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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON D C 20685-0001
January 3, 1994

"ear?®

Mr. B. P. Wunderly, Chairman

B&WOG Technical Specification Subcommittee
Crystal River, Unit 3

Mail Stop NA-2]

PO Box 219

Crysta) River, FL 32629-0219

SUBJECT: NRC EVALUATINN OF BWOG TOPICAL REPORT BAW-10182, "JUSTIFICATION FOR
INCREASED ENGINEERED SAFETY FEATURES ACTUATION SYSTEM (ESFAS) ON-
LINE TEST INTERVALS"

Dear Mr. Wunderly:

The purpose of this letter is to provide the staff's evaluation of B&W Topical
Report BAW-10182 prepared by B&W Nuclear Services Company for the B&W Owners
Group Technical Specification (TS) Subcommittee. This topical report was
submitted to the NRC by letter dated March 2, 1992, and presents justification
for extending the on-line surveillance test interval (STI) for the ESFAS
channels and actuation logic from a one-montn to a three-month interval.

The staff finds this report acceptable and agrees that the STI for the ESFAS
can be extended for all BAW plants (except Three Mile Island) to the requested
interval. Three Mile Island was not represented in the B&W Owners Group on
this issue. This acceptance is contingent upon each licensee confirming that
instrument drift occurring over the proposed STI would not cause the setpoint
values to exceed those values assumed in the plant safety analysis and
specified in the Technical Specifications. The licensees must confirm that
they have reviewed instrument channel drift information and have determined
that this drift over the period of the extended ST! will not cause the safety
setpoint to be exceeded beyond the allowable value calculated for that channe!
by the setpoint methodology. Each licensee should have on-site records of the
as-found and as-left values showing actual calculations and supporting data
for possible future staff audits. The records should consist of monthly data
over a period of at least the last 2 years with a description of the current
plant-specific setpoint methodelogy used to derive the safety margins.

In accordance with procedures established in NUREG-0390, "Topical Reports
Review Status,® we request that the BAW Owners Group publish accepted
revisions of BAW-10182 within three months of receipt of this letter. The
accepted versions should (1) incorporate this letter and the enclosed Safety
Evaluation Report (SER) between the title page and the abstract and (2)
inclu?e an -A (designated accepted) following the report identification
symbol .
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Should our acceptance criteria or regulations change so that our conclusions
as to the acceptability of this report no longer be valid, the B&W Owners
Group and/or the licensees referencing this topical report will be expected to
revise and resubmit their respective documentation, or submit justification
for the continued applicability of the topical report without revision.

Should you have any questions regarding the matters discussed above on the
content of the enclosed SER, please contact 1. Ahmed of my staff on
(301) 504-3252.

Sincerely,

Bruce A. Boger, Director
Division of Reactor Controls
and Human Factors
Office of Nuclear Reactor Regulation

Enclosure:
1. Staff Safety Evaluation Report

cc w/enclosure:
W. Russell
C. Grimes
J. Taylor (BAW)
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
BAW OWNERS GROUP TOPICAL REPORT BAW-10182
JUSTIFICATION FOR INCREASING ESFAS ON-LINE TEST INTERVALS
1.0 INTRODUCTION

By letter dated March 2, 1992 (Reference 1), the BAW Owners Group (BWOG)
submitted Topical Report BAW-10182, "Justification for Increasing Engineered
Safety Features Actuation System (ESFAS) On-Line Test Intervals."™ This report
was prepared by the BAW Nuclear Services Company and provides the technical
basis to justify increasing the ESFAS on-line surveillance test interval (STI)
in plant technical specifications from the current one-month to a three-month
interval. The Idaho National Engineering Laboratory (INEL) assisted the staff
in the review of BAW-10182. The INEL review results are documented in
EGG-RTAP-10925 (Reference 2) and are summarized in this safety evaluation
report. The following evaluation addresses both the acceptability of the
probabilistic analysis presenicd in BAW-10182 and the acceptability of the

proposed extension of the STI.

The methodology used in BAW-10182 is the same as that previously used in the
BAWOG Topical Report BAW-10167, "Justification for Increasing the Reactor Trip
System On-Line Test Intervals,” which was submitted to justify the Reactor
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Trip System STI extension. The staff approved BAW-10167 and suggested some
specific improvements in the methodology. BAW-10182 uses the improved
methodology and reflects the major differences between the three ESFAS designs
in the BAW operating reactors (Baily design at ANO-1 and Oconee, Gilbert
design at Crystal River 3, Bechtel design at Davis-Besse) exclusive of Three
Mile Island which was not represented in the BWOG on this issue. The
unavailability of each of the three ESFAS designs 15 modeled in the report
using reliability block diagrams for both the current one-month STI and the
proposed three-month STI. The analysis evaluated the impact of the proposed
STI extension on core melt frequency and system unavailability to demonstrate
that the proposed change did not significantly increase plant risk when

compared with the current technical specification requirements.

2. EYALUATION

The staff's evaluation included the following aspects of the probabilistic
risk analysis (PRA) performed by B&W to justify the proposed extension of the
ESFAS test interval:

1) Models and data used for the reliability analysis
2) Quantification of the analysis models

3) Uncertainty analysis

A time-dependent mode] was used to dynamically represent system configuration
changes associated with testing and maintenance. The source of data for the

analog channe) components (sensors and instrument string) and digital



subsystem components for both random and common mode failures was
NUREG/CR-3289, "Common Cause Fault Rates For Instrumentation and Control
Assemblies,” and BAW reactor operating experience obtained from the Nuclear
Plant Reliability Data System. An error factor of 10 (the largest error
factor listed in WASH-1400, "An Assessment of Accident Risks in U.S.
Commercial Nuclear Power Plants,® for instrumentation) was used for the ESFAS
components random failure rate (lambda factor) as suggested in the staff
safety evaluation report for BAW-10167. Also, as suggested by NUREG/CR-5801,
*Procedure for Analysis of Common-Cause Failures in Probabilistic Safety
Analysis," whon a common-mode failure rate could not be determined from the
component failure history, a beta factor (fraction of lambda factor in which
two or more components are involved due to common-mode failure) was used. The
random failure rates of the ESFAS components assumed in BAW-10182 were
compared to a generic failure rate data base compiled by INEL in EGG-SSRE-
8875, "Generic Compoﬁent Failure Data Base for Light Water and Liquid Sodium
Reactors PRAs," and both failure rates and error factors were found to be in

close agreement.

A time-dependent guantification calculation was performed by B&W using
reliability block diagrams and computer codes for each of the three BAW plant
ESFAS designs. The analysis considered core melt frequencies (CMF) due to
ESFAS failure for both the current one-month test interval and the proposed
three-month test interval over a typical 18-month fuel cycle. This analysis
was performed for: (1) six different loss of coolant accident (LOCA) events

(including transient-induced LOCAs), each of which challenges different ESFAS



parameters and requires a different ESFAS response; and (2) an aggregate case
to bound all challenging events. The time-dependent results were then
integrated to obtain an average CMF and any incremental difference in the CMF
due to an increase in the test interval. BAW-10182 calculations show the
incremental risk for a three-month ESFAS STI per reactor-year to vary from
1.45 x 10 7 to 2.03 x 10 ® for the three ESFAS designs, while the
corresponding risk for the existing one-month ST] variad from 4.0 X 10 7 to
2.11 x 10 "%, Thus, the analysis indicated that the impact on CMF of

increasing the ESFAS test interval from one to three months is negligible.

An analysis of the change in CMF can also be utilized to determine changes in
ESFAS unavailability. However, the B&WOG report did not present changes in
ESFAS unavailability separate from the CMF results. To investigate the
potential change in ESFAS unavailability, the staff duplicated the analysis
for the Baily ESFAS design using BAW-10182 parameters and the time-dependent
unavailability computer code FRANTIC. The analysis results showed an ESFAS
unavailability increase by a factor of three, corresponding to the test
interval increase (one to three months). However, CMF does not change in
direct proportion to ESFAS unavailability because of other factors, such as,
the reduced probability of human error when the test interval is extended.
This is one of the motivations to develop and implement risk-based changes to

the technical specification test intervals.

To determine the change in CMF as a resuit of a factor of three increase in

ESFAS unavailability, the staff recalculated the risk using an ESFAS failure



probability increased by a factor of three in the Oconee plant PRA using the
fault tree/event tree analysis computer code IRRAS. The results showed

negligible increase in CMF.

To test the robustness of the CMF analysis results, the staff also performed
an uncertainty analysis for each of the three BAW plant ESFAS designs and both
the current and proposed ESFAS test intervals using a Monte Carlo computer
code and an error factor of ten (an order of magnitude variation in the
failure rates in either direction from the median to the lower and upper bound
values). The uncertainty analysis (6000 iterations) indicated that there is a
§5% probability with 95% confidence (95%/95%) that the change in CMF
associated with increasing the ESFAS test interval to three months is
negligibie. The staff further compared the BAWOG analyses with three PRAs
discussed in NUREG/CR-4550, "Analysis of Core Damage Frequency: Surry, Unit ]
Internal Event," and found the analysis conclusion to be consistent with those

in NUREG/CR-4550.

While the generic analysis of risk on the extended ST is considered
acceptable, it does not consider the plant-specific effects of drift in both
sensors and instrument strings. These plant-specific effects should be
assessed and factored into the analysis in order to maintain the validity of
the assumed failure rates. Therefore, each licensee referencing BAW-10182
should confirm that they have reviewed drift information including as-found
and as-left values for each ESFAS instrument channel involved and determined

that drift occurring in that channel over the period of the extended STI will



not cause the setpoint value to exceed the allowable values as calculated for
that channel by their setpoint methodology (instrument drift is defined as the
portion between the upper leave-alone zcne and the allowable value). Each
referencing licensee shouid also maintain onsite records showing the actual
setpoint calculations and supporting data that are available in order to
permit possible future staff audit. The data should consist of monthly
information taken over at least the last 2 years, and a description of the

current plant-specific setpoint methodology used to derive the safety margins.

3. CONCLUSION

Based on the above, the staff concludes that the data and analyses in BAW-
10182 adequately demonstrate a negligible change in CMF and risk, and thus
extending the ESFAS surveillance test interval from the current one-month to
three-month interval is, therefore, acceptable. The staff also notes,
however, that licensees referencing topical report BAW-10182 should 1) include
a plant-specific analysis of setpoint drift for the extended surveillance
interval to confirm the validity of the assumed analysis failure rates, 2)
maintain onsite records showing actual setpoint calculations and information
over at least the last 2 years, and 3) include a description of the current

plant-specific setpoint methodology used to derive the safety margins.
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A time-dependent model was used to dynamically represent system configuration
changes associated with testing and maintenance. The analysis placed heavy
emphasis on the use of operating experience data. Data, based on industry-wide
operating experience derived from Licensee Event Reports (Atwood and Meachum,

ps, NUREG/CR-

3289), were used as a source of failure rates for sensors and instrument strings.
Failure history for other ESFAS components, such as logic modules and relays, was
based on B&WOC operating experience obtained from Nuclear Plant Reliability Data
System (NPRDS).

ESFAS contribution to core melt frequency was examined for a spectrum of
different Loss of Coolant Accident (LOCA) events (including transient-induced
LOCAs), each of which challenges different ESFAS parameters and requires a
different ESFAS response. Core melt frequency due to ESFAS failure was
determined through a synthesis of the ESFAS reliability in response to various
challenging events, the ESFAS challenge rate for the events, and the consequence
of ESFAS non-response, in terms of the time available to avert core melt. Thus,
the ESFAS failure modes were modeled with RBDs, quantified with operating
history, and placed into common perspective with respect to impact on (core melt)

risk.

Time-dependent plots were made showing core melt frequency due to ESFAS failure
for both one- and three-month test intervals over a typical 18-month fuel cycle.
The plots explicitly show the effect of surveillance testing on core melt risk.
The time-dependent plots were used to ensure that there were not any risk
vulnerabilities (i.e., unacceptable risk peaks) that might result from changing

test intervals.

Time-dependent results were then integrated to obtain the average core melt risk
due to ESFAS failure for both one-month and three-month tes: intervals, as well
as the incremental difference in core melt frequency attributeble to increasing
the test interval for ESFAS from one to three months. The estimated mean
incremental risk associated with extending the test interval to three months

varied from 1.45 x 1077 to 2.03 x 10® per reactor-year for the three ESFAS

iv -



designs Thus, the impact of increasing the ESFAS test interval from one te

three months is small

Uncertainty analysis was performed to test the robustness of the results in light
of data uncertainties. A Monte Carlo analysis was performed using error factors
of ten for all faflure rates including random and common mode. An error factor
of ten represents an order of magnitude variation in the failure rates in either
direction from the medians to the lower and to the upper bound values, The
uncertainty analysis indicates that there is a 95 percent probability with 95
percent confidence (95%/95%) that the incremental core melt frequency associated
with increasing the ESFAS test intervals to three months is less than 4.94 x 1077
per reactor-year for the Bailey design, 9.57 x 10°® per reactor-year for the
Gilbert design, and 2.69 x 1077 per reactor-year for the Bechtel design. These
results show that, even with an order of magnitude uncertainty in the data, the

incremental risk from extending the ESFAS test interval to three months is small.

Therefore, the B&WOG proposes to increase the ESFAS test interval from one to
three months and concludes that the effect on plant risk is insignificant
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1. INTRODUCTION

The purpose of this investigation is te show that extended test intervals for the
Engineered Safety Features Actuation System (ESFAS) would not decrease plant
safety. A technical justification is provided supporting an increased test
interval of three months for the ESFAS. Extensions for actuated Engineered

Safeguards (ES) devices, such as pumps and valves, are not proposed at this time.

The investigation perfcrmed is generic and applicable to Arkansas Nuclear One-1
(ANO-1), Oconee 1,2&3 (Oconee), Crystal River-3 (CR-3), and Davis-Besse (D-B),
all of which have Babcock & Wilcox (B&W) Nuclear Steam Systems (NSS). There are
three significantly different design configurations that must be accounted for
by the ESFAS evaluation Consequently, three separate models have been
developed, one patterned after the Oconee and ANO-1 configurations, one for the
CR-3 configuration, and the other for the D-B configuration; these were designed
by Bailey, CGilbert, and Bechtel, respectively. Details concerning the
similarities and differences of these designs are discussed in Section 2. The
tests performed on the ESFAS are also described in Section 2, as well as proposed

changes to the test frequencies

The modeling of ESFAS uses the same methodclogy as developed for Topical Report
BAW-10167 [1,2,3]) which justified extended test intervals for the B&W Reactor
Trip System. Reliability block diagrams (RBDs) were used to model the ESFAS
designs. The ESFAS models constructed for the Bailey, Gilbert, and Bechtel
designs include sensors and signal processing equipment, trip logic devices,
output devices and supporting power supplies. The effects of ESFAS testing on
core melt frequency are included in the model. The PACRAT computer code was used
to calculate the time-dependent core melt risk contribution of ESFAS for the
existing one-month, as well as for the proposed three-month test intervals. The

PACRAT code and other software used in this evaluation, and the modeling

methodology are discussed in Section 3.

Random and common mode failures were accounted for and operating experience was

used to support the evaluation. Data derived from Licensee Event Reports (LERs)

1-1
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2. CENERAL DESCRIPTION OF HARDWARE AND TESTINC

The various B&WOC utilities have different names and acronyms for their safety
features actuation systems; for simplicity, this report will refer to them all
as "ESFAS." The design features of the ESFAS have been described in other
documents including docketed Safety Analysis Reports (SARs). Therefore, a full
description of the ESFAS is unnecessary and a summary description of the most
important features is provided. These features are shown in Figures 2-1 through
2-3, reproduced from the SARs. More drawings describing the ESFAS are available

from the SARs.

This evaluation is applicable to Oconee, ANO-1, CR-3, and D-B. There are three
different ESFAS designs at these plants. Consequently the evaluation grouped the

plants into three groups reflecting the Bailey (ANO-1 and Oconee), Gilbert (CR-

3), and Bechtel (D-B) supplied ESFAS The following sections describe the
fundamental differences These differences are accounted for in the analysis.

Although there are some differences in implementation, all of the ESFAS designs
have three or four redundant analog subsystems that monitor pertinent plant
parameters, generally reactor coolant (RC) and reactor building (RB) pressure,
to actuate Engineered Safeguards (ES) devices that loosely translate into four
functional groups: high pressure injection (HPI), low pressure injection (LPI),
RB isolation and cooling, and RB spray All three designs have two redundant
actuation subsystems (i.e., digital subsystems) arianged in a one-out-of-two
logic that is implemented by actuating one train of ES devices off of each ESFAS

actuation subsystem
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* Distributed design. Within each of the four "system logic" channels,
there are from one to nine "output modules" for each of five ESFAS
functions (called “"incident levels"). Each of the many output modules
contains a two-out-of-four coincidence logic for each applicable plant
parameter. The four channels of output modules are arranged such that
each ES device is actuated by a coincident trip from two output modules in
separate channels. (The redundant device in the other ES train is
actuated by output modules in the remaining two channels.) Several ES
devices within the same ES "system" and train may actuate from the same

pair of output modules,

* Sensed parameters include RC pressure, RB pressure, RB radiation, and BWST

level

* Has analog sensors for RB pressure.

The Bechtel ESFAS is illustrated in Figure 2-3

2.1.4. Power Supplies

The ESFAS analog sensors have individual power supplies. Failures of individual
sensor power supplies cause erratic sensor readings and are equivalent to sensor

failure

Power is also required for operation of the signal conditioning and logic modules
within ESFAS This power comes from internal ESFAS DC power supplies and/or
vital buses For ESFAS components that energize-to-trip, power supply failures
would prevent actuation However, many components within ESFAS deenergize-to-

trip, that is, fail safe upon loss of power

For the Bailey design, the analog channels will trip upon loss of power An
exception is the high-high RB pressure channels at Oconee that need vital AC to
trip; this parameter is used only to actuate RB spray. The digital subsystems
at the Bailey plants will fail in the unactuated state upon loss of power because

the trip logic modules energize-to-trip (using ESFAS -15V DC internmal power

N
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supplies) and the output relays in the unit control modules energize-to-trip

(using vital AC).

For the Gilbert design, the analog channels deenergize-to-trip and, therefore,
will fail safe upon loss of power. The digital subsystems alsoc deenergize-to-
trip, and, therefore, will go to the actuated state upon loss of power, except
for the spray pump actuation logic, which is energize-to-trip. However, for a
LOOP event, wital DC and AC power would be needed to keep the 4160 bus
undervoltage relaying and ESFAS time delay relays energized, which blocks ESFAS

actuation until the emergency diesel generators (EDGs) are on-line.

For the Bechtel design, both the analog and digital subsystems deenergize-to-
trip, and, therefore, will go to the actuated state upon loss of power. However,
for a LOOP event, viral AC and DC power would be needed for the 4160 bus
undervoltage relaying, and ESFAS internal power supplies would be needed to k

sequencer and output modules energized, which block ESFAS actuation until une

EDCs are on-line.

Power for the actuated ES devices is outside the scope of this study. However,
for ESFAS challenging events that invelve an unpowered ES train, the study
recognizes that ESFAS must actuate the powered ES train. This study does not

address changes to the test intervals for the ES devices or their power supplies.

2.72. Testing and Maintenance Features

This study addresses the proposed changes to the current one-month test intervals
for those components that are tested on-line, The proposed changes that were
evaluated are noted below, in italics. This consists of extending the test
interval for the ESFAS analog and digital (i e., actuation) subsystems from one
month to three months. For other tests that are not currently performed monthly,
such as visual channel checks and response time tests, no changes are proposed

at this time

In addition, no test Interval changes are proposed at this time for the

components that are outside of the ESFAS system (and ESFAS Technical

h‘v
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Specifications) scope, specifically, the actuated ES devices and those power
supply components that are external to the ESFAS cabinets, such as station

batteries, inverters, and 4160V bus undervoltage relaying.

The fellowing sections summarize the testing and maintenance features of the
ESFAS components. There are some variations in the testing and maintenance
schemes for the utilities with the three ESFAS designs. The most significant of

these are noted in the following descriptions

2.2.1. Apalog Subsystem Testing:. Sensors

Sensor testing includes the following:

» Full eff-line test and calibration at shutdown (18-month test interval)

* Channel check consisting of visual comparison of analog sensor output

against other channels (each shift)

* RB pressure sensors (analog sensors and digital switches) are exercised
monthly at the plants where they are accessible (D-B and CR-3). For D-B

this test results in bypass of the sensor during the test. It is proposed

that this test Interval be changed to three months.

2.2 .4 Analog Subsystem Testing: Instrument Strings

For this study, an "instrument string" includes all electrical components from
a sensor to the corresponding bistable(s) This includes the dedicated sensor
-
A

power supply, signal conditioning, and the bistable(s), but excludes the sensor

Instrument string testing is summarized below



A ke e

. Monthly functional test of each channel. It is proposed that this test

interval be changed to three months.

For the Bechtel design, the functional tests are staggered (one of the
four channels is tested per week). The testing requires individual
instrument strings of the applicable channel to be bypassed, one plant
parameter at a time. (The coincidence ligic downstream of the instrument
string is not bypassed, therefore all four channels can trip with two-out-
of -three inputs of the tested parameter or two-out-of-four inputs of any

other parameter.)

For the Bailey and Gilbert designs, the three redundant channels are
tested sequentially The applicable channel is tripped during the

functional test.

For all three designs, each plant parameter is tested separately, in turn,

by substituting a false signal downstream of the sensor.

2.8, 3 Maintenance of Test-Failed Sensors and Instrument Strings

Maintenance is undertaken if the sensors or instrument strings are determined to
be inoperable, following the pguidelines of the applicable Technical
Specificatiens. The Technical Specifications in effect during performance of
this study were use s, except for CR-3, for which the Revised Standard Technical
Specifications [5] were used. Single channels (sensors or instrument strings)
that fail are generally required by Technical Specifications to be tripped within
one hour., Once tripped, the components are repaired and returned to service at
the first opportunity. 1f, at the plants with the three-channel ESFAS designs,
the tripped channel cannct be repaired before the next scheduled surveillance
test, then the reactor must be shutdown because the test cannot proceed without

causing an unwanted ESFAS actuation,

1f failure of multiple analog channels is discovered, Technical Specifications
require that the reactor be shutdown within a specified length of time to a mode

where ESFAS operability is not required. For the Bailey plants, hot shutdown is

2-7
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The Gilbert design has distributed coincidence logic (i.e., each actuated
ES device has its own auto actuation logic (AAL) matrix). There are two

on-line functional tests that affect the digital subsystems:

Test trips sent separately from each of the three analog channels
terminate with half-trips in all of the applicable two-out-of-three

AAL matrices in each of the two actuation subsystems,

In another test procedure, each AAL matrix is tested separately by
tripping one combination of two of its inputs, during which time the
output of the applicable matrix is blocked to prevent spurious
equipment actuation Since each actuated device has its own AAL
matrix, only a single ES device at a time is affected. The matrix
tests rotate so that all three combinations of twe are tested in

three sequential months.

The Bechtel design has four channels of coincidence logic that the utility
tests on a staggered schedule concurrent and integrated with the tests of
the four analog channels. The Bechtel coincidence logic i{s distributed
among many output modules, each one containing a two-out-of-four
coincidence logic for each applicable plant parameter. Each output module

is functionally tested separately as follows:

Each coincidence logic circuit has a fifth input from a test
circuit; the trip of one-out-of-four inputs from the analog channels
coincident with the "fifth channel" test trip satisfies the two-
channel coincidence required to trip the output module. The trip of
the output module results in a half-trip of the applicable output
module pair; the associated ES devices do not trip because each
output module output is "AND-ed" with one from a complimentary

chamnel



2.2.5. Maintenance of Test-Fajled Digital Subsystems

Detection of faulty components in the digital subsystems results in certain
actions being taken that are dictated by Technical Specifications. In general,
repair is initiated either with the affected component(s) tripped or with
shutdown of the reactor required within a certain length of time (that varies
from plant to plant). The Te:hnical Specifications in effect during performance
of this study were used, except for CR-3, for which the Revised Standard
Technical Specifications [5]) were used; the following is a summary of the

Technical Specifications that were used for each plant.

For the Bailey plants, the length of time that the reactor can operate with
inoperable digital subsystem component(s) before the reactor must be in hot
shutdown varies from 24 to 36 hours. For ANO-1, component failure in the digital
subsystems results in inveking the Emergency Core Cooling System (ECCS) Technical
Specification for the associated ES component(s); conseguently, the length of
time that the reactor can operate with the inoperable digital subsystem
component(s) before the reactor must be in hot shutdown is 36 hours. For Oconee,
the length of time that the reactor can operate with inoperable digital subsystem
component(s) before the reactor must be in hot shutdown is 24 hours. For both

ANO-1 and Oconee, cold shutdown follows after an additional 72 hours.

For the Gilbert plant, component failure in the digital subsystems (automatic
actuation logic) results in invoking the ECCS Technical Specification for the
associated ES component(s). Consequently, the length of time that the reactor
can operate with the inoperable digital subsystem component(s) varies according
to the affected device(s). For example, the allowed outage time is 72 hours for
one failed train of HPI and 7 days for one failed train of RB cooling, followed
by hot shutdown within 12 hours if HPI is affected, or cold shutdown in 36 hours

if RB cooling is affected.

For the Bechtel plant, failures in the digital subsystems require that the
affected component(s) be tripped or that shutdown be initiated within cne hour

te bring the reactor to cold shutdown within the next 36 hours

.
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3. DESCRIPTION OF MODELS USED FOR RELIABILITY EVALUATION

The methodology used to evaluate the test intervals for the ESFAS is the same

as used for the B&WOG submittal on Reactor Trip System (RTS) test interval
extension, Topical Report BAW-10167 [1,2]. The Nuclear Regulatory Commission
(NRC) [3)] has reviewed and approved the RTS test interval extension submittal.
The methodology documented in BAW-10167, and used here, is based upon RBDs and
contains the features that are important for technical specification submittals,
including: time dependent modeling, emphasis on operating experience data,
inclusion of common mode failure and human error, and uncertainty analysis. The
methodology discussed in Section 3 and the data treatment discussed in Section &4
are the same as used for BAW-10167, except for the minor deviations that are

noted below

3.1 Deviations from BAW-10167 Methodology and Data

BAW-10167 evaluated the RTS reliability and risk significance for a
representative (and bounding) event, namely, loss of feedwater. It also
explicitly excluded manual recovery action (i.e., manual reactor trip) because
it was considered a constant over all events and would unnecessarily complicate
and mask the results In the ESFAS analysis, it was nct possible to choose a
representative event because ESFAS actuates a much wider selection of equipment
than RTS8 Therefore, ESFAS reliability was examined for a spectrum of different
Loss of Coolant Accident (LOCA) events, each of which challenges different ESFAS
parameters and requires different ESFAS response. Failure of ESFAS to respond
by actuating the appropriate devices, in itself does not disable the ES
function(s), because the devices can be actuated manually independent of ESFAS,
ESFAS has more functions than RTS, and the time available for appropriate
operator recovery action is not constant over all ESFAS functions (for example,
failure of ESFAS to actuate HPI requires more urgent operator action than failure
of ESFAS to actuate RB cooling). Thus, it was necessary to include ESFAS
challenge rates and recovery through manual ES actuation as a way of putting the
various event scenarics that challenge ESFAS, and the respective ESFAS fallure

modes, into common perspective with respect to impact on (core melt) risk.
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Another difference between this analysis and BAW-10167 is in the uncertainty
analysis (described is Section 5). In response to comments by the reviewers of
BAW-10167, the error factors on the failure data were increased to ten for all

components,

In BAW-10167, common mode failure rates were excluded for some components where
the data did not support their inclusion, or the rates were insignificantly
small. In response to comments made by the reviewers of BAW-10167, the ESFAS
analysis includes a common mode failure contribution for all compenents within
the ESFAS system, even when the failure data did not support development of a
rate. In the cases where common mode failure rates could not be obtained from

the failure history, subjective (and conservative) B-factors were assigned.

In BAW-10167, for test-revealed failures, time-to-repair data was obtained from
historically-derived mean-time-to-repair (MTTR) data rather than Technical
Specification-dictated allowed outage time (AOT) or ACTION times. Since this was
an issue in the BAW-10167 review process, the ESFAS analysis assumes that the
system reliability will continue to be vulnerable to a test-reveiled failure for
the full length of the AOT/ACTION time dictated by Technical Specifications, even
though the actual repair time may be shorter. Thus, the times used in the model
are the full time allowed by Technical Specifications, from detection of the
failure until the component or channel is in a “"safe" state (generally tripped)
or the reactor is shutdown to a "safe" state (i.e., a mode where the affected

ESFAS function is no longer needed).

The analysis of component wearout is not included in the ESFAS model. Inclusion

f

of wearout in Topical Report BAW-10167, Supplement 1 [2] was included to address

Generic Issue B83-28, item 4.5.3 and applied primarily to reactor trip breakers;

it is not a significant issue for ESFAS monthly test interval extensior

Evaluation of instrument drift over the proposed (i.e., longer) test interval is
not evaluated in this report. An attempt to address drift on a generic basis in
BAW-10167, Supplement 1 was concluded by the reviewers to be insufficient because
drift was considered to be "individual to each specific plant." The reviewers

determined that before implementation, each licensee should confirm that drift
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will be within acceptable limits over the period of the new test interval. The
B&WOC considers that to be an acceptable approach for implementation of the

proposed extended ESFAS test interval,

3.2. Reliability Block Dirgram Modeling

Separate RBDs were constructed to represent the three ESFAS designs, Bailey,
Gilbert, and Bechtel, and are shown in Appendix A. The three ESFAS
configurations are representative of all the participating B&WOG plants,
specifically Oconee, ANO-1, CR-3, and D-B. Each plant’'s ESFAS closely matches

one of these configurations.

ANO-1 and Oconee both have the Bailey design and they have only minor differences
of hardware and test practices, as noted in Section 2 and/or on the Bailey RBD.
These minor differences were evaluated for their reliability and core melt risk
significance, and their impact was insignificant. Where these small differences
exist, the most conservative choice was used for the Bailey model. Thus one
mode]l was developed, using the most limiting features, to represent both of the

plants with the Bailey design

The Gilbert and Bechtel models reflect CR-3 and D-B-specific hardware and test
practices, respectively. Consequently, all of the above-listed plants are
represented or bounded by the three models and the conclusions derived from the

analysis apply generically to all

The hardware configurations summarized in Section 2 are represented by these
RBDs . This includes sensors for all parameters input to the ESFAS,
instrumentation channels containing processing equipment and bistables,

coincidence logic consisting of logic modules and/or relays, and power supplies.

The RBDs model each sensed parameter of the ESFAS trips. These include RC
pressure (for low and low-low trips), and RB pressure (for high and high-high
trips) In addition, the Bechtel design includes high RB radiation and low BWST
level The RBD is arranged so that individual parameters or combinations of

parameters can be called upon for evaluation of ESFAS response to a selected

1.1
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challenging event, Fer example, for an interfacing systems LOCA (i.e., LOCA
outside of containment), high RB pressure will not be challenged -- therefore,
when evaluating that case, the wunchallenged RB pressure parameter was

analytically detached from the RBD.

The top logic of the RBDs in Appendix A are shown configured for general
functional logic and are not tailored for any particular event. The top logic
of the RBDs reflect dependencies that are a function of ES equipment assignment
to channels (e.g., for Gilbert design, successful actuation of LPI requires
actuation of both LPI and HPI functions because LPl1 pumps are started by the HPI
channels and the LPI valves are opened by the LPI channels). Quantification runs
were tailored to specific challenging events by detaching unchallenged or
inapplicable functions -- for example, when evaluating a small LOCA, the LPI

actuation function was not needed.

The level of detail of the RBD basic events was chosen to correspond with the
level of resolution of the data, with preference given to data derived from
operating experience. For e.ample, random and common mode failure data for
instrumentation assemblies from NUREG/CR-3289 [4] is available at the "sensor"
and "signal conditioning system" level of resolution. A "signal conditioning
system" is a combination of all of the components in an instrument string from
downstream of the sensor, encompassing buffer amplifier, dedicated sensor power

supply, etc., up to and including the bistable(s).

For other components, such as logic modules, the level of detail of the REDs
corresponds to the utilities' NPRDS reporting scope [6], so that operating

experience could be attributed to the specific ESFAS designs

For relays, failure data was obtained from NPRDS at the relay level, however
since there were so many relays, it was impractical to show each one individually
on the RBD. Therefore, individual relays were combined as basic events when they
were in the same channel and used for the same function. That is, relays were
modeled so that 1f one relay failed, the basic event (e.g., 4160 volt bus

undervoltage relaying) failed.
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Common mode failures are treated explicitly in the RBDs. Dependent basic events
are shown involving two or more redundant components. All RBD basic events
involving ESFAS components have corresponding common mode failure basic events
associated with them and their redundant counterparts. This includes all of the
ESFAS components that are within the scope of the proposed Surveillance Test
Interval (STI) changes. More information on the identification and
quantification of common mode failures appears in the discussion of the data

(Section 4).

Human errors are not explicitly shown on the RBDs. Errors introduced during
maintenance and test activities are incorporated into the common mode failure
(and random) events. Common mode failures can result from both mechanical and
human causes; analysis of the data indicates difficulty in separating the human
element from the common mode failure. For example, the common mode failure (and
random failure) daca for instrumentation came from NUREG/CR-3289 (4] and is based
on operating experience from LER reviews. This source expresses the common mode
failure rates in terms of lethal and non-lethal "shocks". Analysis of the LERs
supporting NUREG/CR-3289 indicates that many of these "shocks" are human-caused,
although it is difficult to determine the exact breakdown between human and
non-human causes. Similar difficulties in interpretation were experienced when
analyzing NPRDS failure data for mechanical versus human causes. Therefore, in
the interest of using operating experience data wherever possible, the human
element and common mode failure contribution are integrated. The preference of
operating-experience-based rather than theoretically-based estimates of human

error probabilities provides more meaningful results.

3.3, Testing and Maintenance Modeling

The testing model was constructed with the flexibility to examine alternative
test intervals for the ESFAS analog and digital subsystems. The RBD models and
the PACRAT computer code account for changes in the configuration due to testing.
All component failures that are not in the fall-safe mode contribute te system
unavailability (i.e., to trip on deimand) until they are detected (usually through
testing) Some components are tripped either for testing or subsequent repairs

and therefore do not contribute to system unavailability while they are in the

3+3



safe state. Other components contribute to system unavailability because
redundancy is reduced while they are bypassed during testing. Components that
are not tripped upon detection of failure contribute to system unavailability
further while they are inoperable awaiting repair or reactor shutdown. These
dynamic changes are reflected in the model for the test intervals that are

examined.

The calculations performed by the PACRAT computer code (described in Section 3.5)
are time-dependent. For example, the RBDs for the Bechtel ESFAS contain basic
blocks in each of the four instrument string channels that perform a test-bypass
function., These are analytic switches that remove the respective channels from
service at prescribed times and durations. Using the RBD as input, the PACRAT
code calculates the dynamic (time-dependent) availability of the Bechtel
instrument strings as they change from 2-out-of-4 logic to 2-out-of-3 logic for
the test, and back to 2-out-of-4 logic as the channel is returned to service,
showing the effect of channel bypass during test. Other time dependent effects
become evident using time-dependent analysis. After each test, for example,
there is a step improvement in system unavailability as the tested components are
verified to be free of undetected failures. Between tests, there is increasing
unavailability according to the exponential relationship of reliability versus
time; this reflects the probability of undetected failures accumulating until the

next test

The time-dependent modeling confirms that temporary changes In system
configuration do not result in brief periods of extremely poor reliability that
may have been hidden if averaged over a month or a year. This type of modeling
is important when trying to demonstrate the effect of Technical Specification

changes The time-dependent results are presented and discussed in Section 3.

3:3.1 Analog Subsystem Components: Sensors

The modeling of sensors includes full testing at 18-month refueling outages,
monthly exercising of RB pressure sensors at some plants (those plants with
sensor accessibility), and visual comparison of sensor outputs each shift. The

shift check may reveal catastrophic failures, however non-catastrophic or
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degraded failures (such as drift) may not be discovered until the refueling
outage test (or monthly exercising, if applicable). Thus, the reliability model
considered both the catastrophic and degraded failure modes for random and common
mode failure rates and corresponding times-to-repair of sensors. Due to the
longer exposure time (i.e. the length of time that the failure is likely to go

undetected), the degraded failure modes dominate sensor unavailability.

Sensor reliability is exponentially distributed over the time interval until
detection, and contributes to ESFAS unavailability accordingly. Upon detection,
single failures are treated differently than multiple failures because Technical
Specifications typically require shutdowr when more than one sensor failure for
the same parameter is affected Following detection, the model generally assumes
that, consistent with Technical Specifications, individual sensor failures will
result in trip of the appropriate ESFAS channel, while multiple failures will

result in reactor shutdown and repair

W Analog Subsystem Components: Instrument strings

The {currently monthly) functional testing of instrument strings is performed
differently for the four channel and three channel ESFAS designs. At the plant
with the four channel ESFAS, the instrumentation strings are bypassed during
testing. The modeling for the instrument strings includes the contribution of
the bypassed string to reduced redundancy, and hence reduced ESFAS availability,
for the duration of the test. At the plants with the three channel ESFAS, the
instrument strings are tripped during testing and there is no reduced redundancy

contributed by the test

Instrument string reliability is exponentially distributed over the period
between tests, and contributes to ESFAS unavailability accordingly. Single
failures are treated differently than multiple failures because Technical
Specifications typically require shutdown when more than one instrument string
failure for the same parameter is detected. Following detection, the models
assume that, consistent with Technical Specifications, individual instrument
string failures will result in trip of the appropriate ESFAS channel, while

miltiple failures will result in plant shutdown and repair
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3.3.3. DRigital Subsystem Components

As described in Section 2, the ESFAS digital subsystems for the Bailey and
Bechtel designs are tested by tripping the appropriate components. Since the
functions are tripped, there is no effect on ESFAS unavailability due to reduced
redundancy. For the Gilbert design, the digital subsystems (i.e., auto actuation
logic) are also tested by tripping the appropriate components, however the
actuations are blocked before the actuated devices. Since Gilbert uses a
distributed system, only one ES device at a time is affected. Nonetheless, the

model reflects a reduced redundancy during these tests.

The digital subsystem testing contributes to availability by detection of latent
failures that may develop between tests, The analytical model reflects this
contribution with failure rates that are exponentially distributed over the
monthly test cycle (quarterly, in the case of the proposed test interval). Upon
detection of digital subsystem failures at the Bailey and Bechtel plants, the
Technical Specifications require reactor shutdown within the specified ACTION
time 1imit. At the Bechtel plant (which has a four-channel ESFAS), a failed
digital subsystem component can be tripped; failures in multiple channels would
require reactor shutdown within the specified Technical Specification ACTION

limit

3.3.4 Modeling of Component Repair

[f testing reveals a failure needing repair, then attempts to repair the affected
component(s) can continue for the full extent of the Technical Specification
ACTION time limit, concurrent with the prescribed ACTION. The ACTION time limit
is the time allowed from detection of the failure until the component or channel
is in a "safe" state (generally tripped) or the reactor is shutdown to a "safe"
state (i.e., a mode where the affected ESFAS function is no longer needed) When
the repair is successful, the plant may return to normal configuration. For the
purpose of Technical Specification evaluation, it was assumed that the full
ACTION time limits are always used, though in some cases, the repair can be done

faster. Thus, the "repair-times" used in the model, during which time the system
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ES actuation for that scenario. Thus, a perspective was given to the relative

importance of various events and ESFAS functions.

The following is a description of the risk analysis process:

3.4.1. Challenging Events

The events that challenge ESFAS are LOCAs and transient-induced LOCAs of various
sizes. A variety of analysis source documents were examined, including Safety
Analyses, Technical Specification Bases documents, and PRA literature, to
identify events that would challenge ESFAS. They were grouped according to the
required ESFAS response (e.g., is LPI needed?) and by which ESFAS parameters are
challenged (e.g., will the Reactor Coolant System (RCS) depressurize to the low-

low pressure setpoint?)

Transient-induced LOCAs originating from loss-of-offsite-power (LOOP) events were
also included, The LOOP-initiated events are significant because, with
subsequent failure of emergency AC power, ESFAS must actuate the ES devices in
the powered train(s) (and sequence loads, if appropriate). Other than transient-
induced LOCA, the probability of coincident LOCA with LOOP was not considered to

be significant from a risk perspective.

The documentation on each potential event was examined to determine, if realistic
assumptions were used, whether ESFAS would be challenged, and if so, which
parameters (high RB pressure, low RC pressure, etc.) would be challenged, and
also which ES systems were needed to mitigate risk. Some events, such as steam
line break and steam generator tube rupture, were excluded because ESFAS would
not be challenged or would be ineffectual (e.g., feedwater isolation is not an
ESFAS function at B&WOG plants), and therefore ESFAS would not have an impact,
The complete list of ESFAS-challenging events were grouped according to similar
ESFAS response with respect to challenged parameters and functions. Table 3-1

shows the challenging event classes included in the ESFAS risk evaluation.
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3.4.3. Conseguence

CGiven each event scenario and subsequent ESFAS non-response, the consequent risk-
significance is contingent on the time available to avert core damage, via manual
actuation of each ESFAS function that has failed to actuate automatically. This
time varies depending on the severity of the LOCA, and the ESFAS function that
has failed. For example, failure to actuate HPl or LPI to prevent core uncovery
is generally more urgent that failure to actuate RB cooling for its long-term
cooling function. The times available for manual actuation to prevent core
damage were obtained or extrapolated from available accident analyses.
Generally, the operator can actuate the ES equipment (independent of ESFAS) from
the main control panel. As discussed in Section 4, operator failure
probabilities were obtained from NUREG/CR-4834 [7], which contains time-

reliability correlations based on simulator experiments.

The conditional core damage frequency upon ESFAS failure was #--'med to be
equivalent to the operator non-recovery probability for ES device aittatiu . The
only recovery taken credit for was an operator action, as time allows, tu actuate
ES devices manually. Failure of the actuated ES devices was not included as that
would de-emphasize the risk-impact of uation failure modes. Also, no credit

was taken for other recovery paths, equipment not actuated by ESFAS.

3.4.4 Quantification

The RBDs, coupled with the challenge rates and recovery probabilities, were
evaluated with the FTAP computer code [8] to produce Boolean expressions of core
melt risk for the three ESFAS designs. The Boolean equations were assembled from
the FTAF-produced cut sets generated for each of the challenging events. The
resulting Boolean expressions were used in PACRAT computer code [9] runs to
produce time-dependent and time-averaged results, and in SAMPLE computer
code [10] runs to produce time-averaged uncertainty results. The Boolean
equations were developed for individual challenging events as well as the
aggregate of all of the challenging events. These were used in PACRAT and SAMPLE

to produce the ESFAS contribution te core melt frequency for both one-month and






In this evaluation, 1RIS was used to construct the RBDs for the three ESFAS
designs, produce RBD diagrams for the report, and prepare the input for the
evaluation codes FTAP, PACRAT, and SAMPLE.

3.5.2. FIAT

BUNS's wversion of FTAP2 (Fault Tree Analysis Program) computes the system
reliability and generates a list of minimal cut sets (and their probabilities)
associated with an input fault tree. FTAP is very efficient because it contains
automatic fault tree modularization and therefore can handle very large fault
trees such as those associated with plant PRAs. It is similar in capability to
Electric Power Research Institute'’'s (EPR1's) SETS code [12], FTAP2 was developed
at the University of California, Berkeley for use by the Air Force and Navy, and
is a public-domain, industry-accepted code. BWNS has made modifications to

enhance its capabilities and usefulness, in accordance with our internal

certification procedures. IRIS will automatically generate an input file for
FTAP.
3.5.3. PACRAT

PACRAT (Probabilistic Analysis Code with Repair and Testing) was developed by
BWNS and has been used for other evaluations of the Reactor Protection System
(RPS) previously submitted to the NRC [13]. PACRAT computes the time-dependent
and average unavailability for any system model whose failure or success can be
described by a FORTRAN subroutine. The generalized form of the FORTRAN
subroutine allows the system model to take the form of an RBD or fault tree, or
any other model that represents system failure or success in terms of component
failure or success. Typically, a fault tree or RBD is used, is reduced to
representative cut sets, path sets, or Boolean expression, and is input to PACRAT

in the form of a FORTRAN subroutine.

PACRAT will model a wide variety of component types including those that are
nonrepairable, monitored (self-annunciating failures), and tested (staggered,
sequential, etc.). The models include the effects of testing and maintenance

outages and component renewals, In addition to constant failure rates, time-
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dependent failure rates can be modeled to account for detectable and undetectable

age (wearout) failures.

Common mode failure can be easily accounted for either by including them
explicitly in the fault tree or RBD logic, or by manipulation of the cut or path
sets. By using a FORTRAN subroutine to represent the system model, PACRAT is
flexible enough to accommodate any treatment of common mode failure that can be
written into the subroutine, including B-factors, actual operating experience,

or the binomial failure rate method.

The PACRAT code calculates the time-dependent failure probability of every
component and the system, and also keeps a running average of the system
availability. The output of PACRAT includes the failure probability at each time
step, which can be plotted to show the changes due to testing and repair, in

addition to the time-averaged unavailability for the periods of interest.

The PACRAT code is similar in capability to the FRANTIC code [14]. However,
PACRAT is more flexible because the system failure representation is generalized

(cut sets, path sets, Boolean equations, etc.) and is not limited to cut sets.

3.5.4. SAMPiLg

SAMPLE is a general purpose computer program for performing uncertainty analysis.
It was first developed and used in the WASH-1400 Reactor Safety Study [15], and
in a public-domain, industry-accepted code. Uncertainties are represented by
random variables. The user supplies a FORTRAN function that combines the random

variables in a mathematical expression modeling the physical process.

For this application, a Boolean expression is used to describe the cut sets of
the system under study. The random variables are the failure probabilities. The
random variables are sampled and processed through the Boolean expression; this
is repeated for numerous trials of the simulation. The simulation produces a
distribution for the specified physical process parameter BWNS has made
modifications in SAMPLE to enhance its capabilities, in accordance with our

internal certification procedures The input to SAMPLE, a FORTRAN subroutine
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Table 3-1

Definition of ESFAS Challenging Event Classes

Challenged ESFAS Included Events
Ferameters

3 LOCAs that regquire HPI RC Pressure (Lo) ¢ Small to medium LOCAs

Both trains of offsite- KY Pressure (Hi) * Transient-induced (non-LOOP)
derived power are RB Pressure (Hi-Hi) LOCAs (e . g., PORV LOCA; Safety
operational BWET Level (DB only) Valve fails to reseat)

Radistion (DB only)

B Similar to Class A, except RC Pressure (Lo) * Transient-induced (LOOP) LOCAs
that both Emergency Diesel KB Pressure (Hi) (e.g., PORV LOCA; Safety Valve
Generstors are on-line® RB Pressure (Hi-Hi) failes to reseat)

(ESFAS must sctuste ES BWST Level (DB only)
equipment in one-out-of-two Radiation (DB only)
trains.)

C Similer to Class A, except RC Pressure (Lo) ¢« Transient-induced (LOOP and
only one Emergency Diesel RE Fressure (Hi) loss of one Emergency Diesel
Generator is on-line® RE Pressure (Hi-Hi) Generator) LOCAs (e.g., PORV
(ESFAS must actuste ES BWET Level (DB only) LOCA; Safety Valve fails to
equipment. in one-out-cf-one Radiation (DB only) reseat)
train. )

LOCAs that require LPI RC Pressure (Lo) ¢ Mediwn to Large LOCAs

RC Pressure (Lo-Lo)

RB Pressure (Hi)

KB Pressurs (Hi-Hi)

BWST Level (DB only)
Rediation (DB only)

E LOCAs that challenge only RC Pressure (Lo * "V-gsequence” {Interfacing
RC Fressure and are Systems LOCA)
isclatable (by EBFAS)

F LOCAs that challenge only RE Pressure (i1 ¢ Very small break LOCA with no
KB Pressure (i.e too Radiation (DB only) secondary side heat removal
small to depressurize available

primary system)

% Oconee derives emergency AC power from the Keowee hydroelectric generstors rather than EDGs



Table 3-2

Mission Success Definitions

[ r————————y——
Class Functioni{s] that Keed te be Actuated in Response to ESFAS Functions Mission Success Boundary Conditions
the Challenging Event to Prevent Core Melit (Using Plant-Specific Function
Kames )
S Functions ES Mission Success
A Injection (HP]) 1 of 2 HPI trains 0-8 1 of 2 Incident 2 Nene
1 of 2 Incident §
Long-term Heat Removal 1 of 2 88 cooling trains, CR-3 1 of 2 WPI/LS
{RB Cooling) inc luding fans, valves, 1 of 2 RB Cooling <de-
goolers, and cooling water pendent on HP1/LS - must
be the same channel as
actuated HP1/LS>
HPI Recirculation 1 of 2 recirculation paths ANG-1 ! of 2 Channels 1,2
from the sump {to LPI) to 1 of 2 Channels 5.6
4P1
Oconee 1 of 2 Channels 1,2
| i of Z Channels 5.6
= 1
8 Same as Event Class A Same as Event Class A Same as Event Class A This challenging

event requires tofsb.

( load seguencing
equipment, if re-
quired), and battery-

iL der1v%g=power, i

¢ Same as Event Class A Same as Event Class A 0-8 1 of | Incident 2 This challenging
] of 1 Incident 5 event requires £0Gs
{ load sequencing
CR-3 | 1 of 1 HPIALS Squipmens, if o=
! of 1 RB Coaling quired), and battery-
derived power for the
ESFAS subsystem
ANO-1 ! of 1 Channels 1,2 associated with the
1 of 1 Channeis 5.6 powered ES train,
Cconee 1 of 1 Channels 1.2
1 of 1 Channels 5.6
[ =L
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Table 3-3

Summary ldentification of Plant-Specific ESFAS Function Names

Plant-Specific ESFAS

Function Names

s e
Generic ES Function(s)

D-B Incident 1 Partial RB Isoclation
Incident 2 HPI, RB Spray (velves), RB Cooling,
Partial RB Isolation
Incident 3 LPI, Partial RB Isoletion
Incident & RB Spray (pumps), Partisl RB Isolation
Incident 5 BWST Level Permissive
ST A TS ST
CR~3 HFI & Load Sequencing HPI, LPI (pumps), RB Sprey (enable),
{HPI/LS) RB Coolers
LPI LP1 (valves)
RBE Spray Spray
RB Cooling RE Cooling {(valves)
RB Isoletion RB Isolation
ARO- ] Channels 1,2 HFI, Partial RE Isolation, k¥ Spray (valves)
Channels 3, 4 LPI, Partial RB Isclation, RB Spray (valves)
(Note: RB Spray function is available if
either HPI or LPI actuates.)
Channels 5,6 RE Cocling, Partial RB Isolation
Channels 7.8 RE Spray (pump)
Chamnels 9,10 EB Spray (chemical addition)
Oconee Chamnels 1.2 8Pl
Channels 3.4 LPl

Channels 5.6 RB Cocling, KB Isclation
Channels 7,8 RE Spray
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modes . Most logic relays, for example, deenergize to trip; inadvertent
deenergizations and subsequent spurious actuations (or half-actuations) were more
numerous than events involving failure to trip (i.e., failure to deenergize) on
demand., Hence, the component failure descriptions were reviewed, and the failure
rates partitioned accordingly, giving emphasis to hardware and human errors that
could prevent trip on demand, It is recognized that failures causing unwanted
actuations are also important to plant safety, and they are addressed separately

in Section 4. 8.

For the other modules, such as power supply modules and sequencer modules, all
of the failure modes are applicable for the determination of the reliability of
ESFAS actuation because these components do not have a tripped/not-tripped mode
of operation. That is, all failure modes of these components can potentially

lead to the unavailability of ESFAS actuation,

The failure experience for each digital subhsystem component or module was
reviewed to determine if any of the failures were potentially common mode
failure. Failures that occurred within one month of each other at the same plant
(to account for staggered testing) were examined to determine if the mode,
mechanism, or cause of failures was similar. In these instances, the information
was used to partition the failure rate into random and common mode portiens, from
which a beta factor (and, if needed, a gamma factor) were derived. The beta
factor, B8, is the fraction of the random failure rate (A) in which two or more
components are involved due to common mode. (The gamma factor, 7y, is the

fraction of the 8 involving three or more components.)

Typically, it is difficult to collect and 1identify sufficient operating
experience data to make common mode failure rate calculations with confidence.
In the data for power supply modules, there was one multiple failure event in a
related system (EFIC), Also, for logic relays there was one multiple failure
event involving Clark relays (the type used in the Cilbert design), although they
were in the same (rather than a redundant) channel. When possible, such as in

these cases described above, a beta factor was derived from the data.

=
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extension being evaluated. Since this analysis is interested in the relative
incremental risk involved with changing the ESFAS test intervals, and external
power supply test interval changes are not proposed, to include common mode
fallure of these components would serve only to mask the effect of test interval

changes on the other components,

4.4, Applicability of Data to Extended-Test-Interval Model

The historical data bases largely represent components that have been tested
monthly. Their failure rates can be expressed as failure-per-demand or failures-
per-hour. As long as the modeled test frequency is monthly, a reliabilicy
analysis that assumes per-demand rates will yield the same results as one that
assumes per-hour rates. This assumption is not true if the data is extrapolated
to longer-than-one-month test intervals. Obviously, if failure rates are
expressed per-demand, the component’'s probability of failure for a given
challenge will remain constant regardless of how the test interval is varied.
This would be optimistic and misleading. However, if failure rates are expressed
per-hour, the component’s probability of failure for a given challenge will be
a function of the time elapsed since the last test, and would increase
proportionally as the test interval increases. This would be pessimistic and may
overestimate the sensitivity to test interval, Hence, modeling at extended test
intervals requires ascertaining whether the fallures experienced were time- or
demand-related; otherwise, failure rates must be expressed per-hour to yield
results that are conservative for examining the sensitivity of reliability to

test interval.

The components in the data bases actually have two kinds of failure mechanisms--
those that are cycle-dependent and those that are time-in-service-dependent. For
example, test-related human errors (that may contribute to either random or
common mode failure) are expected to be cycle-dependent; that is, their rate
would increase or decrease in proportion to the number of human interactions (or
tests). Other failure mechanisms, such as those that might result from exposure
to environmental effects (grease, dirt, etc.), would be proportional to the
amount of time-in-service. An ideal model would separate the historical failure

experience into cyclic and time-related contributions, and split the failure
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analysis were the ACTION times prescribed by those Technical Specifications

(summarized in Section 2).

For most components in this analysis, the failed component or channel was assumed
tripped within one hour of when the test fails. When a second failure is
discovered, as would be the case in a common mod- failure, or in other situations
where the Techniral Specification requires shutdown, the model conservatively

assumes that the reactor will be shutdown using the full ACTION time limit.

For some random failures, especially those components with plug-in design and
spares in stock, component restoration can be attained in less time than allowed
by the ACTION statement. However, since the purpose of this study is to evaluate
the effect of proposed technical specification changes, it was conservatively
assumed that the full ACTION time limit would be used. This results in the
maximum analyzed "vulnerability" when a component fails in a surveillance test,
and therefore over estimates the ESFAS unavailability for cases where repair and

system restoration occurs faster than allowed by technical specifications.

4.6 ESFAS Challenging Event Frequencies

Challenging event frequencies were obtained from a combination of B&WOG
experience, and the Oconee PRA [16]. The frequencies for the six challenging

events and their sources are presented in Table 4-3,

Conventional LOCA frequencies were obtained from the Oconee PRA, which were
obtained from industry operating experience. Transient-induced LOCA frequencies
were obtained from BAWOC operating experience. LOCAs induced from LOOP events,
with and without coincident EDG failure, were included by combining B&WOG

operating experience with generic EDG failure probabilities.

The interfacing-systems LOCA frequency was extrapolated from the Oconee PRA. The
Oconee plant was considered representative because the B&WOG NSS designs are
similar and because ESFAS is not a significance risk contributor for interfacing
systems LOCA. The potential interfacing systems LOCA pathways identified in the

Oconee PRA were reviewed to determine which ones contained ESFAS-actuated
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isolation valves The frequency was re-calculated by omitting credit for the
ESFAS actuation in determining the significant pathways and the ESFAS challenge

rate.

4.7. Non:Recovery Probabilities

Given ESFAS failure, the time available to avert core damage depends on the
severity of the LOCA and the ESFAS function that has failed. Estimates were made
of the minimum time available for manual initiation of ES devices that have
failed to actuate. Extrapolating from available accident analyses, conservative
times were assumed for diagnosis and action to avert core melt given the specific

event and failed ESFAS function.

For example, given a large LOCA and failure t .uate RB cooling, the operator
was conservatively given 30 minutes to star ¢ cooling because the BWST takes
at least 30 minutes to drain and the long-teim heat sink is not needed before
then he causal relationship between failure to actuate building cooling and
imminent core uncovery/melt is a conservative assumption. Some other ESFAS
actuation failures are a more immediate concern, for example, LPI actuation
failure for a large LOCA assumes that the operator must actuate LPl manually

within 15 minutes to avoid inevitable core damage.

Operator recovery from ESFAS actuation failure requires both cognitive (diag-
nostic) and action tasks The operator can initiate all of the ES equipment
{(independent of ESFAS) from the main control panel. Operator error probabilities
for operating these controls were obtained from NUREG/CR-1278 [18]. The
diagnostic (cognitive) error probabilities were obtained from NUREG/CR-4834 [7],
which contains time-reliability correlations based on simulator experiments.
Recovery times longer that an hour were not assigned (although in some cases,
they may have been justified) because the failure probability for recovery times
greater than one hour were equivalent to recovery times of one hour. The

recovery times and failure probabilities are shown on Table &4-4.

Recognizing the potential importance of the assumed times for averting core

damage given ESFAS failure, a sensitivity analysis was performed. The
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sensitivity analysis is contained in Appendix D. In the sensitivity analysis,
the time available to avert core damage was reduced to half of the values shown
in Table 4-4, and the results recomputed to show that the change in risk

associated with the proposed test interval extension is still acceptably small.

4.8, Spurious ESFAS Actuation Frequency

The LER data base, available through INPO, was examined for events from January

1984 through August 1990 that involved spurious ESFAS actuations at B&WOG plants.

The search identified several spurious ESFAS actuation events. It was not always
possible to determine from the LER descriptions whether monthly surveillance
testing played a role in these ESFAS trips. However, there were at least six
events that clearly occurred during monthly surveillance testing. These events
involved all three ESFAS designs This yields a spurious ESFAS actuation

frequency due to monthly surveillance testing of at least 0.12 per reactor year.

Therefore, it can be expected that extension of the STI te three months will

provide some relief in the rate of spurious actuations of ES equipment.

A reduction in the rate of spurious FSFAS trips and the associated actuations of
ES equipment can be expected to contribute minimally to a decdrease in core melt
frequency. However, due to the small numbers involved, the spurious ESFAS trip
frequency is provided here as information only The core melt risk benefit
associated with spurious trip reductinns was not credited in the analysis or

results,



Table 4-1

ESFAS Analog Channel Components Data Summary

| Component I Inoperability Reduced
‘ , Capability

RB PRESSURE SENSOR
Random (A) 1.90 x 10°%/hr 3.60 x 10°%/hr
Lethal Shock (w) 4.50 x 10°%/hr 2.30 x 1077 /hr
Non-Lethal Shock (u) (system size=3) 6.50 x 10°%/hr 2.20 x 10°%/hr
Non-Lethal Shock (u) (system size=4) 5.30 x 10°%/hr 1.80 x 107%/hr
Condition Probability (p) 161 ITT

RC PRESSURE SENSOR
Random () 1.90 x 10°%/hr 3.60 x 10°%/hr
Lethal Shock (w) 4,50 x 10°%/hr 2.30 x 107 /hr
Non-Lethal Shock (u) (system size=3) 6.50 x 10°%/hr 2.20 x 10°%/hr
Non-Lethal Shock (u) (system size=4) 5.30 x 10°%/hr 1.80 x 107%/hr
Condition Probability (p) 161 177

RE PRESSURE (DIGITAL) SWITCH
Random (1)) 7.70 x 107 /hr 6.60 x 10"%/hr
Lethal Shock (w) 5.40 x 10°%/hr 1.60 x 1077 /hr
Non-Lethal Shock (u) (system size=6) 3.10 x 107%/hr 1.20 x 10°%/hr
Condition Probability (p) & 456

RADIATION SENSOR
Random () 4.50 x 10°%/hr 6.40 x 10°%/hr
Lethal Shock {(w) 4.20 x 1077 /hr 2.10 x 10°%/hr
Non-Lethal Shock (u) (system size=4) 2.60 x 1073 /hr 2.60 x 103 /hr
Condition Probability (p) 064 064

BWST LEVEL SENSOR
Random (1)) 1.90 x 10°%/hr 3.60 x 10°%/hr
Lethal Shock (w) 4.50 x 10°%/hr 2.30 x 1077 /hr
Non-Lethal Shock (u) (system size=4) 5.30 x 10°%/hr 1.80 x 10°%/hr
Condition Probability (p) 161 77

INSTRUMENT STRINGS
Random (1) 3.10 x 10°%/hr 2.00 x 10°%/hr
Lethal Shock (w) 2.90 x 107 /hr 6.40 x 1077 /hr
Non-Lethal Shock (u) (system size=3) 3.80 x 10°%/hr 2.90 x 10°%/hr
Non-Lethal Shock (p) (system size=4) 3.10 x 10°%/hr 2.40 x 10°%/hr
Condition Probability (p) AT T 244

Note
¢ System size of three applies to Bailey and Gilbert designs for analog sensors (three-channels).

¢ System size of four applies to Bechiel design (four-channel system)

* Bystem size of six applies to Gilbert and Bailey (Oconee) design (Lhree-channel) for KR#
pressure switches because separate switches are used for each actuation subsystem
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Table 4-3

Frequencies of ESFAS Challenging Event Classes

===

Class Description Included Events Frequency
(/reactor year)

A LOCAs that require #P1. Both small to medium 710 Oronee PRA®
trains of offsite-derived LOCAS (1.5" to 4M)
power are oprrational .

Trans ient - induced 3.7x10? BEWOG operating
{non-L00P) LOCAs experience
(e.g., PORV LOCA;

Safety Valve fails

to reseat)

B Similar to Class A, except YTransient- induced S5.46x10 BEWOG operating
that both Emergency Diesel (LOOP) LOCAs (e.9., experience
Generators sre on-line. PORV LOCA; Safety
(ESFAS must actuate ES Valve fails to
equipment in one-out-of-two reseat)
trains.)

C Similar to Class A, except Transient - induced &.3x10°% BENOG operating
only one Emergency Diesel (LOOP and ioss of experience,
Generator is on-line. (ESFAS one Emergency Diesel with generic
must actuate ES equipment Generator) LOCAs EDG
one-out-of-one train.) (e.g@., PORV LOCA;

Safety Valve fails
to reseat)

D LOCAs that require LPI. Medium to Large Tx10+ Oconee PRAZ
LOCAS (»4")

E LOCAs that challenge only RC “y- sequence 3.4x107 Extrapolation
Pressure and are isclatable {interfacing Systems from Oconee PRA
(by ESFAS). LOCA) (pathways with

ESFAS actuated
valves)

; LOCAs that chsllenge oriy RS very small break 4.7x107 D0 Oconee PRA®
Pressure (i.e., too small LOCA with {assume) (3/8% to 1.5")
depressurize primary system). no secondary side

heat removal
available

8 Calculated from industry operating experience,

P pgsumes that no feedwater is aveilable.
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5. MODEL QUANTIFICATION

5.1. Iime-Dependent Analysis

The quantification for each test interval included making separate runs for each
of the three ESFAS designs for all six challenging events, as well as an
aggregate run where all the challenging events were accounted for in a single
Boolean expression., The base cases, using the current one-month test interval,
were quantified with PACRAT using best estimate (mean) failure rate data to
determine the time-dependent and time-averaged core melt risk due to ESFAS
failure. The one-month analyses were repeated using a three-month test interval
to quantify the effect of extending the test interval. For the latter cases, the
test interval for all of the ESFAS components was changed from one to three
months, except for components outside the ESFAS system boundary, such as external

power supplies.

Time-dependent risk plots are shown in Figures 5-1 through 5-3 for the one-month
case for each of the three ESFAS designs for challenging event A. Similar
results were generated for the remaining five challenging event categories for
both the one-month and three-month test interval. The time-dependent plots show
the instantaneous core melt frequency contribution from ESFAS indicating the
effects of changes in system configuration due to ESFAS failures, testing, and
maintenance. In addition, composite (time-dependent) plots of all six
challenging events, displaying one-month and three-month test interval traces for
each of the three ESFAS designs, are shown in Figures 5-4 through 5-6. These
time-dependent results were integrated over time (18-month fuel cycle) to

generate the time-averaged results discussed in Section 5.2,

The time-dependent plots were used to examine the dynamic effects of the STIs.
They substantiate the validity of the RBDs, as well as the time-averaged results
derived from integrating the time-dependent results. Most importantly, the time-
dependent plots were used to identify any risk vulnerabilities (i.e., risk peaks)

that might result from changing test intervals.

un
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5.1.2. gilbert

Figure 5-2 shows the risk of core melt with a one-month STI from failure of a
Gilbert-designed ESFAS for challenging event A. The patterns are similar to
those discussed in Figure 5-1, with two differences. The first difference is
that the first trend (generally increasing risk) is not apparent in the Gilbert
design. This is also true in Figure 5-5, which shows the time-dependent risk for
all challenging events with both one-month and three-month STIs. The reason for
the flat (generally non-increasing) shape is that the reactor building pressure
switches are accessible and are exercised (i.e., tested) monthly. The other
sensors (reactor coolant pressure) may have degraded failure modes that are not
detectable on-line, however they are not a dominant contributoer to risk of core

melt,

The second difference is the distinct increase in risk that occurs every month
during testing In Figure 5-2, the risk peaks occur during the AAL testing
because the AAL output to individual devices is blocked one at a time for the
tests. Also in Figure 5-5, depicting all six challenging events, the peaks are
higher (than in Figure 5-2, depicting only challenging event A) hecause for the
LOOP events (B and C), the undervoltage relaying input to ESFAS is risk
significant. The peaks that appear along the top of the trace(s) are caused by
the temporary test-related disabling of the undervoltage relaying, which affects
the sequencing of the ESFAS actuated devices during the LOOP events. Therefore,
if an ESFAS challenge occurs during these tests, the probability of ESFAS failure
{and associated risk) rises, After the components are returned to (failure-free)
service, the risk returns to a nominal wvalue. The undervoltage relaying,
although an input to ESFAS, is not part of ESFAS, and, therefore. is not within
the scope of the tests whose intervals are extended from one month to three
months. Figure 5-5, the risk for all challenging events, shows the same pattern
of peak locations and magnitude for both the one-month and three month test
intervals; the reason for this is because the undervoltage relaying testing
(which occurs every month in both traces) is more risk significant than the AAL
testing. Thus, the plots show no time-dependent vulnerabilities that result from

the extension of the test interval from one month to three months,



5.1.3. Bechtel

Figures 5-3 and 5-6 show the risk of core melt from a Bechtel-designed ESFAS for
challenging event A and all challenging events. The first trend of generally
increasing risk is contributed by sensor degraded failure modes that are
undetectable on-line. Although reactor building pressure sensors are exercised
during on-line functional testing, other sensors, such as the BWST level sensors
and reactor coolant pressure sensors, may have undetectable degraded failures
(which contribute to the first trend). The second trend, rising and falling
risk, occurs more frequently than the test interval. D-B, which uses the Bechtel
ESFAS design, a four-channel system, has staggered testing. Therefore, each
week, one chanmnel is tested., For the three-month test interval, channel testing
would occur every three weeks, as can be observed in Figure 5-6. The rise in
risk occurs due to the bypass of individual ESFAS sensor string channels. These
bypasses temporarily reduce the two-out-of-four logic to two-out-of-three logic.
However, the magnitude of the risk peaks does not change significantly from the
one-month to the three-month case; therefore, the plots show no time-dependent
vulnerabilities that result from the extension of the test interval from one

month to three months.

5.2. Time-Aviraged Results

Table 5-1 gives a ~ummary of the contribution to core melt frequency (risk) due
to ESFAS failure for vach of the challenging events, as well as the aggregate of
all the challenging events, for one- and three-month test intervals. The core
melt rieks reportes in Table 5-1 are the time-averaged risk of core melt due to
ESFAS failure obtained by integrating the instantaneous ESFAS risk contained in
the time-dependent plots (as computed by PACRAT). The delta (or incremental)
risk is computed by subtracting the risk of core melt using a one-month test
interval from the risk of core melt using a three-month test interval. Thus, the
incremental risk represents the increased core melt frequency from an ESFAS

failure due to the changing of the test interval from one month to three months.

Table 5-1 shows the risk is dominated by challenging events A and F. Challenging
events A and F have the highest frequency of occurrence. The core melt risk for

.
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events A and F are approximately the same on a per plant basis. This reason for
this is that ESFAS failure in the Bailey and Gilbert cases (for events A and F)
is dominated by RB pressure sensor and instrument string failures. In the model,
event A challenges both RB pressure and RC pressure, while event F only
challenges RB pressure. However, since the contribution of RC pressure sensor
and instrument string failures to core melt risk is small (because no ESFAS
function is solely depended on RC pressure), the core melt risk for events A and
F are approximately the same. In the Bechtel case, for both events A and F,
ESFAS failure is dominated by failures of the BWST level sensors and instrument

strings.

Another result that can be observed from Table 5-1 is the negative risk increment
for the Gilbert ESFAS for challenging event C (small break LOCA with only one
train of power available). With only one powered ES train available, the test-
related blocking of individual AAL outputs in the digital subsystem associated
with the powered ES train is more significant. Thus, with the three-month test
interval, there is a decreased likelihood that the ESFAS subsystems needed to
actuate the powered ES train will be in test. This has the effect of increasing

the ESFAS reliability for challenging event C

As is shown in Table 5-1, the calculated mean contribution of ESFAS to core melt
frequency (with one-month STI) ranges from 2.11 x 10°%/reactor-year (for Gilbert)
to 5.26 x 1077 /reactor-year (for Bechtel) for the ESFAS designs analyzed. In this
analysis, the risk of core melt due to ESFAS failure with a three-month test
i val ranges from 4.1 x 10”5/reactor-year (for Gilbert) to 6.1 x 10"7/reactor-
year (for Bechtel). Some previous PRA-based studies were examined to determine
their consensus on the contribution of ESFAS to risk, and to see if the risk-
significance compared favorably with the ESFAS risk significance calculated in
this study. This compares favorably with the results expected in PRA studies for

ESFAS contribution to core melt frequency.

Figure 5-7 shows the core melt risk for all the challenging eveni.. (i.e., the
last entry of Table 5-1) as a function of test interval. The Bailey and Bechtel
traces are relatively flat, indicating little sensitivity to the ESFAS test

interval, While the Gilbert trace shows more of a slope, the overall risk is an
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order of magnitude less than Bailey or Bechtel. Thus, the effect of increasing
the ESFAS test interval is relatively insignificant.

The core melt risk for the Gilbert-designed ESFAS is lower than the other designs
because the Giliert-designed ESFAS at CR-3 has an RB pressure sensor design that
allovs exercising of the sensors (pressure switches) during the on-line
functional testing. The Bailey plants do not have that feature, and hence RB
sensor fallures (analog sensors at ANO-1, pressure switches at Oconee) may go
undetected until complete testing during the refueling outage. The Bechtel-
designed ESFAS at D-B also includes exercising of the RB pressure sensors (analog
sensors) during the on-line test; however, the Bechtel ESFAS has an additional
function: the BWST level permissive, which offsets the aldvantage gained by the

testable RB pressure sensors.

The mean incremental core melt frequency associated with the extensioen of the STI
from one to three months ranges from 2.03 x 101/react0r-year {Gilbert) to
1.45 x 1(Y7/rrurtor-ycar (Bailey). Thus, the impaci of increasing the ESFAS test
interval from one to three¢ months is small compared to the Commissioners' safety
goal, accordingly, the test interval extension request is justified in light of
the negligible increase in the overall core melt frequency. In addition, the
time-dependent analysis shows that the change of STI from one to three months
does not significantly change the conditional risk (i.e., vulnerability) due to

testing

In reference [20], Brookhaven National Laboratory performed an analysis of the
risk impact of STIs at ANC-1. That study qualified the effect (on risk) of the
surveillance test itself Thus, performing the test resulted in a net risk
benefit as the tested coiponent was returned to service, The surveillance tests
related to ESFAS (ESAS at ANO-1) components fell into the category of "low risk
impact." The consequence was that "their intervals could easily be extended

without affecting risk.”
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Table 5-1

Summary of Time-Average Risk Results

= ==
| Challenging ESFAS Test Core Melt Risk due to ESFAS Failure (/Rx-yr) H
I Event?® Interval - i

(4.40e-03/y1)

l {5.40e-04/yr)

(4.30e-05/yr)
I
D

{7.00e-064/y1)

(4,70e-03/yr)

One -Month 1.57e-07 4.97e-09
Three-Month 2.13e-07 1.37e-08 1.85e-07
Delta Risk® 5.63e-08 8.76e-09 2.60e-08

1.93e-08

One -Month - 4.14e-08
Three-Month 2.64e-08 2.46e-09 4 . 9%e-08
Delta Risk® 7.02e-09 9.45e-10 7.99e-09

—vemeera
Cne-Month 3.6%9e-09 7.65e-09 2.98e-08
Three-Month 6.02e-09 5.93e-09 3.43e-09
Delta RiskP 2.33e-09 -1.72e-09 4.51e-09
One-Month 5.40e-08 1.69e-09 1.23e-07
Three-Month 7.42e-08 4. 70e-09 1.39-07
Delta Risk® 2.02e-08 3.01e-09% 1.54e-08

One -Month 2.54e-11 2. 46e-11 9.0Be-12
Three-Month 3.3%-11 3.26e-11 1.02e-11
Delta RiskP 8.53e-12 7.99e-12 1.16e-12

One-Month 1.66e-07 5.26e-09 1.72e-07
Three-Month 2.25e-07 1.45e-08 2.02¢-07
Delta RiskP 5.88e-08 9.26e-09 2.96e-08

One -Month® 4.00e-07 2.11e-08 5.26e-07
Three-Month® 5.45e-07 4.1l4e-08 6.10e-07
Delta RiskP 1.45e-07 2.03e-08 8.35e-08

® The numbers in the parentheses are

indicated challenging event (from Section 4.6).

[ &

interval

the frequency of occurrence for the

Delta risk is computed by subtracting the risk of core melt using a one-
month test

interval from the risk of core melt using a three-month test

These values are graphically

presented in Figure 5-7
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6. UNCERTAINTY ANALYSIS AND RESULTS

6.1, ertaint a

For each of the three ESFAS designs, uncertainty analysis was performed on the
time-averaged results. The purpose of the uncertainty analysis was to quantify
the effect (on risk) of the uncertainty of the failure rate data as the ESFAS
test {interval was increased from one month to three months. The Boolean
expressions derived from the REDs that were used as input to PACRAT (as described

in Section 3.4) were also used as input to the SAMPLE Monte Carlo computer code.

The Monte Carlo simulation was performed in accordance with the methodology
prescribed in NUREG/CR-4350, Volume 5 [21] prepared by Sandia National

Laboratory

As with the execution of PACRAT, two sets of SAMPLE runs were made:

» Cases were run for each ESFAS design for each of the ESFAS challenging

events.

» Cases were run for each ESFAS design using a composite Boolean expression
representing all of the ESFAS challenging events. The composite Boolean
expression was used (versus summing the results for the individual cases)
so that like components required for different challenging events would

have the same "sampled" value for each iteration.

Lognormal distributions were assumed for the failure rates. Error factors of
ten were used for all random failures and common mode failures (for hardware
failures and human errors) to define the range of uncertainty about the median
values The median values were calculated from the mean (best estimate) values,

using the lognormal distribution assumption.

S$ix thousand trials were used in the Monte Carle evaluation for each case. Two

identical runs of 6000 trials were made for each case, using the same "sampled"
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the effect of less-frequent bypassing with the three month STI. This included
a few points in each of the Bechtel ESFAS cases, and many of the points for
challenging events B and C (see Section 5.2) for the Gilbert ESFAS.

To generate the logarithmic plots in Figures 6-2 and 6-3, the negative risk
increments {(risk benefit) were removed, and the remaining values renormalized to
generate a CDF. Therefore, the risk benefit is not reflected in the displayed
CDFs Because of the overwhelming risk benefit generated by challenging event
¢ for the Gilbert ESFAS design, no CDF trace is displaved.

6.2. Uncertainty Analysis Results

Using a non-parametric one-sided tolerance limit, it was determined that the
5728™ value (of the 6000 ordered statistics generated by SAMPLE) represents the
95%/95% value, that is, it can be asserted with a confidence of at least 95% that
95% of a population lies below the 95%/95% value of a random sample from that
population The non-parametric approximation requires no assumption of

normality.

The point-estimate value (as calculated by PACRAT) and 95%/95% values of the
incremental risk of core melt due to an increased ESFAS test interval are given
in Table 6-1 for each of the three ESFAS designs, and each of the challenging
events and the challenging event agpregrate The mean incremental core melt
frequencies calculated by SAMPLE agree with the mean incremental core melt
frequencies calculated by PACRAT The relative closeness of the means and
95%/95% wvalues (upper bound) shows the robustness of the best estimate
incremental risk gven with considering an order of magnitude variation in all the

basic event failure data

Figures 6-4 through 6-6 are the probability density functions (PDFs) of the
incremental increase in core melt frequency due to changing the ESFAS test
interval from one to three months for all challenr ag events. They are obtained
from the "Total" CDFs shown in Figures 6-1 through 6-3 by differentiating the
curves to convert the CDF into a PDF format. The mean and upper bound are shown

explicitly on the PDF for each ESFAS design The PDF for the Gilbert ESFAS

6-3
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TABLE 6-1

Means and Upper Bounds of the Incremental Risk (/Reactor-year)
of Core Melt due to the Extension of the STI from
One Month to Three Months for the Three ESFAS Designs

S e

{ Gilbert® %
A .98e-07 | 3.57¢-08 | 2.60e-08 | 9.53¢-08
B 7.02e-09 | 2.47e-08 3.74e-09 || 7.99¢-09 | 3.03¢-08
c .33e-09 | 1.00e-08 -4.43e-11 le-09 | 1.88e-08
D 02¢-08 | 7.10e-08 f§ 3.01e-09 |1.09e-08 J 1.54e-08 | 5.67¢-08
E 12e- 7.99e-12 3le-11 | 1.16e-12 | 5.52e-12
F 96e- 9.26e-09 71e-08 f§ 2.96e-08 | 1.08e-07
A114 2.03e-08 57e-08 J 8.35¢-08 | 2.6%-07

* All values are given in units of ’'per reactor-year'

b Taken fiom Table 5-1.

and presented here for comparative
The 5728 point of the 6000 ordered statistics

“ These values are explicitly shown on Figures 6-4 through

purposes.,
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Cummulative Probability

Figure 6-1: CDFs for the Incr. Risk of Core Melt due to Increased
Test Int. for Bailey ESFAS (for Indiv. & All Challenging Events)
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Figure 6-2: CDFs for the Incr. Risk of Core Melt due to Increased
Test Int. for Gilbert ESFAS (for Indiv. & All Challenging Events)
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These symbols mark the beginning
and end of the entire RBD
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A o+ J0asic block o N |
& " I TQKA' = —-‘ ; fhls IS @ o
@ * L= 4§ lsuperblock | £~
| meBa T - — = - | |
¢ Jbosic biock | .
e Tk 7 A ,
: . ; |
12358 ~ “~The "super block® represents an RBD |

»___-:-—/, substructure using a single block. A super
Matching identifiers.

block definition with the same identifier (in this |

| L AL example 'C') appears elsewhere in the RBD and |
| ithis is a can be logically substituted here. Super blocks ;
5 / Y-_Jms'c block | . can be nested within each other: however, all !
3 } }(-:1— —_— - must eventuaily be resolved in terms of basic |
| L R blocks
| —~ | fhisisa Py i |
g 2 C2 31
| / fthis s a | ZI The "basic block" is the finest level i
| basic biock , of resolution of the RBD. Reliability ‘
i Eonse e Transters data is entered at this level.
/ es ~~ - 0 pus- S
{
; / this is a |
| These symbols mark the beginning and end of each t1 j»,.__wbusnc block .._@ |
super block definition. This super block definition can {E,"‘j ’(~ e '

be used as many times as desired by invoking a super
biock with the same identifier (in this example 'C’)
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': iac - analog isél. & cool. [ &7 \e_imode fail. ofl = ™
-g J subsystem 2 angl. Eugs.___fr—ﬁ /3 )* logic buffers J
h2 fiacas2 | N [bfecmi |

| | |
{ |

! |
| (e |
| ! hi RB pres., logic buffer, E
‘ { __{analog N isol. & cool.,| |

subsystem 3 jangl. subs. 3

h3 10c0s3

ottt e —————————
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hl "‘I DB

pres onalo
‘l subsystem ?

hy 1

flogic buffer, |

hi hi RB
__ipres., analo
sabsystem

e v — —

, ghx2

Spray pumps,

l hi hi RB
pres., analo
subsystem .

hx3

anal. subs. 2

foe e — — o—

flogic buffer, |

Spray pumps|
Oaclyspub'%pﬁ_ “T
l

1

logic buffer,
spray pumps

anai. subs.

I
i
l
|
l
I

34

NOTE: ANO is represented.
Oconee has contact buffers instead
of logic buffers for RB spray
actuation channeis

no common

/2/?] mode fGlfl of
*\ /
R

logic buffers
Ibfcms

Bailey ESFAS (ANO-1 & Oconee)
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#2 hi hi RIB Iohgic bufdfgr.
| __lpres., analo ___jchem. add.
| t—{subsystem Tf —lanal. subs. 11
; hy1 ispvas! | |

|
|

.

I¥2 hi hi RB logic buffer,
pres., anaio N chem. add.
anal. subs.

fe - v — —

subsystem
hy3 apvasd

Bailey ESFAS (ANO-1 & Qconee)

|
| |
|
| i hi | logic buffer. | . |no common |
5 pres., chem. add. : /;\ \o__Imode fail. of| " ™
i bsystem 2 anal. subs. 2t \fmc buffers [~5PY )
7 spvas2 g ibfcms



containment
pressure

no c¢.m. fail.;
cont. press.

cont. press.
instrument

! [no c.m. fail.:
cont. press.
inst. strings

sensor ch. 1[™Isensors_ _ ™istring ch. 1 [linst. strings
cpsen| cpscm | |cpstal cpstem
containment | [no c.m. fail.:] [cont. press. | [no c.m. fail.:]

pressure

cont. press. | |

instrument

| jcont. press.

@P

sensor ch. 2™ isensors _ _ [™|string ch. 2 [linst. strings
cpsenZ cpsem cpstg? cpstem
containment | [no c.m. fail.;] [cont. press. | |no c.m. fail.:
ressure | _|cont. press. | |instrument [ _|cont. press.
sensor ch. 3" Isensors _ _ [“istring cn. 3 [“linst. strings
cpsend cpscm cpstgJ cpstem

26.00

Bailey ESFAS (ANO—1 & Oconee)




containment | |no c.m. fail.:] |cont. press. | [no c.m. fail.:
pressure cont. press. | linstrument | |cont. press.
sensor ch. 1™ |sensors _ __ ™ |string ch. 1 [ linst. strings
cpsen' cpscm cpstg! cpstem

containment | |no c.m. fail.:;| [cont. press. | [no c.m. fail.:
pressure cont. press. | _jinstrument | Icont. press.
sensor ch. 2™ |sensors _ _ [~ [string ch. 2 ™inst. strings
cpsen? cpscm cpstgZ cpstem

containment | ino c.m. fail.:| |cont. press. | [no c.m. fail.:
pressure | |cont. press. | linstrument_ | Icont. press.
sensor. ch. 5[ isensors _ _ [ |string ch. 3 ™inst. strings
cpsen3 cpscm cpstgd cpstcm

NOTE: Pictured configuration is ANO. For AB spray actuation, Oconee
uses digitai pressure switches instead of analog sensors.

hx2

hxJ3

27.00
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| 29.00 |
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i

RCS press. | [no c.m. fail;] [RCS press. | [no c.m. fail.: |
, (ﬂdsensor | .RCS pressur uns..rument LRCS pressure 1 c
; «__/ [channel 1 _ | jsensors_ _ stn'\g_ch 1 [ iinst. strings L"‘k/: g
? rpsen | {rpscm ] Irpstg1 | rpstcm §
% |
| !
!
| |
| |

i
RCS press. no c.m. fail.:] |RCS press. no c.m. fail.: l
‘ (2 sensor | |RCS pressur mstrumenf | RCS pressurdg 2 ) r
’ - channel 2 sensors _ _ string ch. 2 [ (inst. strings -
f rpsenZ rpscm | [rpstq2 rpstem
|
| RCS press. no c.m. fail.:] [RCS press. no c.m. foil.;] i
i3 sensor | IRCS pressur mst'ument  IRCS pressurg 3
channel 3 _ |™isensors _ _ [ Istring ch. 3 [ jinst. strings
rpsens rpscm stgJs rpstcm

Bailey ESFAS (ANO-

& Oconee)
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f PRSI ke R T o —
i These symbois mark the beginning
! anc end of the entire RBD
' this is a
; basic block
! RS e ) T -
| 123A this is a
}
| @__ super block | (XYZ)
i this is a e
| basic block |
| R ik s A
1238 “—The "super block" represents an RBD
. N substructure using a single block. A super
Matching identifiers. block definition with the same identifier {in this
Ll example 'C’) appears elsewhera in the RBD and
this is ¢ can be logicaily substituted here. Super blocks
T__bomc block g can be nested within each other; however, ail
| must eventually be resolved in terms of basic
blocks
>
R 1
this is @ The "basic block” is the finest levei
basic block of resolution of the RBD. Reliability
-~ Transfers. data is entered at this lev:>
These symbols inark the beginning and end of each
super block definition. This super block definition can
be used as many times as desired by invoking a super
L block with the same identifier (in this example 'C’).

RBD Symbology Description
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m& {?le bc?toble trip gnd%rv‘o‘l!tg el flogic/output
relaying, input: relgyin
'*"“’_qc’ chon A "‘cobs);wef 1A_iES. bus 3A "'ccbme? 4A ?
| clA 1A uvA 4Ah e !
, l
& q .
k) inputs fo bistable tnp undervolta fogic /output |
oA ) RC2 ?HP;S | {relaying. *m%u  re Oy{n? " L
a0 act. chan. A j~ jcabinet It _@5_3/3_ i~ fcabinet 4B
c2A 2A uvA 48h
| |
' sing bistable trip undewolto logic / output |
HPI relayin input: 41 6 V refayin |
&‘"‘gct_ Z_ha_r_ws A Fjecab ?&9 3A g bus 3 gctlzwg_ 4C
cIA . VA 4Ch

Gilbert ESFAS (Crystal River 3)
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inputs fo ibistable trip u"\der\o!tog logic/output
__IRCH EHP?, | {relaying, _._mgdt 416 _‘_re'cyan
T ject. chari. B "jcabinet 18_ tcabinef 5A_
g ¢1B 1B uvB {5Ah
: , mgutc S bistable trip | Jundervoltage} [io 3c/output
| (hoB ) ’ HPl) | frelaying, = § linput: 4160V} _Ireloying,
| 0P8 1 ject. c_r_mg B j"jcobinef 2B_ jIE.S. bus_3B §™jcabinet
}’ i c28 2B uvB 58h
i
| |
| ' m ut fog bistable tnip | jundervoitage loq:c/output
| l RCS (HP! relgying, input: 416 V relayin
% act. Ehon B *gtég%g_f 3B_ "gE.S. bus 3B "'ccbi‘{‘e? o
: 38 3B B 5Ch

3.00 |
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™

Gilbert ESFAS (Crystal River 3)




i
]

e /outnut i
C/ ouiput

i

i

lo
re

lalel
1,
‘: 1’

i
1Y

ibist 1ble trip
rei

i?‘
:
]

tput |
N

£'4C

/ou
relaying

a:‘
ine

ab

logt
4C]

<

(77 —rg
Sl
> =T
Q0w
Cor o] ¢

..ld!ﬁﬂq,ﬂ. ™

SA_T

in
et

bin

istable trip
a




o e e e e e

N |
b
- i

r—- B

i
1
1’

|

,
i
1R

puts for b:s*obie tn logic/output
9'54 (pr’ | trelaying, d _._reo.,{w .
oct. chan. B [*jcabinef 1B_ [“jcabinef 5A_
c4B 'B SAl
mgut; bistable trip | Hlogic/output
o (LPI 5 | {relaying, |, refaying,
act. rhc.n B jcobinet 2B " fcabinet 5B
c58 2B o8I
mgut fO( bistable trip | flogic/output
? | frelay mg i irefaying,
act. chcn B [ "fcabinef 3B_ *jcabinef 5C_
c68 J8 oCl

wn
-
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bistabie trip

logic /output

R 1 _f§relaying, relaying,
?jact. chan. A f«.ﬂb_'y-”’f‘i_\ 1A_ [*jcobinet 4A_
i' (1A 1A 4|
o ; in§ut§ for bistable trip !nqxr[uutpuf
£, RB2 {isol. relaying, relaying,
‘\J\SAJ}”'*"’—OJ éhon)A "":ct_)_?lng_\ 2A ""cob!jnpf 48
o : 12A A 48]
|
inputs, for bistable trip | Jlogic/output
+_ {RB3 (isol.) | lrelaying, | {relaying,
“oct chan. A i~ jcabinet 3A_ 7" jcabine _C__
i3A I 4G

Gilbert ESFAS (Crystal River 3)
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] mg1 ? 1‘0{ b:skcble trip ogic/output
| IS0 | {relaying, | reloyin
| .i act. chan. _B CGbi);'@_ 1B cobme "5A_
’ i 1B 1B SA
| |
| {
I - - .
inputs for bistable tnp logic/output
'/B\ ‘ RB2 (isol.) | {relaying, _‘_reugayév v //2_/\ <8 )
&S\/}_‘? act. chan. B [“fcabinef 2B *jcabinef 58 \/ 38
; 128 vi:n 5Bi
|
|
| {\ gt .foir\ bsstabln trip | Hlogic/output l
isol. relayin relayin
$——jact. chan” B [*cabinet '38_ [“Jcobinet 5C_ |
138 3B SCi

IR —
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10.00]

high high RB| ic/ output
_Aipressure rvo -n? b
switch BS 18 jcabinef 4A 1

bs_'nB ' R 4As }
i
|

high high RB io?ic/ output ~
ressure refayin \ i :
Fs)mtch BS 19 cobn):xe 4B F j/**‘li‘_-f

4
|
;
%
g bs19 4B H o

——————

1

high high RB ?vc/output
_|pressure_ oym? e
switch BS 2 cobme 4C

szO 4Cs

no_hi hi p— HPl & load spray pump

[as N switch com. sequencin A automatic
Al " imede _failure cm(t1 chongA "’Bctuo fogic_ ""@)

B 10 hhA 7hpA AG6

Gilbert ESFAS ’Crysfol River 3)
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[ j o g y T g, " ar T ___~T°fr
| thigh high RB io?icﬁutput

! Dressure relaying,

? t—fEwitch BS 21 cabinet SA_ t

; ibs21 oA l

bisled | fnigh high RB] logic/output L 79N\

/ ressure _drefaying, T eten
(598 —4—{Switch 65 22 fcabinet 58_—H " 3)+{81 >
T bs22 | I5Bs ; N~ A
é | [high high RB logic/output i

L_Jprgs_sure | Jreiaying, ot
switch BS 23 jcabinet 5C_
ps23 | PCs

no_hi hi p— HP! & load sd:ray pump
[Ei— >__ switch com. § _§sequencing automatic
kol ’ l’r_no_de__fo_ajugg acl. chan.” B Tjactua. logic

A o1 hhB hpB | [B66

Gilbert ESFAS (Crystal River 3)



. [roereres] Proy o
faee Ldinput: 4160Vi autostia
. \56§>‘{ 5 bus 3A | irelaying __
~ A lsprayA -
i
{
|
i T RO
; S undervoitage 15')ro pu
fi Sp*ln;‘ut 416 V»M yﬁsto
| il  JIES. bus 3B N re,myma
g h uvB sprayB
1
|
i
i
I C S L L P BT SR~ v LS SSRCL -0 ST Sy
'\ < (0 $
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_ﬂbus SA

dcA

125V DC
bus 3B
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dcB
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13.00

interm. fime | 1%0{\1&!?. =
€ feigys | Vil us o tan N
‘{Ah zcop%gt _{X_ %”'L_ R s
ft_drtt»A | focA H 13
utp\ﬂt relays| |output re\oys no common | (digital ch. A
FA"“'\Z ik cots) | licontacts) wmode failure | __inot in AAL
. cabinet 4A_ 1(AAL) cab 4A™of relays _ [*test bypass
B 13 ordAh condAh 4cmh dsAbp
— ijn(erm. }ime 1_%0'VbAC 3
: elgy relays | fvital bus 3C §_ 33
(4Bh Jo{obmet 48 [ o ous 2t =
tdrdB acC 2 13
utpu} relays| [putput relays| [no common | laigital ch. A
T, - ?céﬁ;‘) g wccoptoctss . mode failure _“no% in AAL
A3 >——+—{cGbinet 48_ [~{(AAL) cab 4Blof relays. . [ftest bypass
H 13 ord4Bh con4Bh 4cmh dsAbp
ipterm. e | |120ViC 38
elqy relays | _lvital bus
tdrd4C yacB o 13
utput relays! [output reSoys no common | |digital ch. A
ﬂ_‘_?conjs | llcontacts mode failure | inot in AAL
A4 Cobinet 4¢_[~{AA) cab 40™1of relaya _ fest bypass.
B 13 or4Ch condCh 4cmh dsAbp

Gilbert ESFAS (Crystal River 3)
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t?U"“St fe'oyé] [output rmays

(4Ai }—-—-4__._4
\

no common | !d:cix cl ch. A

-®
-@

4Ci - cabinet 4C

contacts rnoce failure

|cabinet 4A_ AAL} cob) 4A§"‘of relays_ L"'1t'zest bypass_
(OrdA (condA | l4cmic idsAbp
iputput relays| foutout re\ovs no common dqttci ch Al
rousﬁ | lcontacts) © | mode failure L {not in AA
:,_o binet 48 (3 cab 487 lof relays _ tesL typoss
lordBi con4Bi ‘4cmic

utput reiays! loutput relays! |no common | |digital ch. A
?coaé L I{co tactss - mode failure r_.Jno in AAL
_____ AAL) cab 4G lof relays _ [ [test bypass
or4Ci con4Ci 4cmic dsAbp




|
i

,cJ\;h rel ovsL utput EGL)O\'S no é:or?n_'i:on ;dz ital 32 A

} colls contacts mode failure in AAL

{'M" T é_ogng. 4A_ | EAA}__ cab 4Af"'1_gf relays &esg bypass_
ordAc | [condAc | [4cmic dsAbp

™
}>
O

®

relays| loutput reSoys no common | Idigital ch. A
48<, et &o;lé | Jjcontacts mode failure| jnot in
(\_/} "cbmet 48 ™{{AAL) cab’ 48lof relays _ “ltest bypass

lordBc_ condBe [4cmic dsAbp

relays| |joutput relays| Ino common | Idigital ch. A
(@ - ?co;sJ) . L coptcctss 1 mode failure| _inot in AAL
)T lcabinet 4C_ [I(AAL) cab 4G of relays _ [“test bypass

lor4Cc | |condCe 4cmic dsAbp

C

®
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17.00
u p't relays| |output relays| [no common qtol ch. A
cox s) tacts mode failure ae)
41" ecobmet AA ""zAAL \.o_lg) “ ““‘c* relays “Jtes_t_ bjpgss_ "“‘\t@
lordAs con4As | l4cms dsAbp
k. tp relays| loutput relaysi [no common | |digital ch. A
(4Bs }—— 0!5 | {lcontacts mode failure| Inot in AAL 4B
\ cabinet 4B [“1(AAL) cab 4H(of relays _ [“ltest bypass "
or4Bs con4Be 4cms dsAbp
utp t reigys| [output relays| |no common | |di ntol ch. A
cotls L Jycontacts mode failure| _|not in AAL 4C
f_og_mgt 4C _t, AAL) cab 4G lof relays _ |~ ftest tgypgss_ .
or4Cs condCs 4cms dsAbp




| finterm. time | T20VAC
igeig rel 1tol bus ".,, N
{./5”‘ ‘obflx’_e_\ _OKS_ : _____ 82 >
R ft—drSA | ach H 18
utput relays| [output relays! [no common | [digital ch. B
B2 O cotl ;3 - cor\tocts) L_‘mode failure _‘_no in AAL
e cabinet SA__ ™1(AAL) A] of relays test bypass
H 18 lorSAh | con‘SAh Scmh dsBbp
antefm :imfﬁ l%O'VbAC -
elqy relays | dvital bus e
5Bh cot%etS }" _.__-~"“B3>
tdr58 | facC H 18
fuqﬁ relays uto?\ rt'eSoys no genfm?on %uot ch. B
Wy colls contacts mode failure! [no
{_83 / cabinst 5B ““EAAL cab SH™ jof relays_ “‘Jtes_t_ Qypgss_
s 1B or5Bh con5Bh Scmh dsBbp
e gwt‘erm. !time I%OIVbAC o
1
(5Ch Jvicabinet 56 1 - o {14 >
tdrSC acD H 18
utput relays] loutput relaysl [no common | |digital ch. B
B4 colg) contacts mode failure| |nct in
i “icabinet 5C_ [(AAL) cab 50 of relays _ [™test bypass
B 18 orSCh con5Ch Scmh dsBbp
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P S
'\\5?')’_”* “lcabinet 5B "’“

no uO'anﬁ

N

58i )

@9} rcbmet oG _

&)

loutput relays] mpu+ relays | [digital ch. B
(colls) act°5 | jmode fm*ure] {nr in AAL
cabinet S5A AAL _cab SA™lof relays _ [ |test bypass
br_SAx - ronSAx | [Semic {dsBbp
_u_t-_*_?élg_sﬁ output relays] [no common | [digital ch. B
E oﬁs : ?coptoctvl) . mode failure no({ in AAL 1
_______ (AAL) cab 5HJof relays _ [“ltest bypass_
oroBi j conbBi 5cmic dstp

utput relays| loutput relays| |no common | |di 'ital ch. B
?cons Eco toctss _imode failure wno

AAL) cab SC™ jof relays test Qypass

or5Ci condCi Scmic dstp

{

J

S

-
t %
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o, loutput reloysl | utpgt EﬁSGysi n'o_'gdr?'f;on ‘ Loi ch B L(,\
Eae ) coils contacts mode failure
C“AS,,)‘ ———lcabinet 5A_ [*JlARL) cab SA™lof relays  *jtest Qrp.css ke )
| | for5As_ | [condAs | [Scms | [dsBbp | |
| i
| |
r utput relays| [output rES ays| [no common | tol ch, B
Bs N (colls contacts mode failure in AAL 5Hs
& )} cabinet 5B AAL) cab SH ™ lof rela _ys teot Qyposs :
or5Bs __2 jcon5Bs " | [Sems »s_Bbg
utout relays| foutput relays] [no common | ital ch B
r/C? o kb_d?cmlg) ¥ | cop‘octs) ¥ mode failure gt 5Cs
| - ) cabinet 5C_ [“|{AAL) cab 50 "of relays tes Qyposs ~
' g ordCs icon5Cs Sems dsBbp
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{ fnc hi RB p £
(h7A ».} - - g switch com - - - -’rb"}
el ) 29 imode failure s
o hA
Y ik A

| lhigh RBE | fno_hi RB p-
| o ipressure | iswitch com.
I [switch ES 23 {pqﬁqjqﬂusgﬁ

| oy i [bs25 thA

7~ 3\ R e asbisnaiid
| {1ZA )} ? 3
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|
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| low RC
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. |RCS press. | [no common IQW press. | no c.m. fail.:|
T N\ _sensor mode failure] _finstrument RCS Iressur JH
{1 channel 1 _ ™ IRCS °ewsor<1‘"1°*~\g_ch qst stnnq% ¥
| tpseni | {psem | [rpstgl | [rpstem

[RCS press. |
(T2 )ofsensor
e’

mode failurey _ linstrument | IRCS pressurd , 1,
channel 2

RCS sensors! smng_rh inst. strings

[no common | [RC3 press. -;‘Fo'é_n-{' fail.:]
—————— Irpstg2 | Eps .

RCS press. | [no common J RCS press. |

sensor mode fatiure mstrumen*
channel 3 RCS sensors |~ Istring ch. 3
rpsend irpscm | [rpstg3

no c¢c.m. fail.:
RCS pressur
inst. strings

rpstem j

@
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IRCS press , | [RCS press. | «7.: c.m. fail.:]
pr— | y . : *1
(i1 isensor imode failt ured _linstrument CS pressurd ,_ T
\__/ |chonnel 1 _ ™ IRCS sensors|™ istring ch. j_ linst. strings. gl
pseni | |rpscm | Irpstg] | ipstem |
— [RCS press. | [no common | [RCS press. | [ng c.m. fail.] s
i iSensor | Imode failures instriment IRCS p'eseu'q , 2 )
\_/ jchannel 2 _ ™ RCS sensors |~ |string ch. 2 | t inst. strings [\ /
psenz ~ " fpsem | [pstgZ | fpstem |
_v ino common | ';'IC.D press. | [no c.m. fail:] ;
L, imode failure]  |instrument_ H_‘;k\.b pressur e
| R(,S =en_s_or_s; s_trv_ng__ch_ 3 [ {inst. strings ‘
! I '
' irps | ipstgd | trpstx,m N |
|
: l
! 1
; ;
| |
|
| ‘ ! J
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These symbols mark the beginning
and end of the entire RBD

&is’ isb? k
sic bioc
_____ - L T
. T73A this is a
| @—~—1¥ super block - @
: this is o g )
basic block
1238 ZThe *super block® represents an RBD
s sbstructure using a single block. A super
Matching identifiers. bock definition with the same identifier (in this
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D.1. Introduction

As discussed in Section 4.7, the time available for human action to avert core
damage is an important parameter for determining the risk-impact of ESFAS
failure. This time parameter was used in determining the human error
probabilities for manual actuation of ES functions that fail to actuate
automatically. These probabilities were used in the ESFAS model quantification
to determine if the core-melt risk changes significantly when the ESFAS STI is
extended. To determine if assumptions of time-to-core-damage have a significant
impact on the incremental risk associated with extending the ESFAS STI, a

sensitivity analysis was performed,

D.2. Methodology

As discussed in Section 4.7, the probabilities of human error for recovery from
ESFAS failure are taken from NUREG/CR-4834 [7] and are based on the time
available for the human to react To perform the sensitivity study, the time
available for human reaction was halved, and new human error probabilities were
calculated, as shown in Table D-1 Using the perturbed bhuman recovery
probabilities in the original models, the core damage risk due to ESFAS failure
was recomputed. This was performed for all three ESFAS designs (Bailey, Gilbert,
and Bechtel) for both one-month and three-month test intervals (six different

cases)

D.3. Results

Table D-2 gives a summary of the contribution to core melt frequency (risk) due
to ESFAS failure for the aggregate of all challenging events, for one- and three-
month test intervals using the base analysis data and the sensitivity data for
human failure probabilities The delta (or incremental) risk is computed by
subtracting the risk of core melt using a one-month test interval from the risk
of core melt using a three-month test interval. Thus, the incremental risk
represents the increase in core melt frequency from an ESFAS failure due to the
changing of the test interval from one month to three months. This is the same

1

procedure that is discussed in Section 5.2. Figure D-1 pgraphically shows the

D-1






Table D-1

Manual Recovery Probabilities for Sensitivity Analysis
for Determining Risk-Significance of ESFAS Failure Consequences

Manual Recovery Action

Applicabie ESFAS 3
Challengirg Event

T e T S T S I ST T T
Perturbed Time Aveilable
(after ESFAS failure) to
Avert Core Melt®

Perturbed Probability of
Non-Recovery

-
initiate Safety Injection A, B, C 15 minutes 0.044
D 7% minutes 0.140
F 30 minutes 0.013
Initiate RB Long-Term A, B, C, F at least 30 minutes 0.013
Cooling
D at least 15 minutes 0,044
Isclate Interfacing E at least 15 minutes 0.044
Systems LOCA
Actuate BWST Level K KL, ¥ at least 12% minutes 0.0615
permissive (D-8)
v at least 5 minutes 0.235

These values are one-half of

the values that appear in Table &4-4




Results of the Human Recovery Probability
Sensitivity Analysis

Table D-2

I[ Core Melt Risk due to ESFAS Failure (/Rx-yr)

Base Analysis

Sensitivity Analysis

BAILEY DESIGN (OCONEE and ANO-1)

|
|

One-Month 4.00e-7 1.Vee-6
Three Months 5.40e-7 1.55e-6
Delta Risk 1.40e-7 4.10e-7
GILBERT DESIGN (CRYSTAL RIVER 3)

One-Month 2.11e-8 6.00e-8
Three-Months b, 1e-8 1.20e-7
Delta Risk 2.03e-8 6.00e-8
BECHTEL DESIGN (DAVIS-BESSE)

One-Month S.00e-7 1.69e-6
Three-Month 6.10e-7 1.95%e-6
Pelte Risk 8.35e-8 2.60e-7

D-4



Core Melt Risk due to ESFAS Failure (/Rx-yr)

Summary of Base and Sensitivity Analysis

Figure D-1: Core Melt Risk due to ESFAS Failure vs. STI
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