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[gheAECg'%I UNITED STATES )
[g $ NUCLEAR REGULATORY COMMISSIONc( I

s j WASHINGTON. D C. 20555-0001 |

j! January 3, 1994
.....

Mr. B. P. Wunderly, Chairman
B&WOG Technical Specification Subcommittee
Crystal River, Unit 3
Mail Stop NA-21 :

PO Box 219
Crystal River, FL 32629-0219

SUBJECT: NRC EVALUATION 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 OwnersI 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

I can be extended for all B&W plants (except Three Mile Island) to the requested
interval. Three Mlle 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 STI will not cause the safety
setpoint to be exceeded beyond the allowable value calculated for that channel
by the setpoint methodology. Each licensee should have on-site records of the 1

as-found and as-left values showing actual calculations and supporting dataI 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 methodology used to derive the safety margins. |

In accordance with procedures established in NUREG-0390, " Topical Reports
Review Status," we request that the B&W 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)
include 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 1

Group and/or the licensees referencing this topical report will be expected to

I 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 |I 'content of the enclosed SER, please contact I. Ahmed of my staff on
(301) 504-3252.

Sincerely,

) -
,

' /

Bruce A. Boger, Director
Division of Reactor Controls

and Human Factors 1| Office of Nuclear Reactor Regulation !

Enclosure:
1. Staff Safety Evaluation Report

cc w/ enclosure:
'

W. RussellI C. Grimes
J. Taylor (B&W)
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*t UNITED STATESI j ,>* j NUCLEAR REGULATORY COMMISSION
*' * WASHINGTON. O C. 20565-0001 |
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#

Enclosure

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

- B&W 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 B&W 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 B&W 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

I report. The following evaluation addresses both the acceptability of the

probabilistic analysis presented in BAW-10182 and the acceptability of the

proposed extension of the STI.

I
The methodology used in BAW-10182 is the same as that previously used in the

B&WOG 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 B&W operating reactors (Baily design at AND-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 is 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. EVALUATIONI
The staff's evaluation included the following aspects of the probabilistic j

i

risk analysis (PRA) performed by B&W to justify the proposed extension of the ;

ESFAS test interval:

I 1) Models and data used for the reliability analysis

2) Quantification of the analysis models

3) Uncertainty analysis

I
A time-dependent model was used to dynamically represent system configuration

changes associated with testing and maintenance. The source of data for the

analog channel components (sensors and instrument string) and digital

I
_ - _ - - -
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subsystem components for both random and common mode failures was

NUREG/CR-3289, "Comon Cause Fault Rates For Instrumentation and Control

Assemblies," and B&W 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.

Comercial 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 Comon-Cause Failures in Probabilistic Safety

Analysis," when a comon-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 comon-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 Component Failure Data Base for Light Water and L1 quid Sodium

Reactors PRAs," and both failure rates and error factors were found to be in j

close agreement.

I
|A time-dependent quantification calculation was performed by B&W using

reliability block diagrams and computer codes for each of the three B&W plant

ESFAS designs. The analysis considered core melt frequencies (CMF) due toI 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

i



'

i
I

-4- ]

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 CHF 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 '8 for the three ESFAS designs, while the

corresponding risk for the existing one-month STI varied from 4.0 X 10 '7 to

2.11 x 10 '8 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 CHF 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, CHF does not change in

direct proportion to ESFAS unavailability because of other factors, such as,

the reduced probabili.ty 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 result of a factor of three increase in !

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

,

I !
|
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I
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. ,

I To test the robustness of the CMF analysis results, the staff also performed

an uncertainty analysis for each of the three B&W 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

95% probability with 95% confidence (95%/95%) that the change in CHF

associated with increasing the ESFAS test interval to three months is j

| negligible. The staff further compared the B&WOG analyses with three PRAs

discussed in NUREG/CR-4550, " Analysis of Core Damage Frequency: Surry, Unit 1

Internal Event," and found the analysis conclusion to be consistent with those

in NUREG/CR-4550.I
While the generic analysis of risk on the extended STI is considered

acceptable, it does not consider the plant-specific ei:fects 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

I 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

I
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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 zone and the allowable value). Each

referencing licensee should 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.

I
3. CONCLUSIONI
Based on the above, the staff concludes that the data and analyses in BAW-

10182 adequately demonstrate a negligible change in CHF 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.

L
L :
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EXECUTIVE SUMMARY

.

The purpose of this analysis is to provide a technical basis to justify

increasing the Engineered Safety Features Actuation System (ESFAS)2 on-line test
intervals. The Babcock & Wilcox Owners Group (B&WOG) proposes to. increase the
test interval from one month to three months.

The analysis was performed on a generic basis. Three configurations of the ESFAS

were modeled to reflect the major differences between the three ESFAS designs.
ANO-1 and Oconee have a Bailey-designed ESFAS, Crystal River-3 has a Gilbert-
designed ESFAS,'and Davis-Besse has a Bechtel-designed ESFAS. All of the ESFAS

designs have three or four redundant analog subsystems that monitor pertinent
plant parameters, generally reactor coolant pressure and reactor building

pressure. All three designs have two redundant actuation subsystems that each
actuate one of the redundant trains of Engineered Safeguards (ES) devices,

including high pressure injection (HPI), low pressure injection (LPI), reactor

building isolation, reactor building cooling, and reactor building spray.

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

as used for- the B&WOG submittal justifying the Reactor Trip System (RTS). test
interval extension, Topical Report BAW-10167. The Nuclear Regulatory Commission
has reviewed and approved the RTS test interval extension submittal and issued ;

an . SER. The methodology has been changed only slightly and incorporates
improvements suggested by the SER. The methodology used in-BAW-10167 and here

is based upon reliability block diagrams (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

failures (mechanical and human-caused), and uncertainty analysis.

%

1 ESFAS is called Engineered Safeguards Actuation System (ESAS) at ANO-1 and
Crystal River-3, and Safety Features Actuation System (SFAS) at Davis-Besse.

- 111 -
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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,
Common Cause Fault Rates for Instrumentation and Control Assemblies, 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&WOG 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 dde 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.

I
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 10-7 to 2.03 x 10-8 per reactor-year for the three ESFAS

:
- iv -

|
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designs. Thus, the impact of increasing the ESFAS test interval from one to

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 failure rates including random and common mode. An error factor

of ten represents an order of magnitude variation in the failure rates in eitherI i

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 (95t/95%) that the incremental core melt frequency associated j

with increasing the ESFAS test intervals to three months is less than 4.94 x 10-7 |

per reactor-year for the Bailey design, 9.57 x 10'8 per reactor-year for the
Gilbert design, and 2.69 x 10'7 .per reactor-year for the Bechtel design. These I

.

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.
L j

us 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.

,

I

'

I
I i

i

I
I
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|
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B&WOG Babcock & Wilcox Owners Group

CDF Cumulative Distribution Function

CR-3 Crystal River Unit 3

D-B Davis-Besse,

.

ECCS Emergency Core Cooling System

EDG Emergency Diesel Generator
,

EFIC Emergency Feedwater Initiation & Control

EPRI Electric Power Research Institute

IES Engineered Safeguards

ESFAS Engineered Safety Features Actuation System

HPI High Pressure Injection

INPO The Institute of Nuclear Plant operations.

LER Licensee Event Report

I, l

IhCA Loss of Coolant Accident

LPI Low Pressure Injection

MTTR Mean-Time-To-Repair

NPRDS Nuclear Plant Reliability Data System

NRC Nuclear Regulatory Commission

I|;!

NSS Nuclear Steam System
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I
PDF Probability Density Function

PRA Probabilistic Risk Assessment

.I
RB Reactor Building

RBD Reliability Block Diagram

RC Reactor Coolant

RCS Reactor Coolant System

RFS Reactor Protection System

I RTS Reactor Trip System

SAR Safety Analysis Report

STI Surveillance Test Interval
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I
I 1. INTRODUCTION

I
The purpose of this investigation is to 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.

I The investigation perfcrmed is generic and applicable to Arkansas Nuclear One-1

,

(ANO-1), Oconee 1,263 (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 designedI by Bailey, Gilbert, 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.

!I
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

;5 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 FACRAT 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.

I

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

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

|
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by EG6G [4] was used for the sensors and instrument strings (i.e., the analog

subsystems). B&W Owners Group (B&WOG) operating experience from the Nuclear

Plant Reliability Data System (NPRDS) was used to provide random and common mode

failure rates for the logic components (i.e. , the digital subsystems) . B&WOG and

generic experience was used to provide ESFAS challenging event frequencies. The
data evaluation is described in Section 4.

'

Time-dependent determinations of core melt frequency due to ESFAS failure for the
spectrum of challenging events were made using best-estimate data. ESFAS

contribution to core melt frequency was estimated for one-month and three-month E
test intervals, as well as the incremental core melt frequency associated with

extension from one-month to three-month testing. A Monte-Carlo analysis was
'

performed on the time-averaged results to indicate the influence of data

uncertainties. The quantification and uncertainty analysis are discussed in

Sections 5 and 6.

I:
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I
, 2. GENERAL DESCRIPTION OF HARD'JARE AND TESTING

I-
The various B%'0G 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 throughI 2-3, reproduced from the SARs. More drawings describing the ESFAS are available |

from the SARs.

I |

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 theI 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 I

parameters, generally reactor coolant (RC) and reactor building (RB) pressure,
to actuate Engineered Safeguards (ES) devices that loosely translate into four I

functional groups: high pressure injection (HPI), low pressure injection (LPI), I

RB isolation and cooling, and RB spray. All three designs have two redundant i

actuation subsystems (i.e., digital subsystems) arr anged in a one-out-of-twoI logic that is implemented by actuating one train of ES devices off of each ESFAS j

actuation subsystem.

I
I
I
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I



I
2.1. Important Hardware Feature _g

2.1.1. Bailev Desien

liighlights of the Bailey design are:

4

* Generall coincidence logic.

* Three analog channels (two-out-of-three coincidence) feeding two actuation
(i.e., digital) subsystems.

* Centralized design. In each actuation subsystem, there is one coincidence
logic module (called " trip logic module") for each ESFAS function. Each

trip logic module, containing the two-out-of-three logic, can drive

multiple " unit control modules," one for each actuated ES device or group
of related devices.

Sensed parameters include RC pressure and RB pressure.*

I
ANO-1 has analog sensors for RB pressure. Oconee uses analog sensors for
high R.B pressure and digital pressure switches for high-high RB pressure.

Features of the Bailey ESFAS are shown schematically in Figure 2-1. The ANO-1

ESFAS is shown as representative of both ANO-1 and Oconee ESFAS. The relatively

minor differences between Oconee and ANO-1 ESFAS are noted in the applicable

portions of the report. 5

I
I
I

1 Coincident trip of different plant parameters will actuate ESPAS.

2-2
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2.1.2. Gilbert Design

.

Highlights of the Gilbert design are:

Genera 12 coincidence logic.-

Three analog channels (two-out-of-three coincidence) feeding two actuation

(i.e., digital) subsystems.

* Distributed design. In each actuation subsystem, there are three channels

I of relays (actuated by the three analog subsystems) for each ESFAS

function. These relays drive two-out-of-three coincidence logic matrices

f (called " auto actuation logic") . ' vere is a separate auto actuation logic

(AAL) matrix for each actuated component.

Sensed parameters include RC pressure and RB pressure.*

I Has digital pressure switches for RB pressure.*

I
i

| Figure 2-2 shows the Gilbert ESFAS.

I
| 2.1.3. Bechtel Design

liighlights of the Bechtel design are:i

l

Loca13 coincidence logic,+

t

+ Four analoi, channels (two-out-of-four coincidence) feeding four channels

j of " system logic" that are arranged in two-out-of-two pairs to form two
,

actuation (i.e., digital) subsystems.

|
-

2 Coincident trip of different plant parameters will actuate ESFAS.

3 Coincident trips must be of the same plant parameter to actuate ESFAS.

2-3
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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 ESPAS

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. 3'

Sensed parameters include RC pressure, RB pressure, RB radiation, and BUST-

level.

lias analog sensors for RB pressure.
'

The Bechtel ESFAS is illustrated in Figure 2-3. ;

sa

|'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 g
within ESFAS. This power comes from internal ESFAS DC power supplies and/or 5

i

vital buses. For ESFAS components that energize-to-trip, power supply failures )
would prevent actuation, llowever, many components within ESFAS deenergize-to-

,

trip, that is, fail safe upon loss of power.

I
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 1

at the Bailey plants will fail in the unactuated state upon loss of power because j

the trip logic modules energize-to-trip (using ESFAS -15V DC internal power N|
2.

E
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'
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|
|

' supplies) and the output relays in the unit control modules energize-to-trip
- (using vital AC).

;

1

For the Gilbert design, the analog channels deenergize-to-trip and, therefore,
will fail safe upon loss of power. The digital subsystems also 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, vital DC and AC power would be needed to keep the 4160 bus

undervoltage relaying and ESFAS time delay relays energized, which blocks ESFASI actuation until the emergency diesel generators (EDGs) are on-line.

1

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, vital 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 tneI EDGs are on-line.

I Power for the actuated ES devices is outside the scope of this study. However,

for ESFAS challenging events that involve 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.

I
2.2. Testinr. and Maintenance Features

I 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 theI components that are outside of the ESFAS systeai (and ESFAS Technical

2-5I
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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 following 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. Analon Subsystem Testinn: Sensors

Sensor testing includes the following:

Full off-line test and calibration at shutdown (18-month test interval).-

Channel check consisting of visual comparison of analog sensor output
I

*

against other channels (each shift). E

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.

2.2.2. Analon Subsystem Testinn- Instrument Strints

For this study, an " instrument string" includes all electrical components from

a sensor to the corresponding bistable (s). This includes the dedicated sensor

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

Instrument string testing is summarized below:

I
I

:

!
;

i
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Monthly functional test of each channel. It Is proposed that this test ]
*

interval be changed to three months. 1

I '

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 it gic 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 anyI 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.

I 2.2.3. Maintenance of Test-Failed Sensors and Instrument Strinns

Maintenance is undertaken if the sensors or instrument strings are determined to

be inoperable, following the guidelines of the applicable Technical !

Specifications. The Technical Specifications in effect during performance of

this study were use a, except for CR-3, for which the Revised Standard Technical
Specifications [5] were used. Single channels (sensors or instrument strings) -

I
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. If, at the plants with the three-channel ESFAS designs, ;

the tripped channel cannot 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. I

If failure of multiple analog channels is discovered, Technical Specifications

require that the reactor be shutdown within a specified length of time to a modeI where ESFAS operability is not required. For the Bailey plants, hot shutdown is

2-7 iI
I
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,

I!required within 12 hours, and if not repaired within 48 more hours, then cold
~

'

shutdown is required within 24 hours. For the Gilbert plant, hot shutdown is

required within 13 hours for RC pressure or cold shutdown is required within 37
hours for RB pressure. For the Bechtel plant, cold shutdown is required within
37 hours for radiation detection channels or hot shutdown is required within 13 i

hours for the other parameters. During this time, the reactor can return to

power if the affected components are repaired and returned to service. (However,,

the RBD model assumes that the full allowed time will be used).

With the proposed test interval, the analysis assumes the same ACTION statement ,

times as with the one-month test interval.

I-
2.2.4. Dinital (Actuation) Subsystem Testine

The designs of the three ESFAS systems vary in the way testing is accommodated
in the digital subsystems. Each designer has approached in a different way the E'
problem of how to test the operability of ESFAS actuation logic without producing E

a spurious actuation:

All of the B&WOG utilities have monthly functional testing of the digital |-
,

subsystems for their respective ESFAS designs. Ic is proposed that this

1
test Interval be changed to three months.

IiThe Bailey digital subsystem has centralized coincidence logic (i.e., '

: *

.

there is one trip logic module per function in each digital subsystem). ,

I

The Bailey digital subsystem on-line functional test has two parts: ii

|

The two-out-of-three logic of each trip logic module is tested by
tripping its inputs one at a time. This results in a half-trip of |

cach trip module.

The circuitry from the coincidence logic to the unit controller of
each ES device is tested by means of a logic test module and a half-
wave signal that tests the electrical continuity without causing a
spurious actuation.]

2-8 I
.s..

. .



:I
* The Gilbert design has distributed coincidence logic (i.e. , each actuatedi

ES device has its own auto actuation logic (AAL) matrix). There are two

on-line functional tests that affect the digital subsystems:

I
Test trips sent separately from each of the three analog channels

1

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 j

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 two are tested in i

|
three sequential months.

The Bechtel design has four channels of coincidence logic that the utility |-

I i

tests on a staggered schedule concurrent and integrated with the tests of ;

the four analog channels. The Bechtel coincidence logic is distributed

among many output modules, each one containing a two-out-of-four

coincidence logic for each applicable plant parameter. 'Each output module j

is functionally tested separately as follows:

I

|Each coincidence logic circuit has a fifth input from a testI 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

complimentaryoutput module output is "AND-ed" with one from a

channel.

|I
2-9;
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I
2.2.5. Maintenance of Test-Failed Dicital Subsystems

Detection of faul ty 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 Technical Specifications in effect during performance g
of this study were used, except for CR-3, for which the Revised Standard W

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 invoking the Emergency Core Cooling System (ECCS) Technical

Specification for the associated ES component (s); consequently, the length of
E

time that the reactor can operate with the inoperable digital subsystem E
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 g
actuation logic) results in invoking the ECCS Technical Specification for the W

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 ,

i

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 one hour j
.

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

2-10
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I- During these periods the reactor can return to power if the affected component (s)
are repaired and r 3 turned to service (however the RBD model assumes that the full

allowed time will be used).

With the proposed test interval, the analysis assumes the same ACTION statement
times as with the one-month test interval.

I
;

|

I
!
|

I
I
I

I
I
I
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3. DESCRIPTION OF MODELS USED FOR RELIABILITY EVALUATION

|

I
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 i

extension, Topical Report BAW-10167 [1,2). The Nuclear Regulatory Commission ]
1

(NRC) [3] has reviewed and approved the RTS test interval extension submittal.I The methodology documented in BAW-10167, and used here, is based upon RBDs and 1

1

contains the features that are important for technical specification submittals, |

I |

including: time dependent modeling, emphasis on operating experience data, j
.

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 BAU-10167 Methodolony and Data

I
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 not possible to choose a

representative event because ESFAS actuates a much wider selection of equipment
than RTS. Therefore, ESFAS reliability was examined for a spectrum of different i

|
'Loss of Coolant Accident (LOCA) events, each of which challenges different ESFAS

I 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

.I challenge rates and recovery through manual ES actuation as a way of putting the j

various event scenarios that challenge ESFAS, and the respective ESFAS failure ;

I i
'

modes, into common perspective with respect to impact on (core melt) risk.
l
1
'

3-1
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I
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 E

components.

I
In BAW-10167, common mode failure rates were excluded for some components where

the data did not support their inclusion, or the rates were insignificant 1y

small. In response to comments made by the reviewers of BAW-10167, the ESFAS

analysis includes a common mode failure contribution for all components within g
the ESFAS system, even when the failure data did not support development of a M

rate. In the cases where common mode failure rates could not be obtained from
the failure history, subjective (and conservative) #-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 (A0T) 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-revciled failure for

the full length of the A0T/ 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 )
of wearout in Topical Report BAW-10167, Supplement 1 (2] was included to address

Generic Issue 83-28, item 4.5.3 and applied primarily to reactor trip breakers; 3
i

it is not a significant issue for ESFAS monthly test interval extenstor |

Il
Evaluation of instrument drif t over the proposed (i.e. , longer) test interval is

not evaluated in this report. An attempt to address drift on a generic basis in

BAU-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 '

3-2 ;
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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

I proposed extended ESFAS test interval.

3.2. Reliability Block Dienram Modeline

.

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,I 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

I significance, and their impact was insignificant. Where these small differences

exist, the most conservative choice was used for the Bailey model. Thus one

model was developed, using the most limiting features, to represent both of theI 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 rcpresented 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.

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

I 3-3 |
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challenging event. For example, for an interfacing systems LOCA (i.e., IDCA

outside of containment), high RB pressure will not be challenged -- therefore,

when evaluating that case, the unchallenged 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 LPl pumps are started by the HPI g

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 g
level of resolution of the data, with preference given to data derived from W

operating experience. For e.; ample, random and common mode failure data for

instrumentation assemblics from NUREG/CR-3289 [4] is availabic at the " sensor" r

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 RBDs g
corresponds to the utilities' NPRDS reporting scope [6], so that operating E
experience could be attributed to the specific ESPAS designs.

I
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 if one relay failed, the basic event (e.g., 4160 volt bus

undervoltage relaying) failed.

3-4
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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

I quantification of common mode failures appears in the discussion of the data

(Section 4),

liuman 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 NUREC/CR-3289 [4] and is based

g on operating experience from LER reviews. This source expresses the common mode

M._ 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. Testinn and Maintenance Modelinn

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 fail-safe mode contribute to system

unavailability (i.e. , to trip on demand) until they are detected (usually through
testing). Some components are tripped either for testing or subsequent repairsI and therefore do not contribute to system unavailability while they are in the I

3-5
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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 g

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
I

become evident using time-dependent analysis. After each test, for example, 53

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 n

is important when trying to demonstrate the effect of Technical Specification
changes. The time-dependent results are presented and discussed in Section 5.

3.3.1. Analon 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

E
shift check may reveal catastrophic failures, however non-catastrophic or E

3-6

I
=



I
|
.

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 shutdown 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.
I

I 3.3.2. Analon Subsystem Components: Instrument strinns

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

I the bypassed string to reduced redundancy, and hence reduced ESFAS availability,
for the duration of the test. At the plants with the three channel ESPAS, 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 modelsI assume that, consistent with Technical Specifications , individual instrument

. string failures will result in trip of the appropriate ESFAS channel, while

multiple failures will result in plant shutdown and repair.

m,
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3.3.3. Digital 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 limit. 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 Modeline of Component Repair

If testing reveals a failure needing repair, then attempts to repair the af fected g
component (s) can continue for the full extent of the Technical Specification W
ACTION time limit, concurrent with the prescribed ACTION. The ACTION time limit

is the time allo,ed 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

3-8
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reliability is " vulnerable," are the full time allowed by Technical

Specifications.

3.4. PeterminiUn Risk Sinnificance of ESFAS Reliability

I
Since the purpose of the analysis is to examine the risk-impact of ESFAS test

{ intervals, it is necessary to isolate the impact of ES actuation failure on that

- risk. Plant-specific Probabilistic Risk Assessments (PRAs) were not used to

extract the influence of ESFAS because all ESFAS failures may not be explicitly
represented in a PRA, and when they are , the failure modes are not usually

_
significant contributors because they are overshadowed by failure of the actuated
ES devices. A secondary reason was to avoid bringing the generic applicability

a
| of plant-specific PRAs into question. Therefore, the method used was to build

an ESFAS RBD model, and then modify it with generic challenge rates and recovery
probabilities, for a spectrum of events. Assuming that the consequence of non--

recovery is core melt, the result is the ESFAS contribution to core melt

frequency.

u

Since ESFAS is a multi-functioned system that is designed to respond to a variety
of postulated LOCA events, it was necessary to align the RBD model functionally
to the challenging events. Each event has a different impact on ESFAS, with

respect to parameters that are challenged and ESFAS functions that need to

respond. In addition, for a given event, some ES functions (e.g., actuation of
long-term RB cooling) have less urgency than others (e.g., actuation of safety
inj ec tion) ; consequently, their actuation failures have different risk

significance. These issues were addressed for each event that could challenge
_ ESFAS and incorporated into the model to produce an " aggregate" ESFAS-induced

risk model.
-

The risk analysis built upon the RBD model, with RBDs being generated to
represent all ESFAS functions at each plant. Then the models were run for the

~

specific events from the spectrum ( LOCAs and challenged ESFAS parameters.
Civen a specific ESFAS challenge scenario, the risk significance was addressed-

L as a function of the ESFAS challenge rate and the consequence of non-recovery of

e
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ES actuation for that scenario. Thus, a perspective was given to the relative'

importance of various events and ESFAS functions.

I
The following is a description of the risk analysis process:

I
3.4.1. Challenring Events

The ever,ts that challenge ESFAS are LOCAs and transient-induced 14CAs of various

sizes. A variety of analysis source documents were examined, including Safety
Analyses, Technical Specification Bases documents, and PRA literature, to 3

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- g
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 g
also which ES systems were needed to mitigate risk. Some events, such as steam W
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 BENOC 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.

E
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3.4.2. tiission Success-

-

Upon examining the challenging events for ESFAS, core damage was chosen as an

appropriate measure of risk. This is because the ultimate consequences of ESFAS

failure for each of the ESFAS-challenging events involved core damage. If
-

realistic Safety Analysis assumptions are used, it is unlikely that containment
-

failure would occur without core melt, even for large break LOCA. Thus , for each
event, a determination was made of which ES functions were needed to prevent core"

damage. The ES functions needed to prevent core damage involve keeping the core
covered, preserving RCS inventory, and providing contairunent heat removal for the

_ spilled (and recirculated) coolant.

I For each event, a determination was made of which ESFAS functions (i.e., ESFAS

outputs) actuate the ES systems needed to prevent core damage. Generally the

mission success required one-of-two of the ESFAS digital subsystems. However,
L,

the digital subsystems are divided functionally, with the ES device assignments
split among the functions. (Each design has four or five ESFAS " functions ," and
each design has its own naming convention such as " incident level" or " actuation+

channel".) No individual device discrimination was made within ESFAS functions;I
L that is, all of the outputs attached to an ESFAS function had to trip or else

actuation of that function was assumed failed. There were some depeadencies
-

between functions, and these were incorporated in the RBD models. For example,
-

sometimes two ESFAS functions must trip to fully actuate an ES system, such as
f in the Gilbert design, where the LPI pumps are started with the "HPI & Load

Sequencing" function and the LPI valves are opened by the "LPI" function.

I

L The RBDs were constructed, as shown in Appendix A, to reflect all functions and

challenged parameters. For the computer runs, the analysis invoked the
.

I appropriate parts of the RBD to respond to each challenged event. This involved
%

deleting credit for plant parameters whose set points would not be challenged, ,

and identifying the ESFAS functions that would be needed to prevent core melt.
The challenged parameters and ESFAS functions (in terms of the design-specific

r output channel names) that were invoked for each event are delineated on Tables

b 3-1 and 3-2.
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3.4.3. Consecuence

Given 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 HP1 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. 3
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.

gThe conditional core damage frequency upon ESFAS failure was r-~:-ed to be

equivalent to the operator non-recovery probability for ES device at Natier . The E

only recovery taken credit for was an operator action, as time allows, to actuate

ES devices manually. Failure of the actuated ES devices was not included as that

would de-emphasize the risk-impact of ac t uation failure modes. Also, no credit

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

3.4.4. Quantification '

The RBDs, coupled with the challenge rates and recovery probabilities, were g
evaluated with the FTAP computer code [8] to produce Boolean expressions of core 5

melt risk for the three FSFAS 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 ch'allenging events as well as the
aggregate of all of the challenging events. These were used in PACRAT and SAMPLE

to produce the ESFAS contribution to core melt frequency for both one-month and
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- three-month STIs, as well as the incremental contribution to core melt frequency
associated with extension of the STI from one month to three.

3.5. Computer Codes

Construction and solution of the RBDs used B&W Nuclear Service Company's (BWNS's)

IRIS workstation software, described below. RBDs were chosen over fault trees

for the ESFAS because the channelized nature of the system lends itself to the

RBD format, and eases verification of the model. Cut sets generated by FTAP were
used in Boolean expressions for quantification by PACRAT or SAMPLE. The code

used for evaluation of ESFAS failure probability was BWNS's PACRAT code, which

is similar to the public domain code FRANTIC. In this evaluation, SAMPLE was

used to generate the uncertainties associated with the time-averaged ESFAS

results. All of these codes were previously used and reviewed by the NRC (in the
B&WOG Topical Report BAW-10167), and are discussed below.

= 3.5.1. IRIS Reliability Workstation
,

;

BWNS's IRIS (Integrated Reliability Interactive System) [11] reliability !

workstation uses interactive graphics to help the engineer construct RBDs and .i
i

fault trees, and is interfaced with industry-proven analytic codes FTAP [8), j
PACRAT [9), and SAMPLE [10] to evaluate the models. This 'is accomplished by

|
menu-driven routines that allow construction and editing of RBDs, fault trees,

and event trees directly on the computer screen.

.

In response to computer prompting, the user enters the appropriate failure rate

and repair data for basic events of the model. After checking the modeling logic
for completeness, inconsistencies, and errors, IRIS automatically generates the
input files for the analytical codes. In this way, quality control is improved

by automating the error-prone tasks associated with formatting of code input.
IRIS is then used to generate report-quality drawings of the models (RBDs, fault .
trees, or event trees) and plots of results (time-dependencies or uncertainties)

' produced by the analytic codes.
1
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In this evaluation, IRIS 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. FTAP

BWS 's version 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 3

trees such as those associated with plant PRAs. It is similar in capability to

Electric Power Research Institute's (EPRI'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. BWS has made modifications to

enhance its capabilities and usefulness, in accordance with our internal

gcertification procedures. IRIS will automatically generate an input file for

FTAP. M

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 f ailure 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 us

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 g'
outages and component renewals. In addition to constant failure rates, time- E

3-14

Ei
.



I
;

' 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 p-factors, actual operating experience,

,

or the binomial failure rate method. ;

I ,

|

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.

I The PACRAT code is similar in capability to the FRANTIC code [14]. However, !

PACRAT is more flexible because the system failure representation is generalized

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

3.5.4 SAMPLE

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 byI 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 ourI internal certification procedures. The input to SAMPLE, a FORTRAN subroutine
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I
Table 3-1

Definition of ESFAS Challenging Event Classes

Class Description Challenged ESTAS Included Events
Parameters

A LOCAs that require HPI. RC Pressure (Lo) * Small to medium LOCAs
Both trains of offsite- RB Pressure (Hi) * Transient-induced (non-LOOP)
derived power are RB Pressure (Hi-Hi) LOCAs (e.g., PORY LOCA; Safety

I operational. BWST Level (DB only) Valve fails to resset)
Radiation (DB only)

B Similar to Class A, except RC Pressure (Lo) * Transient-induced (LOOP) LOCAs
that both Emergency Diesel RB Pressure (81) (e.g., PORY LOCA; Safety Valve

;I Generators are on-linea. RB Pressure (Hi-Hi) fails to reseat)
(ESFAS must actuate ES BWST Level (DB only)
equipnent in one-out-of-two Radiation (DB only)

trains.)

I C Similar to Cissa A. except RC Pressure (Lo) * Transient-induced (LOOP and
only one Emergency Diesel RB Pressure (Hi) loss of one Emergency Diesel
Generator is on-linea RD Pressure (Hi-Hi) Generator) LOCAs (e.g., PORV

(ESTAS must actuate ES BWST Level (DB only) LOCA; Safety Valve fails to

I equipment in one-out-of-one Radiation (DB only) reseat)

train.)

D LOCAs that require LPI. RC Pressure (Lo) * Medium to Large LOCAs

RC Pressure (Lo-Lo)

I RB Pressure (Hi)
RB Pressure (Hi-Hi)
BroT Level (DB only)
Radiation (DB only)

I E LOCAs that chellenge only RC Pressure (Lo) * "V-sequence" (Interfacing
RC Iressure and are Systems LOCA)
isolatable (by ESFAS)

!

I P LOCAs that challenge only RB Pressure (Hi) * Very small break LOCA with no 1

RB Pressure (i.e., too Radiation (DB only) secondary side heat removal
small to depressurize available
primary system).

8 Oconee derives emergency AC power from the Keowee hydroelectric generators rather t.han EDGs.

I
E

I
E

il
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Table 3-2

Mission Success Definitions

Class Function (s) that Need to be Actuated in Response to ESFAS Functions Missicn Success Boundary Conditions
the Challenging Event to Prevent Core Melt (Using Plant-Specific Function

Names)*
ES Functions ES Mission Success

A Injection (HPI) 1 of 2 HPI trains D-B 1 of 2 Incident 2 Nene.
1 of 2 Incident 5

Long-term Heat Removal I of 2 RB cooling trains, CR-3 1 of 2 HP!/LS
(RB Cooling) including fans, valves, 1 of 2 RB Cooling <de-

coolers, and cooling water pendent on HP!/LS - must
be the same channel as
actuated HP!/LS>

HPI Recirculation 1 of 2 recirculation paths ANO-1 1 of 2 Channels 1,2
from the sump (to LPI) to 1 of 2 Channels 5,6
HPI

Oconee 1 of 2 Channels 1,2

I of 2 Channels 5.6

B Same as Event Class A Same as Event Class A Same as Event Class A This challenging
bevent requires EDCs ,

(load sequencing
equipment, if re-
quired), and battery-
derived power.

C Same as Event Class A Same as Event Class A D-B 1 of 1 Incident 2 This challenging
b1 of 1 Incident 5 event requires EDGs

(load sequencing
CR-3 1 of 1 HPI/LS equipment, if re-

1 of 1 RB Cooling quired), and battery-
derived power for the
ESFAS subsystem

AND-1 1 of I Channels 1.2 associated with the
1 of I Channels 5,6 powered ES train.

Oconee 1 of 1 Channels 1,2
1 of I Channels 5,6
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Class Function (s) that Need to be Actuated in Respsm e te ESFAS Functions Mission success Boundary Condittens
the Challenging Event to Prevent Core Melt (Using Plant-Specific Function

Names)*
ES Functions ES Mission Success

D Injection (LPI) 1 of 2 LPI trains D-B 1 of 2 Incident 2 None.
1 of 2 Incident 3
1 of 2 Incident 5

Long-term Heat Removal 1 of 2 RB cooling trains. CR-3 1 of 2 HPl/LS
(RB Cooling) including fans. valves, 1 of 2 LPI < dependent on

coolers, and cooling water HPI/LS - must be the
same channel as actuated
HP!/LS>
1 of 2 RB Cooling <de-
pendent on HPI/LS - must
be the same channel as
actuated HPI/LS>

LPI Recirculation 1 of 2 recirculation paths Ah0-1 1 of 2 Channels 3,4
from the sump to LPI 1 of 2 Channels 5,6

|

| Oconee 1 of 2 Channels 3.4
| 1 of 2 Channels S.6

E ! solation 1 of 2 RB Isolation, must D-B 1 of 2 Incident 2 None.
be the line with the break
(letdown line is assumed CR-3 1 of 2 RB Isolation
for example)

ANO-1 1 of 2 Channels 1.2

Oconee 1 of 2 Channels 1.2

e
F Same as Event Class A Same as Event Class A Same as Event Class A None.

a See Table 3-3 for identification of plant-specific ESFAS function names.

b Oconee derives emergency AC power from the Keowee hydroelectric generatcrs rather than EDGs.

c Vhile this table shows the same entries for challenging event class A and F. note in Table 3-1 that the challenged ESFAS parameters are different for
the two cases.

|
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I
Table 3-3

Summary Identification of Plant-Specific ESFAS Function Names

Plant ' Plant-Specific ESFAS Generic ES Punction(s) g
Function Names

D-B Incident 1 Partial RB Isolation

Incident 2 EPI, RB Spray (valves), RB Cooling,
Partial RB Isolation

Incident 3 LPI, Partial RB Isolation

Incident 4 RB Spray (pumps), Partial RB Isolation

Incident 5 BWST Level Permissive

CR-3 HPI & Load Sequencing !!PI, LPI (pumps), RB Spray (enable),

(HPI/LS) RB Coolers

LPI LPI (valves)

RB Spray RB Spray

RB Cooling RB Cooling (valves)

RB Isolation RB Isolation |

ANO-1 Channels 1,2 HPI, Partial RB Isolation, kB Spray (valves)

Channels 3,4 LPI, Partial RB Isolation, RB Spray (valves)
(Note: RB Spray function is available if
either HPI or LPI actuates.)

Channels 5,6 RB Cooling, Partial RB Isolation

Channels 7,8 RB Spray (pump)

Channels 9,10 RB Spray (chemical addition)

Oconee Channels 1,2 EPI

Channela 3,4 LPI

Channels 5,6 KB Cooling, RB Isolation

Channels 7,8 RB Spray

I
I
I
I

3-20

I

_ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ ___ _________.___ _ __ _ ___________._______ _ _.____



.__ ___ __________-__ - _

l
|

|

4. SOURCES OF DATA FOR THE RELIABILITY EVALUATION |

I
Emphasis was placed on the use of operating experience in the derivation of

I random and common mode failure rates. The same data sources were used to obtain
failure rates for ESFAS components as were used for the Topical Report BAV-10167.
[1,2,3] All failure rates were derived either directly or indirectly from

experience collected in the Nuclear Plant Reliability Data System (NPRDS) and
Licensee Event Reports (LERs) data bases.

I
For the digital subsystem components, such as the various logic modules and/or
relays used in the ESFAS designs, B&WOG experience from the NPRDS data base
(available through INPO) was used.

NUREG/CR-3289 [4] was used to develop the common mode and random failure rates

for the analog channels. This includes the sensors and instrumentation strings,
including signal conditioning components up to and including the bistables. The
data base used in NUREG/CR-3289 coalesces industry-wide cperating experience
obtained from LERs.

The following describes the data evaluation for the components of the ESFAS
models,[
4.1. Analon Channels (Sensors and Instrument Strinns)

The data used for sensors and instrument strings for both random and common mode

failures were obtained from NUREG/CR-3289 [4]. NUREG/CR-3289 includes failure
rate data of sensors for a variety of measured parameters. Reference [4] also
includes " signal conditioning system" failure rates, which includes all of the

components in an analog channel, except the sensor itself, up to and including
the bistable. The instrument string also includes the dedicated sensor power

i
L supply.

The source of the data is LERs and the failure modes include both human error
(such as miscalibration of bistables) and mechanical failures. The values used

_ 4-1
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I
in this analysis were the Baysian means reported in the NUREG. The " reduced

capability fault" (i.e. , degraded) data category listed in NUREG/CR-3289 was used
into the analysis, as well as the complete failure "inoperability fault" data

category. The " reduced capability fault" category includes non-catastrophic !

failures such as setpoint drift. The NUREG data that were used for this
1evaluation are summarized in Table 4-1.

I]lTable 4-1 gives random failure rates (A) and the terms that can be used to
|

compute the common mode failure rate. For common mode failures, the NUREG

expresses the failure data in terms of lethal and non-lethal shock rates, and the
conditional probability of failure given a non-lethal shock. A lethal shock

(which may be caused by human or hardware fault) is one that will disable all
redundant channels of a component or subsystem. A non-lethal shock may or may
not disable redundant channels, and conditional probabilities are provided for

failure of a channel given a non-lethal shock. Full details on the derivation

and interpretation of these values is contained in reference (4) and are not ;

| repeated here. However, the following example will illustrate the use of the 3

data in Table 4-1 to calculate a common mode failure probability.

I
For a system with three channels, arranged in two-out-of-three logic, the common
mode failure for at least two-out-of-three channels is given by:

2 aCommon mode failure probability = (1 - e'') + (3p [i.pj + p ) (1 ewt)
where:

w - lethal shock rate

p - non-lethal shock rate

p - conditional probability of failure given non-lethal shock

t- time period of interest

Similar to the treatment in BAW-10167, the analysis included the effect of the

common mode failure of sensors and instrument strings of the same sensed

parameter. B&W experience indicates that there is no evidence supporting a g
common mode failure between two independent sensed parameters. Also, in 5

NUREG/CR-3289, there were no events that failed channels of unlike parameters;
5

only the probabilities of occurrence for common mode failures between channels g

4-2
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of like parameters were estimated. In addition, the NRC review the B&WOG

submittal [3] and of the Westinghouse Owners Group RPS submittal [18] indicates
agreement with the data presented in NUREG/CR-3289 [4] . Therefore, the B&W ESFAS

models only include common mode failures of like parameters.

Some of the sensors provide input to more than one bistable, e.g. low and low-low.
.

RC pressure. When more than one bistable trip is derived from the same sensor,

some of the other instrument string components are also shared; however, the

{. bistables are not shared. Since the bistable is generally the weakest component
(because this is where the human interaction occurs), channel failures are not

( likely to affect more than one trip function. Nonetheless, the B&W model

accounts for sensor dependencies, where appropriate. Since the data in NUREG/CR-

{ 3289 does not break out individual components of the instrument strings (i.e.
bistables), the use of the data in the RBD assumes complete dependence when the
signal from a single sensor is used in more than one bistable. This treatment

is conservative.

4.2. Digital Subsystem Components

Operating experience was reviewed to quantify failure rates for digital subsystem
components, including logic modules (e.g., logic buffer modules, trip logic -|
modules, and unit control modules for the Bailey design, and output modules for j

the Bechtel design), logic relays (e.g., output relays for the auto actuation

logic in the Gilbert design), and other modules (e.g., sequencer modules in the |
Bechtel design, and power supply modules) . Failure rates were obtained from the !

operating experience data for the ten years ending January, 1990.

The operating experience included failure rates and failure descriptions from
NPRDS, which included both mechanical- and human-caused failures. A specific

NPRDS search was made for each logic module and relay in. the ESFAS digital.
subsystems at the B&WOG plants.

The'RBD model required discrimination of failure modes for logic modules and
logic relays. Since spurious logic trips do not contribute to ESFAS failure to
actuate, it was necessary to separate failure-to-trip modes from spurious-trip

4-3
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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 subsystem component or module was
E

reviewed to determine if any of the failures were potentially common mode M

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 portions, from

which a beta factor (and, if needed, a gamma factor) were derived. The beta

factor, is the fraction of the random failure rate (A) in which two or more,

components are involved due to common mode. (The gamma factor, y, is the

fraction of the s involving three or more components.)

Typically, it is difficult to collect and identify 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 g
these cases described above, a beta factor was derived from the data. *

I
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When the failure history of the component showed no evidence of multiple failures
(e.g, none of the failures-to-trip for- ESFAS logic modules involved multiple

modules), it was necessary to apply engineering judgement and assume a con-

servative value for the beta (and gamma) factor, (i .e. , S .1, y . 5) ; see Table

4-2 for a complete list of random and common mode failure rates.

Developing the common mode failure rates for groups of like components required
determining the component failure combinations that would lead to system failure.
For example, in the Bechtel design, there are many output modules and system
failure included several two-element cut sets of output modules of like function.

The failure rate of a specific component for all modes (random and common mode)
is A . The failure rate of a specific component due to common mode failure ist

equal to B + A . From reference [16], the generalized expression for a commont

mode failure rate of a specific two components of a group of m components (i.e. ,
system sine - m) is equal to:

A m-1 (1-y) A,-
2

which can conservatively be reduced to:

la~ 0A tm-1 ;

'

assuming that terms with higher order (greater than two-element cut sets) are not
significant. In the Bechtel example, the above formula was used for each

specific output module pair (two-element cut sets) whose failure will lead to

- system failure,

4.3. Miscellaneous External (i.e. Non-ESFAS) Components

Failure rates were needed for miscellaneous components associated with the
external power supplies for ESFAS (internal ESFAS power supplies are included in

the data discussed in Sections 4.1 and 4.2). Failure rates for batteries,

inverters, and undervoltage relaying were obtained from NPRDS for B&WOG plants.
Common mode failure for these components was not included in the model because

the components are external to ESFAS and not within the scope of the STI
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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

failure 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 reliability

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. g
This would be optimistic and misleading. However, if failure rates are expressed E
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 failures experienced were time- or

demand-related; otherwise, failure rates must be expressed per-hour to yield g
results that are conservative for examining the sensitivity of reliability to EB

test interval. I
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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rates into per-demand and per-hour contributions. However, the failure records

supporting NUREG/CR-3289 (LERs) and NPRDS were not sufficient to meaningfully
discriminate between time-related and cyclic failure mechanisms.

The failure rate data used in this analysis were obtained from NUREG/CR-3289 and
NPRDS, and are reported in terms of failures-per-hour. They are , therefore,

conservative for examining ESFAS sensitivity to test interval. This conservatism

applies to the human errors as well as mechanical failure modes that have cycle-
dependent rather than time-in-service dependent failure mechanisms.

4.5. Time-to-Repair Data

The ESFAS reliability models, in addition to failure rates, require data for

time-to-repair of test-revealed failures. The time-to-repair is a function of

the time taken to discover the failure. For test-revealed failures, this is a|

function of the STI . Both the existing one-month test intervals and the proposed
E three-month test intervals were used in the analysis to determine the sensitivity
I of ESFAS reliability to the STI.

|
| However, not all failure are test-revealed. Sensor failures, in particular, are

usually not testable on-line (an exception is the RB pressure sensors at CR-3 and
D-B that can be exercised each month) . Thus, unless the failure is catastrophic
(in which case it will detected at the shiftly channel check), it may not be

apparent until the refueling outage or an actual ESFAS demand. This was assumed

to be the case for " reduced capability faults" of sensors. Due to the longer

exposure time (i.e., the length of time that the failure is likely to go
1

undetected), the degraded failure modes (" reduced capacity faults") dominate

sensor unavailability.

Once a failed component is discovered, if the failure mode is in the " unsafe"

direction, the system or channel is " vulnerable" for an additional length of time
until either: the failed component is repaired and restored to service, or the

failed component is put in its " safe" (i.e., tripped) state, or the reactor is

shutdown so that the affected ESFAS function is no longer needed. The choice of
options is dictated by the Technical Specifications; the times used in the
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I
analysis were the ACTION times prescribed by those Technical Specifications

(summarized in Section 2).

I
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 . mode failure, or in other situations
where the Technical 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 g
system restoration occurs faster than allowed by technical specifications. E*

4.6. ESFAS Challentinn Event Freauencies

Challenging event frequencies were obtained from a combination of B&WOG

experience, and the Oconec 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 g
obtained from industry operating experience. Transient-induced LOCA frequencies W
were obtained from B&WOG 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.

I
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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I 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 theI 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 >W cooling because the BWST takes

at least 30 minutes to drain and the long-tt.rm heat sink is not needed beforeI then. The 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 LPI 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

. I 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

3 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. Snurious ESFAS Actuation Frecuency

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.

I
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 to three months will

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

A reduction in the rate of spurious F9FAS trips and the associated actuations of

ES equipment can be expected to contribute minimally to a decrease 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 reductions was not credited in the analysis or

results.

I
I
I
I
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Table 4-1

ESFAS Analog Channel Components Data Summary

Component Inoperability- Reduced
Capability

RB PRESSURE SENSOR
Random (A) 1.90 x 10-6/hr 3.60 x 10-6/hr
Lethal Shock (u) 4.50 x 10-8/hr 2.30 x 10-7/hr
Non-Lethal Shock (p) (system size-3) 6.50 x 10-6/hr 2.20 x 10-6/hr
Non-Lethal Shock (p) (system size-4) 5.30 x 10-6/hr 1.80 x 10-6/hr
Condition Probability (p) .161 .177

RC PRESSURE SENSOR

Random (A) 1.90 x 10-6/hr 3.60 x 10-6/hrI Lethal Shock (u) 4.50 x 10-e/hr 2.30 x 10-7/hr
Non-Lethal Shock (p) (system size-3) 6. 50 x 10-6/hr 2.20 x 10-6/hr
Non-Lethal Shock (p) (system size-4) 5.30 x 10-6/hr 1.80 x 10-6/hr
Condition Probability (p) .161 .177

RB PRESSURE (DIGITAL) SWITCH
Random (A) 7.70 x 10-7/hr 6. 60 x 10-6/hr

I Lethal Shock (u) 5.40 x 10-8/hr 1.60 x 10-7/hr
Non-Lethal Shock (p) (system size-6) 3.10 x 10-6/hr 1.20 x 10-6/hr
Condition Probability (p) .137 .456

RADIATION SENSOR
Random (A) 4.50 x 10-6/hr 6.40 x 10-6/hr
Lethal Shock (u) 4.20 x 10-7/hr 2.10 x 10-5/hr

I Non-Lethal Shock (p) (system size-4) 2. 60 x 10-3/hr 2.60 x 10-3/hr
Condition Probability (p) .064 .064

BWST LEVEL SENSOR

I Random (A) 1.90 x 10-6/hr 3.60 x 10-6/hr
Lethal Shock (u) 4. 50 x 10-8/hr 2. 30 x 10-7/hr
Non-Lethal Shock (p) (system size-4) 5.30 x 10-6/hr 1.80 x 10-5/hr
Condition Probability (p) .161 .177

INSTRUMENT STRINGS
Random (A) 3.10 x 10-6/hr 2.00 x 10-6/hr

I Lethal Shock (u) 2. 90 x 10^7/hr 6.40 x 10-7/hr
Non-Lethal Shock (p) (system size-3) 3. 80 x 10-6/hr 2. 90 x 10-6/hr
Non-Lethal Shock (p) (system size-4) 3.10 x 10-6/hr 2.40 x 10-5/hr
Condition Probability (p) .177 .244

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

System size of four applies to Eachtel design (four-channel system).*

System sire of six applies to Gilbert and Bailey (Oconee) design (three-channel) for RB*

pressure switches because separate switches are used for each actuation subsystem.
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Table 4-2

Summary of the Random Failure Rates and Beta Factors
for Digital Subsystem Components

{ Component Failure Rate (/ hour) Beta ( ) Factor-

Trip Module 1.60 x 10-8 a

output Module 4. 80 x 10-7 a

Logic Buffer Module 5.08 x 10-7 a

Unit Control Module 1. 57 x 10-7 a

Sequencer Module 3.49 x 10-6 a

Power Supply 5. 35 x 10-7 .4

Inverter 2.58 x 10-5 n/a

Station Battery 4.63 x 10-8 n/a

Relay (CR-3) 1.01 x 10-7 (coil) .25
1.45 x 10-8 (contact)

Undervoltage Relay 3.41 x 10-7 n/a

* The data did not exhibit evidence of common mode failures, therefore
'a g-factor value of .1 was assumed.

E1

I
I

i I
I:
I
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Table 4-3 j.

Frequencies of ESFAS Challenging Event Classes

|

Class Description Included Events Frequency Source ;

(/ reactor year)I '

A LOCAs that require HPl. Both . Small to medium 7x104 Oconee PRAs; i

trains of offsite-derived LOCAs (1.5" to 4") |
power are oparational. ;

I * Transient-induced 3.7x10-5 B&WOG operating
(non-LOOP) LOCAs experience
(e.g., PORV LOCA;*

; Safety Valve falls

; to reseat)

5 B Similar to Class A, except * Transient-irduced 5. 4 x 10-' B&WOG operating
that both Emergency Diesel (LOOP) LOCAs (e.g., experience
Generators are on-line. PORV LOCA; Safety

I (ESFAS must actuate ES Valve fails to
equipment in one-out of-two reseat)
trains.) i

C Similar to Class A, except * Transient-induced 4.3x10-5 B&WOG operating

I only one Emergency Diesel (LOOP and loss of experience,
Generator is on-line. (ESFAS one Emergency Diesel with generic j
must actuate ES equipment in Generator) LOCAs EDG j
one-out-of-one train.) (e.g., PORV LOCA; ,

I Safety Valve fails |

to rescat)

D LOCAs that require LPl. * Medium to Large 7x10-' Oconee FRAa j
LOCAs (>4") !

E LOCAs that challenge only RC * "V-sequence" 3. 4 x 10-' Extrapolation
Pressure and are isolatable (interfacing Systems from Oconee PRA
(by ESFAS). LOCA) (pathways with |

ESFAS actuated
'

I valves)

F LOCAs that challenge ordy RS + Very small break 4.7x10 s b Oconee PRAa
Pressure (i.e., too small to LOCA with (assune) (3/8" to 1.5")

I depressurize primary system). no secondary side
heat removal
available

a Calculated from industry operating experience.I b Assunes that no feedwater is available.

I |

I
,

,

.I
.
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Table 4-4

Manual Recovery Probabilities 3
for Determining Risk-Significance of ESFAS Failure Consequence g

Manual Recovery Action Applicable ESTAS Time Available (siter ESFAS Probability of

Challenging Event failure) to Avert Core Malt Non-Recovery

Initiate Safety injection A,B,C 30 minutes 0.013

D 15 minutes 0.044

F 1 hour 0.0061

Initiate RB Long-Term A,B,C,F at least I hour 0.0061
Cooling |

D at least 30 minutes 0.013 ]

Isolate Interfacing E at least 30 minutes 0.013
Systems LOCA

|Actuate BWST level A.B C.F at least 25 minutes 0.018 W
permissive (D-B)

D at least 10 minutes 0.089

I
I-

I
I
I
I
I
I
I
I

. 14 ,
.
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5. MODEL QUANTIFICATION

I
5.1. Time-Denendent Analysis

I
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, -

I 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

I 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 forI each of the three ESFAS designs, are shown in Figures 5-4 through 5-6. These I

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.

.I
5-1:
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I
I|Prior to discussing specific plots, two trends that appear in the plots will be

discussed. The first trend is the overall increasing core melt risk as a 1

function of time. Degraded failure modes (e.g. , drif t) of some sensors may not

| be detectable until the refueling outage (assumed at 18-month intervals),

therefore a failure during the mission time remains unrepaired and contributes
to the general increasing trend. The second trend concerns the ESFAS equipment
that is tested monthly. The plot shows an increasing risk until the time of the
test, then a decrease in risk as the tested equipment is assumed to be returned
to service failure free (i.e., confirmed working, or repaired to a working

state). I

5.1.1. Bailev

In Figure 5-1, showing the risk of core melt from failure of a Bailey-designed
ESFAS for challenging event A, both trends are apparent. The small " ripple" at
the top and bottom of each risk peak is indicative of the different Technical g
Specification ACTION times for different ESEAS components. The pattern repeats M

with a period of one month, which is the test interval for this case. As time

progresses the cumulative effect of the sensors whose faile modes are

untestable on-line begin to dominant the restorative effect of the monthly tested
components.

Figure 5-4 shows the risk of core melt from an ESFAS failure for the Bailey
design for all challenging events, and with STIs of both one month and three
months. The first trace shows the one-month test interval for the composite

event case and the trends are identical to the challenging event A. Thus, W
ESFAS's time-dependent behavior is similar for all challenging events. The

second trace of Figure 5-4 shows the pattern repeating every three months, which
is the test interval for that case. Comparison of the plots show that there are

no time-dependent vulnerabilities that result from the extension of the test

interval to three months.

I
I

5-2
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I 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 pressureI 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 contributor 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 testingI 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) because 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. Af ter the components are returned to (failure-free)I service, the risk returns to a nominal value. 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 j

the extension of the test interval from one month to three months.I
5-3I

I !
|



I
5.1.3. Enchtel

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 5

ESFAS design, a four-channel system, has staggered testing. Therefore, each

week, one channel is tested. For the three-month test interval, channel testing

as can be observed in Figure 5-6. The rise inwould occur every three weeks,

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.
Ilowever, 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-Avtraned Results

Table 5-1 gives a rummary of the contribution to core melt frequency (risk) due
to ESFAS failure for each of the challenging events, as well as the aggregate of
all the challenging cvents, for one- and three-month test intervals. The core

melt risks reported 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 5

5-4
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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:

i 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 testg
5 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 E:>r'AS to core melt

frequency (with one-month STI) ranges from 2.11 x 10-8/ reactor-year (for Gilbert) |

to 5.26 x 10-7/ reactor-year (for Bechtel) for the ESFAS designs analyzed. In this |I analysis, the risk of core melt due to ESFAS failure with a three-month test I

1 ,.ral ranges from 4.1 x 10-s/ 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 evenu (i.e., theI 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

5-5
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order of magnitude less than Bailey or Bechtel. Thus, the effect of increasing

the ESFAS test interval is relatively insignificant.

I
The core melt risk for the Gilbert-designed ESFAS is lower than the other designs
because the Gilbert-designed ESFAS at CR-3 has an RB pressure sensor design that

allors exercising of the sensors (pressure switches) during the on-line

functional testing. The Bailey plants do not have that feature, and hence RB >

sensor failures (analog sensors at ANO-1, pressure switches at Oconee) may go
undetected until complete testing during the refueling outage. The Bechtel- g
designed ESFAS at D-B also includes exercising of the RB pressure sensors (analog 5

sensors) during the on-line test; however, the Bechtel ESFAS has an additional

function: the BWST level permissive, which offsets the advantage gained by the

testable RB pressure sensors.

The mean incremental core melt frequency associated with the extension of the STI
from one to three months ranges from 2.03 x 10*8/ reactor-year (Gilbert) to
1.45 x 10'7/ reactor-year (Bailey) . Thus, the impact 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 ST1 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 conponent 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."

I-

I
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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)
Even t* IntervalI Bailey Gilbert Bechtel

A One-Month 1.57e-07 4.97e-09 1.59e-07
Three-Month 2.13e-07 1.37e-08 1.85e-07

Delta Riskb 5.63e-08 8'.76e-09 2.60e-08(4.40e-03/yr)

B One-Month 1.93e-08 1.52e-09 4.14e-08
Three-Month 2.64e-08 2.46e-09 4.94e-08

Delta Riskb 7.02e-09 9.45e-10 7 99e-09(5.40e-04/yr) .

C One-Month 3.69e-09 7.65e-09 2.98e-08
Three-Month 6.02e-09 5.93e-09 3.43e-09

Delta Riskb 2.33e-09 -1.72e-09 4.51e-09(4.30e-05/yr)

D One-Month 5.40e-08 1.69e-09 1.23e-07
Three-Month 7.42e-08 4.70e-09 1.39e-07

Delta Riskb 2.02e-08 3.01e-09 1.54e-08(7.00e-04/yr)

E One-Month 2.54e-11 2.46e-11 9.08e-12
Three-Month 3.39e-11 3.26e-11 1.02e-11

Delta Riskb 8.53e-12 7.99e-12 1.16e-12(3.40e-07/yr)

I F One-Month 1.66e-07 5.26e-09 1.72e-07
Three-Month 2.25e-07 1.45e-08 2.02e-07

Delta Riskb 5.88e-08 9.26e-09 2.96e-08(4.70e-03/yr)

ALL One-Monthe 4.00e-07 2.11e-08 5.26e-07
Three-MonthC 5.45e-07 4.14e-08 6.10e-07I Delta Riskb 1.45e-07 2.03e-08 8.35e-08

I * The numbers in the parentheses are the frequency of occurrence for the
indicated challenging event (from Section 4.6).

b Delta risk is computed by subtracting the risk of core melt using a one-I month test interval from the risk of core melt using a three-month test
interval.

C These values are graphically presented in Figure 5-7.
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Figure 5-7: Core Melt Risk due to ESFAS Failure vs. STI

Summary of ESFAS Test Interval Extension '.nalysis
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6. UNCERTAINTY ANALYSIS AND RESULTS i

|

I l
6.1. Uncertainty Analysis

.

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 RBDs 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.

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

I 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.

I 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

I 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.

Six thousand trials were used in the Monte Carlo evaluation for each case. Two
identical runs of 6000 trials were made for each case, using the same " sampled"

6-1
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I
values, changing only the test interval from one month to three months. The

resulting core melt frequencies from each trial were subtracted to obtain the one j

to three month (test interval) incremental risk resulting from ESFAS failure.

The resulting incremental risk distributions describe the range of uncertainty

of the time-averaged ESFAS incremental contribution to core melt frequency

associated with increasing the test interval from one to three months. i

||lFigure 6-1 shows both sets of SAMPLE cases for the Bailey ESFAS design: six
traces are shown. Five of the traces represent the cumulative distribution

function (CDF) of the incremental risk (due to an increase in test interval from
one to three months) for each of the challenging events (as labeled) that had an

incremental risk contribution greater than 10-11 The right-most trace (labeled

" Total") represents the total incremental risk (from all six challenging events) .

| The composite CDF appears to the right of the individual CDFs, indicating a mean

value greater than any of the individual CDFs. As expected, the composite curve

has a mean equal to the sum of the individual means. The median (50% value),

|
incremental core melt frequency, as read off the " Total" trace, is approximately

i5 x 10-a/ reactor-year, which is an insignificant fraction of the Commissioners'
safety goal. Even with an error factor of ten for all the failure data, the 95%

value of incremental core melt frequency associated with increasing the test

interval from one to three months is very small (4.66 x 10'7/ reactor-year).

A similar set of traces is shown in Figures 6-2 and 6-3 for the Gilbert and

Bechtel ESFAS designs. These traces conservatively represent the CDF for the

incremental core melt frequency because some of the 6000 trials showed a risk

benefit (reduction in core melt frequency) derived from increasing the test

interval from one to three month, and these points have not been included. Both

Gilbert and Bechtel ESFAS designs have surveillance tests that disable or bypass

portions of the system during the test. These tests have a small impact on risk;

with some trials of the Monte Carlo uncertainty analysis, the uncertainty of the

failure rates were such that the resulting incremental risk was negative due to

1 There are a total of seven traces (six individual challenging events plus
one representing all the challenging events). The CDF for challenging event E
was not plotted since its incremental risk contribution was less than 10'11

|
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I 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 overwheltning risk benefit generated by challenging event

C for the Gilbert ESFAS design, no CDF trace is displayed.

I
6.2. Uncertainty Analysis Results

I
Using a non-parametric one-sided tolerance limit, it was determined that the

5728th 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 thatI 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 aggregrate. 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 andI 95%/95% values (upper bound) shows the robustness of the best estimate

incremental risk even 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 challenri ng 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 shownI explicitly on the PDF for each ESFAS design. The PDF for the Gilbert ESFAS

6-3I
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design (Figure 6-5) is truncated on the lef t side because the lower 1 percentile
of the PDF showed negative values (i.e., risk benefit).

I:
The uncertainty analysis shows 95%/95% values from 9.57 x 10-e (Gilbert) to
4.94 x 10-7 (Bailey). The small magnitude of the upper bounds reinforces the

robustness of the conclusion that increasing the ESFAS test interval from one

month to three months does not significantly impact risk.
,

I
I
l'

.

I
I
I

.

I
I
I
I
I
I|
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- TABLE 6-1

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

. Event Bailey * . Gilbert * Bechtel*

b b bMean 95%/95%c Mean 95%/95%c Mean 95%/95%c

- A 5.63e-08 1.98e-07 8.76e-09 3.57e-08 2.60e-08 9.53e-08

B 7.02e-09 2.47e-08 9.45e-10 3.74e-09 7.99e-09 3.03e-08i C 2.33c-09 1.00e-08 -1.72e-09 -4.43e-11 4.51e-09 1.88e-08

D 2.02e-08 7.10e-08 3.01e-09 1.09e-08 1.54e-08 5.67e-08I E 8.53e-12 3.12e-11 7.99e-12 3.31e-11 1.16e-12 5.52e-12

F 5.88e-08 1.96e-07 9.26e-09 3.71e-08 2.96e-08 1.08e-07

Alld 1.45e-07 4.94e-07 2.03e-08 9.57e-08 8.35e-08 2.69e-07

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

b Taken fzom Table 5-1, and presented here for comparative purposes.

The 5728th point of the 6000 ordered statistics.c

d These values are explicitly shown on Figures 6-4 through 6-6.

,

.I
!

| |
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I
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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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Figure 6-3: CDFs for the Incr. Risk of Core Melt due to Increased

Test Int. for Bechtel ESFAS (for Indiv. & All Challenging Events)
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These symbols mark the beginning
and end of the entire RBD.

this is a
basic block_ _o

123A this is a
g super block

this is a Cbasic block
,

123B The " super block" represents an RBD
substructure using a single block. A super

Matching identifiers,
block definition with the same identifier (in this
example 'C') appears elsewhere in the RBD and

this is a can be logically substituted here. Super blocks
basic block can be nested within each other; however, all,

C1
must eventually be resolved in terms of basic
blocks.V

th.is is a
.

basic block
- - t1 )

C2 P. 1-j
this is a The " basic block' is the finest level
basic block_ -, . of resolution of the RBD. Reliability

. Transfers. data is entered at this level.
C3

Y this,is a
These symbols mark the beginning and end of each t1 ) _ basic block
super block definition. This super block definition can

P* C4be used as many times as desired by invoking a super
block with the same identifier (in this example 'C').

RBD Symbology Description

- _ - - - . - .-
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| actuation R octuation actuation
nel 1 nel 3 ch. S i$

'_
, -, ,__ -, ,_ ~'

co9 n

3 |act ! ac3 oc5
bly bl )

actuation factuation actuat' n
I channel 2 j nel 4 ch. 6 1. P. 1
,

,

4

'~
LHP_I) & co~' ' ~' '~ ~'

ac2 c4 ac6

I

actuation
ha. nel 1 -,

CCI actuation----

hannal 7 i
m'~ -,

actuation acf
~ ~

+u tior) ch.
P

fd(d_
DCI 3

< ~* '~ "< >---

ac3 ac9 sxbl bly,-,'
actuation act ation ch.I

gnel2 ahd.) $0>
*

o__ -, '~ "

ac2 actuation----

ac0
~~

rhannni8
[gpf<~> ~>

actuation ac8 NOTE: ANO is pictured. Channelsnel 4o- ~>

ac4 --
9 & 10 do not apply to Oconee. At
Oconee, channels 7 & 8 are not
dependent on channels 1,3 & 2.4.
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trip log Ipower supply trip logic no trip logic unit control

s[bs em 1 ch 1 $odeiofibIe' Ic$ "ch.''1
*+ + +
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3.00

i

unit control unit control unit control unit control
mod. 1.1.7 mod. 1.1.9 mod. 1.1.11 mod. 1.1.13

A1 )uc1 + * +oct. ch.1 act. ch.1
Ucmla -- Uciiilb -- act. ch.1-- act. ch.1--

P. 3uciille ucii11d

unit control unit control unit control unit control no unit con.
x mod. 1.2.7 mod. 1.2.9 mod. 1.2.11 mod. 1.2.13 module com.A1 act. ch.1 act. ch.1 act. ch.1 act. ch.1 mode failure uc1= + + ~*- +/

P. 3 EcFnli - - Ucin1T - - ucinfg - - Ucinlii - - ucFncinh--

NOTE: Channels 1 through 10 unit control modules (UCMs) for ANO are
shown. UCMs for Oconee channels 1 through 8 are similar.
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4.00

trip gg oower su{ ply trip logic no tri logic unit control

chSI' $$Ne fafluIe' ' c$ ch. '2* + + +o HPI sub_s tem 2 a
hpi pw2 tim 2 timcmh uc2

,

Bailey ESFAS (ANO-1 & Oconee)
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5.00

unit control unit control unit control unit control
mod. 6.1.7 mod. 6.1.9 mod. 6.1.11 mod. 6.1.13uc2 act. ch. 2 oct. ch. 2 cct. ch. 2 act. ch. 2 A2 )* * +

Ecm2a -- Ucm2E - - ucm2c -- Ucm2d P. 5
--

!

unit control unit control unit control unit control no unit con.
mod. 6.2.7 mod. 6.2.9 mod. 6.2.11 mod. 6.2.13 module com. '

A2 . x/ oct. ch. 2 act. ch. 2 act. ch. 2 act. ch. 2 mode failure uc2* + * +

P. 5 ucE2i - - EcE2T - -- UcE23 - - ucE2h Ucmcinh--
--

Bailey ESFAS (ANO-l'& Oconee)
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trip gg suks f em{ plych$ 3 '
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Ip'i- ~~ ~ ~ pwl
--

Tim 3 --~
$$de fafluIe' Ic$ ch. '3+ * *for LPI 1

linicr6i ~ ~ uc3 -~~
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7.00

unit control unit control unit control unit control
mod. 2.1.7 mod. 2.1.9 mod. 2.1.11 mod. 2.1.13 M )uc3 * + * *

act. ch. 3-- act. ch. 3 act. ch. 3--
Ecm3d -- P. 7
act. ch. 3

ucm3a ucm3E - - Ucm3c

i

I

l

unit control unit control no unit con.
mod. 2.2.7 mod. 2.2.9 module com.x .

act. ch. 3 act. ch. 3 mode foilure uc3M + *
/

P. 7 ucE37 - - EcE3T - - UcEcTnt--

1

L

Bailey ESFAS (ANO-1 & Oconee)
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8.00

trip logic power supply trip logic no trip logic unit control
ac4 inputs (2/3) for digital

f_or LPI subsystem _2 ch 4_, act. -*module module com. modules

Ipi pw2 tim 4
__

mode _faj!ur_e act. ch._,4_ ac4+ * +

u
timcml uc4
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9.00

|

unit control unit control unit control unit control
mod. 7.1.7 mod. 7.1.9 mod. 7.1.11 mod. 2.1.13uc4 oct. ch. 4 act. ch. 4 cct. ch. 4 act. ch. 4 A4 )+ * +

-- -- -- --

ucm40 Ucm4b Ucm4c ucm4d P. 9

unit control unit control no unit con.
mod. 7.2.7 mod. 7.2.9 module gom.x .

oct. ch. 4 cct. ch. 4 mode failure uc4A4 * */

P. 9 Ucm4e Ucm4T - - UcmcTnl--
--

!

Bailey ESFAS (ANO-1 & Oconee)
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10.00

trip logic ower su{ ply trip logic no trip logic unit control

Ih I ' do_eafuh$f c ol suks cc$. c . '5
+ + *em 1

sac pwl tim 5 timcmi uc5
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11.00

unit control unit control unit control unit control
mod. 1.3.9 mod. 1.3.11 mod. 1.3.13 mod. 1.4.7uc5 A5 )+ + + ~act. ch. 5 act. ch. 5 act. ch. 5
Ucm5a -- UcE5b --

act. ch. 5--
Ucm5d -- P. 11ucm5c

unit control unit control no unit con.

A5 ) ^

ac$ ch. $ ac$ch.8 Nd $aluIe'+ +

P. 11 ucm5e ucm5f ucmemi

Bailey ESFAS (ANO-1 & Oconee)
:
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12.00

trip loaic ower .gply trip logic no tri logic unit control

$f h ol ch! do_e,$afuh ac$. c . '6subsyftem 2
' +* +

ice pw2 tim 6 timcmi uc6

Bailey ESFAS (ANO-1 & Oconee)

Em as mas som aus man- aus uma amm nas em aus au mm um san aus me su
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|

13.00

unit control unit control unit control unit control
mod. 6.3.9 mod. 6.3.11 mod. 6.3.13 mod 6.4.9uc6 act. ch. 6 act. ch. 6 act. ch. 6 act. ch. 6 A6 )+ + +

Ucm6a -- Ucm6b -- Ucm6e -- Ucm6d - - P. 13
~

|
|

1

unit control no unit con.
mod. 6.4.11 module com.x ^

act ch. 6_ mo jjlur_e
A6 uc6+

/

,

i

Bailey ESFAS (ANO-1 & Oconee)
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14.00

trip logic ' Dower supply trip logic no trip logic unit control
ac7 inputs for for digital

splay _pu_mp_s subsystem 1 ch. 7_, act mode _fajlure act. ch._,7_
module module com. modules ac7* * *

spp pwl Um7
__

timcms uc7 >

Bailey ESFAS (ANO-1 & Oconee)

== me um ame == mas sus amm una amm em aus san sum um aus ama en sus
.
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15.00

l

i trip logic power supply trip logic no trip logic unit control
ac8 inputs for

s_ubsy.gitalste_m 2ch. 8_, act.
for di module module com. modules

spp pw2 tim 8
__ mode _foilure act. ch. '8_

ac8+ * ^ *
s.ptgy_pu__mp_s

tpcms uc8,

Bailey ESFAS-(ANO-1 & Oconee)
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16.00

trip logic power supply trip logic no trip logic unit control
ac9 inputs ~for

subsygital
for di module, act. module pom. modules

mode failure act. ch. ,9 ac9+ * "chem. add. stem 1 ch. 9---
Ilmcrns - - uc9 ---

+

sp'T - - - pwT
--

IIm9

Bailey ESFAS (ANO-1 & Oconee)

um as aus ame == man == sus amm nas em amm uma sua em som as um um
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17.00

trip ggic power supply trip Igic no trif ogic unit controll

hem. add. ]sub_s em 2 ih$10' d$e$afl$Ie' dc$ c . '10
spv | pw2 tim 0 timcms uc0

1

Bailey ESFAS (ANO-1 & Oconee)
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18.00

unit control no unit con.

ac$ c . $o e$a!!bIe+

ucm7a ucmems

unit control no unit con.

oc$ ch. 8 $ e $a!IuIe' -
-*-

ucm8a ucmems

unit control no unit con.

oNe $c!!uIe'ac$. c . 9 *

ucm90 ucmems

unit control no unit con.

$e$ ail $e'Ic$ ch. i0 +

ucm10a ucmems

Bailey ESFAS (ANO-1 & Oconee)
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19.00

'

125V attery inverter for -15v power: jno common
bank (s for diaitol diaital sub- mode failure:

Pwl dia. su s.1 *
subsystem _1

*

sfstem 1 _ - 15vjower P*l*
s

,5vps1 15vembatdo7 gil l |1

NOTE: For ANO, baMey is DO7.
For Oconee-1, redundant batteries
are 1CA and 2CA. Inverters are Y11
for ANO and 1DIA for Oconee-1.
Oconee-2,3 are similar.

I
1

I

Bailey ESFAS (ANO-1 & Oconee)
1

_- ___ _ -_ _ _ -___ __ -____--_____-_- -_ _-_-- __. _- _ _. . _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ - _ - - - _ _ _ _ _ - _ - _ - _ _ _ _.



_ _ _ _ . _ _ _ _ _ . . _ _. _ . _ . _._ _.___.. _.. _ ._.. _ _. _. ..._. .. _ ___ _ . . _ _

20.00

,

125V attery inverter for -15v power: no common
pw2 bank (s for di ital digital sub- mode failure:

dig. su s. 2 *' uSsystem 2 system 2_ _ --15vjower pw2* *
m

batdo6 2 15vps2 15vem -

NOTE: For ANO, battery is DO6.
For Oconee-1, redundant batteries
are 1CA and 2CB. Inverters are Y22
for ANO and 1DIB for Oconee-1.
Oconee-2,3 are similar.

Bailey ESFAS (ANO-1 & Oconee)
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21.00

tow RC pres.,

!Ob y$ tem 1--
g log. buffer,

~ ~'

pg - ic

ub'sysS 1
hi RB pres., EpEsT ~ ~

yfteln_.]u

h1

low RC pres.,

!ub $ tem 2
~

.

" ' * * "~ ~~

1 I0fic buffer, 2T2
'

" *Y "*
hi RB Pres' hpias2 -lbfcmhanalog"---

psystemJ

low RC pres.,
analog

f3
" 87 ** I ic buffer,

sub'sysS M3
hi RB pres., EpEs3

--

$ub_ $ tem 3
"--- ~"

h3

Bailey ESFAS (ANO-1 & Oconee)
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22.00

l
:

low RC pres.,

!u$sy$ tem 1 ~''~

I .
11

~~

] @rc buffer,

hi RB pres., fp s
!ubsy$te_m_1'~ ~'

h1

low RC pres.,

!ubsy$ tem 2 ~''~

12
~~

] h. buffer, 2 " ' *1 "ic

* 1 U -
"*

hi ] pres., fp";
sub_sy$te_m 2~''~

h2

low RC pres.,

!ubsy$ tem 3 ~"'~

loa.ic buffer- --

1 LPl analog,73

hi RB pres., fp"Es
'~ ~'u y te,51 3

h3
NOTE: ANO is represented.
RC pressure setpoint is low-low for
Oconee LPl.

Bailey ESFAS (ANO-1 & Oconee)

* * * "*"*************
- - - -_ _ _ _ .. .. .. .
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23.00

hi R8 pres., logic buffer
analoa ~ isol. & coof.I~ ~'
sub_sy~ stem _1 anal. subs.
n1 | iccasl

,

hi RB pres., logic buffer no comrpon

C. sub_systemJ
~

isol. & cool,. mode fari. ofanalog .

' anaj. subs.J 'oc
h2 iacas2

. 3 Logic .bugeg
~

s
lbfcmi

hi RB pres., logic buffer
analog isol. & cool
subsystem 3 anaj. sub_s.J. ~'

h3 iacas3
.

Bailey ESFAS (ANO-1 & Oconee)



24.00

hi hi RB logic buffer,

kuksys_fe f cha$.sub$.'~ ~

hx1 sppos1

hi hi RB logic buffer, no comrpon

Ospp sub_sy, stem _Z anaj. sub_s._2 3 Log [c buffeg spp
pres. analog spray pumps mode fail. of

hx2 sppos2 lbfcms,

hi hi RB logic buffer,
pres. analoa spray pumanal subs.pssub_sy, stem 3

-'~
a

hx3 sppos3

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

Bailey ESFAS (ANO-1 & Oconee)

gum uma aus sus num num um aus mas amm aus amm som aus amm num aus uma se
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25.00

#2 hi hi RB logic buffer,

$b[sysfe" f anaU' subs.' 1'~ ~"
s

by1 spvasl

#2 hi hi RB loaic buffer. no comrpon

Ospv
pres., analog ch'em. add. mode fail. of
sub_systqm_z anaj. sub_s._2 3 LogLc buffeg spv-

hy2 spvas2 lbfcms

#2 hi hi RB logic buffer,

ku s}s$e S ana0' subs.' 3'~ ~"

by3 apvas3

Bailey ESFAS (ANO-1 & Oconee)

- - - - -



26.00

containment no c.m. fail.: cont. press. no c.m. fail.:
h1 pressure cont. press. instrument cont.

sensor ch.1 sensors string _ch.1 i_nsi s_ press. h1+ + *
trings

cpsen1 cpscm cpstg1 cpstem

; containment no c.m. fail.: cont. press. no c.m. fail.:
|

h2 pressure cont. press. instrument cont.
sensor ch. 2 sensors string _cb 2_ i_nsi s_ press. h2* + *

trLngs
cpsen2 cpsem cpstg2 cpstem

|

containment no c.m. fail.: cont. press. no c.m. fail:
h3 pressure cont. press. instrument cont.

| sensor ch. 3 sensors string _ch. 3 insi s_ press.tri_ngs_h3+ + +

cpsen3 cpsem cpstg3 cpstem

|

|

1

Bailey ESFAS (ANO-1 & Oconee)

* * * ******* * * * * * * *
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27.00

containment no c.m. fail.: cont. press. no c.m. fail.:
hx1 pressure cont. press. instrument cont press,

hx1+ * *sensor ch.1 sensors string _ch.1, Lnsi strings _
cpsen1 cpsem cpstg1 cpstem

containment no c.m. fail.: cont. press. no c.m. fail.:
pressure cont. press. instrument cont.
geggor ch. 2 segsois_ __ s_trLng_ch, 2_ [nsi s_ press. hx2+ ^ +

trLngs
cpsen2 cpscm cpstg2 cpstem

containment no c.m. fail.: cont. press. no c.m. fail.:
hx3 pressure cont. press. instrument cont. press. hx3* * *

s_eggoz c_h 3 peggors_ _ g.trLng_.ch. 3_ i_nsi sitrLngs,
cpsen3 cpsem cpstg3 cpstem

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

Bailey ESFAS (ANO-1 & Oconee)
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28.00

} containment no c.m. fail.: cont. press. no c.m. fail.:
h1 pressure cont. press. instrument cont.

tring_cb 1_ i_nsi s_ press.
I hIY sensor ch.1 sensors s Y

+ * *
trings

cpsen1 cpscm cpstg1 cpstcm

i

containment no c.m. fail.: conL press. no c.m. fail.:,

pressure cont. press. instrument cont. press.t

hy2 sensor ch. 2 sensors string _ch. 2_ i_nst. strings _ hy2* * +

cpsen2 cpsem cpstg2 cpstcm _

containment no c.m. fail.: cont. press. no c.m. fail.:
pressure cont. press. instrument cont. press. hy3Y se0por ch._3

* +
s._eg_ ors _ _ s_tring_ch.: 3 insi st.rj.n. gs_

+
s

cpsen3 cpsem cpstg3 cpstem

Bailey ESFAS (ANO-1 & Oconee)i
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29.00

RCS press. no c.m. fail.: 8CS press. no c.m. fail.:
sensor RCS pressurc instrument RCS

inst. pressure IlIl * * +
c_hannel 1_ sensors _ _ s_tn_ng_ch. 1 strings _
rpsen1 rpscm rpstg1 rpstem

i RCS press. no c.m. fail.: 8CS press. no c.m. fail.:
sensor RCS pressurc instr 0 ment BCS pressurc

12;2
channel 2 sensors string _ch. 2_ Lnsi s_trLngs_

* + +

rpsen2 rpsem rpstg2 rpstem

RCS press. no c.m. fail.: RCS press. no c.m. fail.:
sensor RCS pressure instrument BCS pressurc

1313 + * *c.hgnnel 3_ sen_ sors _ _ s_trintch. 3_ Lnsi s_trLngs_
_

rpsen3 rpsem rpstg3 rpstem

Bailey ESFAS (ANO-1 & Oconee)
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APPENDIX B-
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RBD for Gilbert ESFAS (Crystal River-3)
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These symbols mark the beginning
and end of the entire RBD.

this is a
basic block_ -,

ssa -

basic block- ~, ,
1238 l-The " super block * represents an RBD

substructure using a single block. A superMatching identifiers,
block definition with the same identifier (in this
example 'C') appears elsewhere in the RBD and

this is a can be logically substituted here. Super blocks
basic block can be nested within each other; however, all->

g must eventually be resolved in terms of basic
blocks.V

this is a
basic block +-- t1 )-

C2 P. I

this is a The ' basic block" is the finest level
basic block of resolution of the RBD. Reliability_ -,

Transfers. data is entered at this level.
C3

this is a'

sic NockThese symbols mark the beginning and end of each
tl ) :

super block definition. This super block definition can
P* C4be used as many times as desired by invoking a super

block with the same identifier (in this example 'C').

RBD Symbology Description

:
. - - . _ _ _ _ _ - __-_ - ___ _ _ _ ___- ---__ - . . _ _ --



- -_ .- _ -

1.00

HPl & load HPl & load LPI actuation
seguencin seguencing channel Aact. chan.gA act. chan. A~' '~ * ~'

hpA hpA ipa
c1 )cr3 <->

HPl & load HPl & load - LPI actuation
seguencin channel B P. 1sequencino
act. chan.gB~" '~act. chon.~B * ~'

hpB hpB IpB

|

| HPl & load RB spray HPi & load RB coo!ing
seguencing actuation seguencin actuation

act. chan.gA channel A
'" * ~' '"act. chan. A channel A * ~'

hpA spa hpA coa
c1 h c2 )- <--

,

HPI & load RB spray HPl & load * 78 coolingp+ 1 seguencing actuation seguencing I 1ctuation p+ 1-

'~ -*- ~ '" ~"act. chan. B channel B act. chan. B ~~ channelB
hpB spB hpB cob

RB isolation
actuation ~'channelA
isA

c2 ) cr3<

RB isolationp+ 1 actuation -~"channel B
Is'B~ - - ~ ~ ~

Gilbert ESFAS (Crystal . River 3)

_ _ _ _ - - _ __ _ _ _ _ _ _-_ -_ _ _ - _ -



2.00

to bista,ble trip pndervoltaae logic / outputing
Yab[[ef'1A $.I us $cbf[cf'4A

" + + +act. c an. A
c1A 1A uvA 4Ah

-

undervolta loaic/oulpI
inO2 h relayina, '

ut bistable trio

E.but: 416be '(/ 32/
OhpA

R in V reroyin
. b_us_3A cabjne_f,4_B_ hAP+ +

act. _an. A cabjnef _2A_
*

c2A 2A uvA 4Bh

inggt to bistabic trip Edervoltaae logc/ output
E.I us b[ab[r Sf'3A cab [nOf'4C~ + + + "act. chan. A

c3A 3A uvA 4Ch

Gilbert ESFAS (Crystal River 3)

rum em amm um num aus amm amm um - um um nas em um
_ _ _ _ _ - _ _ _ - - _ . -- _- _ - - -_ _ _ _ _ _ _ _ _ _ _ _ - _ -
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3.00

input to bistable trip undervoltoce looic/ output

.S! bt $B +ibabfnOf'5Acab ef'1B~ +*cct. c a . B
c1?i - - - IB---- livEi - - - | 5Ah

f lbistable trip undervoltace logic / output 2ingt
.S! bus $8oct. chan. B cabOf'2B bab[nef'5B 3 hpB+ +

c2B B uvB 5Bh

f bista.ble trip pndervoltaae logc/ outputingt
E.S! bus bBco$fdSY'3B cab [$ef'5C'~ * +act. chan B +

c3B 3B uvB SCh

Gilbert ESFAS (Crystal River 3)

. . . . .. - - -



4.00

act c(LPI) AJ g,1.A_ refag/ output
inputs for lbistable trip loaic
RC4 ,^ ~"

_ hall. . __ ,_ , __ .4_A_

ingt ~bistaple trip loaic/ output
2

oct. chan. A ca$f$0f'2A ca$fr!0f'4B 3 ipa+

c5A 2A 4 81
_

ingt bista#le trip loaic/ output

ca$fd0f'3A cab [nef'4C~ + +act. chan. A
|c6A 3A 4Cl

Gilbert ESFAS (Crystal River 3)

* * * * * * * * * **
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5.00

ingt or bistaple trip logic / output
cab $0f*18 cab $ef'5A'~ + ^act. chan. B

c4B 1B 5Al

ingt bistaple trip logc/ output 2
ca$$Sf'2B cab $ef'5B 3 IpB+act. chon. B *

c58 2B 5 81

ingt bista.ble trip logic / output
ca$$ef*38 ca$$Sf'5C'~ +ct. chan. B +

c68 3B SCI

Gilbert ESFAS (Crystal' River 3)
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6.00

ngut jto bi apie trip logic / output
b[$ef'4Aact. chon. A ^ cab [nSf'1A" +

ca
IlA 1A 4Ai- - - -

for bistaple trip logic / output 2i ggt
ct. chai. A [ak[nkf'2A_ [ah[nkf38_ 3 isA+ +

2A 2A 4Bi

kk isol[ fa' ref
,act. chon.) Acab [n_ef,3A_ cab [r$_f'4C_

* +
----

3,-
_

zc7
_

Gilbert ESFAS (Crystal River 3)
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7.00

h"8E
'

E!?}@lc tri logc/ output
act lisof)B

P

cab [$0f'1B cab [nS '5A
" + + ~'chan.

T1B 18 5AI~ ~ ~ ~

|i ggt for bistable trip to e/ output
2g

28-
cab [$0'2B cab [ne '5B 3 isBct. chari. B + +

28 5Bi

k"k3 iso (
act. chan.) B

fa ref

T3B~--~
cabf$'Sf,3B cabf$"ef SC'~ + +

3B 5Ci

Gilbert ESFAS (Crystal River 3)
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8.00

|
1

1

ingt for bistaple trip lo c/ output

cabf$0f*1A babf$0f'4A
" +act. chan. A ^

b1A 1A 4Ac

inout for bistaple trip logic / output

OcoA RB2 cool.)A
relayina cercyina coaact. hon. cobinef,2A cabinef,48 3

+ +

b2A 2A 4Bc

ingt for bistokle trip logic / output )
bab[nSf'3A cab [5Sf*4C

~ + +ct. chon. A
b3A 3A 4Cc

1

Gilbert ESFAS (Crystal River 3)

cm man uns num nas num amm amm amm amo. == man amm mas .amm uma == == ==
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9.00

l
l

I

in for bistable trip logic / outputgt i

ct. cha$. B ca$ "ef*18 ca$fd"ef'5A
'~ + +

b18 1B 5Ac

ingt for bistable trip loaic/ output
2

ct.cha$.B ca$ Sf'2B co$[$Sf'5B 3 cob+ +

b2B 2B 5Bc

ingt for bista,ble trip logc/ output
ct. cha$. B co$[nSf'3B cab [$$f'5C'~ + +

b3B 3B scc

Gilbert ESFAS (Crystal River 3)
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10.00

high high RB logc/ output
!$tch bS 18
bsI8~~~

cabfnOf'4A'~ + ~'

4Ai - - -

high high RB logic / output 2
!$tch bS 19 cab [nSf'4B 3 A1 )+ ~'

bs19 4Bs P. 10

high high RB logic / output
$abf$0f'4C!$fchbS20'~ + ~'

bs20 4Cs

no hi hi p- HPI & load gpray pumph
A1 ) -

[o c_f h$b_, ._A o$ifvactua*
r_g

P. 10 hhA hpA A66

Gilbert ESFAS (Crystal River 3)
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11.00

high high RB iocic/ output

!w$tch $S 21
bsfl ~~~ cab [nSf'5A~~~~

" * ~"

SA

high high RB logc/ output 2
SwitcY$S 22 cab [nSf*5B 3 B1 )^ --

bs22 5Bs P. 11

high high RB .logc/ output
!b!fch$S23 cab [nSf'5C'~ + ~'

bs23 SCs

hi hi p- HPl & load soray pump-no,tch com. seguencin ET automaticswi
act' chan.gB actua. logic _ spBx

B1 mode failure " "/

P. 11 hh8 hpB B66

Gilbert ESFAS (Crystal River 3)
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12.00

undervoltaae m 125V DCpra}
. bus relayih_ _ ^

uvA sprayA dcA ___

undervoltag s ray p m 125V DC

f.E bus B ~

relayin_g_ _
^

uvB sprayB dcB ___

Gilbert ESFAS (Crystal River 3)
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interm. time 120V AC 13.00
e_t ( A2 )

tdr4A acA __ P. 13

output relays ut re ys no common digital ch. A
(coils) mode failure noT in AAL

)tactsca_ iAof relys_ _ t_est bypass _
x ^ 4AhA2 / gabinit 4A_ * * *

P. 13 or4Ah con 4Ah 4cmh dsAbp

interm. time 120V AC

e_t ( A3 )
tdr4B acC __ P. 13

outp relays put t re ys no common digital ch. A
x (coil acts mode failure noT in AAL 4BhA3 * + +
/ gabin_ 4B_ c _ 4E of. rela _ys_ _ test bypqss_

P. 13 or4Bh con 4Bh 4cmh dsAbp

interm. time 120V AC
rI vital bus 3BhIbIet ggs A4 )_ ,_

tdr4C acB P. 13v

dgital ch. Au relays u p t re ays no common

A4 ) c_abjne_t 4C_ kMI. c $ iC oY ela [estby* " *
s_

P. 13 or4Ch con 4Ch 4cmh dsAbp

Gilbert ESFAS (Crystal River 3)
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14.00

b "
$> s

* + *nt A c 1A e

or4Al con 4Al 4cml dsAbp

moke alure
AA1)act

c s c 44 cabinet 48 + .+ cab 4B of elays test bypass _I
or4BI con 4BI 4cml dsAbp

di ital ch. Aut relays gutput re oys no comrpon g
~

ca$inet 4C
or4Cl con 4Cl

_If rela s tes by s_' [) c h 4Ch+ + +

4cml dsAbp

Gilbert ESFAS (Crystal River 3)

" " " " " " ' " " " " * " " " " ' " " " " "
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15.00

u relays u}p t re oys dgital ch. Ano common

AAL)M
[estby* -*' *cabinet 4A c 4A of re s s_

coii4or4Ai 4cmic dsAbp

outp relays utout re ys no common dicital ch. A

O4Bi
- (coi acts mode failure not in AAL

cab]ln_t 48_
con 45I _ 46

of relays _ _ 4Bi ,* -*- ~*-
t st bypass _e

or4Bi 4cmic dsAbp

u relays putput re cys no com. on dgital ch. A
c__ab.ingt _iC_ h1 c h ,4_C oYIe

" +
s es_t, y s_

or4Ci con 4CI 4cmic dsAbp

Gilbert ESFAS (Crystal River 3)

-_- ____-_-_ _--_ _ -_ _--_ _ -. -
.



16.00

outp relays ut re ys no common digital ch. A
O -

cab _in_t 4A_ _ca_ iA
(coil act mode failure no't in AAL

pAcj 4Ac^ + +of e!g s_ _ t_esi bypqss_I
or4Ac con 4Ac 4cmic dsAbp

outp relays ut re ys no common di ital ch. A

O4Bc
(coil acts mode failure no in AAL 4Bc^ + ^cabjn_ iB_ Ja_1B of relys_ _ t_est bypqss_
or4Bc con 4Bc 4cmic dsAbp

outp relays t re ys no comgion diaital ch. A

O4Cc
^

cabjn_t 4C_ ca_ iC qf relays test bypqss_
(coil acts mode failure not in AAL 4Cc^ + .

or4Cc con 4Cc 4cmic dsAbp

Gilbert ESFAS (Crystal River 3)

sur sus ese um ear aun see ums uma ame mar ime ima; num see aus um num
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17.00

u relays u p t re oys no cogon di ital ch. A

cabinet 4A kAlfc oYrelays [estb_y+ * *
4A s_

or4As con 4As 4 cms dsAbp

outp relays ut re ys no comrpon digital ch. A

O4Bs cabin _t 48_ ca_ iB of reigys_ _ te. st bypqss_
(coil cts mode failure no't in AAL 4Bs+ + *

or4Bs con 4Bs 4 cms dsAbp

digital ch. Aut relays utp t reoys no comrpon

gabjnet 4C_ kA[ch iC oY e [estby+ + -*-
s s_

or4Cs con 4Cs 4 cms dsAbp

Gilbert ESFAS (Crystal River 3)

- _ _ _ _ - _ _ _ _ - _ _ _ . _ - . -. -. .



interm. time 120V AC 18.00
! I bus 38$biNetg B2 ).

| P. 18tdr5A ocB

outp relays ut re ys no common diaital ch. B
x (coil acts mode failure not in AALB2 5Ah/

~

cabjn_ 5A_ ca_ 5_A of re!g s_ _ t_est bypass _
+ + *

P. 18 or5Ah con 5Ah- Scmh dsBbp

interm. time 120V AC
|

B3
rI vital bus 3Cdj!Gfgt gs ).g

tdr5B ocC P. 18

outp relays utout re ys no comrpon diaital ch. B
x (coil acts mode failure not in AALB3 5Bh* * -*-
/ cabjn_t 5B_ _ca_ 5_B of relays _ _ test bypass _

P. la or5Bh con 5Bh 5cmh dsBbp

interm. time 120V AC

dylbde gsrel vital bus 3D B4 ).

tdr5C acD P. 18

outp relays t re s no common dicital ch. B
x (coil acts mode failure no't in AALB4 SCh/ cabjn_t 5_C_ _ca_ SC qf rela _ys_ _ test bypass _

" " *

P 18 o6Ch con 5Ch 5cmh dsBbp

Gilbert ESFAS (Crystal River 3)

mer um amt aus - sem uma ame sur mee mer man uma sus e uma = mm num
_ _ _ _ _ _ - - - . _ . .
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19.00

t relays utp t re oys no common dicital ch. B
~

cabine_t SA_ hgYc) 5_A _Ifc [e by s_
+ + *

s
or5Al con 5Al Scml .dsBbp

J reiays utput ce oys no common d ital ch. Bg
cabine_t 58_ kh[cI 5B h el s [esi by* + *

s_
or5BI con 581 Seml dsBbp

dgital ch. Bu relays utp t relays no common
^

cabine_t 5_C_ kh[co$ SC h elays [estSy+ + +
s_

or5Cl con 5Cl 5cml dsBbp

!

Gilbert ESFAS (Crystal River 3)



.

20.00

di ital ch. Bu relays gutput re oys no common g
hhca$5A hestbyff el s*

cabinet SA * *

s_
or5A con 54 5emic dsBbp

ut relays putput re ays no common d' ital ch. B

hkL cab SE oYel s test by s_
-*~cabinet 5B * -*-

or5Bi con 5Bi Scmic dsBbp

u relays utp t re ays no comrpon di ital ch. B

LYca$ SCoY_ rela s Uestb
^

cabinet SC + + *

s_
or5Ci con 5Ci 5emic dsBbp

Gilbert ESFAS (Crystal River 3)

aus um sur sus asas use aim sum > sus sum see man imm se ame um aus man as
_
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21.00

outp relays ut re ys no common digital ch. B

C5Ac, ^

cabj _ 5A_ ca_ 5_A qf relays test b_ypa_ss_
(coil acts mode failure not in AAL 5Ac* -*- -*

or5Ac con 5Ac Semic dsBbp

u relays u p t re ays no comrpon dgital ch. B
Uest b_yhs_,oY ecabine_t 5B_ kg".)[co) 5_E

"~* + -*
is

or5Bc con 5Bc 5cmic dsBbp

oute relays ut re s no comrpon digital ch. B l- !

OSCc cabjn_,t SC_ _ca_ 5_C of rei_qys test bypass _ j
(coil acts mode failure not in AAL !scc+ + ^

or5Cc con 5Cc 5emic dsBbp |
!

.

Gilbert ESFAS (Crystal River 3)

_ _ _ _ - _ - - - - - - - - - _ - -_ -



22.00

|

u relays utput re oys no common dgital ch. B
~

cabine_t 5_A_ A%Yc $ 5A h ci+ ^ +
s t_est b_y s_

or5As con 5As Scms dsBbp

outp relays out ut re ys no comrpon diaital ch. B

C5Bs
-

- (coil acts mode failure not in AAL SBs* + *

cabin _t 58_
, con 5Bs Scms dsBbp

_ca_ SE of relays _ _ t_est b_ypass_
or5Bs

- [puto kfc $ 5_C
relays gutput re oys no common dgital ch. B

h clo s [estba inet SC + + *

s_
or5Cs cor.5Cs Scms dsBbp

Gilbert ESFAS (Crystal River 3)

se uma um num ami sus mas ass aus ame sur aus uma ama sur mar amm uma em
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23.00

|

bistable trip no common

a nit 1A__ h el s*

btr1A cablem

bistable trip iio common

bc fndt 1B h el vs
+

btr18 cab 1cm

1

Gilbert ESFAS (Crystal River 3)

_ _ - - _ _ _ _ _ _ _ - _ -_-- _ _----_ -__ - _ .
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-

>

_

24.00
,

f

|

bistable trip no commdn-

a nf.t 2A_ oY_ J.e
^

s
btr2A cab 2cm

bistabic trip no comrpon

ka nft 2B_ [f re
+

s
btr2B cab 2cm

Gilbert ESFAS (Crystal River 3)

* " " """"""""*"*""""*
. . . . __ __ _ _ _ _ __ _ _
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.

I

25.00

bistab:e trip no common

a nit 3A__ hie*
s

btr3A cob 3cm

bistable trip no comrpon

a nit 1B__ hic+
s

btr38 cab 3cm

l

Gilbert ESFAS.(Crystal River 3)

_ _ _ _ _ _ _ _ __-_-_ _ _ _ _ _ _-
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26.00

|

i
|

|

!low RC
pressure
channel 1
11

low low RC

[q[[Csanne 1
r

c1A3
til

high RB no,hi RB p-
.

!$tch_B_S _24g_de_fo_fi _r'em$~ ~"

3,g

Gilbert ESFAS (Crystal River 3)

se um aus uns amm su me sum uma sur mas em amm ese sus- see an um um
__--__ - _ ____ ___ _ _. - .- - - - - . _ _ _ _ .-__-___________ __ -
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7_
_ _

27.00

|

!ow RC i '

pressure i

channel 2
12

low low RC

( !$an$el 2 3 c2A

11 2

hiah RB no hi RB p-

Shtch BS 25 m de fhIr'e l* ~

bs25 hA I

l !
' )

|

| Gilbert ESFAS (Crystal River 3)
|
L - _ - - - --. - - - - - -

. - - _ .- . __
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28.00

low RC
pressure

ghg,nnpl_3 __

_

|
low low RC

Shannel 3 ' /3 c3A'

-||13

high RB no hi RB p-

![v$fch$$26
"

m de f$Ir'e" + ~

bs26 hA

.

Gilbert ESFAS (Crystal River 3)

* * * *********"*""***
_ _-_ --_- _-- --_ _. - . _ .
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|

29.00

|

.

I!ow HC
loressure'

hannel 1 |

|

low low RC i

NanncI1 3 c1B

11 1

hich RB no hi RB p-
prbssure switch com.'~ + ~'switch BS 27 mode failure
g- - - hB----

4

Gilbert ESFAS-(Crystal River 3)

- --
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30.00

-

low RC
pressure

ignrLeiJ _

low low RC

SI[ ann"cl 2 3I c2B

11 2 5

high RB no, hi RB p-
" " "

{*g"hkS28
~

e
B

Gilbert ESFAS (Crystal River 3)

* * * ***************"
._ - _ _ _. _ _
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31.00
l

1

low-RC 1

pressure
channel 3
13

low low RC

Shannel 3 3
11 3

high RB no hi RB p-
prqssure switch com.^ ~"switch BS 29 mode failure
bs29 hB-

Gilbert ESFAS (Crystal River 3)

- - _ - - - --
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!

l 32.00

i

Iow low RC
pressure
channel 1i

||1

c4A> .

high RB no, hi RB p-

!w tch_i_ _S_ _2_.4mr$_de_fh._.I_r'c.
~ ^ ~'

.

.

Gilbert ESFAS (Crystal River 3)

* * * * * * * * * * * * * * * * * **
_ _ . _ -_ __ - __ __ _. ._. ._ _ - _ _ __
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33.00

|

|Tannel 2
low low RC

'

2

c5A-

1

high RB no,hi RB p- I

ho e_fafI$
+S 25 ~

Gilbert ESFAS (Crystal River 3)



34.00

low low RC
pressure

g_nnel.] __

c6A-

high RB no,hi RB p-

!Ifch$S26 m de fEr'e~ ~'

bs26 hA

Gilbert ESFAS (Crystal River.3)

em um em as mer am aus == sum uma mas em nas em aus uma em um as
. _ _ _ _ _ _ _ _ _ - _ - - _ - _ _ - - _ _ _ _ - _ _ - - - - - - - _ . . _ - - - _ _ - - - - _ . _-_ _ _-- _ _ .- - - - - - - - _ _ - - - - - _ _ - - - - - - - - - - - - - - - - -
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35.00

low low RC

$$aNnel 1
11 1

- - c4B

hiah RB no hi RB p-

! tch BS 27 m de faEr'e
~ + ~

l'bs27 hB

Gilbert ESFAS (Crystal River 3)

. _ - _ _ _ _ _ _ _ _ . . . ._ _ _ - _ _ _ - _ _ - - _ _ - - - -_



-_
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______ __

I

36.00

low low RC
pressure

| channel 2
| ||2

c58*

1

'high RB no hi RB p-
pressure switch com.'~ switch BS 28 mode failure+ ~

~~~-

bs28 hB

Gilbert ESFAS (Crystal River 3)

um == am um aus sua sus see mas aus as sua som ase aim som as as as
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ - _ _ _ - _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - .
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37.00
4

,.

*

| low low RC
Ipressure

annel 3

c68-

|

| hiah RB no hi RB p-

$ tch$S 29 m de fcflIr'e'~ + ~'

bs29 hB !

;

,

i

9

Gilbert ESFAS (Crystal River 3)

.. . . .. . ...
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38.00

high RB no hi RB p-
~

fch BS 2_4[moe_fa[rc
^^

bs24 hA

| high RB no.hi RB p-
! prgssure switch com.
' ~ + ~'

switch BS 244 mode failure
bs24~~~| hA 1j/ i1Ar

low RC
pressure
channel 1
11

Gilbert ESFAS (Crystal River 3)

* * * ****************
-- -_ - -_ _ __ _ -
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;

39.00

high RB l no hi RB p-
~

pressure switch com. ,
^

h_BS 25 mode _failur_e

high RB no hi RB p-
prqssure switch com.'~ *

switch.BS 25 mode failure
--- ----

[ i2At

low RC
pressure
channel 2
,12

Gilbert ESFAS (Crystal River 3)

_- - - - - - - - - - - - _ _ - - - - - - _ - _ _ _ . _ _ - _ _ _
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40.00

high RB no hi RB p- ,

pressure switch com.
-

1

-
~

switch BS 26
+

-----mod.e fail.ure---

high RB no hi RB p-
pressure switch com.'" *

h_BS 2_6 mode _falure

@ / i3A,

low RC
pressure
channel 3
13

Gilbert ESFAS (Crystal River 3)

'" " " """"""""""""""""
_ _ _ _ _ _ _ ----_ --- - - - - - - --



v o -
~1

'

41.00

|
|

hich RB no hi RB p-

! $tch $S 27 m de f$lIr'e
~-*~

bs27 hB

hiah RB no hi RB p-

h B.S 2.7 ef
8 '- 1/ i18-

low RC
pressure
channel 1
11

Gilbert ESFAS (Crystal River 3)

-- ____ _ __-__-___-_--_ _-
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42.00

hiah RB
~

no hi RB p-

cf052_8 e_fb$$b
*

A

bs28 _B_

high RB no hi RB p-

!kchBS28 m de fEr'e" ~+

bs28 hB 1/
m

12 8-

low RC
pressure
channel 2
12

Gilbert ESFAS (Crystal River 3)

* * * *****L*_*_**_*_*- _ _ -

* * * * * *
- - _ _- - _ - _ __ -_ _- -- - - -
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43.00

;

high RB no hi RB p-|
'

[c[bS29 de fahr'e
'

bs29 hB

high RB no, hi RB p-
pressure switch com.~ ^

h_BS 29 ode _fcjiure

/ i39>

low RC |
pressure I

channel 3
13

l

Gilbert ESFAS (Crystal River 3)

_ - _ _ _ - - - _ -
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45.00

125V DC inverter 3A
bus 3A

idcA anv3A

,

'125V DC inverter 3B
bus 3B

dcB inv3B

i
,

!
1

125V DC inverter 3G '

bus 3A
,

.
dcA inv3C

|

|
} ,

+
,

| 125V DC inveder 3D
bus 3B;

.i dcB
.

tnv3D
,

!

!

i

!

i Gilbert ESFAS (Crystal River 3)
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. ..
..

.

.

.. .
.

. - - _ _ - -

46.00

station
.

bottery 3A _

bot 3A

station
_

bottery 3B . /

bat 3B

.

Gilbert ESFAS (Crystal River 3)

sum use ase sus == em aus aan man num sua em m use sua mas aus sus as-
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47.00

RCS press. no common RCS press. no c.m. fail.:
sensor mode failure: instrument 8CS pressurc IlU + + +ghgnnpl.1 _ RCS sensog stn)g_ch. ,1_ Lnsi strings _
rpsent rpscm rpstg1 rpstem

RCS press. no common RCS press. no c.m. fail.:
sensor mode failure: instrument RCS Pressurc 12I * + *shgnngl2 _ SCS s_ensors stri_ng_c6 2_ i_ns1 s_tdngs_
rpsen2 rpscm rpstg2 rpstem

RCS press. no common 8CS press. no c.m. fail.:
sensor mode failure: instrument RCS pressurc+- I3+ * *
shgnnpl_3 __ 8 css _gnsog stn_no_ch. 3_ insi s_trings.
rpsen3 rpsem rpstg3 rpstem '

Gilbert ESFAS (Crystal River 3)

_ - - - - _ - _ - _ _ - _ . . _ --_- _ -__----_ _ _-



48.00

RCS press. no comrpon RCS press. no c.m. fail.:
sens6r mode follure: instrument 8CS pressurcUl channel 1 RCS sensors *strina ch.1 rnst. strinas UI* *

ips~nT ~ ~ ips~ m ~ ~ [rps'IgT ~ ~ ips'Icih ~~~

RCS press. no common FCS press. no c.m. fail.:
sensor mode failure: instrument 8CS pressurc j12H2 * * -*-

c_hann_elJ _ RCS sensog s_tnig_ch. 2 inst. strings _
rpsen2 rpscm rpstg2 rpstem

RCS press. no comrpon 8CS press. no c.m. foi!.:
sensor mode fcilure: instrument RCS

inst. pressure II3U chgnnel 3_ *
RCS_ sensog stn_ng_ch. 3_

* *
strinas

rpsen3 rosem rpstg3 rpstem

Gilbert ESFAS (Crystal River 3)

* m * ************** *
- - - _ - - _ .
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49.00

hi no,tch cmfhi RB p-no ch. A,tchRB p-swi swi .

gc.m. failure-~ (ch. A&B_) ~

| lhAEmf hASchif

|
|

no ch. A hi no hi hi RB
hi RB p- p-switch
switch cmf cmf: ch A&B

| IihAc5if ~~ Iih Te c m ~ ~
i

no ch. B hi no,hi RB p-

c'.mf faifure [ch. &B) _
=

hBcmf hABcmf

no ch. B hi no hi hi RB
^

s i ch cmf ~ Sm$:c A&B
~

hhBcmf hhABcm

Gilbert ESFAS (Crystal River 3)
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: RBD for Bechtel ESFAS (Davis-Besse)
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.

These symbols mark the beginning
and end of the entire RBD.

this is a
basic block

12M this is a
g super block

;

this is a Cbasic block- -,

7
1238 The " super block" represents an RBD

s >bstructure using a single block. A super
Matching identifiers.

b'ock definition with the same identifier (in this
ocample 'C') appears elsewhere in the RBD and

this is a can be logically substituted here. Super blocks
basic block can be nested vcithin each other; however, all_ ->

must eventually be resolved in terms of basic
blocks.V

this is a
basic block

- t1 )
C2 P. I

this is a The " basic block" is the finest level
basic block of resolution of the RBD. Reliability_ ,

Transfers. data is entered at this level.
C3

this is a
basic blockThese symbols mark the beginning and end of each t1 :

fsuper block definition. This super block definition can
P* 1 C4 '

be used as many times as desired by invoking a super
block with the same identifier (in this example 'C').

RBD Symbology. Description L
.

_ _ _ _ . _ _ _ _ _ _ _ _ _ _ _
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1.00

i cident 1 incident 2 ' ' dent 3
fisolation),1 (HPI & cool.' c an), el 1i act.#'~ ~' '~ ~" '~ "act. chan.1act. chan. n
lil Ti2~ li3

, ,
dl )db .

_
, , , ,

:ncident 1 incident 2 incident 3
(isolation),2 (HPI & cool.) (LPI), act. P. 1

-" "-- ~ '~ ~t. chg. c_hq. 2 c_nnel 2_

incident 2 ' iden inciden

a(HPI & cool.)
pray)t 4 c(BWST)t 5act. act.

ct. chan.1 annel1 ~~" '"
hannel 1

'~ + ~

Ii2 li4 tis ~~~~
dl )-o ^

db-,

[i cident 2
cide t 4

c[i cide)t 5act. chan. 2) pray)l 2P* 1 HPl & cool. act. BWST act.
hannel 2

'~ + ~' '~ ~'anne
li2~~~~ li4~~~~ 2i5

_

Bechtel ESFAS (Davis-Besse)



2.00

trip , inputs . trip, logc for
0.EoNio"nh $ctI c.L a.'_1h

iso is1

trip , inputs
trip, dent 2,1

logic for seguencing,

Oli2
.

f r. inc; dent inci actuation li2
2 (HP_1)

-act. chan. channel 1
hpi hp1 sql

trip ,inp, dent trip, dent 3,1
uts loaic for seguencing,

Oli3
inci actuation

f r[LPjl
inci 3;33 act chan. channel 1

ipi Ip1 sql

trip , inputs
trip, dent 4,1_ actuation

logic for sequerjcing,

Oli4
.

f r(spray),nt_
incide inci

act. chan. -

channel 1
3;44

spr sp1 sql

trip , inputs trip, lo c for

(Nh
^

Ic$.chan.'1
bws bwl

Bechtel ESFAS (Davis-Besse)

' " ' " " " " " " " " " " " " " " "
--- ---- - --- -.



M M M - M M M M M M M M M M M M

3.00

trip , inputs trip, lo c for

ho$ fon ct. chan.' 2
iso is2

trip , inputs trip lo i
inc,idenkc for seguencing,

for,!!Pj)Jdent__ act. cjjan.,2 channel 2_
2 actuationincr2 -

2! 2i2
hpi hp2 sq2

trip inputs trip, loaic for "seguencing,
^

[ c$ chan '2 Shanne$2
ip,i Ip2 sq2

trip, inputs trip, logc for seguencing,
^

c$. han.' 2 Shann$2
^

[s y
spr sp2 sq2

trip, inputs trip loaic for

(_kN ct. on.' 2
~

bws bw2

Bechtel ESFAS (Davis-Besse)
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4.00

trip logic, trip logic, no common

cha3 l h$ c_Aa3 l _$. _Y_. lo urh
' '*

111 121 omcmf1

trip logic trip logic trip logic trip logic trip logictem II, sy tem 2,2, gtem 13, gtem 14, gtem 2,5,1ft 1 yhp1
g @% 1 g @G21 @a111 @ag.1 @q.

trip logic
-

trip locic trip logic trip logic no common
system 16, gteni 17, gtem18,1 ptem 2,9, mode outputs sxI ~

g9 @an.]
+ + +@ag. ]/ n'

8 29i f2

trip logic trip logic trip logic no commo1

gstem 81,1 gtem 82, ygem83,1 mode outputs* * *
t @c3 @ag.1 @an. jLureg

Bechtel ESFAS (Davis-Besse)
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5.00

trip logi , trip logig, no common

c_($chan $c$. c$cn 'l hS_f[ciur
^ *

411 421 omemf4

trip logic no common

ac$.c$an'1 hS_df[ciur
P*

511 omemf5

I

Bechtel ESFAS (Davis-Besse)



6.00

trip logic, trip logic, no common

c$all} h$ c_$.an } [aur* +

112 122 _omcmf1

trip logic trip logic trip logic,3 trip logic trip logic
system 11 system f2 system 2 system f4 system 15hp2 act. chan.,2 act. chan. ,2 act. chan. ,2 act. chan.,2 act. chan. ,2 A2 )* + * +

21Y - - - 727 - - - 73Y - - - 74Y - - - 75Y ~ ~ - P. s

trip logic trip logic trip logic |

trip logig9 no com

c)cli } h$chan.} h$chall.} h$[c_$_an.} h [a ur
+ + +

P. 6 262 272 282 1292 omcmf2

trip loaic trip ogic trip logic no common

cha!! } h$ c_$all.}
312 322 i 332.

h$_ [c!!, rh$t. c_$all.}
* + +

u

omemf3

Bechtel ESFAS (Davis-Besse)
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7.00

trip logi , trip log; , no common

-
_ o.g. } gc chag.} . _ a urk

+ +c

trip logig }
no common

. c$an _ _ _ _N[$
+ a ur

512 omemf5

|

1
,

Bechtel ESFAS (Davis-Besse)
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8.00

" i output L113 output

Olll
. Jule & module &

lll'e att,rejays output r_ejays
=t

IL111 L113

L112 ougut
outpu rejays

^

L114 ougut
"~ ou u relovs

L112 L114
_

Bechtel ESFAS (Davis-Besse)
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9.00

L121 output L123 output

O121
-

output re_ lays
~ module &module &

121output relavs
L121 L123

L122 output L12+ outout'
-

[u O re cys ~ [u u r cys~
<

L122 L124

|

|

|
l

Bechtel ESFAS (Davis-Besse)
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10.00 j

|

l

L211 output L213 output

O211
.

outpulrejays
-

outpulrelays
- 211m dule & module &

L211 L213

L212 output L214 outout

O212
module & module &
outpul r_ejays

~

outpulrejays
- 212"

L212 L214

,

__

Bechtel ESFAS (Davis-Besse)
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11.00

L221 output L223 output

O221 cutput rejays
~ module & - 221module &

output gloys
L221 L223

'
L224 out utL222 ougut

ou u rejays
~

ou u relays~

L222 L224

Bechtel ESFAS (Davis-Besse)
--
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12.00

L231 output L233 output

O231
~

output relas
^

outpulrelus
- 231

module & module &
e

L231 L233

L232 output L234 outout

O232
module & module & 232output relas

~

outout relas
'

L232 L234

Bechtel ESFAS (Davis-Besse)
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13.00

l

L241 outmodule &put L243 output

O241
module &

241= outpulrejars outpulrejays
L241 t.243

1242. outout L244 output '

O242
m dule & module a 242' outpulrelays outpulrejarse
L242 L244

Bechtel ESFAS (Davis-Besse)
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14.00

.

L251 output L253 output

O251
module & module & 251outpul relays

-

outpulrefoys
L251 L253

L252 output L254 output

O252
module & module &
outpulrelays outpulrejays

- 252~

L252 L254

Bechtel ESFAS (Davis-Besse)
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i

15.00

i

I

s)f!?
- 9)f!; e8 -

)

]
!
!

Bechtel ESFAS (Davis-Besse)
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16.00

L271 ougut L273 out ut
'

ou u re_ lays ou u rejays
L271 L273

L272 outout L274 outout
module & module &

' =j output rejays output relayse
L272 L274

Bechtel-ESFAS (Davis-Besse)
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17.00

L281 output L283 output

O281
~

outpulrejays
.

module & module &
- 281out ulrejaysy

L281 L283

L282 output L284 output
i module &

.282 module &
- 282outpulrejays~ out uirejaysg

L282 L284 i

Bechtel ESFAS (Davis-Besse)
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18.00

L291 output L293 output <

0291 ~ outpul refors outpul re_ lays
module & module & 291

L291 L293

L292 outout
L294 ou[t ut

b'29
module & module
gutpulre_ lays

^

output relays
- 292'

L292 L294

-

,

Bechtel ESFAS (Davis-Besse)
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|

19.00

|

|

L311 output L313 output

O31l -

outpui re_loys outpul relays

,

module & module & '

31l
L311 L313

L312 output L314 outout |

0312
module &
outpulrelays

. module & 312' outpuireicys
L312 L314

Bechtel ESFAS (Davis-Besse)
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20.00

L321 output L323 output

O321
module & module &
output relays output relays

- 321=

L321 L323

L322 out ut L324 out ut

out u rejays ou$ u rejars
^

'

L322 L324

Bechtel ESFAS (Davis-Besse)
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21.00

1
\

|

L331 output L333 outout

0331
m dule & module &

- output relays autout retcys
' 331

L331 L333

L332 outout L334 outout

O332
module & module &
outp1 relays

.

output relays
- 332"

e
L332 L334

Bechtel ESFAS (Davis-Besse)
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22.00

L411 outout L413 output

0411
m du!e & module &
outpulrejays outpulrelays

~ 411

L411 L413

L412 output L414 outout

O412 ~ outpuirejoys
~ module &

- 412module &
outpul re_ laysj

L412 L414
;

l
|

Bechtel ESFAS (Davis-Besse)
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23.00

L421 outout L423 output
-module & module &

output relays output relays
^

L421 L423

i

L422 outout L424 output
module & module &
output relays outpulrelays

-~

L422 L424

Bechtel ESFAS (Davis-Besse)



24.00

L511 output L513 output

0511
module & module &
outpulrelays

~

outpulrejars
- 511

L511 L513

L512 output L514 outout

O512
module & module &
outpulrelays outpulre!als

- 512'

L512 L514

Bechtel ESFAS (Davis-Besse)
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25.00

channel 1

A bSsC1'~ ~'

E.S. bus C1
undervoltage lbk1

channels sequencers:
1&3 unblock no comrponsql input in phase mode failure sql*

uC1 ; channel 3---

ub1 sc1blocking on'~ ~'
LOAC bus C1
bk3

channel 2

ACbSsD1#~ ~'

E.S. bus D1 gg--- channels sequencers:

[pu n chase $ ode $cNre'~ ^

uD1 channel 4 ub2 sc2
hACbSsD1'~ ~'

-~~

Ek4

Bechtel ESFAS (Davis-Besse)
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26.00

)

E.S. bus C1 vital DC vital AC

[e a[n _

D1P _
_

!hannel 1+ +

uvC1 1AC

channel 1 lambda pwr. lambda pwr. vital AC

'lmokuYe [for [s) [fof Afs) Shannel 1+ ==

[scql ps105 ps107 1AC

channel 3 lambda pwr. lambda pwr. vital AC

Shnnel3moduYe [fof Afs) [fof Afs)
+ '

seq 3 ps305 ps307 3AC

lambda pwr. !ambda pwr.

[for eh - [for seh -+

ps106 ps306

Bechtel ESFAS (Davis-Besse)
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27.00

E.S. bus 01 vital DC vital AC

[el ing
_

D2P 2AC
!h$nnel 2+ +

uvD1

channel 2 I lambda pwr. lambda pwr. vital AC

&M&a"e'''_ MM3 " h"e"M3 gg,u _ _g)20-

seq 2 ps205 ps207 2AC

channel 4 lambda pwr. lambda pwr. vital AC

ho u _ [fof [s) [fof [s) !$annel 4
~ +

seq 4 ps405 ps407 4AC

lambda pwr. Iambda pwr7
upply 206 upply 406.

ps206
-

ps406
-

Bechtel ESFAS (Davis-Besse)



28.00

no comrpon no comrpon no comrpon
mode failure mode failure mode failure sc1S + +
a_il seg mois seguen.1&3 o_f l_ambd_as_
seqcmf s13cmf pscmf

,

no common no common no comrpon
mode failure mode failure mode failure-

sc2 sc2+ +
all_ge_q mois sequen. 2&_4, o_f Lambd_as_
seqcmf s24cmf pscmf

Bechtel ESFAS (Davis-Besse)|
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29.00
.

station
battery 1P

bat 1P

' station
battery 2P

bat 2P

|

!

!

Bechtel .ESFAS (Davis-Besse)
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:

4

;

! 30.00"

i

|

| station inverter W1 !

battery 1P
,

bot 1P yv1
.

i

station inverter W2
_

battery 2P .

bat 2P yv2

station inverter W3
.

battery IN .

bat 1N yv3

station inverter W4
^

bot 2N__
__. . _ . _ _ _ _ _ _ _

yv4

'

Bechtel ESFAS (Davis-Besse)
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32.00

,

ntainment

gressure_ _

@ P=@
1"#ni" '

| OreSSure

i rp
|

|

|

|

i

Bechtel ESFAS (Davis-Besse)
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33.00

n ainment
pressure
hcp

b $
lo lo reactor
coolant
pressure
ilp

Bechtel ESFAS (Davis-Besse)
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34.00

1

- essrI
hhp

low BWST
| . level _

Ibl

|
'

Bechtel ESFAS (Davis-Besse)
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35.00

high contain.
radiation" ~'channel 1
r1

hjah contain.
radiation

~

h"" - no com on

b 4' Iod_foSiS
rcm

high contain.
radiation" ~"channel 3
r3

d ch$n
"'

" ~'
ch_ ann _el_4 _
3

Bechtel ESFAS (Davis-Besse)
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36.00

containment

E*an*n"s* i<- --

h1

containment

$hannel 2'~ ~'

b /4 foEN""s"s7M
" ' " "h2 2

CCm

containment
pressure'~ ~'channel 3
h3

containment

!hann_el_4 _
'~ ~'

g_

Bechtel ESFAS (Davis-Besse)
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37.00

containment

$hannel 1'~ ~"
i

! h1

containment i

!bann$12"-- ~'

'52 2
" * 'F "

b /4' $$$eIfO
CCm

containment

!bann_el_3_
'~ ~'

g_

containment

Shann_el_4 _
"-- ~'

g_

Bechtel ESFAS (Davis-Besse)
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38.00
.

RC pressure
channel 1_ -,

11

'RC pressure
channel 2_ -,

12
n comrpon

CrP 4 RCJressure rP
mode failure:

pcm

RC pressure
channel 3,,_ -,

13

!

RC pressure
channel 4

g____

Bechtel ESFAS (Davis-Besse)
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i

-

39.00

RC pressure
channel 1,- -,

11 1 -

RC pressure
channel 2,,_ -,

12 no common

Ol.P 4' RC_ pressure
mode failure:i IIP

pcm

RC pressure
channel 3,_ -,

13

i

RC pressure
channel 4,- -,

|4

Bechtel ESFAS (Davis-Besse)
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40.00

low BWST
icvel ~"'~ channel 1
bil

low BWST
level ~'#~

channel 2
9

4 $WSf e f
Icm

ow BWST
'~ ~'

nel 3_

low BWST
level ~''~ channel 4
bl4

Bechtel ESFAS (Davis-Besse)
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41.00

containment contain. rad. contain. rqd.
r diction instrument ch.1 not inr1 r1
s_en_sor ch._1 s_tri_ng_ch. 1

-

test bypass _
rsen1 rstg1 radtbp

containment contain. rad. contain. rqd.
-

radiation . instrument ch. 2 not inr2 r2sen_sor ch.,2 string _ch. 2 test bypass _
_

rsen2 rstg2 rad 2bp

containment contain. rad. contain. rqd.
radiationr sensor ch. 3

^ instrument ~ ch. 3 not in rstring _ch. 3 test bypass,_
rsen3 rstg3 rad 3bp

containment contain. rad. contain. rad.
radiation instrument ch. 4 not in

= rlen_sor gh. 4 s_tning_cb 4
.

test. bypass _,
|rsen4 rstg4 rad 4bp

Bechtel ESFAS (Davis-Besse)
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42.00

containment cont. press, cont. presp.

Oh1 - sensor ch.1
. instrument . ch.1 not inPressure - h1string _ch.1 test bypass _

cpsen1 cpstg1 ep1bp

containment cont. press, cont. press.

Ch2 -
pressure . instrument _

test bypass _
ch. 2 not in - h2sensor ch. 2 string _ch. 2

cpsen2 cpstg2 cp2bp

containment cont. press, cont. presp.

Oh3 . sensor ch. 3
_ instrument _ ch. 3 not inpressure - h3string _cb 3_ t_est, bypass _

cpsen3 cpstg3 cp3bp

containment cont. press. cont. presp.

Oh4 - sensor ch. 4
. instruhient . ch. 4 not in

'

pressure h4string _ch. 4 test bypass _
cpsen4 cpstg4 cp4bp

Bechtel ESFAS (Davis-Besse)
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43.00

RCS press. 8CS press. RCS press
sensor

. Instrument ch.1 not ,in0;l . ,;j.~ chg_nnel_1_
~

s_tn_ng_ch. I test bypgss_
rpsen1 rpstg1 rp1bp

RCS press. 8CS press. RCS3ress
sensor instrument ch. Z not ,in

O12 ' channel 2 string _cb 2_ test b_ypass_ 12

rpsen2 rpstg2 rp2bp

IRCS press. 8CS press. RCS press
sensor Instrument ch. 3 not ,in

013 . channel 3
.

string _ch. 3
.

test bypass . ;3'

rpsen3 rpstg3 rp3bp

RCS press. 8CS press. RCS press
sensor instrument ch. 4 not ,in

Og4 . chgnnel 4_
.

s_tn_ng_ch .4_ t_est bypgss_
. g4

rpsen4 ipstg4 rp4bp

Bechtel ESFAS (Davis-Besse)
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BWST level WST level BWST level

Obil -
sensor

_

string _ch.1 test bypo_st
instrument ch.1 not in

channel 1 - bil

b!sen1 blstg1 bilbp

BWST level SWST level BWST level

Obl2
instrument ch. 2 not insensor ~

stri_ng_ch. 2 test bypass _ - bl2channel,2_
bisen2 bistg2 bl2bp

BWST level SWST level BWST level

Obl3 - channel 3
.

string _ch. 3
. ch. 3 not insensor instrument - bl3test bypass _i

bisen3 bistg3 bl3bp

i

|
|

BWST level EWST level BWST level

Obl4 . channel 4
.

string _ch. 4
_

test bypass _
sensor instrument ch. 4 not in ~ bl4
bisen4 bistg4 bl4bp

Bechtel ESFAS (Davis-Besse)

rum em aus sus ama sus man sus sum uns uma em num man as mas em aus - as
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45.00

contain. rad. contain. rad.
ch. 3 not in ch. 4 not inrc1 x .

test bypass _ t_est bypass _
+

/

P. 45 red 3bp rad 4bp

contain. rad. contain. rad.
ch.1 not in ch. 2 not in
test bypass test bypass _

+- rc1 )'~ +

rad 1bp rad 2bp P. 45

no c.m. fail., no cmf rad.
rad. sensors inst. strinosrem + < rcm4-ch_ system 4-ch_sygem
rsenem rstgem

no c.m. fail., no cmf rad.
rad. sensors inst. strings

*
3-ch_ system 3-ch_sygem
rsen3e rstg3c

Bechtel ESFAS (Davis-Besse)
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46.00

cont. presp. cont. presp.
ch. 3 not in ch. 4 not incc. x ~

t_est bypass test bypass _
+'/

P. 46 cp3bp cp4bp

cont. press. cont. press,
ch.1 not in ch. 2 not in
t_est bypass test bypass _

+- cc1 )~ *

cp1bp cp2bp P. 46

no cmf cont.' no cmf, cont.

$$fdi,[ c__h+ ~ '
-

s e_m
cpsem .cpstem

no cmf cont. no cmf cont.
o-sensors oress. Inst.
3-ch system strings, 3 c_h

+

csen3e estg3c

.

Bechtel ESFAS (Davis-Besse)
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47.00

RCS oress, RCS press
ch. 3 not in ch. 4 not ,in

'Pc1 x ^

test bypa_ss_ tesi bypass _
*

/

P. 47 rp3bp rp4bp

RCS press. RCS3ress
ch.1 not in ch. Z not ,in
test bypass _ test bypass _

+- pc1 )~ +

rp1bp rp2bp P. 47

no cmf, RC no cmf,RC

siem kh[ji ~ '*
h

rpsem rpstem
,

no cmf, RC no cmf,RC
o-sensors press. Inst.
3-ch syste,m strirrgs, 3 ch^

psen3c pstg3c

!

|

l

l

Bechte! ESFAS (Davis-Bes.se)
|

-
- - - _ _ _ . .- _
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48.00

BWST level BWST level
x . ch. 3 not in ch. 4 not in

Ic1 +
/ test, bypass test bypass _

P. 48 bl3bp bl4bp

BWST level BWST level
ch.1 not in ch. 2 not in + Ic1 )'~ .
t_est, bypass test bypass _
bilbp b!2bp P. 48

no cmf BWS1 no crpf BWST
"

h[sy[te_ tn c[, c_h
+ ~ '

blsem bistem

no cmf BWST no cmf BWST
level sensors level inst.+3-ch system stn,_ngs, 3 c,h
Isen3c Istg3c

Bechtel ESFAS (Davis-Besse)
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HUMAN FAILURE PROBABILITY SENSITIVITY ANALYSIS
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- D.1. Introduction

IAs 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 significantI impact on the incremental risk associated with extending the ESFAS STI, a

sensitivity analysis was performed.

D.2. Methodolorv

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 timeI available for the human to react. To perform the sensitivity study, the time

available for human reaction was halved, and new hwnan error probabilities were |

calculated, as shown in Table D-1. Using the perturbed hunan 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. ResultsI
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 sameI procedure that is discussed in Section 5.2. Figure D-1 graphically shows the

D-1I
I



_ _ _ _ _ . . ._ ,

I
results of the sensitivity analysis superimposed on the base analysis results

(Figure 5-7). Note that the sensitivity traces are relatively flat, indicating
little sensitivity to the ESFAS test interval.

D.4 Conclusions

Although the incremental risk increases (as expected) when the human action times
are halved, the increase of the mean incremental core melt frequency associated

] with the extension of the STI from one to three months is still small as compared
to the Commissioner's safety goal. Accordingly, while there may be some

.

sensitivity to the values of human recovery probabilities used in the base
analysis, this analysis shows it is not significant and the test interval
extension is justified in light of the negligible increase in the overall core
melt frequency.

I
I
I
I
I
I
I
I
I
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I Table D-1

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

Manual Recovery Action Applicable ESFAS Perturbed Time Available Perturbed Probability of
Challengirg Event (af ter ESTAS f ailure) to Non-Recovery

Avert Core McLta-

Initiate Safety Injection A, B, C 15 minutes 0.044

D 74 minutes 0.140

F 30 minutes 0.013

Initiate RB Long-Term A,B,C,F at least 30 minutes 0.013
Cooling

I D at least 15 minutes 0.044

Isolate Interfacing E at least 15 minutes 0.044
Systems LOCA

I Actuate BWST Level A, B, C, F at least 12% minutes 0.0615
permissive (D-B)

D at least 5 minutes 0.235

a These values are one-half of the values that appear in Table 4-4.

I
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Table D-2

Results of the Human Recovery Probability
sensitivity Analysis

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

Base Analysis Sensitivity Analysis

BAILEY DESIGN (OCONEE and ANO-1)

One-Month 4.00e-7 1.14e-6 E

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 4.14e-8 1.20e-7

Delta Risk 2.03e 8 6.00e-8

BECHTEL DESIGN (DAVIS-BESSE) up

one Month 5.26e-7 1.69e-6

Three-Month 6.10e-7 1.95e-6

Delta Risk 8.35e-8 2.60e-7

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

Summary of Base and Sensitivity Analysis
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