF frequency increase of 2.8%
for solid state plants if the LCO modifications proposed by the WOG
are accepteds The value obtained is in acceptable agreement with the
value assessed by WOG ({.e., 2.4%) in its Justification Risk
Analysis.

The increase of the CDF for relay plants calculated by BNL when the
same conditions were used for relay ESFAS unavailability as the WOG
(1.e., concurrent slave relay testing) is: 4.0% This value is at
variance with the WOG's expectation. The WOG stated that the CDF
increases at relay plants would be 'bounded" by the CDF increase
obtained at a representative solid state plant. The WOG did not do
any calculational effort, however, to prove this expectation. As a
sensitivity study, BNL also performed a calculation to see the effect
that a sequential testing scheme would have on the CDF. The results
of the sensitivity study yielded a CDF increase of 5.7%.

As part of the review, BNL pointed out that the use of Millstone Unit
3 as a reference plant may not fully bound the change in CDF for
Westinghouse plants in general because Millstone has a 2/4 ESFAS
logic and other plants have 2/3 logic which produces higher
unavailability. 1In response to BNL's concern, Westinghouse did a
separate calculation, which was documented as Supplement 2, Revision
1, Addendum 2 to WCAP-10271. The calculation was performed on
Millscone assuming the Millstone logic was simply changed from 2/4 to
2/3. The bottom line result yielded a 3.3% increase in CDF verses
the 2.4% for the 2/4 logic designs. BNL accepts this additional
calculation as a reasonable estimate for the 2/3 solid state

designs. Given that the BNL analysis shows the relay designs as
bounding over the solid state, and assuming that the ACDF increase in
the solid state designs between 2/4 and 2/3 logic would be
proportionately equivalent for the relay designs, an overall upper
bound for the CDF increase due to the proposed TS changes should be

less than 6% for the majority of Westinghouse-design plants,
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APPENDIX A: Safety Injection Signal Unavailabilities for
Relay ESFAS for Concurrent and Sequential
Slave Relay Testing

The purpose of this appendix 1is to document a sensitivity study which
demonstrates the difference in safety injection (SI) signal unavailabilities
for relay ESFAS designs if sequential rather than concurrent slave relay
testing is assumed. The demonstration will be presented in the following

steps:

Step ls It is shown on the unavailability model of the solid state SI
signal, where sequentially performed individual slave relay testing was as-
sumed by WOG, that there is an easily usable, simple, relationship between
two-train and single=-train unavailabilities which very accurately

approximates the computer calculations.

Step 2. A similar relationship between the two-train and single-train
unavailabilities is given for the relay SI signal. This step describes the

WOG modelling with the assumption of concurrent slave relay testing.
Step 3. The two-~train and single-train unavailabilities are then
calculated for the relay SI signal with the above relationship except that

sequential slave relay testing is assumed.

The calculation is presented in detail only for the base case., A similar

procedure yields the results for the proposed case.

l« Solid State ESFAS

The two-train unavailability (denoted here as ESAB) of the SI signal from
the single~train unavailabilities (denoted as ESA, ESB) can be approximated by

the formula:

ESAB = ESA * (ESB - [TBT + Oyg * MRXM + n . * (SRXXT + SRXXM) ]} + CC , (Eq.l)




where (by using WOG notation, base case test and maintenance unavailabilities
from Table 4.1):

ESA = ESB = 2,37E~02 unavailability of an ESFAS train,
TBT = 3.12E-03 train B unavailability due to testing sequentially the
logic and the two master relays,
nyr ® 2 number of master relays per train,
ngg = 6 number uf slave relays per train,
MRXM = 3,47E-04 train unavailability due to maintenance of master relay
X and half of the logic,
SRXXT = 1,85E-03 unavailability of slave relay XX due to test,
SRXXM = 2,31E~04 unavailability of slave relay XX due to maintenance,
and
CC = 9.64E~04  common cause failure (see Table 4.3).

The formula accurately reproduces the value obtained by computer calculation,
i.es, ESAB = 1,14E-03.

2. Relay ESFAS (Concurrent Slave Relay Testing)

The two-train unavailability of the SI signal from the single~train un-
availabilities can be approximated by a similar formula reproducing the WOG

results:

ESAB' = ESB' * (ESA' - [TAT' + yg * MRXM' + ngo * SRXXM' ]} + cC' , (Eqs2)

where (* .sing WOG notation, base case test and maintenance unavailabilities
from Tab.a 442):

ESA' = ESB' = 2,1iE-02 unavailability of an ESFAS train, (concurrent slave
relay testing),
TBT' = |.111E=-02 train A unavaillability including sequential testing
of tne logic, master relay and concurrently performed
slave relay tests (concurrent slave relay test time =

test time for one slave relay),




nyg' = | numbar of master relays per train,

ngr' = 6 number of slave relays per train,
SRXXM' = 2,31E-04 unavailability of slave relay XX due to maintenance,
and
CC' = 9,64E~044 common cause failure (see Table 4.4).

The formula again accurately reproduces the value obtained 2y computer

calculation, {.e., ESAB' = 6,66E=-04,
3« Relay ESFAS (Sequential Slave Relay Testing)

The two-train unavailability (ESAB") of the SI signal from the single-
train unavailabilities can be estimated (in conformity with Eq.l) by the fol=

lowing formula:

ESAB" = ESB" * [ESA" - [TAT' + nl. * MRXM' + nge * (SRXXT' + SRXXM') |} + cc'

In Eq.(3) ESA", ESB" denote the single train unavailabilities for sequential
testing and ESA" = ESB",

To be in conformity with the solid state single-train unavailability,
ESA" {s expressed as:

ESA" = ESA' + 5 * SRXXT' = 3,5E=02 where ESA' {s the relay single train un-
availability (concurrent slave relay
testing),

SRXXT' = 2,78E-03 the unavailability of slave relay XX due
to test, The factor 5 is necessary be-
cause ESA' only contains the test time

for one slave relay.

Again, to be in conformity with Eq.l:

TAT" = TAT' - SRXXT' = 8,33E-02 train A unavailability due to testing

only the logic and the master relay.



The other quantities are the same as in the previous case (nQR, néR, TAT

MRXM', SRXXM', CC')s The formula provides the unavailability of the relay SI
signal for sequential slave relay testing (base case), as; ESAB" = 7,35E-04.



Appendix B: Conditional Ccre Damage Frequency Calculations
for Millstone 3 Large LOCA

Appendix B describes an example conditional core damage frequency calcul-
ation to demonstrate the feasibility of an analysis of this type within the

framework of WOG's justification analyses.

Bl Single and Yearly Downtime Risks

The "Risk Methodology Guide for AOT and STI Modifications"!'“ emphasizes
that for AOT increases, not only should the increase of the average CDF be
kept small compared to the NRC's Safety Goal, but the increase of the singzle
downtime risk and the increase of the yearly (cumulative) downtime risk should

also be kept within acceptable limits,

Single downtime risk is the probability of core damage occurring in one
downtime when a component or a train of a safety system is down (unavail=-
aole). The probability is calculated as the product of the duration of the
downtime and of the conditional CDF given that the component or the train in
question is down. The considered downtime is maximum when the downtime is
taken to be equal cb the AOT of the component. Because under certain circum=-
stances the conditional CDF may be quite high, the time period during which
the plant is exposed to this CDF can be critical. Therefore, when considering
AOT increases, the evaluation of the given downtime risk (or man-rem exposure)
may be more important than the increase of the average CDF (or increase in the

average wman-rem exposure),

The yearly (cumulative) downtime risk measures the average contribution
of downtimes of a component or a train to the CDF. It is calculated by multi-
plying the single downtime risk with the projected downtime occurrences during
a year. [he significance of the yearly downtime risk can be seen from the
following situations. For risk-prone components, the yearly (cumulative) risk
can be low if the test and maintenance frequency is low even if the single
downtime risk is high and needs to be controlleds On the other hand, even if
the single downtime risk is low, the frequency of outages of the component can

make the yearly (cumulative) risk high.




B.2 Calculation of Conditional Core Damage Frequencies

To calculate the conditional CDFs, the PRA model of the plant was used
with special inputs as follows. The unavailabilities of a particular set of
system components were set to unity or zero depending upon whether they were
assumed to be down or in an operating state, respectively. The unavailabili=-
ties of other systems/components and failure event probabilities in the model

were left intact.

Since the largest contributor to the CDF change in the WOG's risk impact
analysis was due to the large LOCA initiator, BNL selected the large LOCA

event tree for demonstrative conditional CDF calculations.

The conditional large LOCA CDFs were separately evaluated for each of the

following test or maintenance conditions:

» no ESFAS components were down,
* an analog channel was down,
* logic train or master relays were down, and

+» slave relays were down.

In each of the cases in the fault tree model of the solid state ESFAS,
the unavailabilities of the components assumed to be down were set equal to
unity. Simultaneously, the unavailabilities due to test and maintenance for
components assumed to be operating were set equal to zero. The actuation
signal unavailability expression was then solved again (with Boolean techni=-
ques by using the SETS code) and requantified. The requantified signal un-
availabilities were propagated through the Miilstone 3 support state model and
the large LOCA event tree.

Tables B.l through B.4 display the conditional CDFs in a Plant Damage
State = Support State Matrix format for each of the above cases, respective=
ly. Table B.5 shows the risks when testing or maintaining various ESFAS com~
ponents. As was expected, testing and maintenance of the slave relays provid-
ed the greatest risk for core damage. The yearly cumulative downtime risk due

to large LOCA is given in Table B.6 for various components. The sum of the




risks over all the components, including when no test/maintenance is perform-

ed, provides the average CDF. The values obtained for the base (existing, aand
the proposed case (Case 3) are 3.63E-06 yr:"l and 4.25E=-06 yr'l, respectively.

These values are in very good agreement with those obtained by direct (not

through conditional CDF) calculations in Table 5.7.a and 5.7.bs

1f similar calculations were performed for all the ESFAS-dependent initi-

ators used in the Millstone 3 PSS, that would provide the total conditional
CDFs.




Bujjoo) JuBWUFEIUO) ON ‘IT3W 2387 ‘vyD01 23.i¥) v
Aeidg youand Jo aanjjed “ITeW 23I¥] Vo011 2WBaeq 201V
Aeadg uojie[ndajo3y JO anijed ‘I[SH 23l ‘¥O01 281e] 101V
119W 23] ‘vo01 283e) 21V
Sujjoo) juswujelu0) ON ‘313N ArIey ‘vO01 231 v
Aeadg uojie[N2a§03y JO 2anjjed ‘ITaW L1aexz ‘voo1 =28i1eq 103V
11K £13e3 ‘vD01 @8ae 2av
:sa3e3g a8eweq Jue[d JO SUOFIFUTIS(
M 90-366°C (0-386°t 60-366°1 ([0-3tyY°L O1-36L°1 60-316°T (0-3L6°1T 90-3S9°1 00-300°1 wng
01-381°1 Of-3aBI*1 €1-3D c1-3r €131 €I-3n €1-3e €1-3n {0-3%0°¢ 8S |
11-324°8 11-3Z(°8 €1-31> €1-3n 198 £ 8 D2 €1-3In €13 €1-3n> £0-357°¢ LS |
g1-3tL°T £13AD t1-308°t 11-380"1 €13 ¢i-3%0°C 11-31T°1 O1-38%°C S0-39¢t°1 9S
o1-364°9 £1-31) £1-36E°% O1-IPT"T 130> €1-36C°F 1I-3ELy°S 01-320°Y %0-3£6°C SS
(0-3%R°C (0-3%8°t €1-31> €13 €1-3mn e1-3 €1-3p e1-3n %0-368°6 %S
80-3LC€°1 80-FLE£°1 €1-31D> €1-3n £i-31> €1-3an €1-3n €1-3m S0-3ES°t €S
10-3Z€L°t 11-38{°8 OTI-FIZ°S 80-IZL"1 OI-FIZ°1 60-38Y°C 8O0-IALY"1 (0-300°Ct T0-3AS9°1 A
90-392°7 O01-38t°C 60-3IL%Y°1 (0-30€°¢L 11-328°S OI-F1E°Y [0-FT8°1 90-3SE°T 10-378°6 s
01V qv 103V 23V v ZoIV 127V 2TV qoid  2weN
sa1e1s odeweq Jueld sa23el1s 31oddng
%0-369°6 = saanjied 020 _
%0-368°6 = sujea]l ylog
t0-3¢y%°L = ujeal 2UQ :SV3ASI 3o LIj1IqeTiEABUN

pOiiad 3Is3L ON
SV3iS3 23ea§ PlioS
A—luxv ¥001 28ae] 103 Lduanbaay afeweg 2310) [RUOIIJPUOH

1°8 21qel




fujoe) Jusdwujejuo) oN ‘I[N e ‘vOO1 28 v
Aeadg youan) Jo sanjjed ‘I[N 23€] ‘vo01 28iel OV
Aeidg uoyIE[NIIFOIY JO Janjiei ‘3Ii3wW 23®] *‘vO01 2WVBie] 101V
11K 23¥] ‘vo01 281e] 21V
SBujio0) Julwujeluo) ON ‘319K Ajiexy ‘vool 2Wieq av
Aeidg uojle[nNd1323y JOo [in,jejd ‘I Ajaexd ‘voQl1 281e 103V
119K L1aey ‘yDo1 28ae 03V
:s93e1S a¥ewe JUB[4d JO SUOFITUTJIaQ
<y 90-300°¢t [(0-300°% 60-300°C (0-3E€%°L OI-3II8°1 60-396°C [0-3L6°1 90-399°1 00-300°1 wng
(3]

01-381°1 0O1-381°T ¢€1-3D> €I-3amn €13 €1-3 £1-3D €1-3 {0-350°¢ 8S
I1-364°8 11-38L°8 €I1-31> €13 €1-3amn €1-3n e1-3n> £i=21> L0-3LT°T LS
01-3S4°C £i1-38> E1-3€0"E 11-360°1 ECI1-200°1 TI-=-2S0°T 11-3i1t"1 oO1-3L"T SOt 9S
01-3%4°9 €131 tI-S"Y O61-38lI°T ti-80) €1-36C°1 11-3TY°S 0O1-310°yY 9%0-3T6°C SS
(0-368°t [0-3S8°t ¢€I1-31D €13 €1-3n €1-3n £1-3n €13 %0-376°6 %S
80-38L°1 80-3BL°1 ¢€I1-31> €1=-31> €1-3n €1-3n €1-31> €1-3t> S0-356°¢ £S
{0-36L°C 11-3/6°8 O01-32€°S B80-ASE"T O1-3%C°1 60-3€S°T B0-30S°T1 [0-FL0°t T0-389°1 ¢S
90-397°C O1-31%°C 60-3(%°1 (0-Fic"L 11-378°S O1-31E°*Y (0-FTB°1 90-3SE"1 10-3i8°6 IS
0TV av 123V 23V TV CJTV 107V JTV qoid SWeN
s21815 odeweq Jue(d s33e3S 3ioddng

%0-369°6 = saanijed 20

%0-376°6 = sujeal ylog
£0-309°, = ujeil JuQ :SV4S3I Jo L3i1IqE(TEARUQ

po1iad is2] T[auuey) Sojeuy
SV4ASd 23e1S pPIios
A~|u>v V001 22ae] 103 Aduanbaiy o8eweq 23107 [eUOIITPUO) Z°H 2iqel




B-6

Sujoo) juLwWUIEILO) ON ‘I3 23¥] ‘¥)01 Bie] w
Aeads youand jo 2injyed ‘3I[ 3] ‘¥O01 Wael 70TV
Aeidg uojie[nNdajoay jOo Ian(jei ‘I 23e7 ‘yo01 *8ie] 101V
IT9W 23F] VD01 *Fae IV
Sujro0o) JusmuieIu0) ON ‘I[N L1ield ‘yD01 9Bae av
Aeads uoj3e[N21}03y Jo 2AnTied ‘I[N A1aex ‘voo1 281¥ 103V
379N Araey ‘yoo1 28ie 23V
:833e3s Umga Jue(d JO suojljuiie(d
SO-3SE°T 90-36S°t 90-3%1°t (0-3S6°L 60-36Z°L (0-36%°1 (0-3€8°8 SO-II8°1 00-300°1 ung
I1-366°6 11-366°6 €I1-31> £1-3 €1-3> £i-3i> e1-3n £1-3n 90-38S°T 8s
60-3%8°1 60-3%8°1 €I1-31> £1-3n €1-30 e1-3n €1-31> €1-31> 90-3€L"Y (S
60-3€0°9 TI1-3L0°T TI1-3TZ%°6 OI-31%°7 TI-30Z°CT 11-31S°y 0OI-3£9°T 60-3Ly°< %0-300°¢ 9s
00-300°0 00-300°0 00-300°0 00-300°0 00-300°0 00-300°C 00-300°0 ©00-300°0 00-300°0 93
90-3ST € 90-3ST°C €I1-ID> €1-3n €1-3n €1-30> £1-3n €13 £0-38¢°8 %S
L0-3%2°¢ (0-I%T°t €1-3D> g1-3an £i-31> €1-3n €I-3n £1-3n %0-3%E 8 £s
S0-366°1 60-3€8°9 80-ICI°C B0-AS6°L 60-367°L L0-36%°1 (0-4€8°'8 SO-3I18°T 10-306°6 Zs
00-300°0 00-300°0 00-300°0 00-300°0 00-300°0 00-300°0 00-200°0 00-300°0 00-300°0 is
01V qv 103V 3V TV IV 127V 2TV qoid  duey
sajels 0“@!3 Jueld e s23e1§ uucqmsm

seanjiied 20

%0-369°6 = sujeil ylog
£0-36L°8 = ujeil JUQ :S¥4SI Jo L3jT1IqE(IRARUG

pujiad 1s3] Ae(ay i21sel ¥ D180
S¥dS3 23e1S PI1oS
A—l.;v ¥201 =281e7 103 Aduanbaij afeweg 210) [BUCTITPUOD (€ 279qel




B-7

Aeiads

Sujloop juswujejuo) ON ‘I3 23¥] ‘vO01 2BaeE
Aeadg yousndh jo aanyrejd “1i3W 23] ‘¥I01 281
Aeadg uojle[NDIJO3y JO IJIn[red ‘I[N 23€] ‘yoO1 281e]
113K 23e7 ‘vD01 2Bae

Sujro0o) juswujelVL0) ON ‘I[N A[iel
UOJIR[NDI}O9Y JO Ixnyjied ‘I[°H Afiez
319K Ajaey

‘v201 ?8i1eq
‘¥201 ¥8ae]
‘¥201 *°8ie]

v
IOV
1077V

IV
av
103v
J3V

:sa3e1g 38eweQ Jue[d JO SuojiIjuiiag

S0-3€C°C 906-3€€°C 90-3%1I°t ([0-3L6°L 60-31€°L 10-30S°T1 (0-3$8°8 SO-3i8°1 00-300°1 wng
11-3S1°9 11-3S1°*9 ¢€1-31> €1-3m eE1-31> €1-3> eI-31d €I-3n 90-38S°1 8s
60-3A%8°T1 60-3%8°1 ¢€1-31> €131 e1-31> €1-3D £1-3n €13 90-3SL"Y (S
60-3S0°9 <C1-FL0°C <TT-3SY°6 O1-HIY"T TI-307°CT 11-3tS°yY 0OI1-399°C 60-389y°S %0-3l10°t 9S
00-300°0 00-300°0 00-300°C 00-300°0 00-300°0 00-300°0 00-300°C 00-300°0 006-300°0 SS
90-300°C 90-300°¢ ¢€I1-31> €i-31> e1-3m -3 €13 €13t €£0-391°S %S
L0-358°E  10-354¢"L 2D €1-3n e1-3n eI-3n ei-3n e1-3mn %0-3LL°8 £S
S0-300°C 60-3S8°9 80-3I%I°t ([0-3L6°6 60-3TE°L (0-30S°1 (0-3S8°8 SO-ITI8°T 10-3%6°6 Fa
00-300°0 00-300°0 00-300°0 00-300°0 00-300°0 00-300°0 00-300°C 00-300°0 00-300°0 1S
01Vl av 103V J3V TV ZJTV 1071V TV qoid QuWeN
s9181S opewe] Jue(d sa3els 33oddng
%0-369°6 = saanijed 30 .

Auluxv Vo011 22ie7 3oj Aouanbaig sfeweq 210) [PUOIIFPUO)

£0-291°S =

ujeal JUQ

po1iad 1s3] Aeyay aaels
SV4S3 23e1§ Pilos

:SVAS3 Jo L3jiiqeiieaeuq

%°8 °S19El



B-8

*syauteyd Joreue (Yl INSSIId JUSIWUTRIVO),, J3IY] PUB MO INSS1d IJIZJINSE31g,, IN0J SUTIIPJSUO)y

(0-3£6°C 80-369°6 (0-366°T1 [0-FES°] 18301

L0-3TL°C $0-361°9 (0-3%T°T (0-3%T°1 TO-3{9°1 €0-38L°T €0-395°S €0-39S°S S0-3t°C S0UBUSIUIER/IS3]L
uy sde[3y 24ae[S ¢

£0-396°1 60-39Z°t 80-3€S°9 80-3SY°T €0-3CL€°8 €0-I6L°T €0-FBL°T €0-3%0°1 S0-3st ¢ SOUBUIJUTEK
/383] ul sde(ay
i23seR/sujeal] 2y801 ¢

60-376°C 60-3E%°C 60-37L°6 60-398°% €0-37L°6 ¥0-3I01°8 €0-3%T°t €0-379°1 90-300°¢ JduruljuIeR/I83L
U} yxSTouuey) Bojeuy 7

— o s ot = i P - 90-366°7 2OUBUIIUJEK/ISIL ON |

ase) aIse) ase) 2se) (14) (1K) (34£) (34£) ﬁAmauov SUOyIIpUC) }
pasodoig aseq pesodoig aseq ase) ase] 28B) ase) A~|uhv
POiIad JDUBUIIUIER po1iagd 1s3] pasodoigd aseg pesodoiag aseyg ‘dao 1ie
AUQ 134 ST WIIumo( pPOTiI3d IJDOUBUIIUTER pPOoTiad 1S3L -uoj}3Ijpuo)

2uQ) iad 2wWjlIumog

SVAS3 @1®3IS PIIOS JO POTiIag 2DUPUIIUTPKR 10 3§3] ¥V Bujing %s1y 2wjiumog vOO1 281e] ¢°g 21qel



(*sijuauodwod 3yl [je J0J IDUBUIIUJRW pUE 1623 JO SWFI [BIOL - 0°1)+
*s[auueyd
doteue | ySTH 21nsSsald WUIAWUTEIUO), 2IIY]) PUB MO INSSI1d IIZJINSSIid,, In0j SUTIIPFSUC)g

90-3SC°Y 90-3t9°t ie3ol
L0-3219°8 (0-385°S CT0-3{9°t CO-RAQL°T <CO-FALC°T TO-TWIl°C SO0-3dtT°¢ |dueURIUIRKH/I83]
ujy sfe(ay =ae[S %

B-9

L0-388°S (0-308°1 €0-3t€°8 ¢€0-36L°1 T0-AL9°1 ¢€0-3SC°9 S0-3StE°¢C 2OUBUIJUTER
/3831 uj sdeiay
ia3sey/sujeil 21807 ¢

80-318°9 80-380°9 ¢€0-3C(°6 %0-301°8 TO0-30t°1 <CO-3%6°1 90-300°¢t JJUBUIIUTER/IS3L
Uy xs]ouuey) Sojeuy 7

90-REL°T 90-2ER°C e i +HE16° +1L%6° 90-366°7 2OUBUIIUTEN/ISAL ON 1

ase) ase) (14) (1K) (3£) (3£) uamooov SUOFITPUOCD T
pesodoiag aseg ase) ase) 2se) ase) A_cuav
XSiY¥ 2AFaeNERY pesodoig aseg pasodoig aseg ‘dao 1®
pO1ia4 SOUBUIIUJER potiad 1S3l -Uuoj3IFpPUO)

21e1S 3dewmeg 310)
{euO0jITpUO) U] 3Iuadg sSIWIL IAFIR[{NAWN)

SV4AS3 233§ PIIOS - VOOT 28aey 03 ang RSIY JWyIumog Iajjernwn) Ajieag 9°g 21qel




WESTINGHOUSE CLASS 3

ENCLOSURE 2

APPENDIX A) +
PROPOSED CHANGES TO STANDARD TECHNICAL SPECIFICATIONS

INSTRUMENTATION
9/4.3.2 ENGINEERED SAFETY FEATURE ACTUATION SYSTEM INSTRUMENTATION

LIMITING CONDITION FOR OPERATION

3.3.2 The Engineered Safety Feature Actuation System (ESFAS) instrumentation

channels and interlocks shown in Table 3.3-3 shall be OPERABLE with their trip
setpoints set consistent with the values shown in the Trip Setpoint column of

Table 3.3-4 and with RESPONSE TIMES as shown in Table 3.3-5.

APPLICA TY: As show fn Table 3.3-3.
ACTION:

a. With an ESFAS instrumentation channel or interlock trip setpoint less
conservative than the value shown in the Allowable values tolumn of
Table 3.3-4, declare the channel inoperable and apply the applicatle
ACTION requirement of Table 3.3-3 until the channel is restored to
OPERABLE status with the trip setpoint adjusted consistent with the
Trip Setpoint salue.

b. With an ESFAS imstramentation channel or interlock inoperable, take
the ACTION shown in Wable 3.3-3.

SURVETLLANCE REQUIREMENTS

4.3.2.1 Each ESFAS instrumentation channel and interlock and the automatic
actuation logic and relays shaly be demomtrated OPERABLE by the performance
of the engineered safety feuture actuation system instrumentation surveillance
requirements specified in Tav'e 4.3-2.

4.3.2.2 The ENGINEERED SAFETY FEATURES RESPONSE TIME of each ESFAS function
¢hall be demonstrated to be within the 1imit at least once per 18 months.

fach test shall include at least one train such that both trains are tested at
least once per 36 months and one channel per function such that all channels
are tested at least once per N times 18 months where N 1s the tota) number of
redundant channels 4n a specific ESFAS function as shown in the *Total No. of
Channels® Column of Table 3.3-3.

+ Changas unduriinad

9028Q:10/120585 A-1
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WESTINGHOUSE CLASS 3

TABLE 3.3-3 (Continued)

TABLE NOTATION

Trip function may be blocked 1n this MODE below the P-11 (Pressurizer
Pressure Interlock) setpoint,

Trip function may be blocked in this MODE below the P-12 (Low-Low T‘vg
Interlock) setpoint.

The channel(s) associated with the protective functions derived from the
out of service Reactor Coolant Loop shall be placed in the tripped mode.

The provisions of Specification 3.0.4 are not applicable.

ACTION

ACTION

ACTION

ACTION

ACTION 1

ACTION STATEMENTS

With the number of OPERABLE channels one less than the Minimum
Channels OPERABLE requirement, be in at least HOT STANDBY within
12 hours and 1n COLD SHUTDOWM within the following 30 hours;
however, one channel may be bypassed for up to 4 (8)* hours for
surveillance testing per Specification 4.3.2.1, provided the other
channel 1s OPERABLE.

Deleted

With a channe) associated with an operating loop inoperable,
restore the inoperable chanrel to OPERABLE status within & hours
or be 1n at least HOT STANDBY within the next 6 hours and in at
least HOT SHUTOOWN within the following & hours. One channel
associated with an operating loop may be bypassed for up to 4
hours for surveillance testing per Specification 4.3.2.1.

With the number of OPERABLE channels one less than the Total
Number of Channels, operation may proceed provided the inoperable
channel 1s placed in the bypassed condition and the Minimum
Channels OPERARLE requirement 1s met. One aduiitional channel may
be bypassed for up to 4 hours for surveillance testing per
Specification 4.3.2.1.

With less than the Minimum Channels OPERABLE requirement,
operation may continue provided the containment purge supply and
exhaust valves are maintained closed.

*Time outside parentheses is for solid state protection system
(SSPS) plant; time inside parentheses is for relay logic plant
logic cabinets and master relays. Relay logic plant slave re-
lays may be bypassed for 12 hours, S5PS plant slave relays may
be bypassed for 4 hours,

90280Q:10/021186 A-14




ACTION 19

ACTION 20

ACTION 20

ACTION 22

ACTION 23

ACTION 24

WESTINGHOUSE CLASS 3

TABLE 3.3-3 (Continued)
ACTION STATEMENTS (Continued)

With the number of OPERABLE channels one less than the Minimum
Channels OPERABLE requirement, restore the inoperable channel to
OPERABLE status within 48 hours or be 1n at least HOT STANDBY
within the next 6 hours and in COLD SHUTDOWN within the following
30 hours.

With the number of OPERABLE channels one less than the Total
Number of Channels, STARTUP and/or POWLR OPERATION may proceed
provided the following conditions are satisfied:

The 41noperable channel is placed in the tripped condition within §
hours.

The minimum channels OPERABLE requirement 1s met; however, the
inoperable channel may be bypassed for up to 4 hours for
surveillance testing of other channels per specification 4.3.2.1.

With less than the Minimum Number of Channels OPERABLE, within one
hour determine by observation of the associated permissive
annunciator window(s) that the interlock is in i1ts required state
for the existing plant condition, or apply Specification 3.0.3.

With the number of OPERABLE Channels one less than the Minimum ‘@
Channels OPERABLE requirement, be in at least HOT STANDBY within=%=
hours and i1n at least HOT SHUTDOWN within the following 6 hours;
however, one channel may be bypassed for up to 4 (8)* hours for
surveillance testing per Specification 4.3.2.1 provided the other
channel 1s OPERABLE.

with the number of OPERABLE chennels one less than the Total
Number of Channels, restore the inoperable channel to OPERABLE
status within 48 hours or be in at least HOT STANDBY within 6
hours and in at least HOT SHUTDOWN within the following 6 hours.

With the number of OPERABLE channels one less than the Total
Number of Channels, restore the inoperable chznnel to OPERABLE
status within 48 hours or declare the associ‘ated valve inoperable
and take the ACTION required by Specification (3.7.1.5).
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WESTINGHOUSE CLASS 3

TABLE 4.3-2 (Continued)

TABLE NOTATION

(1) Each train shal)l be tested at least every 62 days on a STAGGERED TEST

AS1S.
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