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ABSTRACT

Maintenance and inspection at nuclear power plants consumes a large portion of a
utility's resources, making resource allocation for such procedures vital. The NRC
Maintenance Rule, due to be implemented in July of 1996, requires utilities to select
systems, structures, and components (SSCs) important to safety and to develop a
monitoring program to ensure that these SSCs are capable of fulfilling their intended
functions.

In light of these concerns, two ratios were developed to compare the risk
significance of individual components with the amount of plant staff time, or burden,
associated with inspecting the component. These risk/burden ratios point out existing
disparities between current inspection practices and safety concerns. These ratios can be
used to develop new inspection schedules constituting a more equitable risk to burden
distribution.

DISCLAIMER

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

RISK-BASED REGULATION

1.1 Introduction

Proper systems and component maintenanceat nuclearpower plants is important

both for safety concerns andfor ensuring the best allocationof availablecompany

resources. The NRC has adopted a MaintenanceRule, 10 CFR 50.65 (appendix A),

which requires each holder of an operating licenseunder 50.21 or 50.22 to set safetygoals

for plantstructures, systems,and components (SSCs). These SSCs must either be

monitoredor be subject to a preventive maintenanceprogram to ensure their proper

operation. The rule is targeted for SSCs important to safety,such as those necessary to

avoid reactor scrams, ensure reactor shutdown in the event of an accident, or mitigate the

effects of an accident.

The first step in implementingthe NRC MaintenanceRule is to identifythose SSCs

which fallinto the safety and risk-significantcategory. One method of ranking the

importance of SSCs is the use of probabilisticrisk assessment technology. PRA

techniques can be used to prioritize SSCs into risk-significantand risk-insignificant

categories. Once a system'scomponents have been placed in a risk category, their

maintenance needs canbe assessed based on their risk significance.

Since the NRC's MaintenanceRule is due to be implementedin July of 1996, there

is currently a great deal of interestin establishing a sound PRA-based methodology for

SSC selection. It is also important to determine how maintenanceprocedures should be



changed for SSCs in differentcategories of risk significance, The New York Power

Authority'sJames A. Fitzpatrick plant'sPRA data was selected to serve as an illustration

of a possibleapproachto this problem.

1.2 Approachesto Risk-BasedRegulation

There are several ways to usePI_ data to prioritize SSCs that are contributors to

risk, One of the most importantrisk measurementsfor a plant is the core damage

frequency (CDF). Event scenarios that will lead to core damage can be ranked by their

probability of occurrence and expressed in terms of their minimalcutsets. A minimal

cutset is the smallest combinationof basic top events that will lead to the undesired

scenario. The minimalcutsets can then be ranked in terms of their frequency of

occurrence in the total set of risk significantevent scenarios, The SSCs that correspond

to high-frequencyminimalcutsets are the most risk significant.

Another way to measure risk significanceis through risk increase and risk

reduction importances. Risk increase importance is the increase in risk (CDF) that occurs

if the basic event is assumed to occur. This is calculated as the difference in CDF when

the basicevent probabilityof occurrence is set equal to unity:

Risk Increase = TEF(evaluated with EV(J) = 1) - TEF

TEF = frequency of top event core damage

EV(J) = probabilityof event J for base events,

Risk reduction importance is the decrease in CDF that occurs if the basic event is

eliminatedby setting the probabilityof occurrence to zero:



RiskReduction = TEF - TEF(evaluatedwith EV(J) = 0).

The basic events that contributethe most to the CDF risk are those with the

highest riskreductionimportances. Propermaintenanceandsurveillanceof the SSCs

correspondingto high risk reductionimportances willbe the most beneficialand lead to

the greatestoverall reductionin risk. Conversely,riskinsignificantbasic events can be

identifiedas those with the lowest risk increaseimportances. These SSCs cause negligible

risk increaseseven if inoperable, and thus maintenanceon them is risk insignificant.

A broader systems-basedapproach can also be used to identifyrisk significant

systems as a whole. The change in total CDF when an entire system'sunavailabilityis

changed can be calculated and used to compare the risk significanceof various systems.

This comparison can be used to identifyrisk significantsystems, but does not provide

information as to which components in each system are the most important for

maintenanceand surveillance.

1.3 _Cautionsfor Risk-B.asedRegulation

A study of only the SSCs that can be identifiedby cutsets and importancerankings

dealing with the plant's CDFwill almost certainlymiss some risk significant items. As

suggested by Specter_,the PRA rankings for containment failure frequency and source

terms should also be analyzed. Such a level 2 search should turn up components that do

not directly affect CDF but are important for preventing radioactive releases.

Secondly,a distinctionmust be made betweentruly risk insignificantSSCs and

those that have been effectivelyregulated to the point where they show up as being risk

10



insignificant in a CDF ranking. Obviously, many components in the plant are unimportant

in terms of preventing or mitigating an a:cident. Various PRA SSC ranking studies have

estimated that only several hundred components are needed to control 99,9% of the CDF

for light water reactors. However, some plant components currently show up as risk

insignificant because they have been effectively regulated. Specter _(denotes ref. 1) gives

reactor vessel failure as an example. The reactor vessel reliability will not show up in CDF

rankings as risk significant, However, this is because this particular plant component has

been strictly regulated in its design, not because it is inherently safe. It is important that

such distinctions be identified and addressed.

1.4 _Selection of Example Systems

Two systems in the James A, Fitzpatrick plant were selected for examination in

order to illustrate the relationship between risk significance and surveillance practices.

One risk significant and one risk insignificant system were examined to illustrate the

differing surveillance needs between the two. In this study only the events leading to core

damage were investigated. A level 2 analysis would be necessary to identify less obvious

SSCs. The top nine core damage accident sequences are detailed in Appendix B.

1.4,1 Risk Significant System

The emergency service water (ESW) system was selected as the example risk

significant system for several reasons, First, it falls into the risk significant category using

all three of the suggested selection methods, as detailed below. It also has a reasonably

11



straightforward configuration, simplifying data analysis and the amount of component data

required from NYPA. Lastly, the ESW system contains several components known to

require inspection, which gives a clear illustration of possible beneficial changes in

practices.

The ESW system components have very high cutset frequencies, meaning the

system is extremely pervasive and comes into play in many of the CDF dominant

scenarios. The top cutsets for the CDF dominant accident scenarios are listed in Table

1.1. These cutsets have the highest probabilities of,3ccurrence and are thus the most

important. Each cutset basic event is explained in T,able 1 2. Cutsets involving an ESW

event have been highlighted in Table 1.1. Forty out of the fifty-two listed cutsets involve

an ESW event, a very high proportion. Out of a total of 271 basic events, only 22

occurred more than 100 times in the total set of all CDF cutsets. Seven of these involve

ESW components. Such a high cutset rate of occurrence in the CDF scenarios indicates

that the ESW system is very risk significant.

The ESW system can also be shown to be risk significant by examining the

Fitzpatrick CDF risk reduction importances. The fitieen highest risk reduction

importances are listed in Table 1.3. Of the top fifteen basic events, eight of them involve

the ESW system. Furthermore, no ESW components show up in the risk insignificant list

of the bottom fifteen risk increase importances (Table 1.4)

NYPA performed a sensitivity analysis on the change in CDF when an entire

system's unavailability is changed. The study doubled the total unavailability, including
t

maintenance, for eleven different systems. The results are shown in Figure 1.1. The ESW

12



TABLE 1.1

TOP CUT SETS FOR DOMINANT ACCIDENT SEQUENCES

Sequence TI-35-T3C-84 Total Sequence Frequency: 7.13E-08 yr 1

INDIVIDUAL INDIVIDUAL
SEQUENCE SEQUENCE
FREQUENCY; DESCRIPTION:
3.0697E-08 TI * XHE-ASP-MC-RPTXR * Pl */C * NR-MANVLV-15V +

Cutset explanation ( / indicates success):

The initiating event, loss of offsite power (T1), occurs. Reactor pressure sensors fail due to human error
causing miscalibration (XHE-ASP-MC-RPTXR). Safety relief valves open and one fails to re,close (PI).
The reactor scrams (/C). There is no recover).,due to a failure to open an injection valve manually
(NR-MANVLV- 15V).

FREQUENCY: DESCRIPTION:
9.9458E-09 TI * ESF-TRU-DN-T252A * ESF-TRU-DN-T252B * PI */C * NR-MANVLV-15V +
9.9458E-09 TI * ESF-TRU-DN-T252C * ESF-TRU-DN-T252D * PI */C * NR-MANVLV-15V +
2.6854E-09 TI * ESF-TRU-DN-T252A * ESF-ASP-DN-PT52B * PI */C * NR-MANVLV-15V +
2.6854E-09 TI * ESF-TRU-DN-PT52C * ESF-ASP-DN-T252D * PI */C * NR-MANVLV-15V +
2.6854E-09 TI * ESF-TRU-DN-T252C * ESF-ASP-DN-PT52D * PI */C * NR-MANVLV-15V +
2.6854E-09 TI * ESF-TRU-DN-PT52A * ESF-ASP-DN-T252B * PI */C * NR-MANVLV-15V +

SEQUENCE TI-38-TB-I Total Sequence Frequency: 6.17E-07 yr "_

FREQUENCY: DESCRIPTION:
7.8721E-08 TI * ESW-CCF-FR-PUMPS */P */UIX * NR-LOSP-13HR-TBI+
6.0689E-08 T1 * ESW-CCF-FS-PUMPS * fP */UIX * NR-LOSP-13HR-TBI+
2.9903E-08 T1 * ESW-MDP-FR-P2A * ESW-MAI-MA-LOOPB * fP */UIX *

NR-LOSP-13HR-TBI+
2.0917E-08 TI * ESW-MAI-MA-LOOPA * ESW-MDP-FR-P2B */P */UIX *

NR-LOSP-13HR-TBI+
1.9882E-08 T1 * ESW-MAI-MA-LOOPB * AC4-XHE-MC-UVRLA * fP */UIX *

NR-LOSP-13HR-TB1+
1.9882E-02 TI * ESW-XHE-RE-ESW3A * ESW-MAI-MA-LOOPB */P */UIX *

NR-LOSP-13HR-TBI+
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SEQUENCE Tl-38-TB-2 Total Sequence Frequency: 6.06E-08 yr"1

FREQUENCY i DESCRIPTION:
7.9761E-09 TI * ESW-CCF-FR-PUMPS * UIX */P * NR-LOSP-13HR-TB2+
6.1491E-09 TI * ESW-CCF-FS-PUMPS * UIX */P * NR-LOSP-13HR-TB2+
3.0298E-09 TI * ESW-MDP-FR-P2A * ESW-MAI-MA-LOPB * UIX */P *

NR-LOSP-13HR-TB2+
2.1193E-09 TI * ESW-MAI-MA-LOOPA * ESW-MDP-FR-P2B * UIX */P *

NR-LOSP-13HR-TB2+
2.0145E-09 TI * ESW-MAI-MA-LOOPB * AC4-XHE-MC-UVRLA * UIX */P *

NR-LOSP-13HR-TB2+
2.0145E-09 TI * ESW-XHE-RE-ESW3A * ESW-MAI-MA-LOOPB * UIX */P *

NR-LOSP-13HR-TB2+

SEQUENCE TI-38-TB-4 Total Sequence Frequency: 4 63E-08 yr_

FREQUENCY: DESCRIPTION:
1.8380E-09 TI * ESW-MAI-MA-LOOPA * DCI-BAT-HW-BATTB */P *

NR-LOSP-13HR-TB4+
1.6472E-09 TI * ESW-CCF-FR-PUMPS * HCI-MAI-MA-HPCIU */P *

NR-LOSP-13HR-TB4+
1.2699E-09 TI * ESW-CCF-FS-PUMPS * HCI-MAI-MA-HPCIU */P * NR-LOSP-13HR-TB4"v
1.2036E-09 TI * ESW-MDP-FR-P2A * DCI-BAT-HW-BATTB */P * NR-LOSP-13HR-TB4+
8.0028E-09 TI * AC4-XHE-MC-UVRLA * DCI-BAT-HW-BA'VI'B */P * NR-LOSP-13HR-TB4+
8.0028E-09 TI * ESW-XHE-RE-ESW3A * DCI-BAT-HW-BATTB */P *

NR-LOSP-13HR-TB4+

SEQUENCE TI-38-TB-5 Total Sequence Frequency: 2,96E-07 yr_

FREQUENCY: DESCRIPTION:
1.1970E-07 TI * DCI-CCF-HW-BA'Iq'S */P+
7.3872E-09 TI * DCI-BAT-HW-BATI'A * DC1-BAT-HW-BA'FTB */P+
3.9292E-09 TI * ESW-MAI-MA-LOOPB * DCI-BAT-HW-BATTA * ESF-ASL-DN-LT72D *

/P+
3.9292E-09 TI * ESW-MAI-MA-LOOPB * DCI-BAT-HW-BATTA * ESF-ASL-DN-LT72B *

/P+
3.8403E-09 TI * ESW-MAI-MA-LOOPB * DCI-BAT-HW-BATTA * HCI-MAI-MA-ItPCIU *

/P+

14



SEQUENCE TI-38-TB-6 Total Sequence Frequency: 2,53E-07 yr "_

FREOUENCY: DESCRIPTION:
3.2651E-08 TI * ESW-CCF-FR-PUMPS * Pl * NR-LOSP-5HR-TB6+
2.5172E-08 TI * ESW-CCF-FS-PUMPS * Pl * NR-LOSP-SHR-TB6+
1.2403E-08 TI * ESW-MDP-FR-P2A * ESW-MAI-MA-LOOPB * PI * NR-LOSP-SHR-TB6+
8.6757E-08 TI * ESW-MAI-MA-LOOPA * ESW-MDP-FR-P2B * Pl * NR-LOSP-5HR-TB6+
8.2466E-08 TI * ESW-MAI-MA-LOOPB * AC4-XHE-MC-UVRLA * Pl *

NR-LOSP-5HR-TB6+
8.2466E-08 TI * ESW-XHE-RE-ESW3A * ESW-MAI-MA-LOOPB * PI *

NR-LOSP-5HR-TB6+

SEQUENCE T1-38-.TB-8 Total Sequence Frequency: 1.71E-08 yr _

FREOUENCY: DESCRIPTION:
1.2209E-08 TI * DC1-CCF-HW-BATTS * PI+
7.5349E-10 TI * DCI-BAT-HW-BATI'A * DCI-BAT-HW-BATI'B * PI+
4.0078E-10 TI * ESW-MAI-MA-LOOPB * DC1-BAT-HW-BATTA * ESF-ASL-DN-LT72D *

PI+

4.0078E-10 TI * ESW-MAI-MA-LOOPB * DCI-BAT-HW-BATTA * ESF-ASL-DN-LT72B *
PI+

3.9171E-10 TI * ESW-MAI-MA-LOOPB * DCI-BAT-HW-BATTA * HCI-MAI-MA-HPCIU *
Pl+

SEQUENCE TI-38-TB-9 Total Sequence Frequency: 1,16E-08 yr _

FREQUENCY; DESCRIPTION:
1.6139E-09 TI * ESW-CCF-RF-PUMPS * P2 * NR-LOSP-2HR-TB9+
1.2442E-09 TI * ESW-CCF-FS-PUMPS * P2 * NR-LOSP-2HR-TB9+
6.1305E-10 TI * I_SW-MDP-FR-P2A * ESW-MAI-MA-LOOPB * P2 * NR-LOSP-2HR-TB9+
4.2882E-10 TI * ESW-MAI-MA-LOOPA * ESW-MDP-FR-P2B * P2 * NR-LOSP-2HR-TBg+
4.1761E-10 TI * ESW-MAI-MA-LOOPB * AC4-XHE-MC-UVRLA * P2 *

NR-LOSP-2HR-TB9+
4.0761E-10 T1 * ESW-XHE-RE-ESW3A * ESW-MAI-MA-LOOPB * P2 *

NR-LOSP-2HR-TBg+

SEQUENCE T3A-4-TB-I Total Sequence Frequency: 2.98E-08 yr "_

FREQUENCY: DESCRIPTION:
5.0545E-09 T3A */C /P */UIX * AC0-RCS-OC-62BRB * ESW-CCF-FR-PUMPS+
5.0545E-09 T3A */C /P */UIX * AC0-RCS-OC-871BI * ESW-CCF-FR-PUMPS+
5.0545E-09 T3A */C /P */UIX * AC0-RCS-OC-94BR2 * ESW-CCF-FR-PUMPS+
5.0545E-09 T3A */C /P */U1X * AC0-RCS-OC-94SN8 * ESW-CCF-FR-PUMPS+

5.0545E-09 T3A */C /P */U1X * AC0-RCS-OC-871AI * ESW-CCF-FR-PUMPS+
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TABLE 1.2

roP EVENT DESCRIPTIONS

_!C E_NT , PROBABILITY OCCURRENCES_** DES,CR!_ION

AC0-RCS.OC-62BRB 1.01E-05 5 115 kVac relay62BRB normallyopen, fails
to close

AC0.RCS-OC-871BI 1.01E-05 5 115 kVac relay871B1 normallyopen, fails
toclose.

AC0-RCS,OC-94BR2 1.01E-05 5 115 kVac relay94BR2 normallyopen, fails
to close.

AC0-RCS-OC-94SN8 1.01E-05 5 115 kVac relay94SN8 normallyopen, fails
toclose.

AC0-RCS-OC.,_71AI 1.01E-05 5 115 kVac relay871A1 normally open, fails
to close.

AC4.XHE-MC-UVPd.,A 3,00E-03 127 Human error(miscalibration) of 4.16 kVac
Bus 10500 undervoltage relay.

/C 1.00E+O0 241 Reactor scram

DCI-BAT-HW-BATTA 3.60E-04 121 Hardware (battery) failure ofDC (125-Vdc)
Electrical Power System.

DC1-BAT-HW-BATTB 3.60E-04 84 Hardware (battery) failure ofDC (125-Vdc)
Electrical Power System.

DCI-CCF-HW-BATrS 2.10E-06 2 Common-cause failure of hardware
batteries) of DC (125-Vdc) Electrical Power
System.

ESF-ASL-DN-LT72D 1.94E-02 26 Engineered Safeguard Feature level sensor
LT72D does not operate.

ESF-ASL-DN-LT72B 1.94E-02 26 Engineered Safeguard Feature level sensor
LT72B does not operate.

ESF-ASP-DN-PT52 1.94E-03 11 Engineered Safeguard Feature pressure
A/B/C/D sensor PT52B/C/D does not operate.

ESF-TRU-DN-T252 7.20E-03 21/24/ Engineered Safeguard Feature trip unit
A/B/C/D 21/24 2-3.252A/B/C/D does not operate.

ESW-CCF-FR-PUMPS 1.17E-04 111 Common-cause failure to continue running
of ESW pumps.

ESW-CCF-FS-PUMPS 9.02E-05 30 Common-cause failure to start of ESW

pumps.
ESW-HXE-RE-ESW3A 3,00E-03 127 Human error (failure to restore to correct

position following test or maintenance) of
ESW manual valve 3A,

ESW-MAI-MA-LOOPA 6,89E-03 153 ESW LOOPA unavailable due to
maintenance,

ESW.MAI-MA.LOOPB 9.85E-03 300 ESW LOOPB unavailable due to
maintenance,

16



BASIC EVENT PROBABILITY OCC_NCES** DESC_!ON

ESW-MDP-FR-P2A/B 4.51E-03 178/ Failure to continue running of ESW
194 motor-driven pump P2A / P2B.

HCI-MAI-MA-HPCIU 1.90E-02 148 HPCI unavailable due to maintenance.

NR-LOSP-2HR-TB9 1.2IE-01 49 No recovery of loss of offsite power after 2
hours.

NR-LOSP-5HR-TB6 4.80E-02 269 No recoveryof loss of offsite powerafter 5
hours.

NR.LOSP-13HR-TB1 1.30E-02 460 No recoveryof loss of offsite powerafter 13
hours.

NR-LOSP-13HR-TB2 1.30E-02 122 No recoveryof loss of offsite powerafter 13
hours.

NR.LOSP-13HR-TB4 i.30E-02 164 No recoveryof loss of offsite power after 13
hours. l

NR.MANVLV-15V 3.30E-02 68 Failureto manuallyopen injectionvalve
locally.

/P 1,00E+00 1307 SRVs open andreelose.
P1 1,02E-01 409 SRVs open and 1 fails to reclose.
P2 2.00E-03 66 SRVs open and2 fail to reciose.

TI 5.70E-02' 1747 Initiatingevent, loss of offsite power
transient.

T3A 4.72E+00' 27 Initiatingevent, transientthat causes a
turbinetrip.

/UIX 9.08E-01 528 OperatorbypassesHPCIhigh-toms-level
auto-switchover from CST to toms suction.

UIX 9.20E-02 138 Operatorfails to bypass HPCI
high-tarus-level auto-switchoverfromCST;
HPCI,railswhen suppressionpool temp.
exceeds200°F,

XHE-ASP.MC-RPTXR 1,60E-04 25 Human error in miscalibration of pressure
sensors monitoring reactor pressure,

* Probability denotes the probability of failure, except in the case of Tl and T3A. These
initiating events are frequencies of occurrence with units of yr"_.

** Number of times the basic event occurs in the total of all top CDF cutsets,
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TABLE .1.3

CORE DAMAGE FREQUENCY RISK REDUCTION IMPORTANCE VALUES S

Top 15 RgIs** (for most sensitive basic events):

BASIC EVEn PROB_I_ NSK REDUCTION*(yr"1) DESC_ION

/P 1.00E+00 1,02E-06 Safetyrelief valve rcclosure

Pl 1,02E-O1 3,39E-07 One SRV fails to rcclos¢

ESW-MAI-MA-LOOPB 9.85E-03 2.42E-07 ESW LOOPB unavailable due to
maintenance

/C 1,00E+00 2.25E-07 Reactorprotectionsystem success

ESW-CF-FR.PUMPS 1.17E-04 1.78E..07 CCF of ESW pumps to run

ESW-MAI-MA-LOOPA 6.89E-03 1.50E-.07 ESW LOOPA unavailable due to
maintenance

ESW-MDP-FR..P2A 4.51E-4}3 1.48E..07 Failure to continue running of
ESW motor-drh,en pump P2A

ESW-MDU-FR-P2B 4.51E..03 1.41E..07 Failure to continue running of
ESW motor-drh'en pump P2B

DCI-CCF-HW-BATTS 2.10E-06 1.32E-07 CCF of 125Vdcbatteries

RBC-LOW-PRES-EDG 1,00E+O0 1.18E-07 ESW divergencethrough reactor
building closed loop cooling
system,

ESW-CCF-FS-PUMPS 9.02E..05 9.76E-08 CCF of ESW pumps to start

AC4-XHE-MC.UVRLA 3.00E.03 9,64E..08 Human error(miscalibration) of
4,16 kVac system undervoltage
relay,
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BASIC EVE_ PROB_I_ RISK _DUCTION, (yr"i ) DESC_IO_

ESW-XHE-RE-ESW3A 3.00E-03 9.64E-08 Human error (failure to restore
to correct position following test
or maintenance) of ESW manual
valve 3A

AC4-XHE-MC-UVRLB 3.00E-03 8,95E-08 Humanerror(miscalibration)of
4.16 kVa¢systemundervoltage
relay.

ESW-XHE-RE-ESW3B 3.00E-03 8.95E-08 Human error (failure to restore
to correct position following test
or maintenance) of ESW manual
valve 3b.

* Risk Reduction = TEF - TEF(evaluatedwith EV(J) = 0)

TEF - frequencyof top event core damage
EV(J) = probabilityof event J for base events

** Basic events relatingto operatorrecoveryactionshave not been includedin this table,
as they do not relate to maintenanceof components.
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TABLE 1.4

CORE DAMAGE FREQUENCY RISK INCREASE IMPORTANCE VALUES s

Bottom 15 Rils** (formost sensitive basic events):

BASIC EVENT PROB_ILITY RISK INC_ASE)(yr "_) pESCRIPTION

DGV-MOD-CC-DI43B 3,00E-03 4.76E-08 EDG B roomventilation sys. motor
operateddamper 143B fails to
open on demand

DGV-MOD-CC-DI49B 3,00E-03 4.76E-08 EDG B roomventilation sys. motor
operateddamper 149B fails to
open on demand

DGV-RCK-NO-FN-IC 2.50E-03 3,97E-08 EDG C fan 92-FN-ICcontrol
circuitcoil does not remain
energized, no output

EDG-ENG-FR.EDGCR 2.62E-03 3.97E-08 EDG C engine fails to run

RSW-MDP-FR-MP-IA 3,50E-03 3.11E-08 RHRSWmotordriven pump P-IA
stops running given PM start

DGV-RCK-NO-FN-IA 2.50E-03 2.84E-08 EDG A fan 92-FN-IA control
circuit coil does not remain
energized, no output

EDG.ENG-FR.EDGAR 2.62E-03 2.84E-08 EDG A engine fails to run

DGV-RCK-NO-FN-IB 2.50E-03 2.77E-08 EDG B fan92.FN.IBcontrol
circuitcoildoesnotremain

energized,nooutput

EDG-ENG-FR-EDGBR 2,62E-03 2.77E-08 EDG B engine fails to run

EDG-RLY-FU-EDGDI 4.30E-03 2,77E-08 EDG D faults in engine running
interlockrelays

DGV-MOD-CC-DI50A 3.00E-03 1,98E-08 EDG A roomventilation sys,
motoroperateddamper DI50A
does not open on demand

2O



BASJCEVEhIT PROBABILITY RISKINCKEASE?._(yr'l ) pESC_ION

DGV-MOD-CC-DISOC 3,00E-03 1,98E-08 EDG C roomventilationsys. motor
operateddamperD150C does not
open on demand

KSW-MDP-MA-MP-IC 1.03E-02 1,05E-08 KHR,CWmotordrivenpumpP-IC
in maintenan_

NVP-MOV-CC-120 1,00E-03 7,45E-09 Nitrogenventilationand purge
sys. motor operatedvalve

27MOV.120 does notopen on
demand

NVP-MOV-CC-121 1,00E-03 7.4SE-09 Nitrogenventilationand purge
rys. motoroperatedvalve

271vIOV.121does notopen on
demand

* Kisk Increase =TEF(evahated withEV(.I)ffi1) - TEF
TEFffifrequencyoftop event core damage
EV(J) ffiprobabilityof event J for base events

** Basic events relatingto operator recoveryactions have not been includedin this table,
as they do not relateto maintenanceof components.
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system had thegreatest change in CDF, an approximately130%increase in total CDF.

The ESW system is obviously one of the mostrisksignificantsystemsin the plant, and

thus it is veryeasy to identifyas such using these methods. However, these methodscan

be expandedupon to search for less evidentrisksignificantsystems.

1.4,2 B,isklnsignificant System

The core spray system,designatedas LCS (Low PressureCore Spray System),
)

was selectedas the example riskinsignificantsystembasedon suggestions fromMr. K.

Vehstedt of' NYPA. Onlyfour basic events involvingLCS are present in the set of the

CDF cutsets, and each occurs only three times in the set of'all CDF outsets, as given in

Table 1.5. The LCS eventsalso have both low riskreductionimportancesandlow risk

increase importances(Table 1.5).

The LCS systemalso servesas a good comparisonwiththe ESWsystem. The

LCS system, liketheESW system, hasa straightforwardconfigurationand several

componentsthat requireinspection. The two systems have a very similarcomponent list,

as shown in Table 1.6. Thedependentcomponentsof'each system are brokendown by

componentcategory in Table 1.7.

1.5 MaintenanceRule Applicabilitym KiskInsignificantSSCs

Once the risksignificantSSCs have beenidentified,other systemsnot in this

category may also be subjectto regulationunderthe MaintenanceRule. Three categories

of'nonsafety relatedSSCs are included: those that relateto accident mitigationor the
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TABi_ 1.5

CO_ SPRAY SYSTEM BASIC E_ IN THE SET OF CDF CU'i'S_I_S

Risk Reduction Risk Increase

hnportance(yr-') hnporumceLW')
Basic Event Description Occurrence* _fRank_] [Rank]

LCS-RLY-NO-K9BCL No output from relay K9BCL 3 8.01E-10 (169.5) 1.8612-06 (163.5)

LCS-RLY-NO-K9ACL No output from relay KgACL 3 8.01E-10 (169.5) 1.86E-06 (163.5)

LCS-RLY-NO-17BCL No output from relay 17BCL 3 8.01E-10 (169.5) 1.86E-06 (163.5)

LCS-RLY-NO-17ACL No outpm from relay 17ACL 3 8.01E-10 (169.5) 1.86E-06 (163.5) ¢'q

*Number of times that the basic event occurs in the total of all top CDF cuLsets.



TABLE 1.6

ESW VS. LCS COMPONENT TYPE COMPARISON

Componenttype Numberof ESWComponents. Numberof LCS Components
Pump 2 2

MOV 6 10

Manualvalve 29 4

Checkvalve 17 4

Reliefvalve 6 --

Relay 14 --
HFA Relay 4 .-
RelayAGASTAT .- 12
RelayGE-HFA -- 22

Controlcircuit 6 --

Fuse 8 4

Circuitbreaker 12 I0

Speedswitch 4 --

RX Iolevel txmtr -- 1

RX 1olevel tripunit -- 1

RX Io prestxmtr -- I

u tRX Iopres trip ni -. 1

DW hi pres txmtr -- 1

DW hi pres tripunit -- 1

Pressureswitch 1 --

Strainer 2 -.
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TABLE 1.7

ESW AND LCS DEPENDENT COMPONENTS

Component ty__e ESW Component Designator LCS Component Designator.

Pump 46P-2A/B 14P-IA/B

Motor operated valve 15MOV- 175A/B i 4MOV-05 A/B
46MOV- 101A/B 14MOV-07A/B
46MOV- 102A/B 14MOV- 11A/B

14MOV-12A/B
14MOV-26A/B

Manual valve 15RBC-36A/B/C/D 14CSP- 14A/B
15RBC-39A/B 14CSP-I 8A/B
15RBC-4A/B
15RBC-50
46ESW-10A/B

46ESW-12A/B
46ESW-17A/B/C/D
46ESW-3A/B
46ESW-4A/B/C/D
46ESW-5A/B/C/D
46SWS-23

46SWS-25

Check valve 46ESW-I 1A/B 14AOV- 13A/B
46ESW-13A/B 14CSP-10A/B
46ESW-I 8A/B/C/D
46ESW-lA/B
46ESW-6A/B
46ESW-9A/B
46SWS-22
46SWS-60A/B

Relief valve 15RV- 113A/B
15RV-114A/B/C/D

Relay 42C- 1ESWA03/B03
420-1ESWA02/B02
420-1RBCA04/B04
63X-1ESWA04/B04
63Y-IESWA04/B04
EDGA/B/C/D-ESR-400
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.Componenttype ESW ComponentDesignator LCS ComponentDesignator

HFA relay 63A.IESWA04/B04
63B.1ESWA04/B04

Relay AGASTAT 02-3A.KI01A/B
02-3A-K104A/B
02.3A.K121A/B
02-3A-K123A/B
i0A-K133A/B
10A.K134A/B

Relay GE-HFA 14A-K 10A/B
14A-K13A/B
14A-K14A/B
14A-K15A/B
14A-KI7A/B
14A-K18A/B
14A-K5A/B
14A.K6A/B
14A-K7A/B
14A-K8A/B
14A-K9A/B

Control circuit 46MOV- 101A/B
46MOV-102A/B
46P-2A/B

Fuse FUSE-ARSA/B 71DC-A2 CS A
FUSE-EDGA/B/C/D 71DC-B2 CS B
FUSE-P-2A/B PM-14P-1A/B

Circuit breaker 71DCA2-19 71-10530
71DCA3-06 71-10630
71DCA4-11 71DCA5-03
71DCA4-12 71DCA5-01
71DCB3-01 71DCB2-05
71DCB4-07 71DCB2-16
71DCB4-11 71MCC-152-OF3
71DCB4-12 71MCC- 153-0B 1
71MCC-152-OD3 71MCC-162-OG2
71MCC- 162-OD3 71MCC- 163-0H 1
71MCC-252-OAI/2
71MCC.262-OD1/2

27



_omponent t_e ESW ComoonentDesignator LCS ComponentDesignator

Speed switch EDGA/B/C/D-SPSW400

RX Iolevel txmtr 02-3LT.72A/B/C/D

RX 1olevel trip unit 02-3MTU-272A/B/C/D

RX 1opres txmtr 02-3PT-52A/B/C/D

RX 1oprestrip unit 02-3MTU-252A/B/C/D

DW hi prestxmtr IOPT-101A/B/C/D

!

DW hi pres tripunit 10MTU-201A/B/C/I)

Pressureswitch 15PS-122A/B/C/D

Strainer 46STR-SA/B
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plant'semergencyoperatingprocedures(EOPs), those whose failurecould lead to the

failure of safety related SSCs, and those whose thilure could cause a reactor scram or a

safetysystemactuation. Performancecriteriawill also have to be establishedfor these

SSCs.

NUMARC's (Nuclear Managementand ResourcesCouncil, Inc.) draftgaaidelines

for monitoringeffective maintenancesuggest that specific performancecriteriabe

establishedfor all risk significantSSCs, as wellas for non-risk significantSSCs that are
i

normallyin a standbymode. All risk insignificantnormallyoperatingsystemsshould be

assigned plant level performancecriteria. Plant level performance criteria would include

unplannedautomatic reactor scrams, unplannedcapability loss factor, and unplanned

safety system actuations.4

Establishingcriteriafor risk insignificantoperatingsystemsbased on plant level

performance criteria is outside the scope of this thesis. The main concerns of this work

are demonstrating methods to classifysystemsas risksignificantor insignificant,and then

investigatingthe rationalesof thedifferentinspectionrequirementsof such systems.
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CHAPTER II

TESTING AND SURVEILLANCE REQUIREMENTS

2.1 Introduction

In order to assess the inspection needs of a system, the dependent components irl

the system must be separated by the amount of surveillance and testing that they require.

Individual system components that show up as high in risk reduction importance can

derive the most benefit from a strong testing and surveillance program. However, it is

important to compare the benefits gained from testing procedures to the possibly increased

system unavailability that such testing may cause. Conversely, components with low risk

increase importance values become candidates for reduced testing and surveillance, since

overall plant risk, as measured by CDF, should not increase if a risk insignificant

component is allowed to run to failure before undergoing repair.

Several things should be looked at to assess surveillance requirements, including'.

inspection schedules, routine repair and preventive maintenance schedules, special

attention paid to certain components, required recalibration, required system realignment,

and scheduled tests. It is important to note that other considerations, such as maintaining

high operational availability, may also modify the policy actually applied, The first step,

however, is to have a sound understanding of how the system functions.
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2.2 F,,.SWSystem Description

The ESW system provides cooling water to safety systems after a reactor

shutdown. Only three of these safety systems are considered to be essential and are

examined in the Fitzpatrick Individual Plant Examination (IPE): the control rod drive

(CRD) coolers, the crescent area coolers, and the emergency diesel generator (EDG)

engine coolers. The CRD pump coolers are normally cooled by the reactor building

closed loop cooling system (RBCLCS), with ESW providing a backup. The CRD system

provides proper fluid pressure to the hydraulic control rod drives, but can also function as

an emergency source of coolant or boron injection into the core. The crescent area

coolers are normally cooled by the service water system, with the ESW providing a

backup, The crescent area cooler's ten cooling coil-fan units provide cooling to RHR

loops A and B, core spray loops A and B, and HPCI (High Pressure Coolant injection).

All four EDG's coolant systems use the ESW as their source of heat removal.

One of the main reasons for the importance of ESW is its crucial role in providing

backup power in the event of a loss of off-site power (LOSP) scenario. Without the ESW

system, the diesels will not run. If the EDGs cannot be started after a LOSP event, a

station blackout (SBO) occurs and all emergency systems have to be run off ofbattery

power. Depending on the accident scenario, the batteries will fail at between 2 - 13 hours,

leading to a loss of core cooling and eventual core damage.

The ESW system has two completely redundant loops, each with a separate pump.

Each loop is powered off of a separate emergency bus. The ESW pumps start up

automatically upon a EDG start or low RBCLCS discharge header pressure signal. Each
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pumpcanbestartedmanuallyfrom thecontrolroom,andESW loopB canalsobestarted

or shutdownfrom thealternateshutdownpanelASP-3, The systemrequiresa manual

shut down, which can only be performed if the associated EDGs are shut down and the

RBCLCS is properly configured in the "lockout matrix". The ESW system schematic

diagram is shown in Figures 2.1.1, 2.1.2, and 2.1.3.

Table 2.1 shows the total list of ESW basic events occurring in the set ofinternal

core damage cutsets, ranked by risk reduction importance. This list is a good indicator of

the level of risk significance that can be attached to each ESW component. It is

interesting to note that the first and third )laost important risks are the unavailability of

loops B and A, respectively, due to maintenance. This points out that increased

maintenance is not always the answer to reducing risk, although performing maintenance

may be unavoidable if a component has a limited operating lifetime.

The single set of components with the highest risk reduction importances is that of

the ESW pumps. There are several important modes of pump failure: common-cause and

single failures of the pumps to run, common-cause and single failures of the pump to start,

no output from the control circuits associated with the pumps, and human failures to

restore the pumps to their correct position.

Another important failure in the ESW system is a human failure to restore the

manual supply valves ESW-3A or 3B to their normally locked-open position. It is also

possible for these valves to become plugged, although this event is considered less risk

significant than human error, The ESW-3A pathway provides cooling water to EDG A
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ESW SYSTEM VALVE ALIGNMENTS ARE SHOWN IN THEIR NCB1MAL STA_I_DIBYFOSITliONS
NOTE: ONLY CRESCENT AREA COOLERS, RHR, CRD AND EI)G_ C'(X)LING LOADS ARE REPRESENTED

Figure 2. i. ! En-J_'rgency Service Water System _ic Diagram _



F'_me 2.1.2 _ Sefvi_ Water System Schematic Diagram (_)s
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FIGURE 2.1,4SCHEMATIC LEGEND
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TABLE 2.1

RISK _DUCTION IMPORTANCE VALUES FOR ESW TOP EVENTS

_sk Reductionfyr _} _ _i_

ESW-MAI.MA-LOOPB 2,42E-O7 5 Loop B unavailabledue to
maintenance

ESW.CCF.FR-PUMPS 1,78E-07 8 CCF to runof pumps

ESW.MAI.MA-LOOPA I,S0E,.O" q LoopA unavailable due to
maintenance

ESW-MDP-FR-P2A 1,48E-07 I0 Failuretorun of pumpP2A

ESW-MDP.FR-P2B 1,4IE-O7 11 Failuretorunof pumpP2B

ESW-CCF.FS-PUMPS 9,76E-O8 14 CCFto startof pumps

ESW-_-RE-ESW3A 9,64E,.08 15,5 Human error(failure to restoreto
correctposition)of manualvalve
46ESW-3A

ESW-XHE.RE-ESW3B 8,95E-08 17,5 Humanerror(failureto restoreto
correct position) of manualvalve
46ESW.3B

ESW-RCK.NO-P2A 3,36E-08 30,5 No outputfromcontrolcircuit
46P.2Aassociatedwithpump 2A

ESW-RCK.NO-102A 3,36E-O8 30,5 No outputfromcontrolcircuit
46MOV- 102Aassociatedwith
MOV.IO2A

ESW-RCK.NO-IO2B 3.09E-O8 32.5 No outputfromcontrolclrcuit
46MOV. I02Bassociatedwith
MOV.IO2B

ESW-RCK.NO.P2B 3,09E-O8 32,5 No outputfromcontrolcircuit
46P-2B associated with pump2B

ESW.XHE.RE.P2A 1,73E-08 41 Human error(failureto restoreto
correctposition)ofpump P2A

ESW-CCF.OO-IO2AB 1.64E_8 42 CCF ofnormallyopenMOVs
I02A/BIocloseondemand

ESW-XHE.RE-P2B 1 57E-08 44 Human error(failure to restoreto
correctposition) of pumpP2B
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BasicEvent _Reductio_'-z_ _

ESW-RCS.(X)-A63A9 8.04E-09 70.5 Failureof nortztallyopen contacts
uso¢iated withHPA relay63A
to close on demand

ESW-RCS-OO-B63A9 7,13E-09 81,5 Failureof normallyopen contacts
associatedwithHFA relay63B
to close on demand

ESW-MOV430-I02A 4,39.E-09 103 Failureof normallyopen
46MOV-IO2Ato close on demand

ESW-MOV-OO-102B 3,82E-09 107 Failureof normallyopen
46MOV-102B to close oft demand

ESW.RCI-FE-A63A 3,13E-09 113 Electricalrelaycoil associatedwith
HFA relay63A-A fails to energize

ESW.RCI.FE-A42C 3,13E-09 I 13 Electricalrelaycoil associatedwith
relay 42C-A fails to energize

ESW-MDP.FS-P2A 2 98E.09 115 PumpP2A fails to start

ESW-RCI-FE-B63A 2,74E.O9 118 Electricalrelaycoil associatedwith
HFArelay 63A-B fails to energize

ESW-RCI-FE-B42C 2,74E-09 118 Electricalrelaycoil associatedwith
relay42C.B fails to _nergize

ESW-MDP.FS.P2B 2,6lE-09 122 Pump P2B fails to start

ESW-CKV-CC-ESW6A 2,18E-09 130,5 Normallyclosed check valve
46ESW-6A fails to open on
demand

ESW-CKV-CC.ESW1A 2,18E-09 130,5 Normallyclosed check valve
46ESW. IA fails to open on
demand

ESW-CKV.CC-ESW6B 1,86E-09 138 ) Normallyclosed check valve
46ESW-6B fails to open on
demand

ESW-CKV-CC-ESW1B 1,86E-09 138,5 Normally closed check valve
46ESW-IB fails to open on
demand

ESW-XVM-PG-ESW3A 6,92E-010 177 Manualvalve 46ESW-3Aplugged

ESW-XVM.PG-ESW3B 5,90E. 10 178 Manualvalve 46ESW.3B plugged
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andC, andtheESW-3B pathwaysuppliesEDO B andD. If one of thesevalves is left

closed or pluggedit will completelycut off the coolant flow to the affectedset of EDGs,

The motor operatedvalves 46MOV-102A and B are also involvedin several

failurescenarios, These normallyopen MOVs are designedto dose uponreceipt of a low

RBCLCSpressuresignalwhichdirectsflow to the RBCLCS, If one or bothof these

valves remainopenwhen 46MOV.I01A/B and 15MOV-I75A/Bopento directflow to

the RBCLCS, it is assumedthattherewill be insufficientflow fromthe affected loop to

theEDGs. Thereareseveral modesof 46MOV.102A/B failure: no outputfrom the

controlcircuit associatedwith theMOV, acommon-causefailureofbothMOVsto close,

oranindependentfailureto close,

TherearetwootherimportantwaysinwhichanentireESWloopcanbelost. If

thenormallyclosedcheckvalve46ESW-IA/B, locatedaftertheintaketunnelstrainer,

failsto open,nowaterwillbeavailablefromthatESWloop, If thenormallyclosedcheck

valveESW.6A/B,locatedat theEDGdischargeto thefirepumpsuctionbay,failsto

open,theEDG coolingforthatloopagainfails.

2.3 LCSSystemDescription

Thecorespraysystemprovidesreactorcorecoolingduringtransientswhenthe

systempressureislow. If HPCI isunableto maintaina sufficientwaterlevel,corespray

canprovideprotectionifthe automaticdepressurizationsystem(ADS) hasproperly

reducedreactorvesselpressure.Therearetwo independentcoresprayloops,each

includinganelectric-motor-drivencentrifugalpumpthatdischargesthroughaspray
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sparger above the core. Each pump is powered through a separate electrical bus. Core

spray initiates upon receipt of a high dry'well pressure or low-low-low reactor water

signal, with the pumps taking suction from the suppression pool. The LCS system

schematic is shown in Figure 2.2.

The standby system is kept full of water to avoid a water hammer event upon

initiation of the LCS system. The pump is protected from damage due to overheating

during no- or low-flow operation by a minimum flow bypass line located between the

pump discharge and the suppression pool. The inboard and outboard motor operated

valves (14MOV-11A/B and 14MOV-12A/B) are interlocked so that both cannot be

opened if the reactor pressure is above 450 psig. This prevents the LCS low-pressure

piping from being damaged by exposure to high-pressure reactor water,

The risk insignificance of the LCS system arises not from its function, emergency

water addition, but from the fact that other reactor systems exist which can perform the

same function. Water can be supplied to the core through HPCI or the CRD system under

high-pressure conditions, and through LPCI under low-pressure conditions. Thus the

failure of the core spray system does not mean that water cannot be supplied to the core

under transient or LOCA conditions. Other system failures would be required in addition

to LCS failure for the reactor core to be without an emergency water supply.

Only four basic events in,,oiving the LCS system appear in the set of all CDF

cutsets, as shown in Table 1.5.
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NOTE: V.m_L.VESARE SHOWNIN THEIRSTANDBY rosmoN

Figure2.2 Core SpraySystemSchematicDiagram_



2,4 System Unavailability

System unavailabilitycan be caused by failures in the system that must be repaired

or by scheduled testing that places the system in a non-recoverable state. System

unavailability due to system component failures will lead to unscheduled tests and

maintenance, The failure rate of the system determines the unscheduled system

unavailability, The ESW and LCS systems are comprised of similar components with

similarfailure probabilities; see Table 2.2 for a comparison of Fitzpatrick's plant-specific

failure data for the two systems, It is important to realize that the risk significance of the

ESW system does not imply that the system has a higher failure rate than the LCS system,

only that its failure is more dangerous to the plant. A comparison of ESW and LCS

unavailability due to unscheduled test and maintenance -_shows their unavailabilities due to

maintenance are all within the same order of magnitude:

Description Probability

ESW Loop A Unavailable due to Maintenance 6.89E-03

ESW Loop B Unavailable due to Maintenance 9.85E-03

LCS Loop A Unavailable due to Maintenance 8.13E-03

LCS Loop B Unavailable due to Maintenance 7.21E-03

Both the ESW and the LCS systems have scheduled tests and surveillances.

Because of the safety functions of each of these systems, most time-consuming intrusive

preventive maintenance is performed only while_he reactor is not operating at
full

power. Maintenance performed while the reactor is not at full power was not considered

in the Fitzpatrick IPE as contributing to system unavailability. However, if work

42



TABLE 2.2

JAMES A. FITZPATRICK PLANT-SPECIFIC FAILURE DATA sl

ESW Mean LCS Mean

Failure Event Event Descdpti0n Failure Probability Failure Probability

CKV CC Check valve, normally closed, 9.21E-05 9.90E-05
fails to open

CKV OO Check valve, fails to reclose 1,00E-03 ---
on demand

FLT PG Strainer plugs 2.96E-06 ---

MDP FR Motor driven pump fails to 1,88E-04 2.10E-04
continue running

MDP FS Motor driven pump fails to start 1.24E-04 2.05E-04

MOV CC Motor operated valve, normally 2.37E-04 2.34E-04
closed, fails to open

MOV OO Motor operated valve, normally 1.74E-04 1.58E-04
open, fails to close

MOV PG Motor operated valve plugs 1.25E-07 1.25E-07

PSW DN Pressure switch does not open --- 1.00E-04**

RCI FE Electrical relay coil does not 1.30E-04'** 1.30E-04'**
energize

RCK NO Control circuit, no output 1.11E-03 7.68E-04

RCS CO Contacts, normally closed, fail to --- 2.70E-07'***
remain closed

RCS OO Contacts, normally open, fail to 3.00E-04'*** 3.00E-04'***
close

SBR DN Circuit breaker does not operate 2.24E-03 ---
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ESW Mean LCS Mean
Fai!uro,, Description, FailureRate Failure,Ra)e

STRPG Strainerplugs 2,96E-06 ---

XVM OC Manual valve plugs 1.00E-07 1.00E-07

* Datataken fromJamesA. FitzpatrickPlant-SpecificDataunless otherwise
indicated.

** Datataken from: A. D. Swain, "AccidentSequence Evaluation ProgramHuman
ReliabilityAnalysisProcedure," Sandia NationalLaboratories,NUREG/CR-4772,
SAND86-1996, February1987.

*** Data taken from: S. E. Mays et al., "InterimReliablilityEvaluation Program:
Analysisof the Browns Ferry,Unit 1,Nuclear Plant," EG&G Idaho, Inc. and
EnergyInc., NUREG/CR-2802, EG&G 2199, July 1982.

**** Data taken from: U. S. Nuclear Regulatory Commission,"Risk Methods
Integrationand Evaluation Program(RMIEP) Methods Development. A Data-
Based Methodology for IncludingRecovery Actions in PRA," Report
_G/CR-4832, Vol. 1, 1990.
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performed while the reactor was not at power had the potential to leave the system in a

disabled s:ate, such errors were taken into account. This takes into account, for example,

the human erroJ of leaving a system in an incorrect configuration.

The ESW system has almost no full-power system unavailability due to scheduled

tests and maintenance. Most configurations existing during full-power testing will

automatically self-correct if a demand is received for the system to function. One

exception is the ESW Pump Flow Rate Test, which involves the closing of manual valves

46ESW-3A/B. Closing valve 3A cuts oiTESW flow pathway to diesel generators A and

C, while valve 3B provides a flow pathway for diesel generators B and D, The system

unavailability stemming from performing this test every three months, at approximately

five minutes down time per test, was considered too small to be included in the IPE. The
I

ESW Logic System Functional Test also requires closing the manual valves

46ESW-10A/B, which isolate the CRD pump coolers from their cooling backup system

once per operating cycle. The most important risk from performing these procedures lies

in the possibility of human failure to reopen the valves after testing.

The LCS has scheduled surveillance that leads to the level of system unavailability

represented in the Fitzpatrick IPE. The semiannual LCS Subsystem A/B Logic Functional

Test makes either loop A or loop B unavailable and leads to a probability of system

unavailability of 9.0E-04.
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2.4,1ScheduledTestsaQdSu_eillances

The tests performed on the ESW system are the following:

- ESW Logic System Functional Test and Simulated Automatic Actuation Test
(ST-SE),

- ESW Pump Flow Rate Test (ST-SD),

. EDG Full Load Test and ESW Pump Operability Test (ST-9B),

- Emergency Service Water Lockout Matrix Instrument Functional
Test/Calibration (iSP-23),

- Reactor Building Closed Loop Cooling Containment Isolation AOV Exercise
(ST-IR),

- ESW Motor Operated Valve Operability Test (ST-8C).

Maintenance on the ESW pumps, performed only while the reactor is not at full power,

follows Maintenance Procedure MP.46,1, "RHR Service Water Pumps and Emergency

Service Water Pumps".

The tests performed on the core spray system are the following:

- Core Spray Initiation Logic Functional Test (ST-3J),

= Core Spray Simulated Automatic Actuation (ST-3B),

- Core Spray Pump and Valve Operability Test (ST-3A),

- Reactor Level (ECCS) Transmitter Calibration and Channel Functional Test
(ATTS) (ISP-276A),

- Reactor Pressure (ECCS) Transmitter Calibration and Channel Functional Test
(ATTS) (ISP-275A),

- Reactor and Containment Cooling Instrument Functional Test/Calibration
(ATTS) (ISP-175A).
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Maintenanceon the LCS pumps, performedonlywhilethe reactoris not at fullpower,

follows MaintenanceProcedure MP-Ol4.01, "CoreSprayPump Maintenance".

2.4.2 Proceduresfor the ESW System

Because the ESWsystem is a very importantstandbysystem, invasivemaintenance

that would contributeto systemdown timewhile the reactor is at power is avoided, The
)

systemlogic is designed to automaticallyrealignto the propersystemconfigurationin the
4

event of a systemdemand. Thus if a motor operated valve were to be incorrectlyaligned

due to testing, it would automaticallyreturnto the properconfigurationgiven a demand

signal. Only automatic valves have this capability. Manuallyoperated valves that are

perturbed fromtheircorrect configurationwould prevent proper operation if a demand for

the system occurred while the valves were being tested. More importantly(given the

short amount of time that valves are in their test configurations), there would exist for

manuallyoperated valves the human error potential to leave the valve in an incorrect

position.

All ESW motor operated valves (MOVs) are inspected monthly in the ESW Motor

Operated ValveOperabilityTest (ST-8C). This test is performed automaticallyfrom the

control room, Each valve is cycled through the open andclosed positions remotely. The

MOV position is indicatedas being ei:her open or closed. Ifthe valve were to fail to fully

open or close, this intermediateposition would be indicatedbyboth lights being on, and

proper corrective action could then be taken.
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Onceperquartera testandcalibrationof theESW lockoutmatrixsystem(ISP.23)

isperformed, This involvesa testandcalibrationef thepressureswitchesthatwill cause

the injectionof ESW flow intotheRBCLC._('reactorbuildingclosedloop coolingsystem)

in theeventof low RBCLCS dischargeheaderpressure,The functionof theESW system

to injectwater into theRBCLCS systemisno longeras riskimportantasit waswhenthe

Fitzpatrick[PE was written,dueto systemmodifications,ESW now injectssucha small

amountof water into theRBCLCS that EDG coolingcapabilityis not lostif thereisa

RBCLCS low pressuredemand,

Onceper quarteran ESW PumpFlow RateTest (ST.gD) is performed, Piping

downstreamofthe ESW pumpsisvented,andthepumpsare isolated,This involvesthe

closureof the manuallyoperatedvalvesthat supplyESW to thedieselgenerators,

temporarilycausingEDG unavailability,Thepumpsarethenrunto checktheirdischarge

pressures,andthesystemis returnedto itsnormalconfiguration,ESW inlettunnelwater

elevationis alsochecked,The FitzpatrickTechnicalSpecificationscurrentlyrequirethis

testto be performedquarterly, However,accordingto Mr, K, J, Vehstedt,Senior
t

EngineerinNuclearGeneration,Fitzpatrickiscurrentlyin theprocessof requestinga

TechSpecchangeallowingthemto performthistestwith reducedfrequency Thiswould

reducetheamountof humanerrorprobabilityfor leavingclosedthemanuallyoperated

valvessupplyingtheEDGs.

TheESW logicis testedonceperoperatingcycleof eighteenmonths,in theESW

Logic SystemFunctionalTestandSimulatedAutomaticActuationTest (ST-SE), This

testverifies thatan ESW demandsignalfrom eithera low RBCLCS pressureor theESW
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lockoutmatrixrelayswill causethe ESWpumpsto startandallMOVsto repositionfor

ESW injection. Wateris notactuallyinjectedintothe RBCLCSoecnlJseallo£its loads

are isolated. This isolationinvolves theclosureof'themanualvalves supplyingthe CRD

pumpcoolers, whichmustbe reopenedto injectESW intothe RBCLCS,

Duringthe logic test the ESWsystemis ventedto test thatthe systemis fullo£

water. A low pressureRBCLCSsisnal is simulated,causingthe ESWsystemto alignfor

RBCLCS injectionandtheESW pumpsto start, The systemis thenreturnedto the

standbylineup,

TheESWsystemisrequiredto operatemonthlyduringtheEDG FullLoadTest

andESWPumpOperabilityTest(ST-9B), Duringthistesteachpairo/`EDOsisrequired

to carrya full ratedload,EachESWpumpassociatedwithapairof'EDOsis testedfor

theabilityto startuponEDG initiationandto providesufficientESWcoolingflow, This

monthlytestalsochecksthattheESWsystemisproperlyaligned/'orEDG cooling

2,4.3 Procedures/'ortheLCSSystem

Invasivemaintenanceandtestingwhilethereactorisatfullpowerisalsoavoided

intheCoreSpraysystem.TheonlyexceptionistheCoreSprayInitiationLogic

FunctionalTest($T-3J),whichisperformedeverysixmonths,Thistestdemonstrates

thattheLCSsystemautomaticallyinitiatesproperly.Duringthistesttheinjectionvalve

insidetheprimarycontainmentisde-energized,makingthesystemunavailable.Each

initiationsensoristested/'ortheabilityto initiatecorespray,LCSpumpsandvalvesare

activatedto test/'orproperoperation.
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TheCoreSprayPumpandValveOperabilityTest(ST,3A) isperformedmonthly,

EachMOV isoperatedremotelyandproperperformanceisverifiedbymeansuf indicating

lights,Eachcorespraypumpis run,althoughwateriscirculatedto thetorusandnut

actuallyinjectedintothereactor.

TheReactorPressure(ECCS)TransmitterCalibrationandChannelFunctional

Test(ISP-275AandB) isperformedonceperoperatingcycleinorderto calibratevarious

r 0pressuret ansm=tters,Sensorsfortheemergencycoreandcontainmentcoolingsystem

(ECCS),alternaterodinjection(ARI) andtherecircuiationpumpsaretested,Onlytwo

sets ofthese transmitters,10PT-10iA/B/C/D and02-3PT.52A/B/C/D, will cause a LCS

initiation,

TheReactorLevel(ECCS)TransmitterCalibrationandChannelFunctionalTest

(ISP-276AandB)isperformedonceperoperatingcycleinordertocalibratethereactor

leveltransmittersfortheECCSsystem,A positivesignalfromonesetof thesesensors,

02-3LT-72A/B/C/D,isneededtocauseanLCS initiation,

TheReactorandContainmentCoolingInstrumentFunctionalTest/Calibration

(ISP-175AandB)isperformedoncepermonthtotestanalogtripfunctionsandonce

everysixmonthsto calibratethemasterandslavetripunits.Theprocedureisgenericto

severaldifferentsetsof instrumentationassociatedwiththeECCS,alternaterodinsertion

system(ARI) andrecirculationpumps.Themastertripunitsfor thetwopressuresensors

andthesinglereactorlevelsensorthatwill initiatecoresprayareallcalibratedduringthis

procedure,
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TheCoreSpraySimulatedAutomaticActuationTest(ST.3B)isperformedonce

pereiBhteenmonthoperatini_cycle,to demonstratethattheLCSsystemwill automatically

injectwaterintothereactorif'ahighdrywellpressuresignalisreceived,Theprerequisites

forthisprocedurerequirethatit beperformedonlydurinBcoldshutdown,becausethis

testactuallyinjectscorespraywaterintothereactorpressurevessel(RPV). EachLCS

loopisdrainedto thetomsandrefilledthroushthecondensatestoragetank, A hiBh

drywellpressuresiBnalissimulatedto initiateLCSinjectionintotheKPV. RPVwater

levelhasto beloweredafterthefirstCoreSprayloopistestedbeforecommencin8the

testof'thesecondloop.
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CHAPTER3

KISK-BASEDRESOUKCEALLOCATION

3,1 Introduction

As theproceedingchaptershows,eachplantsystemundergoesa processof

continuoustestingandsurveillance,However,plantresourcesarelimited. Withonlya

finiteamountof timeandmoneyto bespentinspectingandtestingplantsystems,some

choicesamonginspectionscheduleshavetobemade,Onemethodof makingsuch

choices,aspreviouslymentioned,isthroughtheuseof PKAto prioritizesystem

inspectionimportance,However,inorderto understandandf_ilyappreciatetheradical

changefromthecurrentmethodsof schedulingwhichthiswouldrepresentfor resource

allocation,it isnecessaryto understandwheretheoriginalsetof systemprocedures

originated.
i

Theproceduresrequiredfor monitoringtheconditionof plantsystemsareoutlined

ineachplant'sTechnicalSpecifications(TechSpecs),TheseTechSpecsmustbeadhered

to strictlyatall times,exceptincertainaccidentscenarios,Therequiredfrequencyfor

eachsystemsurveillanceisoutlinedintheTechSpecs,Forthevariousreactorsafety

systems,includingESWandLCS,theoriginalTechSpecrequirementsweredrivenby

ASMEinspectionrecommendations"_.TheotherFitzpatricksafetysystems,suchasHPCI

andKCIC,showmuchsimilarityintheirsurveillancetestingrequirements,suchas_

monthlypumpandMOV testing,a simulatedautomaticactuationtestonceperoperating

cycle,andmonthlypumpflowratetesting(quarterlyforLCS), Althoughnotallof the



surveillanceFrequenciesarethe same,reflectingthediversityanddifferingdegreesof

complexityamongthese safety systems, theirstandardASMEbasisis evident.

Althoughsuch standardizationfacilitatesthe processof developingsurveillance

requirementsfor thenumerousplantsystems,suchacross-the-boardrequirementsfor

testingandsurveillancedonotreflectthedifferentdegreesof importanceof eachplant

systemTheNRC MaintenanceRulespecifiesthateachlicenseemustdevelop

performancegoalsanda methodofmeasuringwhetherornotstructures,systems,and

componentsaremeetingthesegoals It wouldbereasonableto developcriteriafor

performancegoalsreflectingeachsystem'sdifferingdegreeof importanceto safety These

criteriamustalsomeasureeachsystem'simportanceintermsoftheeffortwhichshouldbe

expendedinorderto ensurethesystem'shighreliabilityBasicmaintenancerequiredto

ensureasystem'soperabilitymustalwaysbeperformed,andisnotsubjecttochange,

In thefollowingtwosectionstworatiosaredevelopedbetweeneachcomponent's

staff'timeburdenarisingfromimplementingplanttestingandinspectionprocedures,and

theriskthatcanbeassociatedwiththecomponent,We usethestafftimeburdenasa

surrogateforthesumof theresourcesexpendedduringatimeintervalinorderto ensure

highcomponentreliability.Thepurposeofouranalysisistoillustrateamethodof

allocatingresourcesonariskbasis.Ideally,thisratioofresourcestoriskshouldbe

uniformlyconstant for all of the plant'ssafety.relatedcomponents.
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3.2 ESW and LCS Resource Mlocation per Component

It is necessary to measure in a quantitative way the amount of available plant

resources expended on different systems. Such a measure is hard to quantify accurately

with the available plant data. This is because only routine surveillance and testing work

can be easily accounted for, as it is difficult to estimate the amount of effort expended on

individual components during the additional testing that corrective maintenance might

require. There is very little plant data available regarding such unanticipated work.

However, from a knowledge of routine plant procedures an estimate can be made as to the

amount of effort expended per system, which can then be extrapolated to individual

components.

It is important to differentiate between the amount of effort expended to ensure the

reliability of a system, and effort that is required to keep the system operable. Certain

components may be designed for a finite lifetime, after which they require either reworking

or replacement. This type of work is a necessity and is not subject to change resulting

from competition for resources. However, much of the time and effort expended upon a

system is devoted to ensuring the reliability of the system, and to catching unexpected

system failures. This is the type of time burden that is of interest here. It is reasonable to

link the degree of reliability desired to the risk significance of the system.

Thus the staff time burden evaluated here deals only with testing and surveillance

procedures that are performed to ensure system reliability. Routine preventive

maintenance required to maintain the basic operation of system components was not

included. Of course, in the two example systems selected very little preventive
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maintenance is required because both of the systems are of the standby type, designed for

high reliability. The only exception is the annual changing of upper and lower ESW pump

motor bearing reservoir oil. This preventive maintenance takes each ESW pump out of

service for 4 hours annually. This time burden was not included in this study.

The routine procedures for the ESW and LCS systems have already been explained

in Chapter 2. From these procedures an estimate of the amount of time expended per

component can be derived. First, each procedure was reviewed to determine which

components were tested or inspected during the procedure. Two different actions were

each considered to constitute a test: that of forcing a required response to occur or of

perturbing a component in order to produce a system alignment which would permit a

test. Forcing a required action to occur involves cycling (opening and closing) a valve, or

simulating a signal to turn on a pump. However, some tests require having a system in a

certain configuration, usually involving isolating part of the system. Perturbing a valve

setting in order to create a desired system test configuration and then returning the valve

to its original state after the procedure is also considered to constitute a component test.

An estimate of the number of workerhours required is difficult to obtain. Only

three of the procedures involving the ESW and LCS systems have a section requesting

staff members performing the procedure to document the number of workerhours they

spent performing the procedure: the EDG Full Load Test, the ESW Pump Flow Rate

Test, and the ESW Logic Test. The Fitzpatrick Nuclear Power Plant staff generally does

not keep data on workerhours expended per system or per procedure. Furthermore, the

actual start and finish times for each procedure may not be representative of the actual
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amount of time spent working on the system. During outages when the system is not

required to be on-line, a system may not be worked on continuously due to the increased

resource demands elsewhere.

In conjunction with Mr. K. Vehstedt, estimates have been developed for the

amount of effort, or burden, required by each procedure. These time estimates were then

broken down by component. For most of the procedures each component involved was

assigned the full procedure time. However, for procedures involving several systems only

the ESW or LCS portion was included. Only ESW pump running time was accounted for

from the EDG Full Load Test, as considerable time is spent during this test on diesel

generator inspection which does not affect the ESW pumps. Only LCS instrument testing

was considered in the Reactor Level and Reactor Pressure Transmitter Calibration and

Channel Functional Tests and the Reactor and Containment Cooling Instrument

Functional Test/Calibration.

The total estimated time burden per component per test is shown in Tables 3.1 and

Table 3.2. The time per test is multiplied by the procedure frequency to obtain the total

time expended per 18 month plant refueling cycle. It should be emphasized that the values

shown are only estimates. A plant program to record the amounts of time expended in

actual procedures would be required to attain more accurate numbers. However, an

estimate is sufficient to illustrate the methodology presented here.
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TABLE 3.1

ESW SYSTEM TIME BURDEN BY COMPONENT

Component Test Designation Component Test Frequency Time Spent Per Total Time Spent
Function (per 18 month Test Per 18 Montb

refueling cycle) (hours per loop) Refueling Cycle
(hours per loop)

46P-2A/B ST-8E starffstop 1 3 3
pumps

ST-8D start/stop 6 1 6

ST-9B start/stop 18 1 18

ST-SC starffstop 18 0.25 4.5

46MOV- 102A/B ST-BE close/open 1 3 3-,a
motor op. valve

ST-8D c/o 6 1 6

ST-8C c/o 18 0.25 4.5

46MOV-101A/B ST-BE o/c 1 3 3

motor op. valve

ST-SC o/c 18 0.25 4.5

15MOV- 175A/B ST-BE o/c 1 3 3

motor op. valve
ST-8C o/c 18 0.25 4.5

46ESW-3A/B ST-8D c/o 6 1 6
manualvalve

ST-9B flow through 18 1 18



Component ..... Test Designation Component !Test Frequency !Time Spent Per ...... Total Time Spent
Function (per 18 month Test Per !8 Month

refueling cycle) (hours per loop) Refueling Cycle
(hours per loop)

46ESW-I 0A/B ST-8E c./o 1 3 3
manual v_ve

46ESW-23 ST-BE c/o 1 3 3
manual valve

46ESW-30B ST-8E rc/o 1 3 3
manual valve

46ESW- 1A/B ST-gB flow through 18 ! 18
check valve

46ESW-6A/B ST-gB flow through 18 1 18
check valve

GO
42C-IESWA03 !ST-BE test 1 3 3
42C-IESWB03

relays
63A/B-IESWA04 ST-8E test 1 3 3
63A/B-IESWB04

HFA relays

:15PS-122A/B/C/D ISP-23 test 6 1 6

pressure switch



TABLE 3.2

LCS SYSTEM TIME BURDEN BY COMPONENT

Component Test Designation Component Test Frequency Time Spent. Per Total Time Spent
Function (per 18 month Test !Per 18 Month

refueling cycle) (hours per loop) !Refu_g Cycle
(hours per loop)

14P- 1A/B +,ST-3 A start/stop 18 1 18
pump

IST-3B start/stop I 3 3

ST-3J start/stop 3 5.5 16.5

14P-2A/B ST-3B stop/start 1 3 3

t_ holding pump

14MOV-5A/B ST-3A close/open 18 1 18
motor op. valve

ST-3B c,/o 1 3 3

ST-3J c/o 3 5.5 16.5

14MOV-7A/B ST-3 A c/o 18 1 18

motorop. valve
ST-3B c/o 1 3 3

14MOV- I IA/B ST-3A c,/o 18 I 18

motor op. valve
ST-3J c,/o 3 5.5 16.5

14MOV- 12A/B ST-3 A o/c 18 1 18

motor op. valve

ST-3B o/c 1 3 3



Component Test Designation Component Test Frequency Time Spent Per Total Time Spent
Function (per 18 month Test Per 18 Month

refueling cycle) (hours per loop) Refueling Cycle
(hours per loop)

ST-3J o/c 3 5.5 16.5

14MOV-26A/B ST-3A o/c 18 1 18

motor op. valve

ST-3B o/c 1 3 3

ST-3J o/c 3 5.5 16.5

14CSP-SA/B ST-3B o/c 1 3 3
manual valve

14CSP-I 8A/B ST-3B c./o 1 3 3
manual valve

o,
o 14CSP-61A/B IST-3B c/o 1 3 3

manual valve

14CSP-69A/B ST-3B o/c 1 3 3
manual valve

14CSP-74A/B ST-3B o/c 1 3 3
manual valve

14A-K9A/B ST-3J test 3 5.5 16.5

relay GE-HFA

14A-KI 7A/B ST-3J test 3 5.5 16.5

relay GE-HFA

02-3LT-72A/B/C/D ISP-276A/B test & calibrate 1 4 4
RX 1olevel txmtr



Component Test Designation Component Test Frequency Tune Spent Per Total Time Spent
Ftmction (per 18 month Test Per 18 Month

refueling cycle) (hmn_ per loop) Refitefmg Cycle
(hoursper_)

02-3PT-52A/B/C/D ISP-275A/B test & cah'brate 1 8 8

RX 1opres txmtr
10PT-101A/B/C/D

DW hi pres txmtr

02-3MTU-252 ISP-175A/B test 1 16 16
02-3MTU-272
10-MTU-201
A/B/C/D

mastertripunits
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3.3 Ratioof TimeBurdenVersusRiskReductionand_RiskIncreaseImportances

In orderto measurewhethercurrenttestingandsurveillanceprocedure'sarewell

balancedwithregardto therisksignificanceof thesystemto whichtheyapply,ratiosof

thestaff'timeburdento thecomponent'sriskreductionandriskincreaseimportanceswere

calculatedforeachsignificantcomponentintheESWandLCSsystems,Asisdiscussed

previously,theriskreductionimportance(RRJ)isameasureof thedecreaseinthevalue

of theCDFthatoccursif thebasicevent(componentfailureinthiscase)iseliminatedby

settingitsprobabilityof occurrenceequalto zero_Riskincreaseimportance(RIl) isa

' rmeasureof themceaseinthevalueof theCDFthatoccursif theprobabilityof thebasic

eventissetto unity Bycomparingtheratioscorrespondingtodifferentcomponents,

disparitiesbetweenrisksignificanceandthestafftimeexpendedwhileinspectingvarious

componentswill becomeevident,

The RR] versus time burdenratios are identifiedin Tables 3,3 and 3,4_ The RII

versus time burden ratiosare identifiedin Tables 3,5 and 3,6, ESWsyst_:mcumponent

rankingsfor both risk/burden ratios are given in Table3,7. LCS system component

rankingsfor both risk/burdenratios are given in Table 3,8,

Severalof the more important components have morethan one basic event

associatedwiththem,correspondingto differentfailuremodes, For these componentsthe

total riskreductionor risk increaseimportance is the sumof all the possible different

failuremodes. This sum, as shown in Tables 3.3.3,6, was used to calculate the final

risk/burdenratios, In this way all possible modes of failure of a component are accounted

for in the final ratios,
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TABLE 3.3

ESW SYSTEM COMPONENT RISK REDI_ON IMPORTANCE VERSUS TIME BURDEN

i i iiii ii i

Related Basic Event !_ Risk Redttcti_ 18 Month Tune Burden _ (RBj)
(yr-') Anprocedures-

(sm---nmatm Tune
overan_ mo,_) (TnneBurdenyr/yO (E-06 yr")

46P-2A ESW-CCF-FP.-PUMPS 1.78E-07

ESW-MDP-FR-P2A ! .48E-07
ESW-CCF-FS-PUMPS 9.76E-08
_-RCK-NO-P2A 3.36E-08 31.5 88.5

ESW-XttE-RE-P2A ! .73E-08 (5.39E-03)
0, ESW-MDP-FS-P2A 2.98E-09

An Events 4.77E-07

46P-2B E...cW-CCF-FR-PUMPS 1.78E-07

ESW-MDP-FR-P2A !.41E-07
FSW-CCF-FS-PUMP 9.76E-08
ESW-RCK-NO-P2A 3.o9E.o8 3].5 86.46
ESW-XItE-RE-_P2A 1.5TE-08 (5.39E-O3)
ESW-MDP-FS-P2A 2.61E.4)9

All Events 466E-07

46MOV- 102A ESW-RCK-NO- 102A 3.36E-08

motor op. valve ESW-CCF-(X)-102AB 164E-08
ESW-MOV-OO- 102A 4.39E-09 13.5 23.55

(231E-03)
An Evems 5 44E-08



......... I ' I

Congamem R_ BasicEvent g RiskReductioa IS MmahTam _ 2;(RRF}
_,aace (yr") AllProce_- la_
(mmnmkm Tam lh_,,dm
o_ all_ modes) (Tam _ yr/yr) (E-06 yr")

46MOV- 102B ESW-RCK-NO- 10213 3.09E-08

motor op. valve ESW-CCF-(N_102AB i.64E-08
ESW-_V-OO- 102n 3.W2E-09 13.5 _. 12

(231E-03)
AE Events 5.11E-08

46MOV-101A/B _ _g:e* 4.57E-I I* 7.5 0.036

motor op. valve (1.28E-03)

i 5MOV-175A/B _ ingxalal_e* 4.5"/E-i i* 7.5 0.036

motor op. valve (I 28E-03)

46ESW-3 A ESW-XHE-RE-ESW3 A 9.64E-08

o_ _ valve ES-W-XVM-PG- 6.92E-I0 24 23.63
_" ESW3A (4. I IE-03)

All Evems 9.71E-O8

46ESW-3B FESW-XHE-RE-ESW3B 8.95E-C._
mamml vah,e ESW-XVM-PG- 590E-I0 24 21.92

ESW3B (4.Ii E-03)
All Events 9_01E-08

46ESW-10A/B minim'arm ing_.nlam:e* 4.5TE-i i* 3 0.089
manual valve (0.5 IE-03)

46ESW-23 minin-,dm hnpmtal_* 4.57E-I i* 3 0._
valve (O51E-O3)

46ESW-30B minimum _a_ance* 4.57E-II* 3 0.089
ma_._.dalvalve (O51E-03)

46ESW- IA ESW-CKV-CC-ESW 1A 2.18E-09 18 0. 71
check valve (3 O8E-03)

.....



'-_ Ra=,=i_ E,,e,=......ZR__ ,s_ Tm _ zCRRI)
Impm,.ance(yr") _ _ -
(summation TuneBenlm
overan_ nxxlm) (Tam_ _r/,_,) rE-06yr").......

46ESW-IB ESW-CKV-CC-ESW i B 1.86E-09 18 0.6

valve (3.08E-03)
46ESW-6A ESW-CKV-CC-ESW6A 2 !SE-09 IS 0.71

valve (3.08E-03)
............ , ,

46ESW-6B ESW-CKV-CC-ESW6B ! i. 86E-09 !8 0.6

valve (3.0gE-03)

42C-1ESWA03 ESW-RCI-FE-A42C 3. !3E-09 3 6. I

_ (0.51E-03)
42C- l _WEIO4 _-RCI-FE-B42C 2.74E-09 3 5.34

o, relay (0.51E-03)UP.

63A- l ESWA04 ESW-RCS-(X)-A63 A9 8.04E-09
HFA relay ESW-RCS-FE-A63A 3.13E-09 3 21.82

(0.51E-03)
All Events I 12E-08

63A-IE_ ESW-RCS-OO-B63A9 7. !3E-09
FLFArelay ESW-RCI-FE-B63A 2.74E-09 3 19.23

(0.51E-03)
All Evems 987E-09

15PS- 122A/B/C/D _ importance* 4.57E-! I* 6 0.046
Pressure sensor (1.03E-03)

* Basic event invoiving the component is not inqx_ant _ to show up in Fazpm_k's __ty _ "l-he_risk
red_ L,n_ valuethatdoesshow up in the st_ was used, as t_ would represent a maxinmmvalue for any
less-h_ PJU.



TABLE 3.4

L(_ SYSTEM COMPONENT RISK _DUCFION IMPORTANCE VERSUS _ME BURDEN

gdmed _ Event _:Riskit_ 18_ Tune_ E:_)
I_ (yr-!) AllProcedures- InKs
(summation Time
ov_ allfailuremodes) (TuneBurdenyr/yr) (E-06 yr-_)

14P-IA/B _ itlllXlllal_* 4.57E-! !* 37.5 0._!

pump (6_42E-03)

14P-2aA/B minimum _m'tc:e* 457E-i I* 3 0.089
pump (0.5 IE-03)

o_ 14MOV-5A/B _ _nce* 4.57E-! I* 37.5 0.0071
O_

m_or op. valve (642E-03)

14MOV-TA/B _ _* 4.57E-I !* 21 0.013

motor op. valve (3.59E-03)

14MOV-I IA/B _ importance* 4.5"TE-! I* 34.5 0._

motorop.valve (5.9E-03)
14MOV-12A/B _ _-tce* 4.57E-! !* 37.5 0.0071

motor op valve (6.42E-03)......

14MOV-26A/B _ _.ar_* 4.57E-I I* 37.5 0.0071
motor op. valve (642E-O3)

14CSP.-8A/B nr,ninatm inw,,__* 4 57E-I !* 3 0 089
nmmml valve (O51E-03)

.......

14CSP-18A/B _ importance* 4.5"/E-I I* 3 0.089

mamtal valve .... (0_5 IE-03) ,, [



lmponameOr") !All Procedures-
(s,m_a6oR T-:me
overall fa_-,-emodes) (T'm_eBurd_ yr/yr) (E-06yr")

14CSP-61A/B minimmn h_rtance* 4.57E- I I* 3 0.089
_ (0.51E-03)

14CSP-69A/B mhlimmn inqx3qrtal_* 4.57E-! I* 3 0089

vat-_ (0.51E-03)

14CSP-74?_qB minimum impmlm_* 4.57E-I I* 3 0.089
valve (0.51E-O3)

i 4A-K9A/B LCS-RLY-NO-K9ACL/ 8.0 i E- i0 16.5 0.28

relay C_-HFA BCL (2.82E-03)

o_ 14A-KI7A/B LCS-RLY-NO- 17ACL/ 801E-10 16.5 0.28

relay GE-HFA BCL (2.82E-03)

02-3LT-T2A/B/C/D minimum htqx)rtan_* 4 57E-I !* 4 0.067

RX !o level _ (O68E-03)

02-3PT-S2A,_ minin_ impo_nce* 4 57E-I I* 8 0.033

RX it) pres txmtr (1.37E-O3)
ilOPT-101_

DW hi pres txmtr

02-3MTU-252 mininann imlx)rtance* 457E-I !* 16 0 017
_-3MTU-272 (2.74E-03)
10-MTU-201

A/B/C/D

mastertripunits

* Basiceveminvo_%'ingthe_isnotimportameatmshtostmwupinFi_'s__. The_risk
reduction _ value that does show up in the study was used, as this would reFresem a _ value for any
less-mllX)llam RRI



TABLE 3.5

ESW SYSTEM COMPONENT RISK INCREASE IMPORTANCE VERSUS TIME BURDEN

Component Related Basic Event E Risk Increase 18 Month Time Burden E (RII)
Importance (yr_) All Procedures - hours
(summation Time Burden
over all failure modes) (Time Burden yr/yr) (E-03 yr_)

46P-2A ESW-CCF-FR-PUMPS 1.52E-03

pump ESW-MDP-FR-P2A 3.27E-05
ESW-CCF-FS-PUMPS 1.08E-03
ESW-RCK-NO-P2A 3.03 E-05 31.5 504.64
ESW-XHE-RE-P2A 2.88E-05 (5.39E-03)
ESW-MDP-FS-P2A 2.40E-05

o_
oo All Events 2.72E-03

46P-2B ESW-CCF-FR-PUMPS 1.52E-03

pump ESW-MDP-FR-P2A 3.10E-05
ESW-CCF-FS-PUMPS ! .08E-03
ESW-RCK-NO-P2A 2.78E-05 31.5 502.78
ESW-XHE-RE-P2A 2.61E-05 (5.39E-03)
ESW-MDP-FS-P2A 2.10E-05

All Events 2.71E-03

46MOV-102A ESW-RCK-NO-102A 3.03E-05

motor op. valve ESW-CCF-OO- 102AB 1.07E-03
ESW-MOV-OO- 102A 2.52E-05 13.5 489,18

(2.3 lE-03)
All Events I, !3E-03



Component Related Basic Event E Risk Increase 18 Month Time Burden E (RII)
Importance (yrI) All Procedures - hours
(summation Time Burden

over all failure modes) (Time Burden yr/yr) (E-03 yr"_)
46MOV- 102B ESW-RCK-NO- 102B 2.78E-05

motor op. valve ESW-CCF-OO- 102AB 1.07E-03
ESW-MOV-OO- 102B 2.20E-05 13.5 484.85

(2.3 IE-03)
All Events I. 12E-03

46MOV- 101A/B minimum importance* 2.19E-09" 7.5 0.0017
motor op. valve (1.28E-03)

15MOV- 175A/B minimum importance* 2.19E-09" 7.5 0.0017
motor op. valve (1.28E-03)

46ESW-3A ESW-XHE-RE-ESW3A 3.20E-05
manual valve ESW-XVM-PG- 1.92E-05 24 12.46

O_
ESW3A (4.11E-03)
All Events 5.12E-05

46ESW-3B ESW-XHE-RE-ESW3B 2.97E-05
manual valve ESW-XVM-PG- 1.64E-05 24 I1.22

ESWaB (4.11E-03)
All Events 4.61E-05

46ESW- 10A/B minimum importance* 2.19E-09" 3 0.0043
manual valve (0.51E-03)

46ESW-23 minimum importance* 2.19E-09" 3 0.0043
manual valve (0.51E-03)

46ESW-30B minimum importance* 2.19E-09" 3 0.0043
manual valve (0.51E-03)

46ESW- 1A ESW-CKV-CC- 2.36E-05 18 7.66

check valve ESW 1A (3.08E-0 _)



Component Related Basic Event Y-Risk Increase 18 Month Time Burden E (RII)
Importance (yr!) All Procedures- hours
(summation Time Burden
over all failure modes) (Time Burden yr/yr) (E-03 yr_)

46ESW- 1B ESW-CKV-CC- 2.02E-05 18 6.56
check valve ESW 1B (3.08E-03)

46ESW-6A ESW-CKV-CC- 2.36E-05 18 7.66

check valve ESW6A (3.08E-03)

46ESW-6B ESW-CKV-CC- 2.02E-05 18 6.56
check valve ESW6B (3.08E-03)

42C- IESWA03 ESW-RCI-FE-A42C 2.40E-05 3 46.76

relay (0.51E-03)

42C- 1ESWB04 iESW-RCI-FE-B42C 2.10E-05 3 40.91

--_ relay (0.51E-03)O

63A- 1ESWA04 ESW-RC S-OO-A63 A9 2.68E-05

HFA relay ESW-RCS-FE-A63A 2.40E-05 3 98.97
(0.51E-03)

All Events 5.08E-05

63A- 1ESWBO4 ESW-RCS-OO-B63A9 2.3 7E-05

HFA relay ESW-RCI-FE-B63A 2. I0E-05 3 87.08
(0.51E-03)

All Events 4.47E-05

15PS- 122AIB/C/D minimum importance* 2.19E-09" 6 0.0021
Pressure sensor (1.03E-03)

* Basic event involving the component is not important enough to show up in Fitzpatrick's sensitivity studies. The smallest risk
increase importance value that does show up in the study was used, as this would represent a maximum value for any
less-important RII.



TABLE 3.6

LCS SYSTEM COMPONENT RISK INCREASE IMPORTANCE VERSUS TIME BURDEN
il

Component Related Basic Event E Risk Increase 18 Month Time Burden E (RII)
Importance (yr-I) All Procedures - hours
(summation Time Burden
over all failure modes) (Time Burden yr/yr) (E-03 yr-l)

14P- IA/B minimum importance* 2.19E-09" 37.5 0.00034
pump (6.42E-03)

14P-2A/B minimum importance* 2.19E-09" 3 0.0043
holding pump (0.51E-03)

14MOV-5A/B minimum importance* 2. !9E-09" 37.5 0.00034
motor op. valve (6:42E-03)

-a
•- 14MOV-7A/B minimum importance* 2.19E-09" 21 0.00061

motor op. valve (3.59E-03)

!l4MOV- 11A/B minimum importance* 2.19E-09" 34.5 0.00037
!motorop. valve (5.9E-03)

14MOV° 12A/B minimum importance* 2.19E-09" 37.5 0.00034
motor op. valve (6.42E-03)

14MCV-26A/B minimum importance* 2.19E-09" 37.5 0.00034
motor op. valve (6.42E-03)

14CSP-SA/B minimum importance* 2.19E-09" 3 0.0043
manual valve (0.51E-03)

14CSP- 18A/B minimum importance* 2.19E-09" 3 0.0043
manual valve (0.51E-03)

14CSP-61A/B minimum importance* 2.19E-09" 3 0.0043
manual valve (0.51E-03)



Component l_elated Basic Event E Risk Increase 18 Month Time Burden [ Z (RII)
Importance (yr_) All Proc_ures - hours
(summation Time Burden
over all failure modes) (Time Burden yr/yr) (E-03 yr-I)

14CSP-69A/B minimumimportance* 2.19E-09" 3 0.0043
manualvalve (0.51E-03)

14CSP-74A/B minimumimportance* 2.19E-09" 3 0.0043
manual valve (0.51E-03)

14A-KOA/B LCS-RLY-NO-KOACL/ 1.86E-06 16.5 0.66

relay GE-HFA BCL (2.82E-03)

14A-K 17A/B LCS-RLY-NO- 17ACId 1.86E-06 16.5 0.66

relay GE-HFA BCL (2.82E-03)

02-3LT-72A/B/C/D minimum importance* 2.19E-09" 4 0.0032
,,_ RX Io level txmtr (0.68E-03)

02-3PT-52A/B/C/D minimum importance* 2.19E-09" 8 0.0016
RX 1opres txmtr (1.37E-03)
IOPT-101A/B/C/D

DW hi pres txmtr

02-3MTU-252 minimum importance* 2.19E-09" 16 0.0008
02-3MTU-272 (2.74E-03)
i10oMTU-201
A/B/C/D

master trip units

* Basic event involving the component is not important enough to show up in Fitzpatrick's sensitivity studies. The smallest risk
increase importance value that does show up in the study was used, as this would represent a maximum value for any
less-important RII.



TABLE 3.7

ESW COMPONENT RISK/BURDEN RATIO RANKINGS

............... - ....... -06 ....r"i ........ (E r"iComponent Y.RRI/Burden (E y E RIUBurden -03 y
[Rank] [Rank]

46P-2A 88.5 [11 504,64 [11
_ump

46P-2B 86,46 [2] 502.78 [2]
_ump

46ESW-3A 23 63 [3] 12,46 [9]
manual valve

46MOV-102A 2355 [4] 489.18 [3]
motor op, valve

46MOV-102B 22,12 [5] 484,85 [4]
motor op, valve

46ESW-3B 21 92 [6] 11,22 [10]
manual valve

63A-IESWA04 21 82 [7] 98,97 [5]
HFA relay

63A-iESWB04 19,23 [8] 87,08 [6]
HFA relay

42C-IESWA03 6,1 [9] 46.76 [7]
relay

42C-1ESWB04 5,34 [10] 40.91 [8]

relay

46ESW- 1A 0.71 [11] 7.66 [11]
check valve

46ESW-6A 0,71 [11] 7.66 [11]
check valve

46ESW-IB 0,6 [13] 6,56 [13]
check valve

46ESW-6B 0.6 [13] 6.56 [13]
check valve

46ESW-10A/B 0,089 [15] 0.0043 [15]
manual ,valve

46ESW-23 0,089 [15] 0.0043 [15]
manual valve
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.......... ,, , r,,,,, _ • _ ,LI,,,,,,, _ L,,,,,,,,, ,,, , , ,,,,, ,,,,.J,. ,,,L J L . ,., ........

Component ,Y.,RRI/Burden (E-06 yr"1) ,Y,RII/Burden (E-03 yr"1)
[Rank] [Rank]

i ,,, ,, ,

46ESW-a(tB 0.089 [15] 0.0043 [15]
manual va!ve

15PS-122AIB/C/D 0.046 [18] 0.0021 [18]
Pressure sensor

46MOV-101A/B 0.036 [19] 0,0017 [19]
motor op, valve

15MOV-175A/B 0.036 [19] 0.0017 [19]
motor op. valve
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TABLE 3.8

LCS COMPONENT RISK/BURDEN RATIO RANKINGS

ILl 111 I1 I[ ..,.. I I ' II IIIIIIlll III I IIII IIII I I 'Ill I I IIIII III [1 IIIIIIIIIJ I I IIIII I !]TI ]

Component I_RRI/Burden (E-06 yr"_) Y.,RII/Burden (E-03 yr" )
[Rank] [Rank]

14A-K9A/B 0.28 [l] 0.66 [11
relay GE-HFA

14A-KI7A/B 0.28 [l] 0,66 [l]
relay GE-HFA

14P-2A/B 0,089 [3] 0,0043 [3]
holding pump

14CSP-8A/B 0.089 [3] 0,0043 [3]
manual valve

14CSP-18A/B 0.089 [3] 0,0043 [3]
manual valve

14CSP-61A/B 0.089 [3] 0,0043 [3]
manual valve

14CSP-69A/B 0.089 [3] 0.0043 [3]
manual valve

14CSP-74A/B 0.089 [3] 0_0043 [3]
manual valve

02-3LT-72A/B/C/D 0.067 [9] 0.0032 [9]
RX Io level txmtr

02-3PT-52A/B/C/D 0,033 [10] 0,0016 [10]
RX 1opres txmtr
10PT-101A/B/C/D

CD hi pres txmtr

02-3MTU-252 0.017 [11] 0.0008 [11]
02-3MTU-272
10-MTU-201A/B/C/D

master trip units

14MOV-7A/B 0.013 [12] 0,00061 [12]
motor op. valve

14MOV-IIA/B 0,0077 [13] 0.00037 _13]
motor op. valve

14P-1A/B 0,0071 [14] 0,00034 [14]
pump
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....................................... _.... r, ,,, , ,f, . ,,,, ,, , ....

Component I; RRl/BurdenrE.06 yr"j) Y.,Rll/Burden (E.03 yr"_)
[Rank] iRank]

14MOV.5A/B 0,0071 [14] 0,00034 [14]
motor op, valve

14MOV.12A/B 0,007i [14] 0,00034 [14]
motor op, valve

14MOV-26A/B 0,0071 [14] 0,00034 [14]
motor op, valve

!
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TheFitzpatrickstudymeasuringthe importancevalues of internalcore damage

outsetsonly covers the most importantbasic events. Thus riskinsignificantbasic events

correspondingto the failureof risk insignificantcomponentswill not have a RRI or RJl

measurethat appearssignificantlyin the Fitzpatrickdata. However,the smallestR_RIor

R_IIthat does show up in the Fitzpatrickstudywould representa limitingmaximumvalue

of risk importancefor all less,significantcomponents, The minimumRILlinthe

Fitzpatrickstudy was 4.57E-11 yr"_,andthe minimumRII was 2.19E-09 yr"1,
i

Anothermeasure that shouldalso be used to calculate a risk_urden ratio is the

share ofthe total CDF per basicevent, sometimes referred to as the Fusseli-Veselyindex.

These data wereunfortunatelynot availablefromthe FitzpatrickIPE. However, the

method for calculatingthe valueof a ratiobasedupon eachevent'sshareof the total CDF

would be the same as for RRIs and Rlls ratios. All three ofthese risk measuresshould

thenbe used to calculatea set of ratiosto ensurethat nothingrisk significantis missed.

The use of multiple risk measures also provides reinforcementfor the results obtained, A

comparisonbetween the ratiorankings obtained for the RRIand Rll ratios (Tables 3,7 and

3.8) shows that although the two ratios'numericalrankings differ slightlyamong certain

components, most notably concerning the ESW manual valve 3, both ratios point out the

samecomponents as being the most significant,
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3,4 _S ofth¢Ris_urdenComponentRatio

A comparisonof the risk/burdenratiosbetweentheESW andLCS systemsshows
I

i a greatdealof difference. This is to be expected,as the two systemshavevery similari

maintenanceandsurveillanceproceduresbut quitedifferentlevelsof risk significance.

Theseratios,however,presenta quantitativeway to measurethedisparitybetweenthe

amountof resourcesexpendedon a systemanditsimportanceto safety, Thereisa

differenceof four ordersof magnitudebetweenthe ESW andLCS systems'RRl/burden

ratios,anda differenceof sixordersof magnitudebetweenthetwo systems'RIl/burden

ratios.

Evenwithinthesamesystenlthereisa greatdealof differenceinthemagnitudeof

the ratiosbetweencomponents.The ESW systemhasa differenceofthree ordersof

magnitudebetweencomponentsfor the RRlPourdenratios,anda differenceof five orders

of magnitudefor theRll/burden ratios, TheLCS systemhasa differenceof two ordersof

magnitudebetweencomponentsfor the RRI/burden ratios,anda differenceof three

ordersof magnitudefor theRllPourdenratios, This pointsout thatresourceallocation

even within a single system is far from being optimally risk.based,

These ratios are thus directly applicable to the NRC Maintenance Rule because the

Maintenance Rule is concerned with only the aspects of maintenance that relate directly to

plant safety. There are numerous other reasons for performing maintenance and

surveillance on systems besides their safety significance, as is discussed in Chapter 4.

However, in order to satisfy the Maintenance Rule it is necessary to focus on the risk

significance of the component to be maintained, and the risk/burden ratios do just that.

78



Froma riskstandpoint,thebestuseof plantresourcesshouldleadto a relatively

uniformdistributionof risk/burdenratios In orderto smoothtile ratiosbetweenthe

differentESW systemcomponents,andbetweentheESW andLCS systems,a new

maintenanceandsurveillancescheduleshouldbe developedthatfocusesmoreon those

componentswith highvaluesofthe risk/burdenratio. ThisgroupwouldincludetheESW

pumps,ESW MOV 102, ESW manualvalve3, theESW HFA relay63A, theESW relay

42C, andESW checkvalves! and6. The informationembodiedintheseratiosalso

providejustification for decreasingsurveillanceon theLCS systemingeneral,and

increasingsurveillanceon theESW system.

All of theseactionsmightseemto beobviouslyrequiredfrom inspectionof the

risksignificanceof thesetwo systemsandexaminationof thecutsetsrelatingto ESW

systemfailure. However, whendealingwith otherplantsystemshavinglesspronounced

differencesin risk significance,the risk/burdenratiosmay pointout more subtle

r _, 0elat=onsh=psbetweenthesystems.A full analysisofall of theplant safetysystemswould

be necessaryin order to establishreasonablevaluesof the risk/burdenratiosto useas

goalsinallocatingresourcesforsurveillanceandmaintenanceprocedures,
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CHAPTER 4

_THODOLOGY ACCEPTABILITY AND UNCERTAINTY

4,I Introduction

Theprecedingchapterintroducestworatiosforuseinmeasuringtheamountof

plantresourcesexpendedona particularcomponentversustherisksignificanceof the

component,Theseratiospresentaquantitativewayto measurewhetherthecurrent

testingandsurveillancerequirementsareconsistentwiththesafetyimportanceof a

system.However,it isimportantto investigatethepossibleregulatoryconsiderations

affectingtheuseof suchratiosinsatisfactionof theNRCMaintenanceRule, To do so,

twodifferentelementsareexamined:thepastandpresentattitudeofthe NRCtowards

thequantitativeuseof PRA inregulation,andthedegreeof uncertaintypresentinthe

ratiosthemselves,

4,2 Ac._iLY of PgA QuantitativeResu!ts

Although it is not mandatoryfor each operating nuclearplant to performa

PRA.typeanalysisto satisfythe requirementfor anIndividualPlantExamination(IPE),

mostplantsfind it practicalto do so, Thereis considerableregulatoryreluctanceto assign

numerical,q, antitativegoals forthe safety of nuclearpower plants, There is a greatdeal

of'argumentoverwhether quantitativesafety performancegoals should be set at all, or if

PRA resultsare bestused to set broader, qualitative safety goals thatare not specifically

regulated, Currentregulationsstilluse a deterministicapproach to setting regulations,
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althoughriskanalyseshavebeenused to test the reasonablenessof certaindeterministic

criteria,

Therearevariousreasonsfor the reluctanceto use quantitativePRA resultsinthe

regulatoryprocess. The purposeof a regulatoryagencyis notsimplyto believean

applicant'sresultsbutto be ableto verifythem. Performinga completePRA requires

considerablemanpowerandeffort, whereasdeterministiccriteriaaremucheasierto use in

verifyingwhethera designor procedureis satisfactory.More importantly,however,there

areseveralseriousconcernsthatthe NRC has withthe currentPRAs. First,the methods

involvedinperformingtheanalysesarenotstandardizedandmaybedifferentfromplant

toplant,orfromanalysttoanalyst.Second,thedatabasesusedmayalsodiffer.Third,

andperhapsmostimportantly,thetreatmentofuncertaintyinPRA analysishasbeenan

areaofconcernsincetheinceptionofthemethodology,

Indeed,theNRC'sinitialreviewoftheFitzpatrickIPEpointsoutexactlythese

concerns.TheNRC'sconcernsincludedinaccurateorincompletemodelsandold,

deficientdatabases.TheNRC wasalsoconcernedthattheFitzpatrickcoredamage

frequencywas too low, althoughthe Fitzpatrickstaff"haspointed out thattheir CDF does

fall withinthe range of uncertaintyof other BWR PRA's, Thusalthoughthe Fitzpatrick

staffhas refutedmost of the NRC's concerns,their experiencedoes pointout the problems

associatedwith the use of quantitativePRA results,

Through a programof qualitycontrol,the methodsanddatabasesused to perform

a PRA could be standardized,By specifyinga set of computercodes and standard

models, the NRC could gain a great dealof certaintyasto the standardizationof methods
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and databases. The treatment of uncertainty is somewhat harder to deal with, as there are

numerous areas of PRA methodology where this is a concern. Some examples are human

reliability, common cause failures, and the use of expert opinion to supplement ins,,:_cient

databases. All of these areas are in a constant state of updating and improvement, so to

set standards in these areas might prove extremely difficult.

Even though there is considerable reluctance to base regulatory decisions upon the

literal values for core damage frequency and other overall results, such as expected

containment failure frequency and offsite consequences, probabilistic analyses are used

extensively in several areas. This includes the classification of accident scenarios, the

selection efinitiating events and their combinations, and searching for particular plant or

system weaknesses. PRA is also used to assess the reliability of certain (usually

safety-related) systems.

The risk/burden ratios presented here do not use the CDF as a decision criterion,

but instead use relative quantities based upon the CDF (risk reduction importances) to

compare different plant systems. Because these quantities are used to make comparisons

between similar systems, it can be argued that the uncertainties will tend to cancel out, or

in this case will make the same contribution to each ratio. Thus, although there exist

concerns as to the methodology and uncertainty present in the IPE used to obtain the

risk/burden ratios, their use in a comparative way is still justifiable. Certainly, as more

quality control over the IPE process evolves, the quantitative use of such ratios will

become easier to justify.
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4.3 Sources of Uncertaintv

4,3,1 PLantand Procedure Modification

The process of developing an IPE is long and involved. Since the time that models

were developed for the Fitzpatrick IPE, various plant modifications have been made.

NYPA is attempting to update their PRA as new data become available, as part of their

"living PRA" process. However, there will necessarily be a time lag between the

completion of modifications and their inclusion in the IPE. Certain proposed and

completed modifications to the systems discussed here will affect the ratios obtained.

Since these modifications were not yet included in the IPE data, their effects do not appear

in the risk/burden ratios. They are detailed here as sources of uncertainty because their

exact effects upon the ratios are unknown.

For example, a modification was made to the RBCLCS/ESW crosstie line that

eliminated several cutsets leading to ESW system failure. The RBCLCS (reactor building

closed loop cooling system) will no longer take enough water to fail the ESW system if a

demand for EDG cooling occurs. The specific failure modes that have been eliminated all

involve a low pressure signal to inject water into the RBCLCS system

(RBC-LOW-PRES-EDG), coupled with a failure to close of46MOV-102 A or B and the

failure of one ESW system train.

A RBCLCS low pressure signal causes 46MOV-101A/B and 15MOV-175A/B to

open. This allows water to flow to several different loads: the CRD pump coolers, the

crescent area coolers, the RHR pump coolers, the drywell coolers, the recirc pump and

motor cooi,_rs, and the pass sample cooler. 46MOV-102 A and B provide a
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cross-connection between loop A and B of ESW. Thus if one ESW loop failed to operate,

a low pressure RBCLCS demand occurred, and 46MOV-102 A or B failed to close, there

would be insufficient water for EDG cooling.

However, recent modifications have reduced the normal flow required by a low

pressure RBCLCS demand to only the CRD pump coolers, the crescent area coolers, and

the pass sample cooler. With these loads the system still has enough water for EDG

cooling if the aforementioned failures occur. This invalidates the following outsets:

- T1 * RBC-LOW-PRES-EDG * ESW-CCF-OO-102AB

- T1 * RBC-LOW-PRES-EDG * ESW-MAI-MA-LOOPA * ESW-MOV-OO-102B

- T1 * RBC-LOW-PRES-EDG * ESW-RCS-OO-A63A9 * ESW-MM-MA-LOOPB

- T1 * RBC-LOW-PRES-EDG * ESW-RCK-NO-102B * ESW-MDP-FR-P2A

- TI * RBC-LOW-PRES-EDG * ESW-RCK-NO-102B * AC4-XHE-MC-UVRLA

- TI * RBC-LOW-PRES-EDG * ESW-RCK-NO-102B * ESW-XHF.-RE-ESW3A.

Various combinations of these cutsets with the A and B train events reversed would also

be eliminated.

The main effect of these cutsets being eliminated would be to reduce the risk

significance of the ESW MOVs 102 A and B. These MOVs currently have the forth

highest RRI/burden ratio in the ESW system, after the pumps and manual valve

46ESW-3A. Thus this modification will probably have a significant effect upon the

risk/burden ratio of an important component in the ESW system. This modification will

also reduce the overall risk significance of the ESW system. It is not possible to assess

these effects quantitatively until the IPE is updated.
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A procedural modification may be approved in the near future that will also affect

the Fitzpatrick IPE, involving the closing of the manual valves 46ESW-3 A and B during

the testing of ESW pump discharge pressure. The current test method is to "deadhead"

each pump, or run it at its highest head zero flow condition, in order to measure the

discharge pressure. The normally open valves to each EDG, 3A and B, must be closed in

order to produce the shutoff head / zero flow condition to measure a point on the pump

CHIVe.

The test was done this way because the ESW system did not have a

flow-measuring device to measure pump flow. However, recent modifications have added

flow monitoring equipment downstream of the ESW pumps. Fitzpatrick has submitted a

Tech Spec change request to eliminate the need to perform the test in its current form.

This would eliminate the need to close 46ESW-3A/B during ST-SD, the ESW Pump Flow

Rate Test.

Such a Tech Spec change will have two effects. Since procedure ST-SD was

performed on a monthly basis, the time burden on 46ESW-3A/B will be reduced.

However, most of the risk significance of these manual valves was due to the human error

probability of leaving these valves closed after performing this test. Thus the risk

significance of this component will also be greatly reduced. The end result will almost

certainly lower the risk/burden ratios considerably, although again this is impossible to

measure quantitatively until the IPE is updated.
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4.3.2 Data Estimation

The main area of data uncertainty is the plant staff time burden numbers for each

testing and surveillance procedure. These estimates were obtained in conjunction with

Mr. K. Vehstedt, who conferred with Instrumentation and Control technicians from the

Fitzpatrick plant who were familiar with the two systems. Although the use of expert

judgment is common in PRA analysis, it is difficult to quantify the amount of uncertainty

present in such data. A very informal approach was used where the engineer was asked to

estimate, the amount of workerhours required to perform each procedure.

Another consideration in the time burden estimate is the time spent on activities

related to initiating, approving, and closing out procedures. This time cannot be estimated

from analyzing the procedure itself, as it relates to management and quality control

practices at each individual plant. At Fitzpatrick this has been estimated to actually

comprise the majority of the total staff time spent on the procedure. A Fitzpatrick study

calculated that actually performing a procedure comprises only 12-15 percent of the total

staff time. The time burden used here represents only the actual performance time for

each procedure. However, as the ratios are used only in a comparative sense, the

managerial time burden would be expected to be approximately constant for each

procedure.

Another area of uncertainty is introduced by the use of a minimum risk reduction

importance and minimum risk increase importance for those components not risk

significant enough to be included in the Fitzpatrick sensitivity study. This represents an
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area of conservatism,because the RKIand KIIof these componentswill fallbelow the

lowest importances given in the studywhich were used to calculate the risk/burdenratios.

Thus the components for which a minimumRRI and RII were used will tend to have

inflatedrisk/burdenratios.

4.3,3 ConsiderationsOtherThanRisk Reductionand RiskIncreaseImportances

It is ir_aportantto rememberthat there are considerationsother than risk reduction

and increase importances which will make it important to inspect plant systems. As

previously mentioned, core damagefrequency is not the only measure of risk significance;

PRA rankingsfor containmentfailurefrequencyand source termsshouldalso be

considered. There is also the additionalconsideration of SSCs that have been effectively

regulated to the point where they no longer show up as being risk significant,

Besides risk significance,whichis the mainfocus of the NRC'sregulatory

concerns,the utilitywillhavenumerousother reasonsto inspectplantsystems. These

concerns include balance of plant, loss of capacity, efficiency,and radiological ALARA

issues. The risk/burden ratios do not take these concerns into account, and thus from an

operations viewpointwould not be sufficientto assess the inspectionneeds of all plant

systems.
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CHAPTER 5

SUMMARY AND CONCLUSIONS

5,1 Su,mma_

The necessityto implementthe NRC MaintenanceRule by 1996 provides an

impetus to investigatethe schedulingof maintenanceand inspection procedures at nuclear

power plants, Maintenanceand surveillancerepresentsa significantportion of the work

performedat a nuclearplant, and properresourceallocation in thisarea is essential, The

purpose of this studywas to demonstratea methodfor selectingthe structures, systems,

and components(SSCs) importantto safety as requiredby the MaintenanceRule, and then

to develop criteriathatcanbe used to schedulea testingprogrambased on the safety

significanceof these SSCs,

The New York Power Authority'sFitzpatrick plant was used as an example for

this study, The FitzpatrickIPE was used to select a risksignificantand risk insignificant

systemto illustratethe methodologypresentedhere. Safetysignificancecanbe rankedby

minimumcutset frequencies,risk reductionimportances,or risk increase importances.

The emergencyservicewater (ESW) system was selected as the risk significantsystem,

and the core spray (LCS) systemwas selectedas the risk insignificantsystem.

Each system was analyzedfor importantcomponentfailuresas indicatedby risk

significantbasic events in the set of allminimumcutsets. Surveillancesperformedon each

system were broken down on a component basis, The stafftime burden allocatedto each

componentwas estimatedfrom thesurveillanceprocedures in conjunctionwith members
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of the Fitzpatrick plant staff Only the time spent inspecting the system to ensure its

reliabilitywas included. Basic preventive maintenancerequired to make a component

function was not taken into account, as this work is a necessity not subject to change.

The time burden and risk significancewere used to develop two risk/burden ratios.

These ratios represent a measure of the risk significanceof a component compared to the

amount of effort currently expended to ensure the reliabilityof the system. Ideally,these

ratios should be reasonablyconstant from component to component and fromsystem to

system. However, as can be seen from the disparity between the ratios for the ESW

systemand the LCS system, and even between components within each system,this is

currentlynot the case. These ratiospresenta quantitativeway to measure whether

surveillancepractices are reasonablewith respect to the risk significanceof the system,

and could be used to reorganize surveillance scheduleson a risk importance basis.

5.2 Conclusions

Previous inspection schedulingwas mainlybased upon a system'sfunction, and not

necessarily its importance in terms of the risk associated with system failure, This

becomes evidentwhen two standbysafety systemslike the ESW and LCS systemsare

compared. These two systemshave very similarinspection schedulesbut widelydifferent

risk significancewith respect to CDF.

The risk/burden ratios introduced here for each component represent an attempt to

quantify the relationshipbetween tlJetime spent ensuring a component's reliability

(burden) and the impcrtance of a component's reliability,as represented by risk reduction

89



andrisk increaseimportances. Thebenefitof using suchratiosto scheduleinspectionand

testingisthat systemswhosereliabilityisvital from a safetystandpointwouldbe allocated

a proportionallyhighershareof availableplantresources,Additionally,themostrisk

significantcomponentsin a systemwill receivemoreattentionthanthosewhosefailureis

unlikelyor unimportant.

It ishoped that theseratioscouldplay a pan in dew.,Iopinga maintenpnceand

inspectionprogram designedto satisfytheNRC MaintenancePule. However, there are

numerousuncertaintiespresentintheseratiosthatmustbe takeninto account, ThePRA

techniques used to rank systems and components from a safety standpoint are associated

with numerous uncertainties, and there has been considerable regulatory reluctance in the

past to use PRA data in a quantitative way. In addition, accurate data regarding the staff'

time expended on individual procedures is not available. Studies should be done in this

area in order to gain a more accurate picture of where plant resources are being spent,
i

When developing a plant-wide inspection schedule, considerations other that risk

must be taken into account. Plant operating criterie must also be considered, as steady,

consistent operations are also a vital part of proper resource allocation, However, the

risk/burden ratios do represent both a departure from past inspection scheduling practices

and an important criteria to consider when developing more efficient schedules.
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Test
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14. New York Power Authority James A, Fitzpatrick Nuclear Power Plant
Instrument Surveillance Procedure:
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APPENDIXA

THE MAINTENANCE RULE

50.65 Requirements for monitoring the effectiveness of maintenance at
nuclear power plants,

(a)(i) Each holderofan operatinglicense under50.21(b) or 50.22 shallmonitor
the performanceor conditionof structures,systems,or components,against
licensee-establishedgoals, in a mannersufficientto providereasonableassurancethatsuch
structures,systems,andcomponents,as definedin paragraph(b), arecapableof fulfilling
theirintendedfunctions. Suchgoals shallbe establishedcommensuratewithsafetyand,
wherepractical,take intoaccount industry-wideoperatingexperience. Whenthe
performanceor conditionof a structure,systemor componentdoes notmeetestablished
goals, appropriatecorrectiveactionshallbe taken.

(2) Monitoringas specifiedin paragraph(a)(1) of thissection is notrequired
where it hasbeen demonstratedthatthe performanceor conditionof a structure,system,
or componentis being effectivelycontrolledthrough the performanceof appropriate
preventivemaintenance,such that the structure, system, or component remainscapable of
performingits intendedfunction.

(3) Performanceandconditionmonitoringactivitiesand associatedgoals and
preventivemaintenanceactivities shall beevaluated at leastannually, taking into account,
where practical, industry-wideoperatingexperience. Adjustmentsshallbe madewhere
necessary to ensure that the objectiveof preventingfailuresof structures, systems,and
components throughmaintenance is appropriatelybalancedagainst the objective of
minimizingunavailabilityof structures, systems, and components due to monitoringor
preventivemaintenance. In performingmonitoringand preventive maintenanceactivities,
and assessmentof the total plant equipmentthat is out of serviceshouldbe taken into
account to determinethe overall effecton performance of safety functions.

(b) The scope of the monitoring programspecifiedin paragraph (a) (I) of this
section shall includesafety-relatedand nonsafetyrelatedstructures,systems and
components, a,qfollows:

(1) Safety-relatedstructures,systems,or components that are reliedupon to
remain functionalduringand followingdesig, basisevents to ensure the integrityof the
reactorcoolant pressureboundary,the capabilityto shut down the reactor and maintainit
in a safe shutdown condition, and the capabilityto prevent or mitigate the consequences of
accidentsthat could result in potential offsite exposurecomparableto the 10 CFR part
1O0guidelines.
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(2) Nonsafetyrelatedstructures,systems,or components:

(i) That are relieduponto mitigateaccidentsor transientsor areusedin plant
emergencyoperatingprocedures(EOPs); or

(ii) Whosefailurecouldpreventsafety-relatedstructures,systems,and
componentsfrom _lfllling theirsafety-relatedUnction:or

(iii) Whose failure could cause a reactor scram or actuation of a safety-related
system

(c) The requirements of this section shall be implemented by each licensee no
later than July 10, 1996
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APPENDtXB

DESCRIPTIONS OF THE 9 DOMINANT CO_ DAMAGE ACCIDENT
SEOUENCES'

The9 risk-dominantcoredamageaccidentsequencesaresummarizedin thefollowing
descriptions.

TI-35,T3C-84:

T1-35 [TI*/C*/B2*PI]. A lossofoffsitepowertransientoccurs(TI), leadingto
a turbinetrip, Thereactorscrams(/C) andat leastonedivisionof emergencyonsiteac
powersuppliesasafeguardbus(10500or 10600)(/B2). TheSRVsopento relieve
reactorpressure;butoneSRV failsto reclose(Pl), creatingalossof coolantaccident.
Thissequencetransferstotheinadvertentopeningofa reliefvalve(T3C) transienttreefor
furtherdevelopment.

T3C-84 [T3C*/C*BI*/B2*Q*/UI*VI*/WI]. A reliefvalve is inadvertentlystuck
open(TC3). The reactorscrams(/C). Off'sitepoweris lost (BI). Onsiteemergency
power is, however, established(/132). The power conversionsystemfails (Q). HPCI
startsto injectwater(/U l) to providecore water level control;however,I-IPCIeventually
failsbecauseof low reactorvessel steamsupply- a reliefvalve is open. Condensate
injection(V I) is unavailablebecauseof the loss of off'sitepower.

TI-38 [Tl */C*B2], A loss of off'sitepowertransientoccurs(TI) andthe reactor
scrams(/C), butemergencyonsite ac poweris unavailable(B2). Thissequence transfers
to the stationblackouttree for furtherdevelopment,

TB-I [TB*/P*/UI/UIX], A transientevent occurs(T). Subsequentlyboth offsite
andonsiteacpowerarelost(B). Thereactorisshutdown.TheSRVsopenandreclose
(/P) to relievethepressurefromthepowerimbalancecausedwhentheturbinetrips.The
SBO rendersallcore cooling systems,exceptHPCI,RCIC andthe fire protec:ionsystem,
inoperable.Sincethefeedwatersystemcannotprovidereactormake-up,reactorwater
levelfalls,At a reactorwaterlevelof 126.5in,aboveTAF, HPCI andRCIC are
automaticallyinitiated.HPCIinjectswater(/U1) to controlcorewaterlevel.Automatic
switchoverof FIPCIsuctionfromtheCSTto thetorusonhightoruswaterlevelis
bypassed(/U IX), AftertheinitialrefloodingwithwaterprovidedbyFIPCI,theoperator
mayuseKPCI orRCIC to providereactorlevelcontrol.After6 hours,however,I-IPCI
willfailbecauseofbatterydepletion.Thissequenceresultsincoredamageanda
vulnerablecontainment,
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TI-38-TB-2:

TB-2 [TB*/P*UI*UIX/U2]. Same as sequence TB-I, except that HPCI high
torus water level transferis not bypassed(UIX). This leadsto HPCI failurewhen the
suppressionpool temperatureexceeds200°F. The operatoruses RCIC for reactorwater
level controlbut RCIC will fail after 6 hoursbecause ofbattery depletion. This sequence
results in core damage and a vulnerablecontainment.

TI-38-TB-4:

TB-4 [TB*/P*UI*/U2]. Sameas sequenceTB-1, except thatrandommechanical
faults failHPCI (U1). The operatoruses RCIC to providereactorwater level control
(/U2), butRCIC fails after8 hoursbecause ofbattery depletion, This sequence resultsin
core damage and a vulnerablecontainment.

T!-38-TB-5:

TB-5 [TB*/P*UI*U2], Same as sequence TB-1, except that both HPCI and
RCIC fail to operate (UI*U2), This sequence results in early core damage and a
vulnerablecontainment.

_T]-38-TB-6.:

TB-6 [TB*P1*/UI ], A transient event occurs (T), Subsequentlyboth offsiteand
onsite ac power are lost (B), The reactor is scrammed. The SRVs open to relievepressure
but one SRV fails to reclose, Since the feedwater system cannot provide reactor make-up,
reactor water level falls, At a reactor water level of 126,5 in, above TAF, I-IPCIand
RCIC are automaticallyinitiated, I-IPCIinjects water (/UI) to control core water level but
failsbecause of low reactor steam pressure. This sequence results in core damage and a
vulnerable containment.

TI-38-TB.8:

TB-8 [TB*PI*UI*U2]. Same as sequence TB-6 except that both HPCI and
RCIC fail to operate (UI *U2). This sequence results in early core damage and a
vulnerablecontainment,

TI-38-TB-9:

TB-9 [TB*P2], A transientevent occurs (T), Subsequentlyboth offsite and
onsite ac power are lost 03), The reactor is scrammed, The SRVs open to relieve reactor
pressure but two SRVsfail to reclose (P2), HPCI and RCIC both will fail in less than 1
hour because of low reactor steam pressure. This sequence results in early core damage
and a vulnerablecontainment,
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T3A-4-TB-1'

T3A-4 [T3A*/C*BI*B2]. A transientoccurs thatcauses a turbinetrip(T3A).
The control rods areinserted into the core (/C). Subsequently,offsite and onsite ac power
arelost 031*B2). Thissequence transfersto the stationblackouttree for further
development.
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