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% .vi. :D STATES 1

, Y % iva6 CAR REGULATORY COMMISSION !

I wasHmoTow, o, c.nossa
'

& '

\*e... August 8, 1989t

,

i. Nr. Roger A. Newton, Chairman ,.

Westinghouse Owners Group !
2310 W. Michigan Avenue !

Milwaukee, Wisconsin 53201 j
l' Dear Mr. Newton'-

1

SUBJECT: ACCEPTANCE FOR REFERENCING WCAP-11736 REY. 0.0, "RESIDUt1 HEAT l
| REMOVALSYSTEMAUT0CLOSUREINTERLOCK(ACI)REMOVALREPORT"INPLANT 1

|
SPECIFIC SUSNITTALS

'
We have c leted our review of the subject to)1 cal report submitted with your
letter of ril 22, 1988. We have concluded tlat the informatien in this
report can e used to supplement plant specific requests to remove the ACI
from the Westinghouse plants covered by this report. However, the attached |,

| SER does not grant permission to remove the ACI for any plant; such permission l

|
uust be requested on a plant-specific basis. |

|
L

| We do not intend to repeat our review of the matters described in the reports
- and found acceptable when the reports appear as references in licensa

,

applications except to assure that the material presented is applicable to the '

specified plant involved. Our acceptance applies only to the matters )
,

described in the reports.

In accordance with >rocedures established in NUREG-03g0, it is requested that i)
..

,

! Westinghouse publis1 accepted propr fetary and non-preprktary versions of l
this topical report within 3 months of receipt of this letter. The accepted '-

l

L versions should incorporate this letter and the enclosed evaluation between
the title page and the abstract. The accepted versions shall include an -A ,

(designated accepted) following the report identification symbol. j

Should our criteria or regulations change, such that our conclusions as to the |

acceptability of the reports are invalidated. Westinghouse and/or the- |

licensees referencing the topical reports will be expected to revise and j
resubmit their respective documentation, or submit justification for the ,

continued effective applicability of the topical reports without revision of I

their respective documentation.
1

Sinc ly. |

A din ~',

I As k Th rector
or Systems ;, D111sion of Engineering 8 Systems Technology |

Office of Nuclear Reactor Regulation j
<

,
1Enciosure:

Safety Evaluation !
WCAP-11736 j

cc w/ enclosure:.
J.A. Triggiani, Westinghcuse ; ,,

;4
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UNITED STATESk NUCLEAR REGULATORY COMMISSION

wasMiwotow, p. c.sesos,

& - !

\*...+
j

-

ENCLOSURE 1
,

.

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
j

RELATING TO REMOVAL OF AUTO CLOSURE INTERLOCK FUNCTION
WESTINGHOUSE OWNERS GROUP

,

WCAP-11736. VOLUME I AND 11

:

.

1.0 INTRODUCTION

By letters dated April 2P,1988 and January 3,1989 (References 1, 2) the
WestinghouseOwnersGroup'(WOG)requestedthatthestaffreviewWCAP-11736

,

Volume I and II, " Residual Heat Removal System Auto Closure Interlock Removal
. ,

The staff review of this issue has focused on assuring that this
-

Report."
| generic report is consistent with the staff position on the removal of the

,

*

autoclosure interlock, as set forth in 'he staff's safety evaluation for
.

l,
DiabloCanyo,i(Reference 3). ,

'

2.0 EVALUATION

| 2.1 WCAP-11736 Sunsnary

l It provides an
WCAP-11736 was written with the support and funding of WOG.

evaluation of the removal of the autoclosure interlock (ACI) from suction /
isolation valves in the residual heat removal system (RNRS) at four reference

Salem Unit 1. Callaway Unit 1, North Anna Unit 1, and Shearon Harrisplants:
The WOG plants participating in the program were categorized into oneUnit 1.

of four groups based on RHR$ configuration and design characteristics that were
,

,

| ,.
similar to one of the four reference plants. The plants listed by group are: |L

1- \
,

|

l
!

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



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

_ . q
,

:

2 I
I

..

Group 1 - Salem Unit 1 Group 2 - Callaway Unit 1
)Braidwood Units 1 & 2Salem Unit 2 |

."

D.C. Cook Units 1 & 2 Byron Units 1 & 2
,

Indian Point Unit 3 Catawba Units 1 & 2 i

McGuire Units 1 & 2 Comanche Peak Units 1 & 2
I

Sequoyah Units 1 & 2 Trojan Unit 1

Watts Bar Units 1 & 2 Seabrook Unit 1

Zion Units 1 & 2 Vogtle Units 1 & 2
-

Wolf Creek Unit 1
Millstone Unit 3 ;

!
South Texas Units 1 & 2

*
1

Group 3 - North Anna Unit 1 Group 4 - Shearon Harris Unit 1 |

!

H.B. Robinson Unit 2
Farley Units 1 & 2

Turkey Point Units 3 & 4 Beaver Valley Unit 2

Beaver Valley Unit 1 V.C. Summer Unit 1

Prairie Island Units 1 & 2+ '

North Anna Unit 2
.

The choice of the four particular reference plants was intended to provide the
maximum number of the other WOG members with the best possible fit should they

It is

choose to delete the ACI in the future and reference WCAP-12736.
expected that, should a plant desire to delete the ACI, a plant-specific
analysis would still be required, but that substantially less resources

,

would need to be exprinded to produce and review this analysis if reference

were made to WCAP-11736.

The staff agrees with this approach and gives some guidance by susunarizing the
WOG position for what is expected in the plant-specific response.

|'

|'

|

;
i

. . _ . . - - _ . . . _ . . - . _ _ _ . . . _ _ . . . _ . . . - . . _ _ _ _ . . . . . . . . _ _ _ . . _ . . , . _ _ _ . . . - _ . . _ _ - . . . , _ . . . . . . . --
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3 |

l

I

( 2.2 Hardware Channes

WCAP-12736 proposes to remove the ACI function from the RHR suction valves. ]
*

The open permissive interlock will remain intact. An alarm will be sdded to J

each valve which will actuate if the valve is open. The setpoint for the alarm !

is a plant-specific concern. A general rule for establishing the alarm
1

setpoint, is that the setpoint pressure be greater than the open permissive |

setpoint and less than the RHR system design pressure minus the RHR pump heaa

pressure. In addition, the status lights on the operator's panel, which :

indicate that these valves are open or closed, will remain functional after
power has been removed from these valves. !

|

2.3 Procedural Changes )
!

WCAP-11736 proposes the following for generic procedural requirements:
!

Each plant will be expected to review its operating procedures to detern.ine
the continued applicability of the procedures and to make any changes ;

.

!necessary, to ensure continued safe opere, tion without the ACI. Plant operating

procedures should be reviewed to determine the effect of removing the ACI and |*

|installing a control room alarm. Listed below are a few of the general
procedures that may require modification.

1

1- RHR$ operating procedure
-Plantstartupfromcoldshutdownoperatingprocedure(s)

#
-Plantshutdownfromhotstandbyoperatingproceovi.(s)
- Alarm surveillance procedures (to include the new alarm)
- Leak rete testing procedures (caution regarding alams and

power removal from RHR suction valves)

l l

l l
*

:

I,
!

|
~

\

l
.- .. .- - . . - - . . - . , . - - _ _ . - . ..-...-..- - ...- -.. ..-.- ._,...- ..-. - - . -.-- - - .
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'

.

.
4

In addition, the alarm response procedure used during plant startup should be*

modified to reflect the appropriate (new) alars recognition and responses for
the added alarm. The procedure should be revised to direct the operator to~~

take the necessary actions to close the open RHR suction valve (s), if they are
not closed following alarm actuation during nomal startup operations. If this
is not possible, the operator should be instructed to not pressurize further
and return to the safe-shutdown mode of operation. ,

,

The staff agrees with this generic guidance assuming a surveillance procedure
for the RHR suction volve alems is added to ensure these alarms remain
operable, but in addition, the staff believes that further protection can be
achieved by removing power from the RHR suction valves before they are leak-
checked in order to ensure that they remain in the tested configuration. If ;

this is not feasible for a particular plant, the reasons for not performing
this procedure should be justified in the plant-specific submittal.

*

2.4 Reasons for Removino Autoclosure Interlock
'

.

The main reasons for removing ACI have been previously elucidated by the staff
in the AE0D report, " Decay Heat Removal Problems at U.S. Pressurized Water'

,

Reactors"(Reference 4). This report points out that of the 130 loss-of-RHR
eventsthatweredocumentedatU.S.pressurizedwaterreactors(PWRs)between
1976 and 1983, 37 were caused by the automatic closure of the suction / isolation
valves. The AEOD report also quotes a Sandia Laboratory study (Reference 5)
that evaluated the competing risks associated with RHR suction / isolation valve

closure and Event V. Sandia concluded that:

"The lowest core melt frequency due to the combination of loss of RHR
suction during cold shutdown and V-LOCAs is obtained when there are no

:

| autoclosure interlocks on the RHR suction valves... removing the

f, overpressureinterlocksfromJheRHRsuctionvalvesgivesthebestRHR
j suction arrangement for PWRs based upon this analysis.

| .

!
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...when interlocks are present, loss of RHR suction is the largest
.

"

contributor to core melt frequency'for all assumed values of'

P(CM-LRHRs). However, when the interlocks are not present, the core
I

melt frequency due to loss of RHR suction is comparable to or less than
the V-LOCA core melt frequency for the "best estimate" cases."

f
The 1I00 report' concluded that even though it was most likely a good idea to
remove ACI, the effects of ACI removal upon plant safety must be evaluated on

Theg

a plant-by-plant basis because of numerous plant-specific differences.
|

).
WOG submittal (Reference 1)'contains such a plant-specific analyses for four

different groups of plants. .,
|

An additional benefit associated with removal of ACI is that the isolation
valves will remain open during low-temperature overpressurization (LTOP) '

events which allows the RilR.rtlief valves to relieve pressure and aid in the

| .
LTOP protection of the RCS.

, .

2.5 Safety Function of the Autociosure Interlock i
( ,=

The WOG has shown in Reference 1 that the RHR relief valves have adequate

capacity to mitigate pressure transients that occur during RHR operation.
Therefore, the purpose of ACI is to ensure that there is a double barrier
between the RCS and the RHRS when the plant is at normal operating conditions

The ACI function is(hot and pressurized) and not in the RHRS cooling mode.
|

to preclude conditions that could lead to a LOCA outside of containment, Event
[ The sequence that concerns the staff in particularV, due to operator error.

is that case in which the operator closes one of the isolation valves and not
the other, since if both valves were left open, the operator would not be able

!

| to pressurize the plant.
1

*e

1
1

'

1
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* 2.6 Probabilistic Risk Assessment of the Event V Secuence and Safet.y -

Anal.yses of Transients
, ,

WCAP-11736 provides a plant-specific probabilistic risk assessment (PRA) for
thefourleadplants(Salem,Callaway,NorthAnna,ShearonHarris);these
analysts follow the PRA fomat previously reviewed by the staff for Diablo
Canyon (Reference 3). The results of these analyses agree with the Diablo
Canyon finding that the proposed configuration with the ACI removal and an
alam added will result in a lower probability for the Event Y sequence than

'the present plant configuration. The staff has no requirements based on the
absolute values in the PRA analyses and will not require a plant-specific PRA
from each licensee proposing to remove the ACI. However, the licensee should
do sufficient PRA and safety analyses to ensure that its plant will not show
results that will invalidate the conclusions of WCAP-11736. ,

3.0 STAFF POSITION

The staff finds that the removal of the ACI for Westinghouse plants covered by~

WCAP-11736 can produce a net safety benefit provided that the following five
-

key improvements are in place. Furthermore, the staff finds that WCAP-11736
may be referenced in the licensee's plant-specific submittals to show compliance

'

with those items that are not plant specific. However, this SER does not

grant permission to remove the ACI for any plant.

Plant Improvements

(1) An alarm will be added to each RHR suction valve which will actuate if the
valve is open and the pressure is greater than the open permissive
setpoint and less than the RHR system design pressure minus the RHR pump
head pressure [ justified by WCAP-11736].

.

(2) Valve position indication to the alarm must be provided from the stem-
mountedlimitswitches(SMLSs)andpowertotheSMLSsmustnotbe.

affected by power lockout of the valve [ justified by WCAP-11736).

|

i
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,

(3) The procedural improvements described in WCAP-11736 should be implemented.
.

|Procedures themselves are plant specific.
|.,

|

L

). (4) Where feasible, power should be removed from the RHR suction valves prior
|totheirbeingleak-checked [plantspecific).
|

;

(5) The RHR suction valve operators should be sized so that the valves cannot
beopenedagainstfullsystempressure[plantspecific). ,

,

,
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January 3 1989
.

U.S. Nuclear Regulatory Comission
Washington, DC 20555

.

Attention: Document Control Desk

Attention: Mr. Marvin W. Hodges, Reactor Systems Branch Chief
Division of Engineering & System Technology

| Subject: Westinghouse Owners Group
Transm'.ttal o# Resoonses to NRC Ouestio1s on Tooical Reoort .r '

l WCAP-13736 Vohume 1 & 11 ResidJa1 Heat Removal System

(~* Autoclosure Interlock Removal llengIl

! References: 1 Letter 0G-88 17, 4/22/88.
.. 2 Telecon with G. Schwenk,12/1/88.,

| 3 Telecon with G. Schwenk, 12/16/88.

Dear Mr. Hodges:

Reference I transmitted the following report:

1. WCAP-11736 Volume I Residual Heat. Removal System Auteclosure
Interlock Removal Report Revision 0.0 February 1988

2. WCAP-11736 Volume II Residual Heat Removal System Autoclosure
Interlock Removal Report Revision 0.0 February 1988.

This topical report was transmitted to you for your information at the request of
the Westinghouse Owners Group Technical Specification Subcommittee to provide the
results of a Westinghouse Owners Group sponsored program to justify the deletion of
the Residual Heat Removal (RHR) Suction / Isolation Valve Autoclosure Interlock.

(ACI). We anticipate that utilities will reference this report as part of plant
specific license amendment applications for deletion of the RHR Suction Valve ACl.

.
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January 3 1989

4

U.S. Nuclear Regulatory Comission
i Washington, DC 20555 |

'

Attention: Document Control Desk

Attention: Mr. Marvin W. Hodges, Reactor Systems Branch Chief
; Division of Engineering & System Technology

:

Subject: Westinghouse Owners Group,

Transmittal o# Resoonsen to NRC Ouestions on Tonical Reoort'

WCAP-h1736 Vo9ume 1 & 1: Residual Heat Removal System

AutocLosure Interlock Removal Reoort-

References: 1 Letter OG-88 17, 4/22/88.
* 2 Telecon with G. Schwenk, 12/1/88.

3 Telecon with G. Schwenk, 12/15/88.
i

| Dear Mr. Hodges:
'

l

Reference 1 transmitted the following report: |
l

1. WCAP-ll736 Volume I Residua'l Heat. Removal System Autoclosure J
Interlock Removal Report Revision 0.0 February 1988 |

2. WCAP-11736 Volume II Residual Heat Removal System Autoclosure j'

l. Interlock Removal Report Revision 0.0 February 1988.
,

This topical report was transmitted to you for your information at the request of
,

the Westinghouse Owners Group Technical Specification Subcommittee to provide the6

results of a Westinghouse Owners Group sponsored pr6 gram to justify the deletion of
the Residual Heat Removal (RHR) Suetion/ Isolation Valve Autoclosure Interlock.

, (ACI). We anticipate that utilities will reference this report as part of plant
j specific license amendment applications for deletion of the RHR Suction Valve ACl.

t
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This letter documents conversations between the Westinghouse Owners Group Technical
Specification Subcommittee and NRC staff reviewer, Mr. George Schwenk. Several

questions regarding the(References 2 and 3)hment to this letter contains the WOG
telephone conferences were held to discuss NRC concerns and ;

report. The attac.

responses to the NRC qJestions identified by Mr. Schwenk and indicates several
changes that will be made to the topical report. These changes will be submitted to
the NRC fo11cwing issuance of the SER.-

Should you have any questions or require additional information, please contact ,

either Mr. Gregg $1nders, Carolina Power and Light Company, Chairman WOG Technical s

Specification Subcommittee, at 919-362 3260 or
Mr. Mike Shannon, Westinghouse Electric Corporation, at 412-374-5590. .

Very truly yours !

Roger A. Newton, Chairman
Westinghouse Owners Group

.

.

RAN/dac
*
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| ATTACHMENT

|- dRC ouestion 1. The WOG Report recommends that the reference plants, which have the |

| LHRS located outside of containment, install an alarm to alert the operator of an :

improperly positioned RHRS isolation valve. Page 9 4 of the Report indicates that |t
'

the alarm setpoint corresponds to the current ACI setpoint (Salem = 700 sig,
Callaway = 682 psig, Shearon Harris = 700 psig and North Anna = 582 psic . Is it
possible to revise the alars setpoint to a pressure that is significantl lower than
the current ACI setpoint? .

Woc Resoonse. The Westinghouse Owners Group has determined that establishing a
setpoint for the alarm to alert the operator of an improperly positioned (i.e. open)
RHR suction valve during startup operations, is a plant-specific concern. It is
dependent on the open permissive pressure setpoint, the RHR system design pressure,
and the operating pressure at which a plant isolates the RHRS during startup
o>erations. The alarm setpoint can be set to a pressure significantly lower than
tie current ACI setpoint. A general rule for establishing the alarm setpoint, is
that the setpoint pressure be within the range of the open permissive setpoint

'

pressure and, the RHR system design pressure minus the RHR pump head pressure.

P (open permissive setpoint) < P (alarm setpoint) < (P (RHR system design pressure)
- P (RHR pump discharge head))

| Following issuance of the SER, the A version of the Report will reflect the revised
alarm setpoint.-

!

!- NRC Duestion 2 Does removal of the RHR ACI have any impact on the Low Temperature
Overpressurization (LTOP) issue?

'

! WOG Resoonse. The RHR ACI was designed to ensure that all RHR suction isolation
valves are closed during normal full-power operation. The RHR suction valve closure'

time of approximately two minutes, and the ACI setpoint which is above the RHR
design pressure, prevent the ACI from being an effective system for low temperature .

overpressure mitigation. Low temperature overpressure mitigation capability is
provided by the pressurizer PORVs and/or the RHR suction relief valves. Removing
the ACI helps ensure that the RHR suction relief valves are available to mitigate
potential overpressure transients. In addition, removing the ACI reduces the ,

potential for the inadvertent isolation of the RHRS. Inadvertent isolation of the
RHRS can cause a LTOP transient (reduced letdown combined with a loss of decay heat
removal) while also isolating an overpressure mitigation path (the RHR RVs).
Removing the RHR ACI thus, has a positive impact on low temperature overpressure
ritigation.

The Westinghouse Owners Group confirms that the LTOP issue is not adversely affected.

by the RHR ACI removal.

.

Page 1 of 2
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NRCGues@n1 The plants that im)1ement the RHR ACI Removal will require*

rocedura , changes to insure that tie RHR valves are closed during start-up.i

owever, it is not evident whether these procedure requirements s:1ould be generic or
.

plant-specific.

W0G Resoonse. Each plant will be expected to review their operating procedures to
determine the continued applicability of the procedures and to m ke any chan esi

necessary, to ensure continued safe operation without the ACI. A review of lant
operating procedures should be conducted to determine the effect of removing the
autoclosure interlock and installing a control room alarm. Listed below are a few
of the general procedures that may require modification.

RHRS operating procedure.-

Plant startup from cold shutdown operating procedure ).-

Plant shutdown from hot standby operating procedure (- .

Alarm surveillance procedures (to include the new alam).-

Leak rate testing procedures (caution regarding alarms and-

power removal from RHR suction valves).

In addition, the alarm response procedure used during startup of the plant should be
modified to reflect the appro)riate (new) alarm recognition and responses for the
added alarm. The procedure siould be revised to direct the operator to take the
necessary actions to close the open RHR suction valve (s), if they are not closed
following alarm actuation during nomal startup operations. If this is not
possible, the operator should be instructed to not pressurize further and return to
the safe shutdown mode of operation.,

; The A version of the Report will reflect the above statements concerning procedure
reviews and modifications that are required to ensure that the RHR valves are closedm

,

during start-up.'

l )

NRC Ouestion 4 The NRC has concluded that alarms will be required on all plants
,

| regardless of whether the RHRS is located inside or outside of containment.
A> proval will not be granted unless this requirement is met. Thus, the WOG Report
siould be consistent with this requirement.

|
'

;

l WOG RoseQMA. The Westinghouse Owners Group believes that an alarm is not required
| for plants whose RHRS is inside containment. The risk of an interfacing system LOCA
l and thus, a direct containment bypass with severe risk consequences, is precluded
! since the RHRS is located entirely inside containment. Thus, the alarm serves only
| as additional protection against potential RHRS overpressurization and a subsequent
| LOCA inside containment. The consequences from an interfacing system LOCA are

greater than the consequences from a LOCA inside containment. Therefore, the
addition of an alarm for plants with a RHRS located inside con'.ainment, does not
significantly impact overall plant safety.

,

The Westinghousa Owners Group has decided that this discussion is best continued at
the plant specific level. The report will be revised to reflect the alarm for all

,

plants.

Page 2 of 2
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WESTINGHOUSE PROPRIETARY CLASS 3

:

ABSTRACT
,

.

A review and analysis has been performad which justifies the deletion of the
autoclosure interlock associated with the Residual Heat Removal System >

suction / isolation valves for four reference plants. The open permissive
circuitry is unaffected, but an alarm is added to notify the operator of an
incorrectly positioned RHRS suct. ion / isolation valve. A probabilistic analysis
was used to demonstrate that the deletion of the autoclosure interlock is

,

acceptable from both a core safety and RHR System overpressurization
standpoint.
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EXECUTIVE SUMMARY

* This report was written with the support and funding of the Westinghouse
Owner'sGroup(WOG). It provides an evaluation of the removal of the !

,

autoclosure interlock (ACl) on the Residual Heat Removal System (RHRS)
suction / isolation valves at four reference plants: Salem Unit 1 Callaway Unit

'

1, North Anna Unit 1 and Shearon Harris Unit 1. The WOG plants participating

in the program were categorized into one of four groups based on similar RHR
System configurations and design characteristics. The plants listed by Group

are: ;

i

Group 1 - Salem Unit 1 Group 2 - Callaway Unit 1 |
Salem Unit 2 Braidwood Units 1 & 2

D.C. Cook Units 1 & 2 Byron Units 1 & 2 .

Indian Point Unit 3 Catawba Units 1 & 2

McGuire Units 1 & 2 Comanche Peak Units 1 & 2

Sequoyah Units 1 & 2 Trojan Unit 1

Watts Bar Units 1 & 2 Seabrook Unit 1

Zion Units 1 & 2 Vogtle Units 1 & 2
Wolf Creek Unit 1*

Millstone Unit 3
'

South Texas Units 1 & 2

Group 3 - North Anna Unit 1 Group 4 - Shearon Harris Unit 1

H.B. Robinson Unit 2 Farley Units 1 & 2
Turkey Point Units 3 & 4 Beaver Valley Unit 2

Beaver Valley Unit 1 V.C. Summer Unit 1

Prairie Island Units 1 & 2,

North Anna Unit 2

The choice of the four particular reference plants was made based on providing
the maximum number of the other WOG members with the best possible fit should

they choose to delete the ACI in the future and reference this document. It
,

is expected that, should a plant desire to delete the ACl, a plant specific
analysis would still be required but ths resources expended to produce and.

i
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|

review it should be substantially less with reference to this document than
'

without it. !

e

A literature review of decay heat removal problems indicates that i

,

approximately 28 percent of the recent loss of RHRS ever.ts were caused by -

inadvertent automatic closure of the RHRS suction / isolation valves. In an

effort to reduce the frequency of these inadvertent automatic suction / >

isolation valve closures, several plants have taken one or more of the
following steps: 1) power lockout of these valves during plant shutdown,
2) maintenance procedures which require de-energizing these valves in the open ;

position before conducting setpoint calibration or work on the inverters and
3) modifications to technical specification surveillance requirements
involving verification of open suction / isolation valves when credit is taken
for RHRS relief valves for cold overpressure protection mitigation. The

,

literature recognizes that corrective actions are necessary to minimize the ,

risk associated with loss of decay heat removal capability caused by actuation
of the ACl, but also highlights concerns associated with intersystem
Loss-Of-Coolant Accidents (LOCA) and RHRS relief capacity. ,

'

During the 1960s and 1970s two closed valves in series isolated the RHRS from
the RCS while the RCS was at normal operating temperature and pressure. Both i

,

valves were to have power disconnected via administrative procedures except
when the valves were to be stroked. An Open Permissive Interlock (OPI) was
provided to one of the valves to prevent opening until the RCS pressure was

'

below RHRS design pressure, in 1971 the AEC requirements had evolved to
7

require an Auto Closure Interlock on increasing pressure. A meeting between

the industry and the NRC in 1974 brought about three acceptable methods of ,

'
preventing RHRS overpressurization while the RHRS is in operation or when
returning the RCS to operation: 1) automatic closure interlocks on the RHRS
suction / isolation valves, 2) sufficient capacity of the RHRS suction line

,

relief valves to mitigate a pressure transient, or 3) a combination of the two.

.

.
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This agreement was short lived and in 1975 the NRC required in its SER for !
!RESAR-41 that RHRS suction isolation valves be equipped with the ACI feature.
IThe current NRC position is stated in Branch Technical Position RSB 5-1 of

July 1981 which requires that the RHRS suction / isolation valves shall be
interlocked to protect against one or both valves being open during an RCS i

'

increase above the design pressure and that adequate relief capacity shall be
provided during the time period while the valves are closing. There has been .

more recent discussion within the NRC on this issue, in 1984 an internal NRC
ICSB memo recommended that action should be taken to modify the design of the
RHRS interlocks. A 1985 NRC internal memo stated that a request by a plant to
remove the ACI feature should be substantiated by proof that the change is a
net improvement to safety and should, as a minimum address the following:

1. The means available to minimize Event V concerns,
t

2. The alarms available to alert the operator of an improperly positioned
valve.

3. Adequacy of the RHRS relief capacity.
.

4. Means other than the ACI to ensure both MOVs are closed (e.g., single
'

switch actuating both valves).

5. Assurance that the function of the open permissive circuitry is not ,

affected by the preposed change. .

6. Assurance that MOV position indication will remain available in the
control room.

7. Assessment of the proposed changes effect on RHRS reliability, as well
as on Low Temperature Overpressure (LTOP) concerns,

t

'
4

.
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;

This report provides, for each of the four reference plar.ts, the supporting:
1) RHR System description, 2) current RHRS suction / isolation valve control
circuity description, 3) proposed ACI deletion hardware changes, 4) proposed
suction / isolation valve alarm circuitry addition, 5) RHRS unavailability

,

analysis 6) interfacing systems LOCA analysis, and 7) overpressurization

i analysis.

CONCLUSIONS

~

The report recommends the deletion of the autoclosure for all WOG plants. The

installation of a control room alarm is recommended for all plants to warn the
,

operator that a series suction / isolation valve (s) is not fully closed when RCS
pressure is above the alarm setpoint. The results of the intersystem LOCA
analysis show that the frequencies of the the Event V diereases with the
removal of the ACI feature. The results of the RHRS unavailability analysis
show that the removal of the ACI feature increases the RHR$ availability. The
results of the overpressurization analysis show that removal of the ACI
feature will have no effect on the heat input transients and will result in a
slight increase in frequency of occurrence for some categories of the mass

*
input transients with a decrease in others. The not effect of the ACI feature
removal is considered to be a not improvement in plant safety.

,

.

O

e

o031o 1D/101089
Av

.



!

I
WESTINGHOUSE PROPRIETARY CLASS 3

1.0. INTRODUCTION

t'O
This section states the purpose of this report and defines its intended use by

;, participating utilities. It also prasents, as background, a description of a
typical newer vintage Residual Heat Removal System and autoclosure interlock.

1.1 Purpose

I Recently, the Nuclear Regulatory Commission (NRC) and the nuclear industry has ,

expressed interest in the acceptability of removing the autoclosure interlock |

(ACl) on the Residual Heat Removal System (RHRS) suction / isolation valves.- !
This interest is in response to growing concerns about the loss of residual |
heat removal capability during cold shutdown and refueling operations due to

;

!inadvertent isolation of the RHRS caused by failure of the ACI circuitry.'

iIsolation of the RHRS while operating has resulted in a loss of decay heat
removal capability at several operating plants. It is also a potential i

contributor to overpressurization of the Reactor Coolant System (RCS) with
possible Power-Operated Relief Valve (PORV) challenge and RHR$ pump damage. ,

.

This report was written with the support of the Westinghouse Owner's Group

(WOG). It provides an evaluation of the removal of the ACI on the RHR$
, .

suction / isolation valves at the fellowing four referen:e plants: Salem Unit 1
Callaway Unit 1 North Anna Unit 1 and Shearon Harris Unit 1. These four '

;

plants are designated as lead plants for the program. The WOG plants
participsting in the program were categorized into four (4) groups based on
similar RHR System configuration and design characteristics. It is intended
that other members of the WOG will be able to reference one of these lead
plants for applicable information and with a plant specific analyses remove

'
the RHRS ACI in the future at a reduced cost impact.

This report reviews the basis for the interlock in terms of current
regulations and justifies removal of the ACI based on a safety evaluation of
the effect of ACI removal on low temperature overpressure protection, RHRS

.

availibility and interfacing system LOCA potential. Additionally, the report |
.
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proposes basic logic changes to implement the ACI deletion, provides proposed
'" Technical Specification revisions and presents a WOG position with regard to ,

f*
the RHRS ACI removal. A description of each lead plant's RRR System is

provided to allow comparison with other plants and to support the current ,

.!

evaluation. :

i

,.

1.2 Background |
i

During normal and emergency conditions, it is necessary to keep low pressure f
sys+. ems that are connected to the high pressure Reactor Coolant System (RCS) !
properly isolated from each other in order to avoid damage by !

;overpressurization or potential for loss of integrity of the low pressure
system and potential radioactive releases to the environment. The Residual ;

Heat Removal System (RHRS) is a low pressure system, with a typical design
,

pressure of 600 psia, with an interface to the high pressure RCS, normal
:operating pressure of 2250 psia.
:

:

The primary function of the RHRS is to remove heat energy from the RCS during -

plant cooldown and refueling operations. As a secondary function, the RHRS is
*

used to transfer refueling water between the Refueling Water Storage Tank ,

(RWST) and the refueling cavity at the beginning and end of refueling -

,

ope.'ations. Parts of the RHR$ also may serve as part of the Emergency Core

Cooling System (ECCS) during a Lost-of-Coolant Accident (LOCA).

Figure 1-1 is a simplified flow diagram showing a typical newer RHR System
'

design. The system consists of two parallel flow paths. Each path takes

suction from a separate RCS hot leg. Each flow path contains a residual heat t

removal pump, a residual heat exchanger and associated piping, valves and
instrumentation required for operational control.

During system operation, reactor coolant flows from the RCS to a residual heat
removal pump, through the tube side of a residual heat exchanger, and back to
the Reactor Coolant System through the Safety Injection System (SIS) cold leg ,

injection header. Heat is transferred from the reactor coolant to the
.
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,

component cooling water, which is circulating through the shell side of the
residual heat exchangers.

,

O

Two inlet suction / isolation valves are provided in each inlet line from the

RCS. These motor-operated, gate valves are normally-closed excent when the*

RHR$ is in operation and function to keep the low pressure RHR System isolated .

,

from the high pressure RCS. Each of these valves is provided with manual

control (OPEN/CLOSE) on the main control board and has two automatic
interlocks associated with its control circuitry: the AutoClose Interlock
(ACl) and the Open Permissive Interlock (OPI). ,

The OPI prevents inadvertent opening of the suction / isolation valves when the
RCS pressure is above the design pressure of the RHRS considering RHR pump

discharge pressure. The pressure setpoint is normally about 400 psig when
instrument uncertainties are included. Additionally, the OPI includes
interlocks to prevent opening the suction / isolation valves if either of the |
other suction / isolation valves to the containment sump or the RWST are open or
the valves in the recirculation lines from the residual heat exchanger outlets !

|to the charging and safety injection pumps are open.
|-

The ACI erisures that both isolation valves are fully closed when the RCS is

pressurized above the RHRS design pressure. Both valves will close'

automatically if the pressure increases above the bistable setpoint of
approximately 700 psig. '

A detailed description of each of the four lead plants RHRS is provided in
Section 5.0 of this report.

I

i
.

|
..

|

0031D:1o/101089
1-3



_ _ . _ _ _ _ _ . . _ _ _ . . . _ _ _ . _ . _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

!,

!!

I WESTINGHOUSE PROPRIETARY CLA$$ 3 j

l i

?

I

!-'
,

(

i
f+

I
J |L" U " -

A l $ | | | # | |
E. 9. ;
.. . .

.

i
:

!

::

6

M M

o o i

k | k l k | |

i
!._, 2 ._

y (,,, , -,

. . . m

m s :
1 r P

, , . .. .

' - -
. < m i

'

g h g2 2
%) I I % .-

2 2 ,

~ H H - ;

!

.-
' - -- b

W 3 3
' W !

,

"^ d |# |
'

E.

A n-

EES EE! I

i

; sasw !

Figure 1-1. Simplified Typical Residual Heat Removal System |
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2.0 RECENT LITEkATURE REVIEW |
|

..

The following sections provide a summary of the history and background of j

literature concerned with loss of Residual Heat Removal events and the j
;

autoclosure interlock feature of the RHR suction / isolation valves. NRC Case |

Study reports and Sandia Laboratories Risk Assessment analysis conclusions are

i presented.

)

2.1 Histery and Background

A U.S. Nuclear Regulatory Commission, Office for Analysis and Evaluation of
'

Operational Data Case Study Report AE00/C503, " Decay Heat Removal Problems at
U.S. Pressurized Water Reactors *, (Reference 1) analyzed U.S. pressurized I

water reactor (PWR) experiences involving loss of an operating RHRS. This |

!report indicated that 130 loss of decay beat removal events were reported

between 1976 and 1983. In addition, analysis of operating data revealed that !
-

! an underlying or root cause of most loss of RHRS events are huma'n factors |

deficiencies involving procedural inadequacies and personnel error. Most !*

errors were committed during maintenance, testing, repair operations and at a
* time when the RHRS is in operation.

.
iThe report further stated that the consequences of a total 1 css of the RHRS

under certain conditions could lead to bulk boiling, core uncovery, and
resultant fuel damage. The time margin for restoring the RHRS, or
establishing alternate methods of decay heat removal prior to the onset of
core uncovery has been calculated to begin, under worst conditions, as soon as j

one hour after the loss of the RHRS. The actual time would depend upon :

several factors such as RCS temperature, the decay heat rate and the amount of

RCS inventory.
,

Reference 1 lists summaries of 45 loss of RHRS events that occurred during
1982 and 1983 as obtained from LERs and NRC reports. A Nuclear Safety .

'; Analysis Center / Electric Power Research Institute Report NSAC/52, * Residual ,

Heat Removal Experience Review and Safety Analysis, Pressurized Water !

.
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Reactors * (Reference 2) identified loss of RHR$ events for the period 1976 ,

through 1981. Table 1-1 is a listing of these events reproduced from
Reference 1. It provides a tabulation of 130 RHRS loss of function events for |,

I33 plants during the period of 1976 through 1983 . The leading category of ;

!loss of RHRS events (37 of 130) was an inadvertent automatic closure of the -

RHRS suction isolation valves. Most of these events were caused by human
error. Table 1-2 is also reproduced from Reference 1. It tabulates the 130

events based on the failure that caused the loss of function. The table !

illustrates that 28.5% of the events were caused by inadvertent automatic -

closure of suction isolation valves. Only two of the 37 ACI valve closure r

events were legitimate responses to valid signals which were correctly !

generated based on RCS pressure exceeding the isolation valve setpoint.
.

i

The authors of Reference 1 view the many losses of decay heat removal events
'

at PWRc as a significant group of precursors and conclude that corrective
actions are required to minimize the risk associated with decay heat removal
losses. The report makes six recommendations to the office of Nuclear Reactor :

Regulation (NRR) based upon the potential safety significance of loss of decay
heat removal events. Recommendation 5 states that the NRR should consider the
removal of autoclosure interlocks to minimize loss of decay heat removal .

events: ;

*t

"In order to prevent inadvertent RHRS suction / isolation valve closures :

(during RHR S,vstem operation) it is recommended that NRR consider either
!requiring the removal of the autoclosure interlocks to the RHR

suction / isolation valves, or requiring removal of power to the RHR |
suction / isolation valves when valve motion is not required. Prior to i

implementing this recommendation, it is necessary to ensure that there is ;

adequate relief capacity to prevent overpressurization of the RHRS.* '

1. The reader is directed to Reference 2 appendices for summary information !

on RHRS losses that occurred from 1976 to 1981. For the period of 1982
through 1983, Reference 1. Appendix A provides additional summary

'

information on RHRS losses. .

1

*'

|
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The Institute of Nuclear Power Operations discusses loss of residual heat
removal capability in Significant Operating Experience Report (50ER) 85-4 |e

(Reference 3). The SOER summarizes loss of residual heat removal capability

; events duc to the following causes: 1) low reactor vessel level, 2) automatic
RHR suction valve closure, 3) loss of running RHR pump and 4) air binding of i

an RHR pump due to vortexing. Four events caused by automatic RHR$ suction

valve closure occuring during 1983 are described in the following paragraph.

!One event occurred while maintenance personnel were performing a surveillance
test on the cold overpressure protection system while the plant was in cold
shutdown. The test simulated high RCS pressure which closed the
suction / isolation valve and resulted in the operator tripping the RHR pump.

The other three events involved automatic closure of the suction / isolation
. ,

valve due to a closed signal being " sealed-in" while the motor control center
was out of service for inspection. When the power was restored to the motor
control center, the suction / isolation valve closed.-

SOER 85-4 notes that, due to the potential for the loss of residual heat
removal capability through inadvertent isolation of the RHR suction / isolation

* valves, both the AEOD report (Reference 1) and the NSAC report (Reference 2)
recommend disabling the suction / isolation valves during certain phases of RHR

,

operation. The SOER states its position on this matter as follows:

'

" Suction valve closure interlocks should not be disabled without a careful
analysis of low temperature overpressurization and containment integrity
concerns. Since not all plants have adequate relief through the RHRS,
additional relief capacity may be necessary prior to disabling the

,

autoclosure interlock... -

Removing power from the suction valve motor operator is an undesirable
method of avoiding inadvertent suction valve closure, since such action
compromises the ability to quickly isolate RHR suction from the RCS in the.

event of an RHR System LOCA." ;
,

.
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The SOER also makes the following recommendation concerning the RHR

suction /isolstion autoclose interlock design:
*
.

"The automatic RHR suction / isolation valve closure interlock that isolates
the RHR System from the RCS should be disabled when the reactor vessel *j

!
head is removed. In addition, plants that have adequate overpressure
protection through the RHR system should disable the automatic closure !

interlock during all phases of RHR system operation."

The Reference 1 case study report has stimulated much interest in the subject .

of autoclosure interlocks. Based upon an earlier (1984) draft of this case |

study report, Sandia Laboratories performed a risk assessment analysis as part !

of Task A-45 evaluating the competing risks associated with RHRS ;

;

suction / isolation valve closures and Event V. The RHRS Loss Of Coolant '

Accident (LOCA), or " Type V" LOCA, is a non-mitigable LOCA outside of

containment and results in core melt. It is presumed to occur if the valves
in the RHR$ suction line fail open when the RCS is at normal operating '.
pressure and results in RHRS overpressurization with failure of the RHRS
pressure boundary. .

. ,

The Sandia report, NUREG/CR-4335, SANDB4-1339, " Potential Benefits Obtained by '

*'Requiring Safety-Grade Cold Shutdown Systems" (Reference 4), was generated
specifically for the Calvert Cliffs Unit 2 plant configuration. Subsequent to

2their quantification of risks, Sandia concluded the following:

'

"The lowest core melt frequency due to the combination of loss of RHR$
suction during cold shutdown and V-LOCAs is obtained when there are no
autoclosure interlocks on the P. HRS suction valves... removing the

,

overpressure interlocks from the RHRS suction valves gives the best RHRS
suction arrangement for PWRs based upon this analysis.

"'

2. The reader is directed to Appendix C of Reference 4 for the details of the
calculations made in this analysis.

1.

t
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...when interlocks are present, loss of RHR$ suction is the largest
contributor to core melt frequency for all assumed values of probability !,

of core melt given that RHRS suction is lost. However, when the |
*

interlocks are not present, the core malt frequency due to loss of RHRS ;
-

*
suction is comparable to or less than the V-LOCA core melt frequency for j

the *best estimate' cases. ;

'

... Finally, we believe that the "best" RHR$ suction valve arrangement is ;

!

to have a single suction line without primary system over pressure
interlocks on the valves." (

In response to the earlier draft of this case study, NRR reviewed the issue of 1

"RCS/RHR$ Suction Line Interlocks on PWRs". NRR performed a prioritization
evaluation (a simplified risk and cost assessment). As a result, on August
13, 1985, in Reference 5, the Director of NRR forwarded a copy of his staff's ,

Iprioritization of this issue, assigned it a "HIGH" priority ranking, and.

directed the Director of the Division of Systems Integration to take the
actions necessary to resolve this issue.

,

;

In an effort to reduce the frequency of inadvertent suction / isolation valve t
*

closures, several plants have taken steps to allow the removal of power (power !
''

lockout) from these valves during certain modas of plant operation. Some
plants, having repeated decay heat removal system losses, have amended their ,

technical specifications to allow removal of power from the RHRS
suction / isolation valves during plant shutdown in order to preclude their :

inadvertent closure. Other plants have maintenance procedures which call for f
deenergizing these valves in the open position before conducting setpoint !

calibration and prior to conducting work on inverters. Both of these actions
' were made in order to preclude their inadvertent closure. .

Additionally, recently licensed plants have been granted technical
specifications which allow tre RHRS suction relief valves to meet the Limiting 1

Condition for Operation (LCO) requirements for the Overpressure Protection4;
System in the lower modes. These plants were required to include an

! ,

!

'
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!
additional technical specification surveillance requirement which ensures that
a single failure will not cause an inadvertent suction / isolation valve |
closure. This surveillance involves verifying at least once per 31 days that .j

*

one of the RHRS suction / isolation valves is open with power removed and l

verifying at least once per 12 hours that the other RHRS suction / isolation 1|
valve in the same drop line is open when credit is taken for that drop line's f

I

RHR$ relief valve. |

It is also important to note tu t two plants, Kewaunee and Diablo Canyon, have [
recently requested alterations in their RHRS suction / isolation valvo control }

circuitry to remove the ACI. ju

Kewaunee is a two loop Westinghouse PWR with two RHRS drop lines from the RCS j

|
hot legs. In December, 1983 the utility requested NRR acceptance of complete

,[
|

removal of the ACl. This was based on the utility's belief that the ACI
| presents a high potential for inadvertent RHRS isolation and for their

~

;

particular plant, a loss of the Low Temperature Overpressure Protection System ;

| (LTOPS). Westinghouse evaluated Kewaunee's proposal for removing the ;

l autoclosure interlocks on the RHRS suction valves. The Westinghouse

evaluation considered the various events which could lead to RHR$ .f
!overpressurization. The events considered included the following transients:

1) premature opening of the RHRS, 2) isolation of letdown while charging ;
-

continues at a constant rate, 3) charging / safety injection pump actuation, 4)
opening of an accumulator discharge isolation valve, 5) startup of an inactive
RCS loop, 6) pressurizer hectors actuation, 7) rod withdrawal, and 8) loss of
an RHRS cooling train. The evaluation showed that for transients 1,3,6,7 and |

'

8 the removal of the autoclosure ftature had little or no effect on the
L transient, for transients 4 and 5 the removal may be beneficial and for

transient 2 the removal may preclude the transient or reduce its severity.
,

The NRC commenting in a memorandum for Reactor Systems Branch members i

concorrting " Auto Closure Interlocks for PWR Residual Heat Removal (RHR) ,

Systems" (Reference 6) nctes that the Westinghouse analysis concluded that for ,;
*'Kewaunee the p-oposed modification would be a safety improvement. NRR has

subsequently apcroved the modification for Kewaunee.
,

.
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.

'; Diablo Canyon is a four loop Westinghouse PWR with only a single RHRS drop
line from the RCS hot leg. As a result of NRC review during the licensing

i| process, the staff found that the plant should retain power available to the
RHRS suction / isolation valve motor operators when the RHR System is in

operation. Additionally, the staff requested that the utility address the
possibility of removal of the ACI. WCAP-11117, ' Residual Heat Removal System

Auto Closure Interlock Removal Report for Diablo Canyon Nuclear Power Plant"

(Reference 7), provides justificatioa for ACI removal based on the same
methodology as presented in this report. The request' to remove the ACI at

Diablo Canyon has been approved by the NRC and a SER was issued in February,

1988 (Reference 27). ,

.

As noted in Reference 5, L5e effects of autoclosure interlock removal upon

plant safety must be evaluated on a plant by plant basis because of numerous
plant-specific differences and the plant specific data needed as input to the*

analyses. ,

.

3

.

:
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"

|
Table 1-1

' S, .
Frequency of DHR Losses

(1976 - 1983)
197619771978197919801981 19821983 Total

Davis-Besse 4 1 9 2 16
Beaver Valley - 1 1 1 4 2 1 1 10

Calvert Cliffs - 2 2 1 2 3 10

Salem - 2 2 8 10

Crystal River 3 2 2 2 9

Calvert Cliffs - 1 2 5 1 1 9

Trojan 1 5 1 7

North Anna - 1 1 2 2 2 7

North Anna - 2 4 3 7

Salem - 1 1 3 1 5

Farley - 1 2 2 1 5

McGuire - 1 2 1 3

Millstone - 2 1 1 1 3

ANO - 2 2 2

Ginna 2 2

Maine Yankee 2 2

Palisades 1 1 2

Rancho Seco 1 1 2'

St. Lucie - 1 1 1 2

Sequoyah - 1 1 1 2

Turkey Point - 3 2 2

Turkey Point - 4 2 2

Indian Point - 3 1 1.

Fort Calhoun 1 1

San Onofre - 1 1 1

Oconee - 1 1 1-

Oconee - 2 1 1

Zion - 1 1 1

Surry - 1 1 1

Sequoyah - 2 1 1

Farley - 2 1 1

McGuire - 2 1 1

Summer - 1 1 1

I30

Annual Frequency
of DHR Losses .06 .1 .5 .3 .6 .5 .35 .5
(# of events)
(# of Operating PWRs)

!
Reproduced from Reference 1

!
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1able 1-2

|-: o
p Categories of 130 Reported Total DHR System

C.

Failures When Required to Operate (Less of Function)*

at U.S. PWRs 1976 1983;

i

N-
,

No. of Events (% of Events)

Automation Closure of Suction / 37 (28.S)
*

! solation Valves

Loss of inventory
,

hr

(20.0)Inadequate RCS Inventory Resulting' 26 -

in Loss of DHR Pump Suction
4

Loss of RCS Inventory Through DHR 10 (7.7)
System Necessitating Shutdown*

of DHP System

Component Failures

Shutdown or Failure of DHR Pump 21 (16.2)

Inability to Open Suction / Isolation 8 (6.1)
Valve

Others 28 (21.5)

.
*

Total 130 (100.0)

*.',

Reproduced from Reference 1
1

,
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' 3.0 LICENSING BASIS

The removal of the autoclosure interlock feature must be reviewed within the*

framework of the regulatory and industry safety standard criteria. Since the.
* evaluation of this licensing basis spans over twenty-five years, a description

of the history as well as the current regulations is presented in the sections
that follow.

3.1 History of Regulations

During the 1960s and 1970's, the typical RHR$ configuration for a Westinghouse

PWR consisted of two residual heat removal trains with a common suction line
from the RCS hot leg line. Two closed valves in series isolated the RHR$ from
the RCS while the RCS was at normal operating temperature and pressure. A
combination of interlocks and administrative procedures wera used to prevent
overpressurization of the RHRS. An open permissive interlock was provided on.

the valve adjacent to the RCS to prevent opening until the RCS pressure was
reduced below the RHRS design pressure. Both valves were to have power
disconnected via administrative procedures except when the valves were to be
stroked. As an additional design feature, the suction / isolation valve motor*

operators were sized with insufficient opening torque to move the valve disc
with a pressure differential greater than approximately 600 psi. Finally, a'

relief valve set to prevent RHRS overpressure was located just downstream of

the suction / isolation valves.

The early 1970's saw the Atomic Energy Commission's (AEC) interest in the
suction / isolation valve interlock develop. Initially this was manifested in
the AEC stating its concern for the need for a pressure interlock on both
valves. The AEC position on this issue was extended to four suction isolation
valves as the newer two suction line designs were starting to make their
appearance. Other AEC positions that evolved at that time (1971) were 1)
interlocks for automatic closure on increasing pressure, 2) use of diverse
principles for interlocks, and 3) commitment to IEEE-279. Table 3-1 provides-

,

a brief review of the impact of these requirements and some of the plants

affected.

0031o.1o/101089
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!

The introduction of the autoclose interlock heightened a previous industry
'

concern regarding RCS pressure control during RHRS operation. Spurious
*

closure of the RHR suction / isolation valves would isolate the RCS from both .

the RHR suction line relief valves and the low pressure letdown connection to
,

the Chemical and Volume Control System (CVCS). Without the low pressure *

1etdown line, plant operation in the water solid mode is difficult.
Additionally, should a pressure transient occur, automatic closure of the
suction valves prevents the relief valve from performing its function
(overpressure protection), thus aggravating the transient.

A joint meeting between industry (W, B&W, and CE) and the AEC in March,19M
attempted to clarify the AEC's requirement for the interlocks. This
discussion brought about three acceptable methods of preventing RHRS
overpressurization while the RHRS is in operation or when returning the RCS to
operation: 1) automatic closure interlocks on the RHR suction / isolation
valves, 2) sufficient capacity of the RHR suction line relief valves to

,

mitigate a pressure transient, or 3) a combination of the two.

It was pointed out at the meeting that the AEC representative on the ANS
Committee 32.4 (Overpressure Protection of Low Pressure Systems Connected to .j

the Reactor Coolant Pressure Boundary) said he would not accept removal of the
,

autoclosure interlock. While the AEC replied that a committee member speaks *

only as an individual and not for the AEC, the AEC representative's position ;

was later adopted as their official position. |
.

Over the next 1-1/2 years Westinghouse performed several analyses in support
of the RESAR-3 and RESAR-41 applications. These analyses demonstrated that

adequately sized ralief valves were sufficient by themselves in protecting the '

RHR$ from overpressure, and that the autoclosure feature was not needed.

In parallel with the RESAR-41 application and NRC staff review, the NRC
formalized their position and released it as Branch Technical Position (BTP)
ICSB 3. " Isolation of Low Pressure Systems From the High Pressure Reactor .,

*

Coolant System (Reference 8), in the summer of 1975. BTP ICSB 3 presenteda

.

00310:1D/101089
3-2



i

WESTINGHOUSE PROPRIETARY CLASS 3

six measures which should be incorporated in designs of the interfaces between
low pressure systems and the high pressure Reactor Coolant System. Of special

interest is measure 2 which states:*
,

.

* *For system interfaces where both valves are motor-operated, the valves
should have independent and diverse interlocks to prevent both from
opening unless the primary system pressure is below the subsystem d6 sign
pressure. Also, the valve operators should receive a signal to close
automatically whenever the primary system pressure exceeds the subsystem

design pressure."

Faced with the requirement for retaining both the open permissive interlock
and the autoclosure interlock, discutsion with the NRC centered on raising the
setpoint such that the autoclosure feature did not prematurely isolate the
RHRS on a pressure transient. At the same time, the setpoints for the RHRS
suction line relief valves were lowered to 450 psig from 500 psig. The raised

,

- autoclosure setpoint, however, would not preclude transients initiated by a
spurious closure of the valves such as was experienced during testing at*

-

Kewaunee Nuclear Power Plant on September 26, 1974 (Reference 9).
.

The Safety Evaluation Report (SER) for the RESAR-41 (Reference 10) applicativn
provided the final NRC position on the issue. While BTP ICSB 3 stated that'

"the valve operators should receive a signal to close automatically whenever
the primary system pressure exceeds the subsystem design pressure," the

RESAR-41 SER stated:

"In particular, the Residual Heat Removal System inlet isolation valves >

will be equipped with autoclosure and prevent-open interlocks to prevent
possible exposure of the residual heat removal system to excessive
pressures. The interlocks will be designed to prevent the occurrence of a -

situation where there is only a single barrier protection against a
possible loss-of-coolant accident outside containment.

* *

'
|

,

;
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!

The autoclosure interlock will close the system isolation valves when the |
Reactor Coolant System pressure increases to 750 pounds per square inch. ;

This pressure is greater than the Residual Heat Removal System relief |!'

valve set pressure plus accumulation, thus assuring that the relief valves
will provide some overpressure protection to the Reactor Coolant System '.j
when in the cold shutdown condition. :

Westinghouse has designed the relief valves for the Residual Heat Removal i

System to prevent inadvertent overpressurization during olant cooldown or
'

startup, considering normal operating conditions, infrequent transients,
and abnormal occurrences. As part of our review of the final design for
RESAR-41, we will require that Westinghouse provide a detailed analysis
that demonstrates the adequacy of the capacity of the system relief valves
to prevent overpressurization during plant cooldown or startup."

r

When the NRC recognized an autoclosure setpoint above the RHRS design pressure
~

4 it teparated the autoclosure feature LOCA concerns from pressure transient -

mitigation concerns. 1h3 requirement, then, was to demonstrate the adequacy ;

of the relief valves. This is demonstrated by the NRC's acceptance of the use
of the pressurizer power-operated relief valves in conjunction with the RHR$ |.

'

relief valves at Maine Yankee Atomic Power Station to meet single failure
criteria for the overpressure protection system. While the NRC did recognize - ,

a higher than RHRS design pressure setpoint for the ACl, they stopped short of
permitting the removal of the autoclosure feature as discussed in a letter to
Yankee Atomic Electric Company dated August 22, 1977 (Reference 11).

,

i

- !The industry-experienced problem, that of loss of RHRS capability and possible
pump damage following closure of the RHRS isolation valves due to a failure of
the autoclosure interlock, was reviewed in conjunction with the RESAR-3S '

'

application (Reference 12). Actions taken by several utilities were to remose
power from one or more of the suction valves during the time frame when the ,

RHR pumps are most susceptible to damage due to loss of suction (i.e. -

'

refueling or testing). Westinghouse recommended thi) approach via ,

' Westinghouse Nuclear Service Division Technical Bulletin 77-7" in July,1977
,

(Reference 13).
.
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Various other publications during this time period also dealt with these
issues, among them; " Staff Discussion of 15 Technical Issues Listed in

,

Attachment to November 3, 1976 Memo from Director, NRR to NRR Staff" i
*

(Reference 14) and " Operating Experiences: Reactor Vessel Pressure Transients" ,..
*

(Reference 15). ,

,

in 1977, Working Group ANS-56.3 (praviously AkS-32.4 and ANS-55.4) finished
work on ANS!/ANS-56.3-1977, "Overpressura Protection of Low Pressure Systems ,

Connected to the Reactor Coolant Pressure Boundary" (Reference 16). This |
standard permitted the RHRS designer a choice between a suction valve
isolation or the use of pressure reduction (flow limitation).

.

|The isolation scheme of this standard required independent interlocks to-

prevent the suction valves from being opened unless the RCS is below the RHR$ ;

design pressure. Additionally, to protect the low pressure system against '

accidental overpressure when both valves are open, an independent signal for
,

power actuation was required for each valve to automatically close should the i

.

!pressure in the RCS increase to a value exceeding the RHRS design pressure.

t

The alternate pressure reduction scheme would require some sort of pressure-

'

reducing device (i.e., orifice, throttling valve, or drag valve) to control
the pressure to a predetermined value and a pressure relieving device (i.e.,

''

RHRS relief valve) in the RHRS. The design required pressure relief |
protection with sufficient capacity for the worst case pressure transient.

'

,

The standard also stated: " Control Room indication shall be provided To
,'

indicate when isolation is necessary."

The issue remained quiet through the remainder of the 1970's,
,

in 1982, a study, " Evaluation of Events Involving Decay Heat Removal Systems
in Nuclear Power Plants", was published by Oak Ridge National Laboratory ;

detailing the review and evaluation of events placed in the Nuclear Safety.
'

'

Information Center (NSIC) file involving the removal of decay heat in US BWRs

:

.

0031C:10/101089
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and PWRs from June,1979 through June,1981 (Reference 17). The Oak Ridge :

study reported that during the two year period "the most frequent event I
involving a significant problem with decay heat removal (DHR) system was the It

cavitation of RHR pumps". Five events were traced to closure of the suction |,

valves due to spurious signals from their autoclosure interlocks. ;

i

Shortly thereafter, an EPRI report (Reference 2) also detailed events where j

RHRS operation was curtailed due to inadvertant suction valve closure , ,

Twenty-four events (occurring over five years) that involved inadvertent loss ,

of RHRS cooling due to the autoclosure interlock failing were identified.

!

3.2 Current Regulations

!

The removal of the autoclosure interlock feature must be reviewed within the ;
'

framework of the applicable and current regulatory and industry safety

standard criteria. While the following discuscion is not meant to be j
,

inclusive it presents a summary of the current licensing considerations )

associated with the RHRS ACI. ;

'

ANSI /ANS 56.3-1977 .

;

ANSI /ANS 56.3-1977, " Overpressure Protection of Low Pressure Systems Connected - '

to the Reactor Coolant Pressure Boundary" Section 3, describes several
methods of protection that "shall be used" to prevent overpressurization of j
the RHRS. Specifically, Section 3.2.1 permits the designer a choice between j

the use of an autoclose feature or pressure relief sized on the basis of the-

most extreme pressure transient anticipated to occur during the plant )
operating condition when the two valves separating the RCS from the RHRS I

suction are open. Figure 3-1 is a reproduction of figure 1 of the standard
and depicts the methods acceptable to the standard. ]

Current RHRS design is more conservative than either method 1(a) or 1(b) in
the figure in the sense that it requires both the ACI and the OPI in addition ,

'

to the RHRS relief valve sized to mitigate the most limiting pressure

0031o:1o/101089
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transient. Following removal of the ACl, overpressure protection would be
provided by method 1(b) which consists of two suction / isolation valves in

*

series interlocked with an OP! and an adequately sized RHRS relief valve.*

.

* Regulatory Guide 1.139

The U.S. NRC Office of Standards Development issued Regulatory Guide 1.139,
" Guidance For Residual Heat Removal" with the intent of describing a method

acceptable to the NRC staff for complying with the Commission's regulations
with regard to the removal of decay heat and sensible heat af ter a reactor
shutdown. The regulatory position on RHRS isolation states that the RHRS
should satisfy the following functional guidance in relation to the RHRS
suction / isolation valves.

1. Isolation of the suction side of the RHR System should be provided by
at least two power-operated valves in series.

,

'

2. Alarms in the control room should be provided to alert the operator ;

if either valve is open when the RCS pressure exceeds the RHR System !

design pressure. !*

3. The valves should have independent diverse interlocks to prevent them*

from being opened unless the RCS pressure is below the RHR System

design pressure.

Regulatory Guide 1.139 also provides the following functional guidance to
protect the RHRS against accidental overpressurization when it is not isolated
from the RCS.

1. Pressure relief in the RHRS should be provided with relieving
capacity in accordance with the ASME boiler and Pressure Vessel Code.

' *
.

|
-

|
1

I
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2. The most limiting pressure transient during the plant operating
condition when the RHRS is not isolated from the RCS should be ,

considered when selecting the pressure relieving capacity of the RHRS ||

relief valve (s). |
|'

3.. If interlocks are provided to automatically close the isolation <

valves when the RCS pressure exceeds the RHRS design pressure,

adequate relief capacity should be provided during the time that the
valves are closing.'

Standard Review Plan (SRP) i

,

The NRC position is stated in two branch technical position papers: ICSB 3
'

and RSB 5-1 found in * Standard Review Plan for the Review of Safety Analysis -

Reports for Nuclear Power Plant". NUREG-0800, July, 1981. Branch Technical ;

Position ICSB 3. " Isolation of Low Pressure Systems From the High Pressure
*

Reactor Coolant System" position B.2 states:

"For system interfaces where both valves are motor-operated, the valves i

should have independent and diverse interlocks to prevent both from ,

opening unless the primary system pressure is below the subsystem design
. pressure. Also, the valve operators should receive a signal to close -

,

automatically whenever the primary system pressure exceeds the subsystem
!design pressure."

!Branch Technical Position RSB 5-1. " Design Requirements of the Residual Heat

Removal System" position B.1 states: i

!

"The following shall be provided in the suction side of the RHRS to
'

isolate it from the RCS,
.

A. Isolation shall be provided by at least two power-operated valves in

, series. The valve positions shall be indicated in the control room. ,
,

|~

|

I
.

L

1
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I
B. The valves shall have independent diverse interlocks to prevent the

i, valves from being opened unless the RCS pressure is below the RHR$
design pressure. Failure of a power supply shall not cause any valve'*

; to change position.

C. The valves shall have independent diverse interlocks to protect
against one or both valves being open during an RCS increase above
the design pressure of the RHRS."

The major difference between the two BTPs is in the use of the words "should"
and "shall". ICSB 3 uses "should" while RSB 5-1 uses "shall". The
impli;ation is that "shall" is interpreted as a requirement while "should"
generally is interpreted as only a recommendation. Another difference is that
the ICSB 3 position makes no mention of relief valves, while position C of RSB
5-1 states:

.

"The RHRS shall satisfy the pressure relief requirements listed below.
,

!

1. To protect the RHRS against accidental overpressurization when
it is in operation (not isolated from the RCS), pressure relief*

in the RHRS shall be provided with relieving capacity in
.

accordance with the ASME Boiler and Pressure Vessel Code. The j
most limiting pressure transient during the plant operating
condition when the RHRS is not isolated from the RCS shall be ;

considered when selecting the pressure relieving capacity of the
,

RHRS. For example, during shutdown cooling in a PWR with no
steam bubble in the pressuriger, inadvertent operation of an
additional charging pump or inadvertent opening of an ECCS

accumulator valve should be considered in selection of the
design bases.

2. Fluid discharged through the RHRS pressure relief valves must be
collected and contained such that a stuck open relief valve will )*

,

not:

1

|

l
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(a) Result in flooding of any safety-related equipment.

,

'
(b) Reduce the capability of the ECCS below that needed to '

mitigate the consequences of a postulated LOCA. ,

(c), Result in a non-isolatable situation in which the water
provided to the RCS to maintain the core in a safe

,

condition is discharged outside of the containment.

'

3. If interlocks are provided to automatically close the isolation
valves when the RCS pressure exceeds the RHRS design pressure,

adequate relief capacity shall be provided during the time i

period while the valves are closing."
<

The RSB position goes on to state:

,

D. Pump Protection Requirements
.

"The design and operating procedures of any RHRS shall have
provisions to prevent damage to the RHRS due to overheating, -

cavitation or loss of adequate pump suction fluid." f

'The ' mnsistency in branch positions (one requires the autoclosure interlock
whi m 'Se other only recommends it) is seemingly confounded by the NRC's -

accepthace of the autoclosure setpoint above RHRS design pressure. Close
inspection of the BTPs indt. cates that the ACI isolation function is provided
to assure that there is a double barrier (two closed valves) between the RCS )
and the RHRS when the plant is at normr.1 operating conditions, and not to I

protect the low pressure RHRS piping from higher RCS pressure. If neither
suction / isolation valve are closed, the RHRS relief valves would preclude the
capability to pressurize the primary system above the relief valve setpoint |
during startup. RSB 5-1 Item C above clearly assigns the protection of the
RHRS from overpressurization events to the RHRS pressure relief valves. With .

'

Ithe proper function of both the RHRS suction / isolation valve ACI and the
':

0031D:1o/101089
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relief valves clearly in mind it is not difficult to see how the current ACI
setpoint can be above tho RHRS design pressure as long as the relief valves

..

* are suitably sized.

I
An April 17, 1984 NRC ICSB internal memorandum on "RHRS Interlocks for

Westinghouse Plants" (Reference 18) discussed a clarification of the design
~

basis of RHRS interlocks. Also discussed was a concern centered on the safety
implications of the failure mode of interlocks due to a loss of an instrument
bus which results in automatic closure of the RHRS suction / isolation valves
and a subsequent less of RHRS decay heat removal capability. The reference

concludes:

"In summary, the aspects of the RHRS interlocks which can result in
automatic closure of the RHRS suction valves on a loss of an instrument
bus make a negligible contribution to the design basis for which they are
provided. However, the potential for a complete loss of decay heat. ,

removal capability by the'RHRS is greatly increased by this design.
,

Therefore, it is recommended that in the interest of plant safety, action
should be taken to modify the design of RHRS interlocks for Westinghouse

'' plants such that a loss of an instrument bus will not result in a loss of
RHRS cooling."

,

An NRC internal memorandum of January, 1985 (Reference 6) ctating the RSB

position states that:

"The issue of RHRS ACI reliability is being prioritized by SPEB. In the
meantime, proposals to change the RHRS isolation valve controls should be
carefully considered, especially in light of the many overlapping
concerns."

"There is no reason, as yet, to allow or even encourage whole scale
removal of the ACI. The request by each plant should be reviewed on a

,- case-by-case basis. As a minimum, however, any proposal to remove the ACI
should be substantiated by proof that the change is a net improvement in

|1
|

|
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safety. For example, requests for removal of power or the ACI'should
'assess as a minimum, the following:

*'
.;

1. The means available to minimize Event V concerns.
,

2. The alarms to alert the operator of an improperly positioned
RHRS MOV. r

3. The RHRS relief valve capacity must be adequate.

4. Means other than the ACI to ensure both MOVs are closed (e.g.,

single switch actuating both valves).

5. Assurance that the function of the open permissive circuitry is
not affected by the propose'd change.

.

6. Assurance that MOV position indication will remain available in
'

the control room, regardless of the proposed change. '

'-

7. An assessment of the proposed change's effect on RHRS .

reliability, as well as on LTOPs concerns."
.

10CFR50.59

This paragraph of the Code of Federal Regulations allows the utility to make a
change in the facility as described in the FSAR without prior NRC approval if
the change does not involve a change in the plant's technical specifications ;

or constitute an unreviewed safety question. Otherwise, the utility must j

submit an application for license amendment pursuant to 10CFR50.90 and provide
to the Commission its analysis, using the standards in 10CFR50.92, about the j

issue of no significant hazards considerations. -|

L '

i The change "shall be deemed to involve an unreviewed safety question (i) if
*

the probability of occurrence or the consequences of an accident or

| :
|

| |

1
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1,4

malfunction of equipment important to safety previously evaluated in the ;

f)
safety analysis report may be increased; or (ii) if a possibility for an

,

accident or malfunction of a different type than any evaluated previously in*

the safety analysis report may be created; or (iii) if the margin of safety as.

defined in the basis for any technical specification is reduced."'

The " Standard Technical Specifications for Westinghouse Pressurized Water
Reactors", NUREG-0452, DRAFT Rev. 5, requires that verification of automatic.

isolation and interlock action of the RHRS from the RCS be conducted at least
'

once per 18 months in accordance with surveillance requirement 4.5.2.d.1. The

Technical Specifications for each reference plant will be reviewed in Section
8.0 of this report to determine if a similer surveillance exists. If the
technical specifications require modification, an amendment to the operating
license will be necessary per 10CFR50.90 with the accompanying 10CFR50.92

significant hazards evaluation. For those plants whose technical

specifications do not contain a similar surveillance requirement the impact of,

the removal of the ACI on 10CFR50.59 is limited to ' determining if the removal
.

constitutes an unreviewed safety question as discussed above.

The first question to be addressed is if an increase in the probability of*

occurrence or the consequences of an accident or malfunction of equipment
' ' important to safety previously evaluated in the safety analysis report occurs.

Section 9.0 of this report :oncludes that based on three areas of
probabilistic analysis: 1) the frequency of an Event V, 2) the availability of
the RHRS, and 3) the effect on overpressure transients, there is an overall
increase in safety due to removal of the autoclosure interlock. While it is
true that the frequency of the consequences of the overpressurization event

,

does increase, the increase is considerad to be insignificant and offset by
the reduction in frequency of Event V and the increase in RHRS availability.
The demonstrated improvement in RHRS availability will further reduce the
probability of the accidents for which RHRS failure during shutdown cooling is
an initiating event. Therefore, this change does not involve an increase in.

the probability or consequences of accidents previously evaluated.

!

0031o:1D/1010A9
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i

'The second question to be addressed is: Has the possibility of an accident or !

malfunction of a different type than any evaluated previously in the safety ]
*'

analysis report been created? .

Each Final Safety Analysis Report should be reviewed to determine the -

commitment to the analysis of an RHRS overpressurization accident (requested ;

in Reg. Guide 1.70, Rev.1) with reference to the RHRS interlocks. In

general, the effect of an overpressure transient at cold shutdown conditions
will not be altered by removal of the ACI. With or without removal of the
ACI, the RHRS will be subject to everpressure for which the RHR System relief
valves must be relied upon to limit pressure to within RHRS design
parameters. This follows from the fact that, while it is true that the
interlocks provide an automatic closure to the RHRS suction valves on high RCS
pressure, overpressure protection of the RHRS is provided by the RHRS relief
valves and not by the slow acting suction / isolation valves that isolate the i

RHRS from the RCS. The purpose of the interlocks is to assure that there is a
,

double barrier (two closed valves) between the RCS and the RHR System when the
*

plant is at normal operating conditions, i.e., pressurized and not in the RHRS
cooling mode. Thus, the interlock safety function is to preclude conditions
that could lead to a LOCA outside of containment due to an operator error. .

The interlock safety function is not to isolate the RHRS from the RCS when the

|
RHRS is operating in the decay heat removal mode,

*

'

|

There are several levels of defense which would assure that there is a double
barrier between the RCS and RHRS when the plant is at normal operating

|- conditions. The first level would be the plant operating procedures which
instruct the operator to isolate the kHRS during plant heatup. The second

| level would be the installation of an alarm that sounds given a " valve not
full closed" signal in conjuntion with a "RCS pressure - high" signal. The

| intent of the alarm would be to alert the operator that either of the RCS-RHRS
isolation valves is not fully closed, and that double isolation is not

| intact. The third level of defense would be revised alarm response guidelines

i and operator training. It should be noted that the open permissive interlock _

^

is not changed and it would still function to prevent opening of either RHRS

! suction / isolation valve when the RCS is above RHRS design pressure.
.

| 00310:10/101089
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The third question regarding reduction in margin of safety as defined in the
basis for any Technical Specification would or would not apply depending upon
the plant's particular technical specifications.*

.
''

10CFR50.92

The Code of Federal Regulations requires that, at the time a licensee requests
an amendment to the license, it must provide to the Commission a significant

'

hazards report using the standards of 10CFR50.92 to meet the notice for public
comment requirements of 10CFR50.91. This requirement is met by determining if
operation of the facility in accordance with the proposed amendment would not:
1) involve a significant increase in the probability or consequences of an
accident previously evaluated; or 2) create the possibility of a new or
different kind of accident from any accident previously evaluated; or 3)
involve a significant reduction in a margin of safety.

..

The first question that needs to be addressed, as defined above is: would
'

operation without the RHRS ACI involve a significant increase in the
probtbility or consequences of an accident previously evaluated? The answer

' ~ to this question is similar to the discussion presented in Section 3.2.3 in
regard to 10CFR50.59 unreviewed safety question Item (i) which responded to
the question: is there an increase in the probability of occurrence or the'*

consequences of an accident or malfunction of equipment important to safety'

previously evaluated in the safety analysis report? As stated in the previous
section, based on three areas of probabilistic analysis: 1) the frequency of
Event V, 2) the availability of RHRS, and 3) the effect on overpressure
transients, there is an overall increase in safety due to removal of the
autoclosure interlock. Therefore the deletion of the RHRS ACI does not pose a

significant hazard in the sense that it would involve a significant increase
! in the probability or consequences of an accident previously evaluated.

The second question to be addressed is: would operation without the RHRS ACI
|

create the possibility of a new or different kind of accident from any.

accident previously evaluated? The answer to this question is similar to the*

l'
*

1
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discussion presented in Section 3.2.3 in regard to 10CFR50.59 unreviewed
safety question Item (ii) which responded to the question: is the possibility

'

of an accident or malfunction of a difforent type than any evaluated -

'

previously in the safety analysis report created? As stated in the previous ,

section, each plant's Final Safety Analysis Report should be reviewed to *

,

determine the committment to the analysis of an RHRS overpressurization
accident (requested in Reg -Guide 1.70, Rev. 1) with reference to the RHRS
interlocks, in general, the effect of an overpressure transient at cold
shutdown conditions will not be altered by removal of the RHRS ACI. For

,

normal plant operating conditions, when the plant is pressurized and not in
the RHRS cooling mode, there are several levels of defense which would assure
that there is a double barrier between the RCS and RHRS. Therefore, the
deletion of the RHRS ACI does not pose a significant hazard in the sense that
it would create the possibility of a new or different kind of accident from
any accident previously evaluated.

.

The third question to be addressed is: would operation without the RHRS ACI
'

reduce the margin of safety as defined in the basis for any technical
specification? The " Standard Technical Specifications for Westinghouse
Pressurized Water Reactors", NUREG-0452, DRAFT Rev. 5, requires that -

verification of automatic isolation and interlock action of the RHRS from the
*

RCS be conducted at least once per 18 months in accordance with surveillance
requirement 4.5.2.d.1. The corresponding bases for Emergency Core Cooling

Systems (ECCS) states:

I"The Surveillance Requirements provided to ensure OPERABILITY of each

component ensures that at a minimura, the assumptions used in the safety
analysis are met and that the subsystem OPERABILITY is maintained."

"The OPERABILITY of two independent ECCS subsystems ensures that I

sufficient emergency core cooling capability will be available in the
event of a LOCA assuming the loss of one subsystem through the single |
failure consideration." i

1.

. ,

0031D:1D/101089
3-16

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



i 1

WESTINGHOUSE PROPRIETARY CLASS 3'

No mention is specifically made in the technical specification bases
.

concerning the RHRS ACI. However, the conclusion can be made that, since the'

~
probabilistic analysis in Section 9.0 indicates an increase in RHRS"

availability due to the RHRS ACI removal, the margin of safety has actually,

*
increased.

Fire Protection: 10CFR50.48 and Appendix R
,

10CFR50.48 states that nuclear power plants licensed to operate after January
1, 1979, shall complete all fire protection modifications needed to satisfy
Criterion 3 of Appendix A to 10CFR50 in accordance with the provisions of

their licenses. Appendix R of 10CFR50 governs the fire protection program for
nuclear power facilities operating prior to January 1, 1979. Appendix R
states: "When considering the effects of fire, those systems associated with
achieving and maintaining safe shutdown conditions assume major importance to
safety because damage to them can lead to core damage resultino from loss of

,

coolant through boiloff." Since the RHR System is associated with achieving
'

and maintaining safe shutdown conditions, any change to the system has
possible impact on the fire protection requirements of Appendix R. In

particular, Appendix R requires under Part 11, General Requirements,~"

subsection B " Fire Hazards Analysis", that a fire hazards analysis be
performed to, among other things, determine the consequences of fire in any

'

location in the plant on the ability to safely shut down the reactor or on the
ability to minimize and control the release of radioactivity to the
environment.

Since the deletion of the RHRS ACI is in part based on a probabilistic risk
analysis which justifies the removal based on a criterion of increased
availability and reliability, this change is not expected to adversely impact'

the lead plants current Appendix R. Fire Protection Safety Analysis Reports.
Of course, changes made as part of the autoclosure interlock deletion must be
reviewed by each lead plant and must be made in accordance with the Appendix R |
requirements that apply to the provisions of their particular license, such as.

1
.

train separation, fire barriers, fire hazards analysis, etc. |

.: j

|

|
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TABLE 3-1

AEC. INSPIRED MODIFICATIONS TO RHRS SUCTION VALVING

Original Design Required Modifications Plants Affected

1. Group I

a. Two valves in series in the a. Maintain items la and Ib and 2 Loop Plants

single suction line: add additional features:
Kewaunee

(1) One valve adjacent to RCS (1) A second wide range pressure Prairie Island 1 & 2
was interlocked with a pressure channel was added to provide

control signal derived from a pressure control signal to 3 Loop Plants

a pressure transmitter to interlock the valve located
prevent its opening whenever adjacent to the RHRS. This North Anna 1 & 2

the system pressure is greater is used to prevent its opening Beaver Valley 1

than about 425 psig. whenever the system pressure is

greater than about 425 psig. 4 Loop Plants

(2) One valve adjacent to RHR5 This second pressure transmitter Zion 1 & 2'

was administrative 1y locked is connected by a separate D. C. Cook 1 & 2

closed by locking off the connection into the RHR suction Salem 1 & 2

motor controlled power supply. line inside the containment. Diablo Canyon 1 & 2

Therefore, the suction line Trojan

3-18e031D:1D/101089
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TABLE 3-1 (continued)

AEC INSPIRED MODIFICATIONS TO RHRS SUCTION VALVING

Original Design Required Modifications Plants Affected'

b. One pressure transmitter was provided contains two separate connections, Sequoyah 1 & 2

to provide control signal for valve one for each pressure transmitter. Watts Bar 1 & 2

1.a (1) above. The pressure trans- McGuire 1 & 2

mitter was taken off the reactor (2) Added control circuitry to auto-
coolant loop which contained the RHR matically close both suction line
suction line. The pressure trans- valves if they haven't been manu-

mitter was connected into the suction ally closed by the time the reactor

line inside the containment. coolant pressure reaches 600 psig.'

2. Group II

a. Two valves in series in each of two a. A control signal from one of the two 2 Loop Plants

separate suction lines: pressure channels is used to inter-
lock the opening of the two suction Future Plants

,

(1) In each line one valve adjacent line valves adjacent to the RCS and a

to RCS was interlocked with a control _ signal from the other pressure 3 Loop Plants

pressure control signal derived channel is used to interlock the
from the pressure transmitter opening of the two suction line valves Farley 1 & 2

: in its associated line to adjacent to the RHRS. Virgil Summer

3-19003:o:10/i0:0s9
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TABLE 3-1 (continued)

AEC INSPIRED MODIFICATIONS TO RHRS SUCTION VALVING

Original Design Required Modifications Plants Affected

prevent its opening whenever Shearon Harris, 1,2,3,4

the system pressure is greater b. Added control circuitry to automatically Future Plants

than about 425 psig. close both valves in each suction line
if they haven't been manually closed 4 Loop Plants

(2) One valve in each line adjacent by the time the reactor coolant pres-
to RHRS was administrative 1y sure reaches 600 psig. Byron 1 & 2

locked closed by locking off the Vogtle 1 & 2

motor controller power supply. Millstone 3
Future Plants

b. Each of the two separate suction lines
had one pressure transmitter which
provided a control signal for its re-
spective valve 2.a.(1) above. Each
suction line was taken off a different
reactor coolant loop. The pressure
transmitter was connected into its re-
spective suction line inside the con-
tainment.

3-200031D 10/101089
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TABLE 3-1 (continued)

AEC INSPIRED MODIFICATIONS TO RHRS SUCTION VALVING

Original Design Required Modifications Plants Affected

3. Group III

Same as Group 1 No change 2 Loop Plants

Point Beach 1 & 2

3 Loop Plants

Sorry 1 & 2
Turkey Point 4

4 Loop Plants

,

Indian Point 2-

:

Source: Westinghouse letter, R. I. Hayford, Subject: Control Features Required for Critical Function Motor
Operated Valves, E-EPS-737, May 10, 1972.

3-210031D:1D/101089
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Figure 3-1. ANSI /ANS-56.3-1977 METHODS OF OVERPRESSURE PROTECTION.
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4.0 WOG PLANT CATEGORIZATION

'^ In order to facilitate the application of the analyses and the results to each*

plant in the Westinghouse Owner's Group (WOG), the WOG plants were categorized.

based on certain characteristics that required distinction in order to assure*

that each plant would be fairly well represented by the analyses performed. -

Information from the Final Safety Analysis Reports (FSARs), Precautions,
Limitations and Setpoints (PLSs), Technical Specifications, and other sources
was collected for each plant and then the plants were categorized based on RHR
System characteris' tics. The following sections describe the criteria used to
categorize the WOG plants, the groupings that were established, and the lead'

,

plants selected for each group.
.

4.1 Criteria

The WOG plants were categorized based on criteria which would distinguish the
,

plants. The grouping was based mainly on RHR System design. Operating

practices at the plants were not utilized in the determination of the*

groupings. The plants were categorized into four groups based on the
following characteristics: 1) number of RCS loops, 2) number of RHR hot leg-

suction lines, 3) RHR suction valve arrangement, and 4) RHR System design.
The general criteria used to group the plants are discussed below:''

1. Number of RCS loops - The plants were first categorized based on
whether it was a two-loop, three-loop, or four-loop plant design.
Plant response characteristics and design characteristics are usually
grouped based on the number of RCS loops. This distinction was also
made because the number of RHR inlet and outlet paths from and to the

RCS are generally dependent on the number of loops available for
suction and injection. Also, the success criteria used in the

fprobabilistic portion of the analyses is dependent on the number of
injection paths available.

*

:

0031o:1o/101089
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2. Number of RHR Inlet Lines - This criterion is utilized to determine ;
'

'

y how many RCS hot leg suction paths to the RHR System are available.
Some plants have one suction line while other plants have two ';.

separate suction lines while still another plant has' three RHR inlet
lines. This criterion impacts the reliability of the RHR System and ' . -

the interfacing systems LOCA frequency.

3. RHR Suction Valve Arrangement - The WOG plants were distinguished
based on the number of valves in each suction line and the ranges of
'autoclosure setpoints and open permissive setpoints.

4. RHR System Design.- This criterion was the driving force in the
categorization of the WOG plants. This criterion encompassed the
above criteria and also provided information on train separation, the
presence of crossties, the ability of the RHR System to be ,

reconfigured given failure of a component in one train, the location
'

of the CVCS letdown path (used to control the RCS pressure during
cold shutdown), and the number and location of the RHR relief valves. -

,

Information with regard to the above criterie was gathered for each WOG plant .

from available FSARs, PLSs, and other internal Westinghouse information.
Table 4-1 shows the information collected for each plant involved in the -

program. The plants were then grouped based on these criteria as described in
the following section.

!

' 4.2 Final Grouping
;

| Of the 55 plants represented by the membership of the WOG Technical
Specification Subcomaittee, 43 of the plants have the RHRS autoclosure ]

interlock feature and 12 plants do not have the RHRS autoclosure interlock
feature. Eight plants chose not to participate in the program. The 43 plants
having the ACI and participating in the program were categorized into four
groups. A description of the distinguishing characteristics of each group and

,

a list of the plants in each group is presented below. * '

|8

|
*

|
i

|
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Group 1
i

This group cor,sists of four loop plants which have one RHRS suction line from*

the RCS with a single RHR relief valve located between the RHRS.
* suction / isolation valves and the RHR pumps on the common drop line. The

'

common drop line has both an inner and outer suction / isolation valve.
Additionally, all the plants in this group have a cross-tie line connecting

*

the two RHRS trains at a point between the RHR pump and the RHR heat

exchanger. The cross-tie is significant since with this arrangement each RHR
pump can feed either RHR heat exchanger for long term core cooling. Figure -

4-1 shows the general RHRS design for Group 1. -

The lead Plant for Group 1 is Salem Unit 1. A detailed description of the
Salem Unit 1 RHRS is presented in Section 5.1 of this report. The plants in
this group are:

; D.C. Cook Unit 1 Sequoyah Unit 1
*

D.C. Cook Unit 2 Sequoyah Unit 2

Indian Point Unit 3 Watts Bar Unit 1

NcGuire Unit 1 Watts Bar Unit 2*

NcGuire Unit 2 Zion Unit 1
L' Salem Unit 1 Zion Unit 2

Salem Unit 2

Group 2

This group consists of four loop plants which have a separate RHRS suction
line from the RCS for each RHR train with one RHR relief valve located between
the RHRS suction / isolation valves and the RHR pump on each train. Each drop

line has both an inner and outer RHRS suction / isolation valve. The plants in

this group do not have a cross-tie line connecting the RHRS trains at a point
between the RHR pump and the RHR heat exchanger. The lack of this cross-tie
is significant since with this arrangement each RHR pump can only feed its own.

,

- RHR heat exchanger for long term core cooling. Figure 4-2 shows the general*

RHRS design for Group 2.,

L.

|
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The South Texas Units differ from the other units in this group in that each'

of the South Texas Units has three independent trains of RHRS while the other
*

plants in this, group only have two. Millstone Unit 3 is similar to the other .

units except that it has added a third RHRS suction / isolation valve in each
!-drop line. The third suction / isolation valve is not interlocked. Trojan Unit

1 differs from the other units in this group in the sense that it does not
,

have multiple drop lines. These differences would be addressed in plant
specific analysis should one of these plants reference this report. The ,

general Group 2 results would be applicable to all plants in this group.
|

The lead plant for this group is Callaway Unit 1. A detailed description of
the Callaway Unit 1 RHRS is presented in Section 5.2 of this report.

The plants in this group are:

Braidwood Unit 1 Seabrook Unit 1 <

,

Braidwood Unit 2 Vogtle Unit 1
Byron Unit i Vogtle Unit 2 *

Byron ~ Unit 2 Wolf Creek Unit 1
Callaway Unit 1 Millstone Unit 3 .

Catawba. Unit 1 South Texas Unit 1
!

Catawba Unit 2 South Texas Unit 2 -

Comanche Peak Unit 1 Comanche Peak Unit 2 ;

, Trojan Unit 1 |

|

| Group 3

I

Group 3 consists of both two and three loop plants and, with the exception of
,

the Prairie Island Units, the plants selected in this group all have a single

| RHRS suction line from the RCS with one or more RHR relief valve located ;

between the RHRS suction / isolation valves and the RHR pumps or at the
i discharge side of the RHRS heat exchanger. The Prairie Island plants have two

|- drop lines that are headereci together. Each drop line has both an inner and ,

*'outer RHRS suction / isolation valve. All the piants in this group have a|

! cross-tie line connecting the two RHRS trains at a point between the RHR pump
I : i
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and the RHR heat exchanger. The cross-tie is significant since with this .

arrangement each RHR pump can feed either RHR heat exchanger for'long term 1
3

. core cooling. Figure 4-3 shows the general RHRS design for Group 3.'*

The lead plant for this group is North Anna Unit 1. A detailed description of
the. North Anna Unit l'RHRS is presented in Section 5.3 of this report.

The plants in this group are:

H.B. Robinson Unit 2 Prairie Island' Unit 1
Turkey Point 3 Prairie Island Unit 2
Turkey Point 4 North Anna Unit 1
Beaver Valley Unit l' North Anna Unit 2

Group 4
.

.

Group 4 consists of three loop plants which have either-one or.two separate
*

RHRS suction lines from the RCS with one RHR relief valve located between the -

RHRS suction / isolation valves and each RHR pump. Each drop line has both an

inner and outer RHPS suction / isolation nive. The plants in this group do not*
<

'
have a cross-tie line connecting the two RHRS trains at a point between the

'

RHR pump and the RHR heat exchanger. The lack of this cross-tie is
significant since with this arrangement each RHR pump can only feed its own

,

RHR heat exchanger for long term core cooling. Figure 4-4 shows the general

RHRS design for Group 4.

The lead plant for this group is Shearon Harris Unit 1. A detailed
description of the Shearon Harris Unit 1 RHRS is presented in Section 5.4 of
this report.

The plants in this group are:

y Farley Unit 1 Beaver Valley Unit 2

Farley Unit 2 V.C. Summer Unit 1

Shearon '|arris Unit 1r;

0031o:1o/101089
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Plants Participating in the Program Without.Autoclosure Interlock4

,

.

a

The following four plants representing utilities supporting this. report have .|
*

indicated that they do not have an RHRS autoclosure interlock feature. j
_

if

Yankee Rowe j
,

Connecticut Yankee
Surry Unit 1 |
Surry Unit.2

YANKEE R0WE .:
The Yankee Rowe FSAR states that the unit has four motor operated isoletion

valves inside the vapor container which are key. locked closed while the ;

shutdown cooling system is not in use. The valves have no automatic interlock
[' or actuation features. ''

,

CONNECTICUT YANKEE ''l

The Connecticut Yankse FSAR states that the unit has remotely operated double j
velving to isolate the RHRS inlet and outlet piping from the RCS. All four of

'

isolation valves have an open permissive interlock which prevents them from .

being opened when the RCS pressure exceeds RHRS design pressure. Key control ,

switches provide administrative control against improper operation of the -
,

ioutboard set of valves,

.

SURRY UNITS 1 AND 2 |
I-'The Surry updated FSAR indicates that the units have remotely operated double

valving to isolate the RHR$ inlet piping from the RCS. The isolation valves ;

have an open permissive interlock which prevents it from being opened when the .

RCS pressure exceeds RHRS design pressure. The FSAR states that the entire .

RHRS is located inside of the containment, with the exception of the line
penetrating the containment that connects to the RWST.'

:

'

.

,

*
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Plants Not Participating In The Program

'

The following eight plants representing Utilities not supporting this report'

have indicated that they do not have an RHRS autoclosure interlock feature.,

!Ginna Unit 1 San Onofre Unit 1

Indian Point Unit 2 Kewaunee Unit 1 ,

Point Beach Unit 1 Point Beach Unit 2 :

Diablo Canyon Unit 1 Diablo Canyon Unit 2

,

r

'

e

+ i

e

I
.

|

1
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GROUPING LINES PARAMEllRS ISOLAll0N DPIN SElPOINI $[lPOINillLOWit

VALVI5 S[1POINI
.

I CC C00K 1 4 i UL 100P 21 400 PSIG 350 F 2 MOVS 369 PSIG $26 PSIG 450 PSIG 900 d

1 I,C CDOK 2 4 i Dil LOOP 21 400 PSIG 350 F 2 MOVS 369 PSIG 700FSIG 450PSIG900Q

l INDIAN FI 3 4 i (HL LOOP 2) 400 PSIG 350 F 2 MOVS 450 PSIC 600 PSIG 450 PSIG 400 Q

l 710N 1 4 | Otl LOOP 41 425 PSIG 350 F 2 MOVS 825PSIG 600 PSIG 450PSIG900q

l 710N 2 4 I Ull LOOP () 425 l'SIG 350 F 2 MOVS 425 PSIG 600 PSIG 450 PSIG 900 E

I MCGUlRE 1 4 i Ott LOOP 31 425 PSIG 350 F 2 MOVS 3G5 PSIG 555 PSIG 450PSIG900d

i MCGulRE 2 4 1 DL LOOP 31 425 PSIG 350 F 2 MOVS 385 FSIG 555 PSIG 450 PSIG 900 d

1 SALIM 1 4 i Ull LOOP 11 350 PSIG 350 F 2 MOVS 390PSIG 570 PSIG 375PStGB40$

1 SALEM 2 4 i OL LOOP 11 350 PSIG 350 F 2 MOVS 390 PSIG 570 PSIG 375PSIGB40q

| EEDUDYAH I 4 1 Ull LOOP 41 425 f>SIG 350 F 2 MOVS 300PSIG 700l'SIG 450 PSIG 900 6

i SEQUDYAH 2 4 i HL LOOP 41 425PSIG350F 2 MOVS 380 PSIG 700 PSIG 450 PSIG 900 I

| HTIS CAR I 4 I (HL LOOP 41 400 l'SIG 350 F 2 MOVS 380 PSIG 750 PSIG 450 PSIG 900 (q

I . WAl1$ BAR 2 4 i OL LOOP 41 400 PSIG 350 F 2 MOVS 425 PSIG 150PSIG 450 PSIG 900 $
.

.

*

N

2 ERAltWOOD 1 4 2 (til LOOPS IL31400 PSIG 350 F 2 MOVS 400 PSIG 700 PSIG 450 P-475 GNI

2 6AAIIWDD0 2 4 2 (HL LOOFS IL41400 PSIG 350 F 2 MOVS 400 PSIG 700 PSIG 450 P-475 GPM
-

2 EYRON 1 4 2 UL LOOPS 113) 400 PSIC 350 F 2 MOVS 400 PSIG 700 PSIG 450 P-475 GPM

2 SYRDW 2 4 2 Ull LOOPS IL31 400 PSIG 350 F 2 MOVS 400 PSIG 700 PS10 450 P-475 Grr

2 CAllAWAY 4 2 HL LOGPS |LO 425 PSIG 350 F 2 MOVS 425 PSIG 750 PSIG 450 P-475 GPH

2 CATAWBA I 4 2 Ull LOOPS 0101 305 PflG 350 F 2 MOVS 385PSIG 600 PSiG 450 PSIG 900

2 CAIAiGA 2 4 2 OL LOOPS 0101 305 PSIG 350 F 2 MOVS 305 PSIG 600 PSIG 450 PSIG 900

2 CDMANCHE PEAK 1 4 2 U(L LDCPS Inti 425 PSIG 350 F 2 P.0VS 425 PSIC 750 PSIG 450 PSIG 900

2 CDMARCHE PEAK 2 4 2 UL LOOPS ILO 425 PSIG 350 F 2 MOVS 425 PSIG 750 PSIG 450 PSIG 900

2 SEASROLK 1 4 2 Utl LOOPS IL41365 PSIG 350 F 2 MOVS 365 PSIG 660 l'510 459 PSIG 900

2 V0 GILE I ( 2 UL LOOPS 114) 400 PSIG 350 F 2 MOVS 425 PSIG 750 PSIG 450 PSIG 900

2 V0 GILE 2 4 2 (HL LOOPS 114) 400 PSIG 350 F 2 MOVS 425 PSIG 750 PSIG 450 PSIG 900

2 VOLF CREEK 4 2 Hit LOOPS !L41425 PS16 350 F 2 MOVS 425 PSIG 750 PSIG 450 P-415 GPN

; _

f ~ * eSI' S

, _



|>

CABLE 4-1 VCSTIl4GHOUSC PROPRICTARY CLASS 3
WDRMAT10N DN VDG
ES IN PROGRAM

,

RHR SYSffM K SIGN
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2PORYS

3 PORVS .
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2 PORVS

I
-

*ll 2 PORVS
B ,,

g!'' LLJJt 2 PORVS .

.

373 r/675 G2 PORYS -{*
|375I/67562PORVS

%

375 F/675 62 PORVS- -{*
375 r/675 62 PORVS %

|373 f/710 62 PORVS & RHR REll[F
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2 PORYS..
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RHR PLANI NO. LOOPS I RHR INL(I- RilR OPIRAllNG EllR PREVENT Aul0Ct0SE RilR RtLIEF VAld

-. . GROUP!Ng (INES PARAMEi[RS ISOL All0N DPIN SEl'0INI $[IP0lN1/fl0WilAl

VAlttS $[lP0ltli<

,

..

I
*

.

2 alLLS10NE 3 4 2 (HL LOOPS IL4) 375 PSIG 350 f 2 MOVS/2iNI373 PSIG 150PSIG 450 PSIG 800 GPfl

2 SOUTH IIIAS I 4 3 (lit LOOP 1.2.31350 PSIG 350 F 2 MOVS 350 PSIG 700 PSIG 600 PSIG 810 GIk
2 SOUTH IflAS 2 4 3 (HL LOOP 1,2,31350 FSIG 350 F 2 MOVS 350 PSIG 700 PSIG 600 l'SIG 810 GTM

l

2 1ROJAN 4 I (it LOOP 41 400 PSIG 350 f 2 MOVS 425 PSIG 600 PSlu 450 PSIG 900 GPT

.

.

3 EEAVER VALLEY I 3 I Ull LOOP 11 400-450 P 350 I 2 MOVS 425 PSIG 600 PSIG 600 PSIG 1133 6

.-
G

3 HB ROBINSON 2 3 1 HL LOOP 21 450 PSIG 350 I 2 MOVS 465 PSIG 465 PSIG 600 PSIG 500 GPM

3 IUKEEY POINI 3 3 1 (IL LOOP Al 450 PSIG 350 P 2 MOVS 465 PSIG 465 PSIG 600 PSIG $00 GPn

3 TURKEY POINI 4 3 1 Ott LOOP Al 450 PSIG 350 f 2 MOVS 465 PSIG 465 PSIG 600 PSIG 500 Gl'n

3 NORTH ANNA i 3 I OL LOOP ll 450 l'SIG 350 F 2 MOYS 410 PSIG $D2 PSIG 467 PSIG 900 GPT

3 NDRIH ANNA 2 3 1 till LOOP 15 450 e'SIG 350 F 2 MOVS 418 PSIG $82 PSIG 467PSIG900GPG

,

3 PRAIRIE ISLAND 1 2 2 UL LOOP 16 21425 l'SIG 350 F 2 MOVS 425 PSIG 600 PSIG 500 PSIG 607 GPE

3 l'RAIRIE ISLAND 2 2 2 IHL LOOP 16 21425 PSIG 350 F 2 MDVS 425 PSIG 600 PSIG $00 PSIG 607 GPI

:
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RilR PLANT NO. LOOPS I BitR IHtEl RHR OPIRAllNG RHR PREVENI Aul0Cl0SE RilR Rftlif VALY

GROUPING TINES PARAMEIEkS ISOLAll0N OffN SilPOINI StiP0lNT/FLOWRN*

VALVES S[lPOINI

.

4 l>[ AVER VALLEY 2 3 1 (2) til 100P 11400 PSIG 350 F 2 MOVS 360 PSIG 700 PSIG 450 PSIG 900

4 FARLEY l 3 2 (HL LDDP IL31 425 PSIG 350 F 2 HOVS 402 PSIG 700 PSIG 450 PSIG 475

4 TARLEY 2 3 2 UL LOOP IL3) 425 PSIG 350 F 2 MOVS 402 PSIG 700 PSIG 450 PSIG 475 h

4 SHEARONllARRis 3 2 (It LOOP 113) 425 PSIG 350 F 2 MOVS 363PSIG 700 PSIG 450 PSIG 900

4 V C SllMER 3 2 tit LOOP 1431 425 PSIG 350 F 2 NOVS 425 PSIG 700 PSIG 450 PSIG 900 '
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WESTINGHOUSE PROPRIETARY CLASS 3 (
i

5.0 LEAD PLANT DESCRIPTIONS [
i
;

'l i
j lhe following sections provide a general description of each lead plant

and describe in detail each lead plant's RHRS. Included in the RHRS ;
,

description is a discussion of the RHR System operation during the f
*

various reactor operating modes from refueling through cold shutdown and j
power operation. A detailed description of the major RHRS components is

; provided along with the plant specific setpoints and normal valve {
positions. Valve identification includes both the plant specific tag

'

number and the Westinghouse valve number. In addition, a description of f
each lead plant's current interlocks is presented along with a detaile.
discussion of the RHRS suction / isolation valve description down to the ;

relay level. The intent of this section is to provide sufficient detail
to support the probabilistic analysis presented in Section 7 of this |

!report.

.

5.1 Salem Unit 1 !
'

,

i

The following sections provide a description of the Group 1 lead plant. |
t

Salem Unit 1. |
*

:

* 5.1.1 General Description -

Salem Units 1 & 2 are essentially identical Westinghouse PWRs. The unit .

was granted a full power operating license on June 4, 1977. The NJclear ;
'

Steam Supply System (NSSS) consists of a 3411 MWt core with four (4)
reactor coolant loops. Each loop contains a Westinghouse Model 51

improved steam generator and a Westinghouse Model 93A reactor coolant !

pump.

!

The containment is a reinforced concrete structure with a cylindrical ;

wall, a hemispherical dome, and a flat foundation slab. The inside
surface of the structure is lined with carbon steel plates welded,

together to 'orm a barrier which is essentially leak tight. |

;

8 i

oono.tonotoss

,
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WESTINGHOUSE PROPRIETARY CLASS 3

The power conversion system consists of a Westinghouse tandem-compound j
turbine having one high pressure and three low pressure elements. Design i

output is 1090 MWe (net), and steam dump to the condenser is rated at *;.

40 percent full load. Four main steam lines carry steam from the top of i
*

the steam generators, through four main steam isolation valves (one in !.

each line), to the turbino stop valves at the inlet to the turbine j

generator. Each main steam line is also equipped with five code safety
valves and one power-operated relief valve. ;

Emergency Core Cooling System (ECCS) components include 4 cold leg
*

accumulators, 2 centrifugal charging pumps (CHG/HHS!), 2 safety injection |
pumps, 2 residual heat removal pumps (RHR/LHSI) and associated valves and -

piping. Three redundant onsite emergency diesels assure electric power !
'

supply to vital equipment. The borated refueling water storage facility
consists of a large outside storage tank (RWST) which is the suction {
source for the ECCS pumps during the injection phase.

*;

5.1.2 Residual Heat Removal System - i'

,

Function 6.

The primary function of the Residual Heat Removal System (RHRS) is to -

remove decay heat from the core and Reactor Coolant System (RCS) during !

plant cooldown and refueling operations. The RHR$ transfers heat from j

the RCS to the Conponent Cooling Water System (CCWS) to reduce reactor i

coolant temperature to the cold shutdown temperature. The cold shutdown

temperature is maintained until the plant is started up again. I

The RHRS also serves as part of the Safety injection System (SIS) to !

provide Low Head Safety Injection (LHSI) emergency core cooling in the ;
event of a break in either the RCS or steam system. Also, since the
conteinment spray pumps do not take suction from the containment sump, ,

the RHR/LHS! pumps continue containment spray during the post-accident
'

recirculation phase, if required. As a secondary function, the RHRS is -

used to transfer refueling water between the Refueling Water Storage Tank ,

*(RWST) and the refueling cavity before and after refueling operations.

oono to/101oes

--
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|

Overview

% A basic flow diagram of the RHRS is shown in Figure 5-1. The RHRS

consists of two separate RHR trains of equal capacity, each independently
;,

capable of meeting the safety analysis design bases. Each train consists :*

of one heat oxchanger, one motor-driven pump and the associated piping,
valves and instrumentation necessary for operational control. The inlet !

line to each train of the RHRS is connected to a common letdown line from t

the hot leg of reactor coolant loop 1, while the return lines are :

connected to the cold legs of all four reactor coolant loops via the $15 ;
I

accumulator discharge lines (downstream of the cross-connect, train A
discharges to loops 1 and 3, and train B discharges to loops 2 and 4). i

The RHR$ is normally isolated from the RCS by two, series,
motor-operated, suction / isolation valves in the single letdown line
connecting the low pressure RHR$ to the high pressure RCS. The RHR$

,

discharge lines are isolated from the RCS by two check valves in series
for each line. The RHRS suction / isolation valves, the inlet line'

pressure relief valve, the return lines to the RCS cold legs downstream
of valves 11SJ49/12SJ49 (8809A/B) and the hot leg injection lines from-

valves 1RH25 (8708) and IRH26 (8703) are located inside containment while
the remainder of the system is located outside containment.*

During normal RHR System operations, reactor coolant flows from RCS hot !

leg 1 to the RHR pumps, through the tube side of the RHR heat exchangers
and back to the RCS cold legs through the safety injection accumulator

'

discharge lines. The reactor coolant heat is transferred by the RHR heat

exchangers to the component cooling water which circulates through the
shell side of the RHR heat exchangers.

Coincident with RHRS normal cooldown operations, a portion of the reactor ,

coolant flow may be diverted from downstream of the RHR heat exchangers
to the Chemical and Volume Control System (CVCS) low pressure letdown

,

line for cleanup and/or pressure control. By regulating the diverted*

flowrate and the charging flow, the RCS pressure can be controlled during
,

0032D:10/101089
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:

water solid plant operations. Pressure regulation is necessary to [
maintain the pressure range dictated by the reactor vessel fracture |

prevention criteria requirements and by the RCF No. 1 seal differential | [
.

pressure and NPSH requirements. !
,

<

,

| The RCS cooldown rate is manually controlled by regulating both the
reactor coolant flow through the tube side of the RHR heat exchangers and [
the reactor coolant flow bypassing the heat exchangers. Instrumentation

is provided to monitor system pressure, temperature and total flow. [
|

-

I

System Operation i
i

A discussion of RHRS operation during various reactor operating modes |
follows: [

I

Reactor Startup
,

Generally, during cold shutdown, the RHRS operates to remove residual -

heat from the reactor core. The number of pumps and heat exchangers in

service depends on the RHRS heat load at the time. At initiation of I.

!plant startup, the RCS is completely filled (water-solid), and the
pressurizer heaters are energized. At least one RHR pump is operating |

-

'

with a portion of its discharge directed to the CVCS for purification
and/or pressure control via a line that is connected to a cross-connect ;

header downstream of the RHR heat exchanger. Once a steam bubble is

formed in the pressurizer, the RHRS is isolated, and RCS pressure /
inventory control are provided by the pressurizer spray, pressurizer j

heaters, normal letdown and charging systems. ;

Power Generation and Hot Standby Operation

.

The RHRS is not used during hot standby or power operations when the RCS
is at normal pressure and temperature. Under these conditions, the RHR$
is aligned for operation as part of the ECCS. Upon initiation of a
safety injection signal ("S" signal), the RHR pumps take suction from the j

.

!
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,

RWST and inject borated water into the reactor vessel via the Safety
,

Injection System accumulator cold leg injection headers. When the water
S in the RWST is depleted, the RHR pumps are manually aligned to take

suction from the containment recirculation sump. The RHR heat exchangers ;
,

then cool the sump fluid being recirculated by the RHR pumps and deliver |
*

the cooled water to the reactor vessel cold legs. Hot leg recirculation
'

is initiated approximately 22.5 hours after the accident following ECCS'

initiation. The flow path for this condition consists of both RHR pumps :

taking suction from the recirculation sump, with one pump discharging
through its discharge cross connect valve and common discharge valve to j
the RCS het legs 3 and 4. The RHR pumps (being the only ECCS pumps which

take suction directly from the sump) also feed the suctions of the safety :

injection pumps and the CHG/HHS! pumps and continue containment spray (if j
!required) during the post-accident recirculation phase.
!
:

Reactor Shutoown ;
,

,

With the RCS borated to the cold shutdown concentration (approximately '*

2000 ppm), the initial phase of reactor cooldown is accomplished by *

transferring heat from the RCS to the Steam and Power Conversion System'

(SPCS) through the use of the RCS steam generators and the SFCS steam ,

dump valves or the SPCS atmospheric power-operated relief valves. When*

the reactor coolant nominal temperature and pressure are reduced to 350*F
'

and less than 360 psig, approximately 4 hours after reacter shutdown, the
second phase of cooldown starts with the RHRS being placed in operation. i

.

I

The reactor cooldown rate is limited by RCS equipment cooling rates based
on allowable stress limits, as well as the operating temperature limits -

of the Component Cooling Water System (CCWS). As the reactor coolant
temperature decreases, the reactor coolant flow through the RHR heat
exchangers is increased to maintain a constant cooldown rate.

.

As cooldown continues, the pressurizer is filled with water and the RCS ,

.
*

i is operated in the water-solid condition. At this stage, pressure is

| controlled by regulating the charging flow rate and the letdown rate to
, ...

I
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the CVCS from the RHRS. After the Reactor Coolant System is

depressurized, cooled to 1140*F, and purged to reduce dissolved
~

hydrogen concentration to a safe level, the reactor vessel head may be
-

removed for refueling or maintenance. ,

Refuelingi

One RHR pump is utilized during refueling to transfer borated water from
the RWST to the refueling cavity. During this operation, the isolation
valves in the inlet line of the RHR$ are closed, and the ioolation valves
from the refueling water storage tank are opened. After the water level
in the refueling cavity reaches normal refueling level, the inlet
isolation valves are opened, the RWST supply valves are closed, and
normal RHRS operation resumes.

During refueling, the RHRS remains in service with the number of pumps ,

and heat exchar.gers in oport. tion as required by the heat lot,d and plant
'

technical specifications. Additicnally, a prtion of the RHRS flow is
? directed u the CVCS for purification and eventw1 return to the R05 via i

!*
the charging system.

Following refueling, an RHk pumo drains the refueling cavity to the top f
'

of the reactor vessel flangd by pumping water from the RCS to the RWST. i

!
,

Component Description, >

This section describes the major components of the RHR System. .

i

"
RHR Pumps

Two pumps are installed in the RHR System. The pumps are sized to
deliver sufficient reactor coolant flow through thr RHR heat exchangers I
to meet the plant cooldown requirements. The use of two pumps ensures i.

|.

that cooling capacity is only partially lost should one pump become
inoperable. .

I
l

4
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The RHR pumps are protected from overheating and loss of suction flow by
miniflow bypass lines, located on the heat exchanger outlet, that diverts

A part of the flow back to the pump suction. A control valve located in
each miniflow line is regulated by a signal from the flor transmitters

,

located in each pump discharge header. The control valves open to divert*

flow back to the pump suction when the discharge flow is less than 500
gpm and close when it exceeds 1000 gpm. This arrangement ensures that
the RHR pump does not overheat or vibrate when the discharge line is
closed or when the RCS pressure exceeds the pump shutoff head.

A pressure transmitter in each pump discharge header provides pressure
indication with a high pressure alarm in the main control room.

.

The two RHR pumps are vertical, centrifugal units with mechanical shaft ,

seals. All pump surfaces in contact with reactor coolant are austenitic
stainless steel or equivalent corrosion resistant material.

,

}* RHR H0at Exchangers

:

Two RHR heat exenansers are instelled in the RhRS. The heat exchangar*

design is based on heat load and temperature differences tetween reactor j
* coolant and co:nponent cooling water existing 20 hours af ter reactor

r,hutdown when the temperature difference between the two systems is ,

small. The insta'.lation of two heat exchangers ensures that the heat i

removal capacity of the system is only partially lost if one heat
exchanger becomes inoperative. The heat exchangers are of the shell and
U-tube type. Reactor coolant circulates through the tubes, while
component cooling water circulates through the shell. The tubes are -

welded to the tubesheet to prevent leakage of reactor coolant. ,

RHRS Valves *

The following sections describe the Salem Unit 1 RHRS valves. To,

* facilitate other plants in this grouping referencing this discussion,
corresponding Westinghouse valve 1.D. numbers are provided in parentheses.

y

Oc32o.1o/101089
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t

i' |

Inlet Isolation Yalves 1RH-1 (8702) and 1RH-2 (8701)

I These valves are motor-operated, gate valves which are normally-closed ;

except when the RHRS is in operation. Both valves are provided with a
manual control (open/ closed) on the main control board and will fail in ; i

the "as-is' position.

Valve IRH-1 (8702) is interlocked with RCS pressure transmitter PT-403 :

and valve IRH-2 (8701) is interlocked with PT-405. These interlocks

prevent the inadvertent opening of th'e valves when RCS pressure is above
360 psig. The valvos also close automatically when RCS pressure is t

higher than 580 psig. A more detailed description of the interlocks is i

provided in Section 5.1.3.
:

Pump Suction Isolation Valves 11RH-4 (8700A) and 12RH-4 (8700B)

*

These valves are motor-operatsJ. gata valves which are normally-open

[except when the RHRS is usM as part of the SIS during the recireviation -

phase following c LOCA. An interlock is provided between valve 11RH-4

(8700A) and its associated RHR pump suction line to containment cump i,

isoir. tion velse 11SJ44 (8982A) to prevent opening of the pump section
valve without clesing the i, ump line. 12RH-4 (8700B) is similarly ;

-

interlocked with 12SJ44 (89828).
.

Heat Exchanger Flow Control Valves 11RH-18 (HCV-630) and 12RH-19 OfCV-640)
i

The reactor coolant flow rate through the RHR heat exchangers is adjusted
by air-operated, butterfly, discharge valves 11RH-18 (HCV-638) and .

12RH-18 (HCV-640). Positioning of these valves from the control room ,

regulates the reactor coolant flow and temperature exiting the heat ;

exchangers. These valves are normally full open during power operation.

By;, ass Flow Control Valve 1RH-20 (HCV-670)
'

.

This valve, located in the common heat exchanger bypass line, is an
'

air-operated, butterfly valve which may be positioned from the main '

l0032D;1o/101089
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,

control room. By adjusting this valve, the bypass flow around the RHR f

;, heat exchangers may be changed to regulate the return flow temperature, (
and in conjunction with valves 11RH-18 (HCV-638) and 12RH-18 (HCV-640)

,

*

,

the total return flow..
,. .

Miniflow Stop Valves 11RH-29 (FCV-641A) and 12RH-29 (FCV-641B)
,

These normally-closed valves are motor-operated globe valves which are |

located in the residual heat removal pump miniflow line. This miniflow |
line ensures that the RHR pump does not overheat or vibrate when the
discharge line is closed or when RCS pressure exceeds the pump shutoff
head. The valves are controlled by flow transmitters FIC-641A and
FIC-641B, respectively, which are located in the RHR pump discharge
line. These valves will open when their respective pumps are operating,

'

and the flow is less than 500 gpm. When the pump flow exceeds 1000 gpm,
or a residual heat removal pump stops, the corresponding valve will close..

.

Loop Isolation Valves 11RH-19 (8716A) and 12RH-19 (8716B)

' These meter-operar.ed stop valves, located in the piping crosstie .

downstream of the residual heat exchangr,rs, are cpan during both normal
.

olant and RHRS operation. They allow RHRS flow from both trains to .

inje:t to all 4 cold legs during ECCS injection. These valves are closed

during the post-accident recirculation phase to provide system separation
for passive failure protection. Additionally, they provide a flow path t

to return water to the RWST during refueling operations and injection to
loops 3 and 4 hot legs during ECCS hot leg regirculation. These valves

are controlled from the main control beard and fail "as is."

RHR$ Return Line Check Valves 11SJ43 (8818A), 12SJ43 (88188), 13SJ43

(88180) and 14SJ43 (88180)

One check valve is located in each branch of the RHR$ return line to,-

| prevent backflow from the safety injection pumps, and to serve as a
'

!. backup in the event of leakage of the check valves on the SIS Accumulator
cold leg injection lines,

o032o:1 o/101089
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Y :

Accumulator Cold Leg Injection Line Check Valves 11SJ56 (894BA), 12SJ56 - :

(89488),13SJ56 (8948C) and 14SJ55 (89480) |
: ,

i

There is one check valve in each accumulator cold leg discharge line 1

,

segments (closest to the RCS and in common with the RHRS/LHS1 and safety -
4

injection pumps discharge paths) which serves as an RCS pressure boundary j

valve and prevents backflow to the ECCS. i

!

Cate Valve 11SJ49 (8809A) and 12SJ49 (8809B) i
!
,

There is an eight-inch, normally-open, motor-operated, gate valve in each
parallel discharge line from the residual heat removal pump, downstream ;

of the heat exchanger and discharge crosstie header. These valves are [
used to isolate the RHRS from the cold legs during hot leg recirculation i

or during refueling operations when returning water to the RWST. j
!,

Cros$tia Valves 11RH17 (8734A) and 12RH17 (8734B) {

These two, normally-closed, mar.ual vaives are used to line up a portion
of the RHR pump discharge to be directed to the CVCS. TMs flow cath is [.

used during a plant coolcSwn and during water so1M plant operations I

where the CVCS is used for RCS pressure control and pudfication. *

Gate Valve 1RH105 (8804A) ]

Gate Valve 1RH105 (8801A) isolates a flow path from the RHR/LHS! pump !

(downstream of the RHR heat exchanger) to the safety injection pump ;
'

Iduring recirculation. IRH105 (8804A) is normally-cle' sed and is
interlocked with the RHRS suction isolation valves (see section 5.1.3), ;

the SI pump miniflow valves, and the sump isolation valves. [

!

. Gate Valve 1?.SJ45 (8804B)

Gate Valve 12SJ45 (8804B) isolates a flow path off tiie discharge of the
RHR heat exchanger No. 2, which supplies water to the suction of the

,
.

,
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centrifugal charging pumps and safety injection pumps during the f
recirculation phase of safety injection. 12SJ45 (8804B) is normally-

,

closed and ic interlocked with the RHRS suction / isolation valves (see ;
*

Section 5.1.3), the SI pump miniflow valves, and the sump isolation i.
'

valves.
i

Gate Valve IRH 26 (8703)
i

During het leg recirculation RHR pumps are realigned to discharge through
Idischarge cross connect valves 11RH-19 (8716A) and 12RH-19 (8716B), and

common discharge valve 1RH 26 (8703). This realignment is initiated at
approximately 22.5 hours after the accident and ECCS initiation. Hot leg
recirculation prevents crystallization of boric acid in the core and
quenches the steam bubble in the top of the core. ;

I

RWST Isolation Valves ISJ69 end 15J70 (8G80 and 8981),

[ Check valve ISJ70 (8981) and gate valve 1S]69 (8900) tra located in the |
'

ecmon suction line from the RW$i to the RHR/8.HSI pumss. These valvet.
,

isciate the RWST fr a the RRRS during normal cooldown and pott ace,ident'

recirculation cperations.
,

.

v .'.ves 11SJ44 and 12EJ44 (8982A and 8982B)Sump Isclation e
,

,

There is one mster-operated gate isolation valve in each RHR/LH$1 pumo |

Suction line from the sump. These valves are intericcked with 11RH-4 ano

12RH-4 (8700A/B). :

Containment Spray Header Isolation Valves 11CS36 and 12CS36 (9003A and [
9003B) i

,

These valves isolate the flow paths from the RHRS/LHS! pumps discharges

to the containment spray headers. This path allows the RHR/LHS! pumps to.

continue containment spray following the switchover operations to

recirculatiens. These valves are interlocked with the RHR suctiong

isolation valves and the sump isolation valves,
t

0032D.lo/101089
S-11

,



m

G

WESTINGHOUSE PROPRIETARY CLASS 3 .,s

!

RHRS Ditcharge Relief Valves 11SJ48,12SJ48 and 1RH25 (8856A/8 and 8708)'
i

A relief valve is located in each RHR/LHS1 cold leg and hot leg injection
*

header. These valves protect against overpressurization of the piping |
'

,

due to any RCS backloakage or thermal expansion of trapped water.
+

,

'
,

,

Relief Valve IRH-3 (8707)
i

!

There is one, 3-inch relief valve (inside containment) in the RHR pumps [

common suction line from the RCS hot leg. The valve is located f
immediately downstream of the RHRS suction / isolation valve IRH-2 (8701). |
This relief valve prevents RHRS overpressurization by discharging to the ;

'IPressurizer Relief Tank when pressures within the RHR$ suction line
exceed 375 psig. These valves have a design capacity of 840 gpm at the j

375 psig setpressure.

5.1.3 Currant RnRS Suction isolation Valves hterlocks and Function 61 '|
-

Requirements ,

i

{The following sectwhs provids a dau.rlptien of the Salem suction / .

isolation valve interlocks and valve control circuits. ,

5.1.3.1 Cerrant Interlocks ,|

r

There are two, normally-closed, motor-operated, series, isolation valves
in the RHR pump suction line from the RCS hot leg. The valve, 1RH-1 ;

(8701), located inside the missile barrier is designed as the inner |
isolation valve, while the valve outside the missile barrier, IRH-2 ;

(8702), is designated as the outer isolation valve. The interlock

' features provided for the inner isolation valve are identical to those
provided for the outer isolation valve.

!
[

Each valve is interlocked ag6 inst opening unless the following condition

is met: i

; i

i
|

0032D:10/131089
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!

1. The RCS pressure, as measured by the appropriate pressure channels,
is less than 390 psig. This assures that the RHR$ cannot be

'
overpressurized by aligning it to the RCS when RCS pressure plut RHRS'

' pump head would exceed the RHRS design pressure,,
,

in addition to the above '.n'erlock feature, the suction isolation valves
are also interlocked to automatically close on increasing RCS pressure

grotter than 700 psig.

The current interlecks for valves IRH-1 (8702) and 1RH-2 (8701) are shown
functionally on Figures 5-2 and 5-3.

5.1.3.2 RHRS Common Suction isolation Valve Description

The RHR common suction isolation valves are motor-operated valves that

can be opened or closed from the main control ocard. The valves will
,

automatically close on increasing reactor coolant system pressure. On
decreasing reactor coolant system pressurc, the valvo control circuit'

receives an inter'ock signal that allows the valv& to be opened using the
main r strol boarc' switch. On reactor coolant pressura tbove the*

sMpoint, the valve centrol circuit is dir,abled and the valve cannot te
*

opened,

i

Tre valve control circuit consists of control switcher,, limit switches.,
contactors, releys, indicating lights, a 3 phase, 230 VAC motor and a
pressure control loop. The control switches are located in the main
control room. The limit switches are located in the valve motor operator
and provide indication of the position of the valve. Relays are used for ;

|
providing control signals. The contactor, located ,in the motor control
center, is switched on and off to provide the power to the valve motor toI

change the position of the valve. The contactor also provides contacts
i

that are used in the valve control circuit. There are red and green
j

indicating lights are on the Main Control Joard to show the valve's| .

*
! position. The valve motor operator is located at the valve and is used

'

:
|

| o0320:1o/1o1089
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'

to change the position of the valve. The pressure control loop measures
Reactor Coolant System pressure and provides output signals to the valve
control circuit, based on the RCS pressure, that allows the valve to be !!

Iopened from the control switch or automatically closed.
'

:

The following provides a detailed description 6 3e valve control
circuit for 1RH-1. Operation of valve IRH-2 is similar. Figures 5-4 and
5-5 show the appropriate detail of the circuits.

>

Closing the Valve from the Main Control Room

With the valve in the full open position, the valve can be closed from !

the control switch in the main contrni room as described in the following i

steps:
;

1. Placing the co'itrol bord switch to the CLOSE position will pick up i

Iclosing relay coil 5/CSV2. When relay S/~S72 pids up, the
associated relay contact cloto'. ia the valve closing control |

-

'

circuit. This relay contact is in series with e lisit witch cent;;t
(33/CV0), wMeh is closed when the valve is open, a linit witch .j
conttct (33/0VC), which is closed when the valve is opsn, and a i

contactor contact (S/0) which in detec when the opening cent',ctor is *|
Inot energized.
:
*

?. With all the conta:ts in Step 1 closed, the closing cor. tactor (9/C)
'

is now energized with 118 VAC power from the 230/118 VAC control
'

power step down transformer. The closing contactor contact (9/C) in
the motor circuit close which supply 230 VAC to the valve motor
operator and the valve begins to close. The closing contactor
simultaneously opens another contact (9/C) in the opening contactor

'

circuit which prevents the opening contactor from picking up while
the valve is closing (i.e. the opening contactor is interlocked with

:the closing contactor to prevent both contactors from being energized ,

at the same time). An additional closing contactor, contact (9/C), |
*

closes and energizes relay 9X/C which picks up and closes contact 4

,

00320:1D/101089
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I
' 9X/C in the closing contactor circuit. Contact 9X/C, which is in

parallel with the closing relay coil, contact (5/CSV2), seals in the
o

closing contactor circuit and the control board switch can now be*

released and the valve will continue to close. When the control,

board switch is released, closing relay coil, 5/C5V2, will*

de-energize and the associated contact in the valve closing control
circuit will open.

3. The valve continues to close until the vahe limit switch contact
(33/0VC), opens when the valve is fully closed. When the limit
switch opens, the closing contactor de-energizes and all the 9/C
contacts open which in turn de-energizes the valve motor,
de-energizes relay 9X/C which opens contact 9X/C which in-turn resets
the closing coil lock-in circuit. When the valve is fully closed, a
limit switch, contact (33/CVC), closes and energizes relay 33Y/CSV2
which lights a green ir.dicoting light en the main control board to

,

inciente that the velve is closed, During the time the valve isg

clostw, it the valve should encoviter difficulties in closing, a*

torque switch in thc c!nsing contactor circuit will open and
l* de-energize the clon bg contactor as described above.

|~' Or,enfro the Vahe froy_tjeyain Ntrol Room

With the nbe in the closod positiot as described, the valve can be
opened from the co:.te:1 switch in the main control room as follows:

|

1. The opening of the RHR valve is controlled by the Reactor Coolant
System pressure. If the RCS pressure is below the valve opening
setpoint (390 psig), the valve can be opened using the Main Control
Board switch as described in Steps 2 through 4 below. The valve is
not automatically opened on RCS pressure below the valve opening

i setpoint. If the RCS pressure is above the valve opening setpoint,
the valve cannot be opened. When the RCS pressure is above the,

*

| opening setpoint, Reactor Coolant Auxiliary relay 63X/RCP is
| de-energized and its associated contact 63X/RCP in the,

1
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|

valve opening contactor circuit is open. When contact 63X/RCP is
i open, the valve control circuit cannot be energized and the valve

*
cannot be opened. Turning the control board switch to open when the .

valve is below the opening setpoint will pickup the opening relay
coil 6/CSV2 and close contact 6/CSV2 in the opening contactor
circuit. However, since contact 63X/RCP is open (i.e. relay 63X/RCP

| is de-energized) the valve is prevented from opening. If the RCS

pressure is below the opening setpoint the valve will operate as
discussed below.

2. If the Reactor Coolant System pressure is below the valve opening
setpoint (390 psig), a contact from relay 63X/RCP (Reactor Coolant
Pressure Auxiliary Relay) will be closed in the valve opening
contactor circuit (i.e. Reactor Coolant Pressure Auxiliary relay
63X/RCP is energized). Placing the control switch to the OPEN
position will pick uo the opening relay coil 6/CSY2 and close a ,

contact in the valve opening contactor circuit. The relay contact is
in series with the RCS Pressure Auxiliary rtslay centact (63X/RCP), a
valve limit switch contact (33/0V0), ehich is closed when the valve
is closed, and a closing contr.ctor contact (9/C), wMeh is closed -

when the closing contacter is not energized.
.

3. With all the contacts in Stop 2 clesed, the opening contactor (9/0)
is now energized with 118 VAC from the control power stap down

trt.nsformer. The opening contactor, contact (9/0), closes which
supplies 230 VAC to the valve motor operator and the valve begins to

The 9/0 motor contacts connect the three phase power such thatopen.
the motor rotation direction is reversed from the closing direction.
The opening contactor simultaneously opens another contact (9/0) in
the closing contactor circuit which prevents the closing contactor
from picking up while the valve is opening (i.e. the closing
contactor is interlocked with the opening contactor to prevent both
contactors from being energized at the same time). An additional ,

opening contactor, contact (9/0), closes and energizes relay 9X/0
which closes contact 9X/') in the opening contactor circuit. Contact ,

0032D:1o/101089
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9X/0, which is in parallel with the opening relay coil contact
(6/CSV2), seals in the opening contactor circuit and the control

,

S switch can now be released and the valve will continue to open. When
the control board switch is released, opening relay coil 6/CSV2 will

,

de-energize and the associated contact will open.*

4. The valve continues to open until the valve limit switch, contact
(33/0V0), opens when the valve is fully open. When the limit switch
opens, the opening contactor de-energizes and all the 9/0 contacts
open which de-energizes the valve motor, de-energizes relay 9X/0
which opens contact 9X/0 which in turn resets the opening coil
lock-in circuit. When the valve is fully open, a limit switch
contact (33/CVO) closes and energizes relay 33X/CSV2 which lights a
red indicating light on the main control board to indicate that the
/alve is open.

.

During the time the valve is t>pening, anlike the closing ci,rcu',t, the
valve openhg contre 1 circuit is not protected from an over-tercue'

condition since the terque switch (33/0v0) is jumpered ot.t. ;

.

Automatic C1,ojing of the RHR Suet'mn Isotaiion Va'ive ,

. ;

.

When the prest.ure goes below the valw opening setpo'.nt (3S0 psig), the |
valve enn te opened or closed from the control switch in the main centrol i

'

room as described above. Whsn the valve is open, increasing RCS pressure

will automatically close the valve and prevent it from opening as :

described below.

1. With the valve open, increasing RCS pressure above the valve closing
setpoint (700 psig) will de-energize the Reactor Coolant Pressure
Auxiliary Relay 63Y/RCP and close contact 63Y/RCP in the valve
closing contactor circuit. When contact 63Y/RCP closes, the valve
automatically begins to close. Contact 63Y/RCP, which is in parallel

,
' with the control board closing relay coil contact S/CSV2, energizes*

the valve control circuit in the same manner as described above in

0032o:1o/101089
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the * Closing the Valve from the Main Control Room" section above. ;

The valve will continue to operate until the valve is fully closed as j
*'

described in the referenced section above. After the valve is fully
closed, it cannot be opened because the opening circuit is locked out |,

as described above in the " Opening the Valve from the Main Control *j

Room" section. ;

;

!

Reactor Coolant System Pressure Control loop
:

The Reactor Coolant System hot leg pressure channel, PT-403 is used to [
'

provide the interlock signals for the RHR common suction isolation valve |
!

1RH-1. PT-405 is used to interlock valve IRH-2. The pressure control

loop consists of the pressure transmitter (PT-403), a loop power supply, f
a dual circuit signal comparator, a crerrent to voltage module, a signal ;

isolatorandvarioustestpointsandtestjacks. The pressure
transmitter measures the RCS pressure and provides a currert output

,

signal that is propert.onal to the weasured prest.ure. Tht purpose cf the |4

loop power supply is to provide the current tourca (4 to 2" milliamte) to |
*

drive the instrument loop. The dual circult sign 61 comparator is used to
compara th; pressure signal to a given setpoint. Toe comparatur provides ,

.

a 118 VAC signal or a 0 VAC signal deprnding V the pressu.s signal is [e

above or below the setpcint. The current to voltage tir 1/V module takes ;

the looo curr ent sigrial devaloped by the ;,rnssure trammitter ard the ;

'

loop power supply and converts the current signal to a proportienal
voittge signal (1 to 5 V). The voltage signals are used as input signals
to the signal comparator module and the signal isolator. The signal ~ i

isolator modules are used to provide electrical isolation between the ;

input and the output signals. In this application, the signal isolator ;

is used to provide separation between the safety and non-safety related ;

portions of the pressure loop. The various test points and jacks are ,

used during maintenance and calibration of the instrument loop. |

As discussed above, the dual circuit signal comparator is used to provide ,

bistable output signals (either on or off) depending on whether the
~ '

measured signal is above or below the setpoint. Specifically, for the
,

RHR valve interlock circuit, whenever the RCS pressure measured by the
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t

pressure loop exceeds the valve closing setpoint (700 psig), the dual
comparator output circuit (2) will de-energize (O VAC) which, in-turn, ;

,

de-energizes the Reactor Coolant Pressure Auxiliary relay 63Y/RCP. This*

:relay in-turn closes the associated contact 63Y/RCP in the valve closing,

contactor circuit causing the valve to close ao discussed above.*

Whenever the RCS pressure is below the valve closing setpoint, the
comparator output ci*cuit will provide a 118 VAC that will energize the
Reactor Coolant System pressure Auxiliary relay 63Y/RCP and open the
associated contact 63Y/RCP in the valve closing contactor circuit.

,

Similarly for the valve opening comparator output, whenever the RCS
pressure exceeds the valve opening setpoint (390 psig), the dual

r

comparator output circuit (1) will de-energize (0 VAC), whien
de-energizes the Reactor Coolant Pressure Auxiliary relay 63X/RCP which
opens contret 63X/RCP in the vahe opening centactor circuit and prevents .

the valve fre:n being opsred as discussed above. Whenever the RCS
.,

pressure is belew the uhe opening setnint, tbo comp.tra',cr output
circuit will provide a 110 VAC output signal that wili energi7e Reactor'*

Coolant Pressure Auxi'iary relay 63X/RC0 which closes contret GX/ RCD in
the valve opening circuit which permits the valve to be opened from the *i *

ma'.a control board control switch.
.

5.2 Callaway

The following sections provide a description of the Group 2 lead plant,
Callaway.

5.2.1 General Description

Callaway is the first of 2 identical PWR units built to the Standardized
Nuclear Unit Power Plant System design (SNUPPS). The unit was granted a

full power operating license on October 18, 1984. The Nuclear Steam

Supply System (NSSS) consists of a 3411 MWt core with four (4) reactor.
,

coolant loops. Each loop contains a Westinghouse Model F improved steam

generator and a Westinghouse Model 93Al reactor coolant pump.
f
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The containment is a prostressed, post-tensioned concrete structure with
a cylindrical wall, a hemispherical dome and a flat foundation slab, i

The inside surface of the structure is lined with carbon steel plates !
,

welded together to form a barrier which is essentially leak tight.
*

The power conversion system consists of a General Electric
tandem-compound turbine having one high pressure and three low pressure

elements. Design output is 1186 MWe (net), and steam dump to the
condenser is rated at 40-percent full load. Four main steam lines carry
steam from the top of the steam generators, through four main steam ;

isolation valves (one in each line), to the turbine stop valves at the
inlet to the turbine generator. Each main steam line is also equipped
with five code safety valves and one power-operated relief valve.

Emergency Core Cooling System (ECCS) components include 4 ccid log
accamulators, 2 centrifugal charging pumps (CHG/HhSI), 2 ufety in.iection

,

punos, 2 residual heat removal pumos and associated valves and niping.
Two redundant onsite emargency diesals assure electric power supply to - i

'
the vital equipment. The borated refueling water neraga fucility
consists of : large outside storage tank (2WST) which is the suction .

,

source for the ECCS pumps during the injection phase,
a

5.2.2 Residual Heat Removal System

Function

The primary function of the Residual Heat Removal System (RHRS) is to '

remove decay heat from the Reactor Coolant System (RCS) during plant
cooldown and refueling operations. The RHRS transfers heat from the RCS

to the Component Cooling Water System (CCWS) to reduce reactor coolant

temperature to the cold shutdown temperature. The cold shutdown

temperature is maintained until the plant is started up again.

'.

!
*

|
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! !

>

| As a secondary function, the RHRS is used to transfer refueling water
,

between the Refueling Water Storage Tank (RWST) and the refueling cavity
'

i before and after refueling operations. The RHRS also se'rves as part of

'. the Safety Injection System to provide Low Head Safety injection
emergency core cooling in the event of a break in the RCS, [

'

Overview ;,

i

!

A basic flow diagram of the RHRS is shown in Figure S-6. The RHRS
>

consists of two separate RHR trains of equa'l capacity, each independently I

capable of meeting the safety analysis design bases. Each train consists
of one heat exchanger, one motor-driven pump and the associated piping, |
valves and instrumentation ne:essary for operational control. The inlet
line to asch trein of the RHR$ is connected to 3 Rf:S hot leg, while the
return lines are concocted to the cold legs of each of the reactor
coolaw leeps via the accumulator discharge lines, i

,

:

Each RHRS suction line is nxmally isolated from the RCS by two, series,*

meter-operated valves, while the dischargo linett are isclated by two i

check valm, in tsch line. The RHRS suction / isolation valves, and the -
-.-

|
inlet liie presture relief valve, and the discharge lines downstream of ;

|'' valves 8809A/B and 8840 are located inside containment, while the

remainder of the system is located outside containment. ,

!

During normal plant cooldown operations, reactor coolant flows from thet

RCS hot legs 1 and 4 to the RHR pumps, through the tube side of the RHR ,

'

heat exchangers and back to the RCS cold legs through the safety
injection accumulator discharge lines. The reactor coolant heat is >

| transferred by the RHR heat exchangers to the component cooling water

|- which circulates through the shell side of the RHR heat exchangers.

Coincident with RHRS normal cooldown operations, a portion of the reactor ;

|. coolant flos may be diverted from downstream of the RHR heat exchangers

|' to the Chemical and Volume Control System (CVCS) low pressure letdown

|, line for cleanup and/or pressure control. By regulating the diverted

|
|
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flowrate and the charging flow, the RCS pressure can be controlled during
water solid plant operations. Pressure regulation is necessary to t

maintain the pressure range dictated by the reactor vessel fracture !|
prevention criteria requirements and by the RCP No. I seal differential j

,

*

pressure and NPSH requirements.

The RCS cooldown rate is manually controlled by regulating the reactor
coolant flow through the tube side of the RHR heat exchangers.
Instrumentation is provided to monitor system pressure, temperature and j

,

total flow, f
,

System Operation {
'

t

A discussion of RHRS operation during various reactor operating modes {
:follows:

,

'

Reactor Stertup

Generally, during cold shutdovti, the RHRS operates to remove residual ,

heat from the reactor core. The number of pumps and heat exchangers in [>

,t.

service depends on the RHRS heat load at the time.
*

,
,

At initiation of plant startup, the RCS is completely filled, and the |
pressurizer heaters are energized. At least one RHR pump is operating i

with a portion of its discharge directed to the CVCS for purification |

and/or pressure control via a line that is connected to a cross-connect i

header downstream of the RHR heat exchanger. Once a steam bubble is ;

formed in the pressurizer, the RHRS is isolated, and RCS
pressure / inventory control are provided by the pressurizer spray,
pressurizer heaters, normal letdown and charging systems.

Power Generation and Hot Standby Operation
,

t

The RHRS is not used during hot standby or power operations when the RCS
is at normal pressure and temperature. Under these conditions, The RHRS ,

is aligned for operation as part of the ECCS. Upon initiation of a
i
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tafety injection signal ("S" signal), the RHR pumps take suction from the
RWST and inject borated water into the reactor vessel via the Safety

'l Injection System accumulator cold leg injection headers. When the water
in the RWST is depleted, the RHR pumps are automatically aligned to take

,

suction from the containment recirculation sump. The RHR heat exchangers*

then cool the sump fluid being recirculated by the RHR pumps and deliver
the cooled water to the reactor vessel cold legs. Hot leg recirculation
is initiated approximately 24 hours after the accident and ECCS
initiation. The flow path for this condition consists of both RHR pumps
taking suction fr'om the recirculation sump, discharging through the
discharge cross connect valves and common discharge valve to the RCS hot

legs 2 and 3. Since the CHG/HHS! and the safety injection pumps do not
take suction from the containment sump, the RHR/LHSI pumps also supply |
the suctions of these pumps during recirculation.

Reactor Shutdown
,

With the RCS borated to the cold shutdown concentration (approximately*

2000 ppm), the initial phase of reactor cooldown is accomplished by
transferring heat from the RCS to the Steam and Power Conversion System I*

(SPCS) through the use of the RCS steam generators and the SPCS steam
dump valves or the SPCS atmospheric power-operated relief valves. When i

'

the reactor coolant nominal temperature and pressure are reduced to 350*F
and less than 360 psig, approximately 4 hours af ter reactor sbtdown, the
second phase of cooldown starts with the RHRS being placed in operation.

The reactor cooldown rate is limited by RCS equipment cooling rates based
on allowable stress limits, as well as the operating temperature limits
of the CCWS. As the reactor coolant temperature decreeses, the reactor i

coolant flow through the RHR heat exchangers is increasea to maintain a

constant cooldown rate.

As cooldown continues, the pressurizer is filled with water, and the RCS
.

is operated in the water-solid condition. At this stage, pressure is
controlled by regulating the charging flow rate and the letdown rate to

,
,

tne CVCS from the RHRS. After the Reactor Coolant System is

003 o:10/101089
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depressurized, cooled to 5140'F, and purged to reduce dissolved
hydrogen concentration to a safe level, the reactor vessel head may be
removed for refueling or maintenance. ;

'.Refueling ,

Both RHR pumps are utilized during refueling operations to pump borated
water from the RWST to the refueling cavity. During this operation, the .

isolation valves in the inlet line of the RHRS are closed, and the
isolatiSnvalvesfromtherefuelingwaterstoragetankareopened. After
the water level in the refueling cavity reaches normal refueling level,
the inlet isolation valves are opened, the RWST supply valves are closed,
and normal RHRS operation resumes.

During refueling, the RhRS remains in service with the number of pumps
and heat exchangt in operation as required by the heat load and plant

'

technical specific 6. :s. Additionally, a portion of the RHRS flow is
directed to the CVCS for purification and eventual return to the RCS via .

the charging system.
.

Following refueling, the RHR pumps drain the refueling cavity to the top
of tne reactor vessel flange by pumping water from the RCS to the RWST. -

Component Description

This section describes the major components of the RHR System.

RHR Pumps

Two pumps are installed in the RHR System. Ecch pump is sized to deliver
one-half the total reactor coolant flow through the RHR heat exchangers
to meet the plant cooldown requirements. The use of two pumps ensures
that cooling capacity is only partially lost should one pump become ,

*

inoperable.

!

l
|
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iThe RHR pumps are protected from overheating and loss of suction flow by
miniflow bypass lines, located on the heat exchanger outlet, that diverts .

I p&rt of the flow back to the pump suction. A control valve located in
each miniflow line is regulated by a signal from the flow transmitters

,

located in each pump discharge header. The control valves open to divert'

flow back to the pump suction when the discharge flow is less than
approximately 816 gpm at 300*F (783 gpm at 680'F) and close when it
exceeds approximately 1650 gpm at 300*F (1582 gpm at 68'F). This

arrangement ensures that the RHR pump does not overheat or vibrate when
'

the discharge line is closed or when the RCS pressure exceeds the pump
shutoff head during the ECCS injection phase.

A pressure transmitter in each pump discharge header provides pressure
indication with a high pressure alarm in the main control room.

The two RHR pumps are vertical, centrifugal units with mechanical shaft
~

seals. All pump surfaces in contact with reactor coolant are austenitic
stainless steel or equivalent corrosion resistant material.*

,

RHR Heat Exchangers-

Two residual heat exchangers are installed in the RHR System. The heat*

exchanger design is based on heat load and temperature differences
between reactor coolant and component cooling water existing 20 hours
af ter reactor shutdown when the temperature difference between the two

systems is small. The installation of two heat exchangers ensures that
the heat removal capacity of the system is only partially lost if one
heat exchanger becomes inoperative. The heat exchangers are of the shell ,

and U-tube type. Reactor coolant circulates through the tubes, while
component cooling water circulates through the shell. The tubes are
welded to the tubesheet to prevent leakage of reactor coolant.

RHRS Valves.

The following sections describe the Callaway RHRS valves. To facilitate
,

i other plants iri this grouping referencing this discussion, corresponding
,
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Westinghouse valve 1.D. numbers are provided in parentheses. (For those
valves where no tag numbers are provided in parentheses, the plant-
specific tag numbers are identical to the Westinghouse tag numbers). !

!Inlet Isolation Valves HV-8701A, HV-8701B, HV-8702A and HV-8702B

.

These valves are motor-operated, gate valves which are normally-closed

except when the RHRS is in operation. Both valves are provided with a
manual control (open/ closed) on the main control board and will fail in
the "as-is" position.

Valves HV-8701A and HV-8701B are interlocked with RCS pressure

transmitter PT-405 and valves HV 8702A and HV-8702B are interlocked with
pressure transmitter PT-403. These interlocks prevent the inadvertent
opening of the valves when RCS pressure is above 360 psig. The valves
also close automatically when the RCS pressure is higher than 682 psig.

'

A more detailed description of the valves interlocks is provided in
Section 5.2.3.

-

Heat Exchanger Flow Control Valves HCV-606 and HCV-607 -

The reactor coolant flow rate through the RHR heat exchangers is adjusted
*

by air-operated, butterfly valves HCV-606 and HCV-607. Positioning of
these valves from the control room regulates the reactor coolant flow
exiting the heat exchangers. These valves are normally full open during
power operation.

Bypass Flow Control Valves FCV-618 and FCV-619

These valves, located in the heat exchanger bypass lines, are air-
operated butterfly valves. The valve may be positioned automatically
from its associated flow transmitter (FT-618 or FT-619) or manually from
the control room. As the operator positions HCV-606 to regulate the ,

plant cooldown rate, bypass valve FCV-618 automatically repositions
-

itself to maintain a constant return flow to the RCS. HCV-607 and
FCV-619 act in a similar manner.

0032D;1D/101089
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Miniflow Stop Valves FCV-610 and FCV-611

'

* These-normally-closed valves are motor-operated, gate valves which are,

located in the residual heat removal pump miniflow line. This miniflow
,

line ensures that the RHR pump does not overheat or viorate when the*

'

discharge line is closed or when RCS pressure exceeds the pump shutoff
head. The valves are controlled by flow transmitters FT-610 and FT-611,
respectively, which are located in the discharge line of the RHR pump.
These valves will open when the pump discharge flow is less than
approximately 816 gpm at 300'F (783 gpm at 68'F). When the pump flow
exceeds approximately 1650 gpm at 300*F (1582 gpm at 68'F) the

corresponding valve will close. (When the RHR/LHS1 pumps are stopped,

these velves remain open.)

Crosstie Valves HV-8716A and HV-8716B

.

These motor-operated valves, located in the piping crosstie downstream of
the residual heat exchangers, are open during both normal plant and RHRS*

operation. They allow RHRS flow from both trains to inject to all 4 cold
legs during ECCS injection. These valves are closed during the post-.

accident recirculation phase to provide system separation for passive
failure protection. Additionally they provide a flow path to return*

water to the RWST and injection to loops 2 and 3 hot legs during ECCS hot
leg recirculation. These valves are controlled from the main control
board and fail "as is."

Accumulator Cold leg Injection Line Check Valves 8948A, 8948B, 8948C, and

89480
.

There is one check valve in each accumulator cold leg discharge line
segments (closest to the RCS and in common with the RHRS/LHS1 and safety
injection pumps discharge paths) which serves as an RCS pressure boundary
valve and prevents backflow to the ECCS.

,

:
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I RHRS Return Line Check Valves 8818A, 8818B, 8818C, and 88180 !
l

e! |

One check valve is located in each branch of the RHRS return line to 1

prevent backflow from the safety injection pumps, and to serve as a j
,

backup in the event of leakage of the check valve on the cold leg *

injection line.
,

Gate Valve 8809A and 8809B

There is a ten-inch, normally-open, motor-operated, gate valve in each
,

parallel discharge line from the residual heat removal pump, downstream
of the heat exchanger and discherge crosstie header. These valves are
used to isolate the RHRS from the cold legs during hot leg recirculation
or during refueling operation when returning water to the RWST. |

Crosstie Valves V001 and V002 (8734A & B) ,

These two, normally-closed, manual valves are used to line up a portion -

of the RHR pump discharge to be directed to the CVCS. Throttle valve
HCV-128 is used to control this flow. This flow path is used during a - >

plant cooldown and during water solid plant operations when the CVCS is
used for RCS pressure control and purification. -'

Gate Valve HV-8804A

Gate Valve HV-8804A isolates a flow path off the discharge of the "A"

train RHRS heat exchanger which supplies water to the suction of the
centrifugal charging pumps and the "A" train safety injection pump during
the recircuit. tion phase of safety injection. HV-8804A is normally-closed

and is interlocked with the RHRS suction / isolation valves.
,

Gate Valve HV-8804B
. ,

Sate valve HV-8804B isolates a flow path from the "B"-train RHR/LHSI pump
~

(downstream of the RHR beat exchangor) which supplies the suction of the

00320:1o/101089
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"B"-train safety injection pump during recirculation. HV-8804B is
normally-closed and is interlocked with the RHRS suction isolation valves ,

I (see Section 5.2.3).

Gate Valve HV-8840

During hot leg recirculation the RHR pumps are realigned to discharge
through cross-connect valves HV-8716A, HV-8716B, and common discharge
valve HV-8840. This realignment is initiated at approximately 24 hours
after accident initiation. Hot leg recirculation prevents
crystallization of boric acid in the core and quenchs the steam bubble in
the top of the core.

RWST ! solation Valves 8958A, 89588, HV-8812A, and HV-8812B

Check valves 8958A/B and motor-operated gate valves HV-8812A and B
,

isolate the RWST from each RHR/LHSI pump's suction. Gate valves HV-8812A

and B are interlocked with the RHRS suction isolation valves.*

Sump Isolation Valves HV-8811A and HV-88118-

There is one, motor-operated gate isolation valve in each RHR/LHS1 pump*

suction line from the sump. These valves are normally-closed and are
automatically opened (from a low-low RWST level signal coincident with an
'S'-Signal) during the switchover operations from injection to
recirculation. Valves 8811A/B are also interlocked with the RHRS suction
isolation valves.

RHRS Discharge Relief Valves 8856A, 88558, and 8842

A 3/4-inch relief valve is located in each RHR/LHS! cold leg and hot leg
discharge header. These valves protect against overpressurization of the
piping due to any RCS backleakage or thermal expansion of trapped water.,

* The design capacity of these valves is 20 gpm at the setpressure of 600

Psi .9.
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Relief Valve 8708A and 8708B

!

There is one, 3-inch relief valve (inside containment) in each RHRS |
suction line from the RCS hot leg. The relief valves are located
immediately downstream of the RHRS suction / isolation valves 8701A and
8701B. These relief valves prevent RHRS overpressurization by
discharging to the Pressurizer Relief Tank (PRT) when pressures within
the RHRS suction line exceed 450 psig. The design capacity of these
valves at the 450 psig setpressure is 475 gpm at inlet temperature of
375'F and 770 gpm at inlet temperatures less than 200'F.

5.2.3 Current RHRS Suction Isolation Valves Interlocks and Functional
Requirements

The following sections provide a description of the Callaway suction
isolation valve interlocks and valve control circuits.

.

5.2.3.1 Current Interlocks -

There are two, normally-closed, motor-operated, series, isolation valves .

in each of the two RHR pump suction lines from the RCS hot legs. The two
valves inside the missile barrier, 8702A & B, are designated as the inner -

isolation valves, while the two valves outside the missile barrier, 8701A
,

& B, are designated as the outer isolation valves. The interlock
features provided for the inner isolation valves are identical to those '

provided for the outer isolation valves.

Each valve is interlocked against opening unless the following conditions

are met:

1. The RCS pressure, as measured by the appropriate wide range pressure
channel, is less than 360 psig. This assures the RHRS cannot be
overpressurized by aligning it to the RCS when RCS pressure plus RHR ,

-

pump head would exceed the RHRS design pressure.

1
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2. The corresponding RHR pump /RWST suction isolation valve is closed.
This assures positive isolation of the RWST and RHRS/RWST suction

3 piping before initiating a normal cooldown.

3. The corresponding recirculation line to the charging /high-head safety*

injection pumps isolation valve is closed. This assures the suction

of the high-head safety injection system (design pressure = 210 psig)
cannot be overpressurized by normal cooldown flow via an open

recirculation line isolation valve.

4. The corresponding containment sump isolation valve is closed. This
assures normal cooldown flow cannot be discharged to the containment

.

sump via an open sump isolation valve. - l

In addition to the above interlocks each valve is also interlocked to
automatically close on increasing RCS pressure greater than 682 psig.

,

This feature assures that both isolation valves will be closed during a i

plant startup prior to roaching operating conditions, if one valve had*

been inadvertently left open by the operator. The operator may close the

suction / isolation valve at any time.~*

!
' * The current interlocks for valves 8701A & B and 8702A & B are shown

functionally on Figures 5-7 and 5-8.

5.2.3.2 RHRS Common Suction Isolation Valve Description

| The RHR Common Suction Isolation Valves are motor operated valves that {

can be opened or closed from the main control board. The valve will |

| automatically close on increasing Reactor Coolant System pressure. On 4

decreasing Reactor Coolant System pressure, the valve control circuit
receives an interlock signal that allows the valve to be opened using the

L:
|

|

|:

|
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main control board switch. On reactor coolant pressure above the
setpoint, the valve control circuit is disabled and the valve cannot be

.

{ opened. .

,

~

The valve control circuit consists of control switches, limit switches, *

torque switches, contactors, relays, indicating lights, a 3 phase, 480
VAC motor and a pressure control loop. The control switches are located

in the main control room. The limit switches are located in the valve'

motor operator and provide indication of the position of the valve.
Relays are used for providing control signals. The contactor, located in
the motor control center, is switched on and off to provide the power to
the valve. The contactor also provides contacts that are used in the
valve control circuit. There are red and green indicating lights are on
the Main Control Board to show the position of the valve. The valve

,

motor operator is located at the valve and is used to change the position
of the valve. The pressure control loop measures Reactor Coolant System ,'

?pressure and provides output signals to the valve control circuit based
on the syste:a pressure that allows the valve to be opened from the -

control switch or automatically closed.
.-

The following provides a detailed description of the valve control
*

circuit for HV-8702B. Operation of valves HV-8701A, HV-8701B and
HV-8702A is similar. Figures 5-9 through 5-12 show the appropriate

detail of the circuits.

Closing the Valve from the Main Control Room

With the valve in the full cpen position, the valve can be closed from
the control switch in the main control room as described in the following

steps:

1. Placing the control board switch to the CLOSE position wil'i energize
the closing contactor coil (42 C). The control board switch ,

*

(HIS/close) is in series with a limit switch contact (ZS/1), which is
closed when the valve is open, a torque switch contact (WS/17) which ,

'

is in parallel with ZS/1, and a contact (42 0/b) which is closed when
the opening contactor coil (42 0) is not energized.
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2. With all the contacts in Step 1 closed, the contactor closing coil 42
C is energized with 120 VAC power from the 480/120 VAC control power ,

;I step down transformer. The closing contactor contacts (42 C) in the4

'

motor circuit close and supply 480 VAC to the valve motor operator
,,

and the valve begins to close. The closing contactor simultaneously*

opens another contact (42 C/b) in the opening control circuit which
prevents the opening contactor relay from picking up while the valve
is closing (i.e. the opening control circuit is interlocked with the
closing control circuit to prevent both contactor relays from being
energized at the same time). An additional closing contactor contact
(42 C/a) closes. Contact 42 C/a, which is in parallel with the
control board switch, seals-in the closing circuit so that the
control board switch can be released and the valve will continue to
close. As the valve begins to close, limit switch contact ZS/3
closes turning on the green indicating light on the main control
board. The red indicating light is controlled by limit switch

,

contact 2S/15 and is on when the valve is open or during travel (i.e.
< - - both lights are on during travel).*

'

'f 3. Limit switch contacts 25/1 open as the valve begins to close, leaving

| only the parallel torque switch contact (WS/17) to complete the
i circuit. The valve continues to close until the valve torque switch*

<

contact (WS/17) opens indicating the valve is torqued closed. When
the torque switch contact opens, the contactor coil de-energizes ano
all the 42 C contacts open which in-turn de-energize the valve
motor. Contact 42 C/a opens which resets the closing seal-in
circuit. Contact 42 C/b closes to allow the valve opening control
circuit to actuate. When the valvo is fully closed, a limit switch

e

L contact (ZS/15) opens which turns off the red indicating light on the

|
main control board, leaving the green indicating light on the main
control board to show that the valve is closed. During the time the

valve is closing, if the valve should encounter difficulties in

| .. closing, the torque switch contact (WS/17) in the closing contactor
circuit will open and de-energize the closing contactor as described' '*

above.
,

|
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Opening the Valve from the Main Control Room

With the valve in the closed position as described above, the valve can *

be opened from the control switch in the main centrol room as follows:
*

.

1. The opening of the RHR valve is restricted by the Reactor Coolant
System pressure. If the RCS pressure is below the valve opening
setpoint (360 psig), the valve can be opened using the Main Control
Board switch as described in Steps 2 through 4 below. The valve is

'

not automatically opened on RCS pressure below the valve opening

setpoint. If the RCS pressure is above the valve opening setpoint,
the valve cannot be opened (See Figure 5-7). When the RCS pressure

is above the opening setpoint, the Reactor Coolant Pressure interlock
contact (K-734) in the valve opening circuit is open. When contact
K-7341s open, the valve opening contactor circuit cannot be
energized and the valve cannot be opened. If the RCS pressure is |

below the setpoint the valve will operate as discussed below. '|
|.

2. If the Reactor Coolant System pressure is below the valve opening i

setpoint (360 psig), contact K-734 (Reactor Coolant Pressure .

interlock) will be closed in the valve opening contactor circuit.
Operating the Main Control Board switch to OPEN the valve will -

energize the opening contactor relay coil 42 0. The Control Board

switch is in series with the following contacts: i

RCS Pressure interlock contact (K-734) ;-

Two valve limit switch contacts (2S/5 & ZS/4) which are closed-

when the valve is closed
A torque switch contact (WS/13), in parellel with ZS/5-

A RHR pump /RWST suction valve interlock contact (33/bc)-

A recirculating line to the charging / safety injection pump-

isolation valve interlock contact (33/bc)
A containment sump isolation valve interlock contact (33/bc).-

.

Each of the three interlocking valves must be closed to close the
,

'

series contacts noted above.

00320:10/101089
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3. With all the contacts ir Step 2 closed, the opening contactor relay ;

coil (42 0) is energized with 120 VAC from the control power step i

down transformer. The opening contactor contacts (42 0) close and*
.

supply 480 VAC to the valve motor operator and the valve begins to i
, ,

open. The 42 0 contacts connect the three phase power phases such-'

that the motor rotation direction is reversed from the closing ,

direction. The opening contactor simultaneously opens another
contact (42 0/b) in the closing contactor circuit which prevents the ;

closing contactor from picking up whilo the valve is opening (i.e. :
r

the closing contactor is interlocked with the opening contactor to
prevent toth contactors from being energized at the same time). An
additional opening contactor contact (42 0/a) closes. Contact 42
0/a, which is in parallel with the opening Main Control Board switch

,

contact, seals-in the opening contactor circuit so that the control
switch can be released and the valve will continue to open. The

seal-in contact is also in parallel with the RCS pressure contact,
,

and the three interlocking valve contacts. As the valve begins to

open, limit switch contact ZS/15 closes turning on the red indicating'

light on the Main Control Board. The green indicating light is
controlled by limit switch contact ZS/3 and is lit when the valve is--

closed or during travel.
.

| 4. The valve continues to open until the valve limit switch contact
(2S/4) opens and the valve is fully open. When the limit switch
opens, the opening contactor relay coil de-energizes and all the 42 0 ,

contacts open, de-energizing the valve motor. Contact 42 0/a opens

which resets the opening seal-in circuit. Also, when the valve is'

,

fully open, a limit switch contact (ZS/3) opens and the green
indicating light on the Main Contrel Board is turned off. The red

indicating light on the Main Control Board remains lit to indicate
that the valve is open.

During the time the valve is opening, the valve and the valve opening
,

| control circuit are protected from a over-torque condition since the*

|, torque switch contact WS/13 is in series with the seal-in contact 42
0/a.

I 0032D:10/101089
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Automatic Closing of the RHR Valve ;

When the RCS pressure goes below the valve opening setpoint (360 psig) :-e
1

the valve can be opened or closed from the control switch in the Main -

Control Room as described above. When the valve is open, an increasing. I

RCS pressure will automatically close the valve and prevent it from
opening as described below. ,

,

'1. With the valve open, an increasing RCS pressure above the valve
closing setpoint (682 psig) will close contact K-735 in the valve

*

closing centactor circuit. Limit switch contact ZS/8, which is in
series with contact K-735, is closed except when the valve is fully
closed. When contact K-735 closes, the valve automatically begins to

'

close. Contact K-735, which is in parallel with the Control Board ;

closing switch contact, energizes the valve control circuit in the
same manner as described above in the " Closing the Valve from the

''

Main Control Room." The valve will continue to close until the valve ;

is torqued closed as described in the referenced section above. When -

^

the valve is fully closed, limit switch contact 2S/8 will open-
'

preventing the re-actuation of the closing contactor from contact ..

K-735 due to the reset of the torque switch contact (WS/17). After
the valve is fully closed, it cannot be opened because the opening *

circuit is locked out as described above in the " Opening the Valve

from the Main Control Room" section.
,

Reactor Coolant System Pressure Control Loop

The Reactor Coolant System hot leg pressure channel, PT-405 is used to r

provide the interlock signals for the RHR Inlet Isolation Valves HV-8701A
and HV-87018. PT-403 is used to provide the interlock signals for RHR t

Inlet Isolation Valves HV-8702A and HV-8702B, Each pressure control loop

consists of the pressure transmitter (PT-403 or PT-405), two channel test
cards, a loop power supply / current to voltage transformer, and a dual
circuit signal comparator. The pressure transmitter measures the RCS

*

pressure and provides a current output signal that is proportional to the ,

I

l

1
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measured pressure. The loop power supply takes the 4 to 20 mA current

signal from the pressure transmitter and converts it to a 0 to 10 V
I- proportional voltage signal. The non-isolated output of tne loop power

supply is input into the dual comparator. The dual comparator compares
,

the pressure signal (input voltage) to the given setpoints. The*

comparator outputs are 0 VDC or 24 VDC depending on the signal to
setpoint comparisen. The 0/24 VDC outputs control relays which open and
close the valve contactor K-734 and K-735 contacts. The A comparator

output is 24 VDC when the pressure is above 360 psig which energizes the
K-734 relay, opening the h-734 contacts. The B comparator output is
24 VOC when the pressure is above 682 psig which energizes the K-735

relay, closing the K-735 contacts. The various test points and .iacks are
used during maintenance and calibration of the instrument loop.

As discussed above, the dual circuit signal comparator is used to provide
bistable output signals (either on or off) depending on whether the

,

measured signal is abovo or below the setpoint.
,.

Specifically, for the RHR valve' interlock circuit, whenever the RCS
pressure measured by the pressure loop exceeds the valve closing setpoint-

(682 psig), the dual comparator output circuit (B) will energize the
K-735 relay closing the associated contact K-735 in the valve closing'

contactor circuit causing the valve to close as discussed above.
Whenever the RCS pressure is below the valve closing setpoint, the
comparator output circuit will de-energize the K-735 relay opening the
associated contact K-735 in the valve closing contactor circuit, allowing
the valve to remain open.

.

Similarly, for the valve opening comparator output, whenever the RCS
pressure exceeds the valve opening setpoint (350 psig), the dual
comparator output circuit (A) will energize the K-734 relay opening

i contact K-734 in the valve opening contactor circuit and prevent the
valve from being opened as discussed above. Whenever the RCS pressure is

,

. below the valve opening setpoint, the comparator output circuit will'

|

|

| 00320:1o/101089
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;
'

de-energize, closing contact K-734 in the valve opening circuit,
. permitting the valve to be opened from the Main Control Board control

.

switch. .

,

'

Emergency Core Cooling System (ECCS) components include 3 cold leg
*

accumulators, 3 centrifugal charging /HHS! pumps and 2 r4sidual heat
removal pumps (RHR/LHSI) and associated valves and piping. Two redundant
on-site enargency diesels assure electric power supply to vital
equipment. The borated refueling water storage facility consists of a
large outside storage tank (RWST) which is the suction source for the ,

ECCS pumps during the injection phase.

5.3 North Anna Unit 1

The following sections provide a description of the Group 3 lead plant,
-

North Anna Unit 1. .

5.3.1 General Description
-

North Anna Units 1 and 2 are identical Westinghouse PWR's. Unit I was -

granted a full power operating license in April 1978, and Unit 2 followed -

*

in August 1980. The Nuclear Steam Supply System (NSSS) consists of a
2893 MWt core with three (3) reactor coolant loops. Each icop contains

Westinghouse Model 51 steam generator and a Model 93A reactor coolant

pump.

The containment is a steel-lined, reinforced concrete structure with a
cylindrical wall, henispherical dome, flat foundation slab, and a
sub-atmospheric environment. ;

The power conversion system consists of a Westinghouse tandem-compound i

turbine having one high pressure and two low pressure elements. Design

output is 925 MWe (net), and steam dump to the condenser is rated at 40 i
,

'

percent of full load. Three main steam lines carry steam from the steam
generators, through three main steam isolation valves (one in each line) I,

to the turbine stop valves at the inlet to the turbine generator. Each (
*

main steam line is also equipped with five code safety valves and one (
power-operated relief valve. |

0032o:1o/101089 5-38
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I

Emergency Core Cooling System (ECCS) components include 3 cold leg j

j accumulators, 3 safety injection / charging pumps, 2 low head safety i

I injection pumps and associated valves and piping. Two redundant onsite i

emergency diesels assure electric power supply to vital equipment. The ;,

borated refueling water storage facility consists of a large outside ]
'

storage tank (RWST) which provides a borated water suction source for the
ECCS pumps. A Boron Injection Tank (BIT) contains a nominal 8% [
concentrated boric acid solution and is connected to the discharge of the
centrifugal charging pumps which flush the BIT contents into the RCS on a
safety injection signal ("S" signal).

5.3.2 Residual Heat Removal System

The primary function of the Residual Heat Removal System is to remove "
,

heat energy from the reactor core and the Reactor Coolant System during
plant cooldown and refueling operations. The RHRS transfers heat from

,

the RCS to the Component Cooling Water System (CCWS) to reduce the

reactor coolant temperature to the colo shutdown temperature. The RHRS*

is kept in service to maintain the RCS 6t cold shutdown conditions until
l* the plant is started up again.

1
*

1 As a secondary function, the RHRS is used to transfer water from the

L reactor refueling cavity and transfer canal to the RWST following
refueling operations.

The RHR System does not function following a loss of coolant accident

|
(LOCA). The low head safety injection pumps in conjunction with the high

,

| head safety injection pump provide injection flow to the core during the
| injection and recirculation phases of a LOCA.

Overview

A basic flow diagram of the RHRS is shown in Figure 5-13. The RHRS,

'' consists of two trains of equal capacity, each independently capable of

.
meeting the safety design bases. Each train consists of one RHR heat
exchanger, one motor-driven pump and the associated piping, valves and

00320:1o/101089
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instrumentation necessary for operational control. The inlet line to
each RHRS train is connected to a single drop line from the RCS hot leg
loop 1, while the return lines are connected to the cold legs of two
separate reactor coolant loops via the accumulator discharge lines. ,

,

There are two motor-operated suction / isolation valves, in series, in the
single letdown line connecting the low pressure RHRS to the high pressure
RCS. Each RHRS cold leg discharge line is isolated from the RCS by one

,

of the accumulator discharge check valves (in the common segment closest
to the cold leg) and one normally-closed, motor-operated, gate valve.
All of the North Anna RHRS piping and equipment is located inside

containment. ;

During normal RHRS operation, reactor coolant flows from RCS hot leg loop
1 to the RHR pumps, through the tube side of the RHR heat exchangers and
back to the RCS cold legs (Loops 2 and 3) through the safety injection

,

accumulator discharge lines. The reactor coolant heat is transferred by
the RHR heat exchanger to the component cooling water circulating through -

the shell side of the heat exchangers.
.

Coincident with RHRS normal operations, a portion of the reactor coolant
'

flow may be diverted from downstream of the RHR heat exchangers to the
Chemical and Volume Control System (CVCS) low pressure letdown lino for

|' cleanup and/or pressure control. By regulating the diverted flowrate and

|
the charging flow, the RCS pressure can be controlled during water solid

! plant operations. Pressure regulation is necessary to maintain the
pressure range dictated by the reactor vessel fracture prevention
criteria requirements end by the RCP No. I seal differentiel pressure andl

| NPSH requirement =.
|

|

The RCS cooldown rate is manually controlled by regulating reactor
coolant flow through the tube side of the RHR heat exchangers.

|- Instrumentation is provided to monitor system pressure, temperature and i,

l total flow.
' '

|

| : |
|

|

|

|1

00320.1D/101089
| 5-40 i

1,

|



&

F

WESTINGHOUSE PROPRIETARY CLASS 3
.

System Operation

i A discussion of the RHRS operation during various reactor operating modes

follows:
: .

Reactor Startup

Generally, during cold shutdown, the RHRS operates to remove residual
heat from the reactor core. The number of RHR pumps and RHR heat

.

exchangers in service depends on the RCS heat load at the time. At the
initiation of plant startup, the RCS is completely filled (water-solid)
and the pressurizer heaters are energized. At least one RHR pump is'

operating with a portion of its discharge directed to the CVCS for
purification and/or pressure control via a line that is connected to a
cross-connect header downstream of the RHR heat exchanger. Once a steam

bubble is formed in the pressurizer, the RHRS is isolated, and RCS
.

pressure / inventory control are provided by the pressurizer spray,
pressuri er heaters, normal letdown and charging systems.-

Power Generation and Hot Standby Operation || .

|

I The RHRS is not used during hot standby or power operations when the RCS*
,

is at normal pressure and temperature.
,

Reactor Shutdown
|

The initial phase of plant shutdown is accomplished by transferring heat
.

from the RCS, steam generators to the main steam atmospheric relief
|

| valves or to the condenser steam dump valves. When the reactor coolant

temperature and pressure are reduced to approximately 350'F and less than
418 psig, approximately 4 hours efter reactor shutdown, the second phase
of shutdown starts with the RHRS being placed in operation.

,

1

1 :

: .

0032o:1o/101089

1

l

)



.

i

WESTINGHOUSE PROPRIETARY CLASS 3

4

The reactor cooldown rate is limited by RCS equipment cooling rates based
on allowable stress limits, as well as the operating temperature limits

,

*

of the Component Coo ing Water Systen (CCWS). As the reactor coolant
,

temperature decreases, the reactor coolant flow through the RHR heat
'

exchanger is increased to maintain a constant cooldown rate. '

As shutdown continues, the pressurizer is filled with water, and the RCS
is operated in the water-solid condition. At this time, pressure is
controlled by regulating the letdown rate to the CVCS from the RHRS.

,
.

'
Af ter the reactor coolant system is depressurized, cooled to 1140*F,
and purged to reduce dissolved hydrogen concentration to a safe level,
the reactor vessel head may be removed for refueling or maintenance.

Refueling

Both RHR pumps are used during refueling to pump borated water.from the
,

RWST to the refueling cavity. During this operation, the isolation
valves in the inlet line of the RHRS are closed and the isolation valves
from the refueling water storage tank are opened. After the water level
reaches normal refueling level, the RWST supply valves are closed, the -

inlet isolation valves are opened, and normal RHR$ operation resumes.
. 1

During refueling, the RHRS remains in service with the number of pumps
and heat exchangers in operation as required by the heat load and plant
technical specifications. Additionally, a portion of the RHRS flow is

!directed to the CVCS for purification and eventual return to the RCS via
the charging system.

Following refueling, the RHR pumps drain the refueling cavity to the top I

of the reactor vessel flange by pumping water from the RCS to the RWST. j

|

Component Description j

*
This i.ection describes the major components of the Residual Heat Removal

System. .

oos20:1onotoB9
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RHR Pumps

I Two pumps are installed in the RHRS. The pumps are sized to deliver
sufficient reactor coolant flow through the RHR heat exchangers to meet

,

the plant cooldown requirements. The use of two pumps ensures that''
,

cooling capacity is only partially lost should one pump become
*

inoperative.

The RHR pumps are protected from overheating and loss of suction flow by
a common, normally open, miniflow bypass line, located on the RHR heat
exchangers discharge piping common header, that diverts flow back to the t

pump suction. The common miniflow line is sized for minimum
recirculation flow; however, when the RHRS is in normal operation, the

line resistance is sufficient to minimize this recirculated flow.
'

The two RHR pumps are vertical, centrifugal units with mechanical shaft
,

seals. All pump surfaces in contact with reacto- coolant are austenitic .

' '

stainless steel or equivalent corrosion resistant material.*

RHR Heat Exchangers-*

* Two RHR heat exchangers are installed in the RHRS. The RHR heat
,

exchanger design is based on heat load and temperature differences
between the reactor coolant and component cooling water existing 20 hours
after reactor shutdown when the temperature difference between the two
systems is small. The installation of two heet exchangers ensures that
the heat removal capacity of the RHRS is only partially lost if one heat
exchanger becomes inoperative. The heat exchangers are of the shell and [

U-tube type. Reactor coolant circulates through the tubes, while i

f component cooling water circulates through the shell.

| The tubes are welded to the tube sheet to prevent leakage of reactor
1

coolant into the component cooling water system.'

.

L*
|

4

1

00320:1 o/101089
5-43



w
'

;'
, ,

WESTINGHOUSE PROPRIETARY CLASS 3 I

!

RHRS Valves

The following sections describe the North Anna Unit 1 RHRS valves. The : 1
plant-specific 1.D. numbers are followed by the Westinghouse tag numbers '

'

in parenthesis. - '

' Inlet Isolation Valves MOV 1700 and 1701 (700 and 701)
;

These valves are motor-operated, gate valves which are normally closed
except when the RHP.S is in operation. Both valves are provided with a i

manual control (open/ closed) on the main control board and will fail in
the "u-is" position. [

;

Inlet isolation v'alves 1700 and 1701 (700 and 701) are interlocked with
RCS pressure transmitter PT-402 and PT-403, respectively. These

,

interlocks prevent the inadvertent opening of the valves when RCS
'

pressure is above 418 psig. The valves also close automatically when RCS

pressure is higher than 582 psig. A more detailed description of the ' -y

interlocks is provided in Section 5.4.3.
.

Gate Valves 1720A and 17208 (720A and 7208)
.

There is a ten-inch, normally-closed, motor-operated, gate valve in each
RHR return line to the SIS accumulator cold leg discharge lines. These

valves are used to isolate the RHRS from the RCS cold legs when the RHRS

is not in operation.

'

Heat Exchanger Bypass Flow Control Valves FCV-1605 (FCV-605)

This valve, located in the RHR heat exchanger bypass line, is an air
operated, butterfly valve. The valve is positioned automatically by flow
transmitter FT-605 or manually from the main control room. As the
operator positions HCV-758 to regulate the plant cooldown rate, bypass
valve FCV-1605 (FCV-605) automatically repositions itself to maintain a |

*

constant return flow to the RCS. j

!

00320:1o/101089
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Heat Exchanger Flow Control Valve HCV-1758 (HCV-758)

The reactor coolant flowrate through the RHR heat exchangers is adjusted*

by air-operated, butterfly valve HCV-1758 (HCV-758) located in the heat
,

exchanger common discharge header. Positioning of this valve from the"*

main control room regulates the reactor coolant flow through the heat
exchangers and thus the plant cooldown rate. The valve is normally open

to a set position, but has a fail-open feature.

CVCS Purification Line Isolation Valve 1RH-31'(717)

This normally-closed, manual, globe valvo is used to line up a pertion of
the RHR pump discharge flow to be directed to the CVCS. Throttle valve

HCV-1142 (HCV-142) is used to control this flow. This flowpath is used

during plant cooldown operations and during water-solid plant operations
where the CVCS is used for RCS pressure control and purification.

.

-' Accumulator Cold Leg Injection Line Check Valves 1-SI-144 and 1-S1-161

(875B and 875C)
.

The North Anna RHRS discharges to the SIS accumulator discharge lines of

RCS cold legs 2 and 3; therefore, the accumulator discharge line check*

valves 1-51-144 and 1-SI-161, in conjunction with gate isolation valves
MOV-1702A and MOV-1702B, serve as RCS pressure boundary valves and

prevent backflow from the RCS to the RHRS.

Relief Valve RV-1721A and RV-1721B (721A and 721B)

There is one relief valve in each RHR pump suction line from the RCS hot

leg. Those rclief valves prevent RHRS overpressurization by discharging
to the pressure relief tank (PRT) when pressures within the RHR System
suction.line exceeds 467 psig. These valves have a design capacity of

900 gpm at the 467 psig setpressure.
,

#
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5.3.3 Current RHRS Suction isolation Valves Interlocks and Functional
Requirements

:
t

The following sections provide a description of the North Anna
suction / isolation valve interlocks and valve control circuits.

*

5.3.3.1 Current Interlocks

!
i There are two normally closed motor operated series isolation valves in '

the RHR pump suction line from the RCS hot leg. Valve MOV-1700 located

inside the missile barrier is designated as the inner isolation velve,.
! while the valve outside the missile barrier, MOV-1701, is designated as

the outer isolation valve. The interlock features provided for the inner i

isolation valve is similar to those provided for the outer isolation
valve.

.

Each valve is interlocked against opening unless the following condition
-

is met:

1. The RCS pressure, as measured by the appropriate pressure channels, -

is less than 418 psig. This feature assures the RHR System cannot be
''

overpressurized by aligning it to the RCS when RCS pressure plus RHR
pump head would exceed the RHR System design pressure.

In addition to the above interlock feature, each suction isolation valve
is also interlocked to automatically close on increasing RCS pressure
greater than 582 psig.

The current interlocks for valves MOV-1700 and MOV-1701 are shbwn
functionally on Figures 5-14 and 5-15. Figure 5-16 and 5-17 show the

appropriate detail of the circuits.

5.3.3.2 RHRS Common Suction Isolation Valve Description |
,

|

The RHR Common Suction Isolation Valves are motor operated valves that . ]
can be opened or closed from the main control board. The valve will |

|

|

: I
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'

automatically close on increasing Reactor Coolant System pressure. On
decreasing Reactor Coolant System pressure, the valve control circuit

I receives an interlock signal that allows the valve to be opened using the
Main Control Board switch. On reactor coolant pressure above the

setpoint, the valve control circuit is disabled and the valve cannot be
opeled.

>

The valve control. circuit consists of control switches, limit switches,
torque switches, contactors, relays, indicating lights, a 3 phase, 480
VAC motor and a pressure control loop. The control switches are located

in the main control room. The limit switches are located in the valve
motor operator and provide indication of the position of the valve.
Relays are used for providing control signals. The contactor, located in
the motor control center, is switched on and off to provide the power to

'

the valve. The contactor also provides contacts that are used in the
valve control circuit. There are red and green indicating lights on the

.

Main Control Board to show the position of the valve. The valve motor
operator is located at the valve'and is used to, change the position of-

the valve. The pressure control loop measures Reactor Coolant System
pressure and provides output signals to the valve control circuit based-

on the system pressure that allows the valve to be opened from the
control switch or automatically closed.*

The following provides a detailed description of the valve control
circuit MOV-1701 (701). Operation of MOV-1700 (700) is similar. Figures

5-16 and 5-17 show the appropriate detail of tiie circuits.

Closing the Valve from the Main Control Room

With the valve in the full open position, the valve can be closed from
the control switch in the main control room as described in the following
steps:

:

:

00320:10/101089
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1. Pushing the control board pushbutton to CLOSE will energize the
closing contactor coil (52/C). The control board pushbutton closing I

contacts are in series with the following contacts: :

>

o .

Limit switch contact (LS-1) is closed when the valve is full
-

-

( -
open, and LS-8 is closed except when the valve is full closed.
Torque switch contact (TS-17) which is in parallel with LS-1.-

Control board open contact which is open except when the OPEN- ;

i pushbutton is depressed.
Contact (52/0) is closed when the opening contactor coil (52/0)-

is energized.

2. With all the contacts in Step 1 closed, the contactor closing coil
52/C is energized with 120 VAC power from the 480/120 VAC control

r

power step down transformer. The closing contactor contacts (52/C)
in the motor circuit close and supply 480 VAC to the valve motor

.

I operator and the valve begins to close. The closing contactor
simultaneously opens'another contact (52/C) in the oponing control -

circuit which prevent: the opening contactor relay from picking up
while the valve is closing (i.e., the opening control circuit is -

interlocked with the closing control circuit to prevent both
*

contactor relays from being energized at the same time). An

additional closing contactor contact (52/C), which is in parallel
with the control board switch, seals-in the closing circuit so that
the control board switch can be released and the valve will continue
to close. As the valve begins to close, limit switch contact LS-3
closes, turning on the green indicating light on the main control
board. The red indicating light is controlled by limit switch
contact LS-7 and is lit whenever the valve is not full closed.

3. Limit switch contact LS-1 opens as the valve begins to close, leaving
only the parallel torque switch contact (TS-17) to complete the
circuit. The valve continues to close until the limit switch contact ,,

'

(LS-8) opens indicating the valve is closed. Phen the limit switch
contact opens, the contactor coil de-energizes and the motor 52/C
contacts open which in-turn de-energize the valve motor. The
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52/C seal-in contacts open, resetting the closing seal-in circuit.
The 52/C contact in the opening control circuit closes to allow the

I valve opening control circuit to actuate. When the valve is fully
closed, a limit switch contact (LS-7) opens which turns off the red

'

indicating light on the Main Control Board, leaving the green
indicating light on the Main Control Board to show that the valve is
closed. During the time the valve is closing, if the valve should
encounter difficulties in closing, the torque switch contact (TS-17)
in the closing contactor circuit will open and de-energize the
closing contactor as described above.

Opening the Valve from the Main Control, Room
.

With the valve in the closed position as described above, the valve can
be opened from the control pushbuttons.in the main control room as

follows: o
,

.

1. The opening of the RHR valve is restricted by the Reactor Coolant. -

System pressure. If the RCS pressure is below the valve opening
setpoint (418 psig), the valve can be opened using the main controla

board switch as described in Steps 2 through 4 below. The valve is
not automatically opened on RCS pressure below the valve opening- '

setpoint. If the RCS pressure is above the valve opening setpoint,
the valve cannot be opened (See Figure 5-16). When the RCS pressure ,

is above the opening setpoint, the Reactor Coolant Pressure interlock
contact (PC-1403 X1) in the valve opening circuit is open. When
contact PC-1403 X1 is open, the valve opening contactor circuit j

cannot be energized and the valve cannot be opened. If the RCS

pressure is below the setpoint the valve will operate as discussed
below,

i 2. If the Reactor Coolant System pressure is below the vsive opening

L, setpoint (418 psig), contact PC-1403 X1 (Reactor Coolant Pressure
interlock) will be closed in the valve opening contactor circuit. )*

| Depressing the control room pushbutton, will energize the opening )

| contactor relay coil 52/0. The control board switch opening contacts I

are in series with the following contacts:

| t
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RCS Pressure interlock contact (PC-1403 X1)-

k Valve limit switch contact (LS-4) is open when the valve is full-

open; and LS-5 is closed when the valve is full closed. :
A torque switch contact (TS-18), in parallel with TS-5.-

'

Control board close contact is open except when the CLOSED --

pushbutton is depressed.

3. With all the contacts in Step 2 closed, the opening contactor relay
coil (52/0) is energized with 120 VAC from the control power step

'

down transformer. The opening contactor motor contacts (52/0) close
and supply 480 VAC to the valve motor operator and the valve begins
to open. The 52/0 contacts connect the three phase power phases such
that the motor rotation direction is reversed from the closing
direction. The opening contactor simultaneously opens another
contact (52/0) in the closing contactor circuit which prevents the

~

closing contactor from picking up while the valve is opening i.e. the
'

closing contactor is interlocked with the opening contactor to
prevent both contactors from being energized at the same time. An -

additional opening contactor contact (52/0), which is in parallel
with the opening main control room pushbutton, seals-in the opening .

contactor circuit so that the control switch can be released and the
valve will continue to open. The seal-in contact is in series with -

the RCS pressure contact (PC-1403 1X). As the valve begins to open,
limit switch contact LS-5 opens leaving the parallel torque switch |

contact (TS-18) to complete the circuit. Also, as the valve begins
to open, limit switch contact LS-7 closes, turning on the red
indicating light on the main control board. The green indicating ]
light is controlled by limit switch contact LS-3 and is lit when the !#

)

|' : valve is not full open.
1

|4. The valve continues to open until the valve torque switch contact
(TS-18) opens. When the limit switch opens, the opening contactor
relay coil de-energizes and all the 52/0 motor contacts open,

,

de-energizing the valve motor. The 52/0 seal-in contacts open *

resetting the opening seal-in circuit. Also, when the valve is fully'

open, torque switch contact (TS-18) opens and the green indicating

|
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i

light on the main control board is turned off. The red indicating'

light on the main control board remains lit to indicate that the )

E valve is open.
:

During the time the valve is opening, the valve and the valve opening !

control circuit are protected from a over-torque condition by the j

torque switch contact TS-18 which is in series with the seal-in (

contact 52/0. j

Automatic 01osing of the RHR Valve

When the RCS pressure goes below tha valve opening setpoint (418 psig) |
the valve can be opened or closed from the control switch in the Main
Control Room as described above. When the valve is open, an increasing ;

RCS pressure will automatically close the valve and prevent it from j
,

opening as described below. ;
,

i
<

7* 1.5 With the v21ve open, an increasing RCS pressure above the valve !

closing setpoint (582 psig) will close contact PC-1403 2X in the :

valve closing contactor circuit. Limit switch contact LS-8, which is i-

in series with contact PC-1403, is closed except when the valve is
fully closed. When contact PC-1403 2X closes, the valve !'

automatically begins to close. Contact PC M 03 2X, which is in

parallel with the control board closing switch contact and with the
control board opening switch contact, energizes the valve control
circuit in the same menner as described above in the " Closing the .

Valve from the Main Control Room." The valve will continue to close
until the valve is closed as described in the referenced section }

Iabove. When the valve is fully closed, limit switch contact LS-8
will cpen preventing the re-actuation of the closing contactor from

!contact PS-1403 2X, After the valve is fully closed, it cannot be
opened because the opening circuit is locked out as described above
inthe"OpeningtheValvefromtheMainControlfoom"section.

,
*.

J
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Reacter Coolant System Pressure Control loop

n

The Reactor Coolant System hot leg pressure channels PT-1402 and PT-1403 :
are used to provide the interlock signals for the RHR Inlet Isolation
Yalves MOV 1700 and 1701 (700 AND 701), respectively. Each pressure ;

control loop consists of a pressure transmitter (PT-1402 or PT-1403), a
channel test card, a loop power supply / current to voltage transformer, a
dual circuit signal comparaton, a comparator trip switch and two aux
relays (PC-1402 1X ana 42X or PC-1403-1X and -2X). The pressure
transmitter measures the RCS pressure and provides a current output

signal that is proportional to the measured pressure. The loop power
supply takes the 4 to 20 mA current signal from the pressure transmitt'er
and converts it to a 0 to 10 V proportional voltage signal. The

non-isolated output of the loop power supply is input into the dual [
comparator. The dual comparator compares the pressure signal (input
voltage) to the given setpoints. The comparator outputs are O VDC or 24

'

VDC depending on the signal to setpoint comparison. The 0/24 VDC outputs
control the PC-1402 and PC-1403 aux relays which control the 118 VAC --

!

contactor 1X (opening) and 2X (closing) contacts. The dual comparator 1X
output is 24 VDC when the pressure is below 418 psig, which energizes the ,

.

aux relay, closing the IX contacts. The dual conparator 2X output is 24 ;

VDC when the pressure is below 582 psig, which energizes the aux relay, '

closing the 2X contacts. The channel test ; witch, various test points
and jacks and the comparator trip switch are used during maintenance and
calibration of the instrument loop.

As discussed above, the dual circuit signal comparator is used to rsrovide
<

bistable output signals (either on or off) depending on whether the
measured signal is above or below the setpoint. !

Specifically, for the RHR valve closing comparator circuit, whenever the
RCS pressure measured by the pressure loop exceeds the valve closing

setpoint (582 psig), the dual comparator 2X, output circuit will
,

de-energize the aux relay, closing the associated 2X contact in the valve -

closing contactor circuit, causing the valve to automatically close as
* '

discussed above. Whenever the RCS pressure is below the valve closing

0032o.1o/101089
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setpoint, the dual comparator 2X output circuit will er.orgize the aux
relay, opening the associated 2X contact in the valve closing contactor

*

circuit, allowing the valve to remain open. :

Similarly, for the RHR valve opening comparator circuit, whenever the RCS*

pressure exceeds the valve opening setpoint (418 psig), the dual-

comparator 1X output circuit will de-energize the aux relay, opening ,

contact 1X in the valve opening contactor circuit and preventing the
valve from being opened as discussed above. Whenever the RCS pressure is
below the valve opening setpoint, the dual comparator IX output circuit
will energize the aux relay, closing contact 1X in the valve opening
circuit, permitting the valve to be opened from the main control board
control switch.

,

5.4 Shearon Harris

.

The following sections provida a description of the Group 4 lead piant,
Shearon Harris.*

5.4.1 General Description*

Shearon Harris was granted a full power operating license en May 2,*

1987. The Nuclear Steam Supply System (NSSS) consists of a 2775 MWt core
with 3 reactor coolant loops. Each loop contains a Westinghouse Model

0-4 steam generator and a Westinghouse Model 93A reactor coolant pump.
The Shearon Harris plant NSSS is. essentially identical to the Beaver
Valley and North Anna Units. The major difference between the plants is

.

the containment systems; Beaver Valley and North Anna have
sub-atmospheric containments while Shearon Harris has an atmospheric

containment.

The Shearon Harris containment is a steel lined reinforced concrete
structure with a cy'lindrical wall, a hemispherical dome, and a flat

,

foundation slab. The inside surface of the structure is lined with*

cerben steel plates welded together to form a barrier which is
,

essentially leak tight.
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L The power conversion system consists of a Westinghouse tandem-compound j

| turbine having one high pressure and two low-pressura elements. Design |
*

output is 900 MWe (net), and steam dump to the condenser is rated at
70 percent full load. Three main steam lines carry steam from the top of

! |the steam generators, through three main steam isolation valves (one in
each line), to the turbine stop valves at the inlet to the turbine !

generator. Each main steam line is also equipped with five code safety j

valves and one power-operated relief valve. |
!
i

Emergency Core Cooling System (ECCS) components include 3 cold leg !
accumulators, 3 centrifugal charging /HHS! pumps and i residual heat j
removal pumps (RHR/LHSI) and associated valves and piping. Two redundant |

on-site emergency diesels assure electric power suppl; to vital
'

equipment. The borated refueling water storage facility consists of a |
'

large outside storage tank (RWST) which is the suction source for the
ECCS pumps during the injectica phase.

,

;

,

5.4.2 Residual Heat Removal System - >

Function -
,

*
The primary function of the Residual Heat Removal System (RHRS) is to ,

remove sensible heat from the Reactor Coolant System (RCS) during plant
cooldown and refueling operations. This sensible heat load consists of
residual decay heat from the reactor core and Feat from operating r9 actor
coolant pumps. The RHR$ transfers heat from the RCS to the Component

Cooling Water System (CCWS) to. reduce reactor coolant temperature. The
'

cold shutdown temperature is maintained until the plant is started up ,

again.

As a secondary function, the RHRS is used to transfer refueling water
between the Refueling Water Storage Tank (RWST) and the refueling cavity
before and after the refueling operations. The RHRS also serves as part
of the Safety injection System to provide L.e-Head-Safety-Injection

'

'

(LHSI) emergency core cooling in the event of a break in either the RCS ,

or steam system.
,
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|

Overview

A basic flow diagram of the RHRS is shown in figure 5-18. The RHR$*
.

consists of two separate trains of aqual capacity, each independently
capable of meeting the safety analysis design bases. Each train consists
of one heat exchanger, one motor-driven pump and the associated piping,
valves and instrumentation necessary for operational control. The inlet -

line to each train of the RHRS is connected to a reacter coelant loop hot
leg, while the return lines are connecteo to the cold legs of each of the
reactor coolant loops.

.

Each RHRS suction line is normally isolated from the RCS by two, series,
,

motor-operated valves, while the cold leg and hot leg discharge lines arc
isolated by two check valves in each line. The RPRS suction / isolation
valves, the inlet line pressure relief valve, and the discharge lines ;

downstream of valves 151-341/340 (888BA/B) and 151-359(8889) are located
.

inside containment while the remainder of the system is located outside

containment.*

During normal RHRS operation, reactor coolant flows from the RCS hot legs.
,

1 and 3 to the RHR pumps, through the tube side of the RHR heat
exchangers and back to the RCS through the Safety Injection System (SIS)*

cold leg injection lines. The reactor coolant heat is transferred by the

RHR heat exchangers to the component cooling water which circulates
through the shell side of the RHR heat exchangers.

Coincident with RHR$ normal operations, a portion of the reactor coolant
flow may be diverted from downstream of the RHR heat exchangers to the

'

Chemical and Volume Control System (CVCS) low pressure letdown line for

cleanup and/or pressure control. By regulating the diverted flowrate and
the charging flow, the RCS pressure can be controlled during water-solid
plant operations. Pressure regulation is necessary to maintain the

| pressuye range dictated by the reactor vessel frseture prevention
,

criteria requirements and by the RCP No.1 seal differential pressure and*

NPSH requirements.
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! f
,

i The RCS cooldown rate is manually controlled by regulating the reactor |
l coolant flow through the tube side of the RHR heat exchangers.

Instrumentation is.provided to monitor system pressure, temperature and : !
'

total flow.
; i

i
'

System Operation

A discussion of RHRS operation during various reactor operating modes {

| follows
|
I

Reactor Startup
r

Generally, during cold shutdown, the RHRS operates to remove residual |
heat from the reactor core. The number of pumps and heat exchangers in j

service depends on the RHRS heat load at the time. ;.

'

At initiation of plant startup, the RCS is completely filled and th6
.

pressurizer heaters are energized. At least one RHR pump is operating - )
'

with a portion of its discharge directed to the CVCS for purification
;and/or pressure control via a line that is connected to a cross-connect .

header downstream of the RHR heat exchanger. Once a steam bubble is ;

formed in the pressurizer, the RHRS is isolated, and RCS pressure / *
,

inventory control are provided by the pressurizer spray, pressurizer
kheaters, normal letdown and charging systems.
3

:

Power Generation and Hot Standby Operation

1

The RHRS is not used during hot standby or power operations when the RCS
is at normal pressure and temperature. Under these conditions, the RHRS
is aligned for operation as part of the ECCS. Upon initiation of a
safety injection signal ("S" signal), the RHRS pumps take suction from
the RWST and inject berated water into the reactor ,essel via the Safety
InjectionSystemcoldleginjectionheaders. When the water in the RWST, ,

is dr.pleted, the RHR pumps are automatically aligned to take suction from
-

the containment recirculation sump. The RHR heat exchangers then cool

the fluid being recirculated from the sump by the RHR pumps and deliver

'
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i
the cooled water to the reactor vessel cold legs. Hot leg recirculation'

is initiated approximately 24 hours after the accident and ECCS
'; initiation. The flow path for this condition consists of both RHR pumps

taking suction from the recirculation sump, discharging through the
discharge cross connect valves and common discharge velve to the RCS hot

legs 1 and 2. Since the CHG/HHS1 pumps do not take suction from the

containment sump, the RHR/LHS! pumps also supply the suctions of these

pumps during recirculation.

Reactor Shutdown

The initial phase of reactor cooldown is accomplished by transferring
heat from the RCS to the Steam and Power Conversion System (SPCS) through

the use of the RCS steam generators and the SPCS steam' dump valves or the

SPCS atmospheric power * operated relief valves. When the reactor coolant
temperature and pressure are reduced to 350'F and lees than 363 psig,

,

approximately 4 hours after reactor shutdown, the second phase of
cooldown starts with the RHR$ being placed in operation.-

The reactor cooldown rate is limited by RtS equipment cooling rates based.

on allowable stress limits, as well as the operating temperature limits
of the CCWS. As the reactor coolant temperature decreases, the reactor'

coolant flow through the RHR heat exchangers is increased to maintain a

constant cooldown rate.

As cooldown continues, the pressurizer is filled with water and the RCS
is operated in the water-solid condition. At this stage, pressure is
controlled by regulating the charging flow rete and the letdown rate to
the CVCS from the RHRS. After the Reactor Coolant System is

depressurized, cooled to 5,140'f and purged to reduce dissolved
hydrogen concentration to a safe level, the reactor vessel head may be
removed for refueling or maintenance.

:

4
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i

Refueling
i

i

Both RHR pumps are utilized during refueling operations to pump borated : i

water from the RWST to the refueling cavity. During this operation, the
,

isolation valves in the inlet line of the RHRS are closed, and the - t

i isolation valves from the refueling water storage tank are cpened. After -

'
the water level in the refueling cavity reaches normal refueling level,
the inlet isolation valves are opened, the RWST supply valves are closed, t

-

and normal RHRS operation resumet,.

,

During refueling, the RHRS remains in service with the number of pumps
and heat exchangers in operation as required by the heat load and plant ,

technical specifications. Additionally, a portion of the RKRS flow is :

directed to the CVCS for purification and eventual return to the RCS via
the charging system.

!

Following refueling, the RHR pumps drain the refueling cavity to the top *j
of the reactor vessel flange by pumping water from the RCS to the RWST. {-

Component Description .

!*
This section describes the major components of the RHR System.

RHR Pumps !
.

ITwo pumps are installed in the RHR System. The pumps are sized to
deliver sufficient reactor coolant flow through the RHR heat exchangers -

ito meet the plant cooldown requirements. The use of two pumps ensures
that cooling capacity is only partially lost should one pump become
inoperable. !

The RHR pumps are protected from overheating and loss of suction flow by
miniflow bypass lines, located on the heat exchanger outlet, that diverts ,

,

part of the flow back to the pump suction. A control valve located in ' j
each miniflow line is regulated by a signal from the flow transmitters
located in each pump discharge header. The control valves open to divert

1
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!

flow back to the pump suction when the discharge flow is less than
approximately 746 gpm at 350'F (713 gpm at 68'F) and close when it

>! exceeds approximately 1402 gpm at 350'T (1339 gpm at 68'F). This ,

arrangement ensures that the RHR pump does not overheat or vibrate when '

the discharge line is closed or when the RCS pressure exceeds the pump {'

!shutoff head during the ECCS injection phase.

A pressure transmitter in each pump discharge header provides pressure
indication with a high pressure alarm in the main control room.

The RHR pumps, are vertical, centrifugal units with mechanical shaft
seals. All pump surfaces in contact with reactor coolant are austenitic
stainless steel or equivalent corrosion resistant material.

!

RHR Heat Exchangers
,

'

Two residual heat excht.ngers are installed in the RHR System. The heat
exchanger design is based on heat load and temperature differences-

between reactor coolant and component cooling water existing 20 hours
after reactor shutdown when the temperature difference between the twoe

systems is small. The installation of two heat exchangers ensures that
the heat removal capacity of the system is only partially lost if one |*

heat exchanger becomes inoperative. The heat exchangers are of the shell
and U-tube type. Reactor coolant circulates through the tubes, while
component ecoling water circulates through the shell. The tubes are
welded to the tubesheet to prevent leakage of reactor coolant.

RHRS Valves

The following sections describe the Shearon Harris RHRS valves. To

facilitate other plants in this grouping referencing this discussion,
corresponding Westinghouse valve 1.D. numbers are provided in parenthesis.

Inlet Isolation Valves 1RH-2, 1RH-40, IRH-1 and 1RH-39 (8701A & B and*

8702A & B)
,
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These valves are twelve-inch, motor operated, gate valves which are

L normaliy closed except when the RHRS is in operation. Both valves are
provided with a manual control (opan/ closed) on the Main Control Board : |
and will fail in the "as is" position, j

'

Valves IRH 1 (8702A) and 1RH-39 (8702B) are interlocked with RCS pressure

transmitter PT-403 and valvos 1RH-2 (8701A) and IRH-40 (87018) are |.

interlocked with pressure transmitter PT-402. These interlocks prevent

the inadvertent opening of the valves when the PCS pressure is above 363 )
psig. The valves also close automatically when the RCS pressure is j

higher than 700 psig. A more detailed description of the interlocks is j
provided in Section 5.3.3.

'

Heat Exchanger Flow Control Valves IRH-30 and 1RH-66 (HCV 603A and

HCV-6038)
i

ThereactorcoolantflowratethroughtheRHRheatexchangersisadjusted *|
by ten-inch, air-operated, butterfly valves 1RH-30 (HCV-603A) and 1RH-66 .

(HCV-6038). Positioning of these valves from the control room regulates ;

the reactor coolant flow and temperature exiting the heat exchangers. .

These valves are normally full open during power operation.
.

Bypass Flow Control Valves 1RH-20 and 1RH-58 (FCV-605A and FCV-605B)

These valves, located in the heat exchanger byoass lines, are eight-inch,
air-operated, butterfly valves. The valve may be positioned
automatically from its associated flow transmitter (FT-605A or FT-605B)
or manually from the control room. As the operator positions 1RH-30
(FCV-603A) to regulate the plant cooldown rate, bypass valve 1RH-20
(FCV-605A) automatically repositions itself to maintain a constant return
flow to the RCS. 1RH-66 (HCV-603B) and 1RH-58 (FCV-6058) act in a
similar manner.

I
| '

.

.

|
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Miniflow Stop Valves 1RH-31 and 1RH 69 (FCV-602A and FCV-6028)

! These normally-closed valves are three-inch, motor-operated, gate valves
which are located in the residual heat removal pump miniflow line. This

*

miniflow line ensures that the RHR pump does not overheat or vibrate when
the discharge line is closed or when RCS pressure exceeds the pump

shutoff head. The valves are controlled by flow transmitters FT-602A and
FT-602B respectively, which are located in the discharge line of the RHR
pump. These valves will open when the pump discharge flow is less than
approximately 746 gpm at 350'F (713 gpm at 68'F). When the pump flow
exceeds approximately 1402 spm at 350'F (1339 gpm at 68'F), the
corresponding valve will close. (When the RHR/LHS! pumps are stopped,

thesevalvesremainopen.)

Crosstie Valves 51-326 and 51-327 (8887A and 88878)

*

These motor-operated valves, located in the piping crosstie downstream of
the residual heat exchangers. These vt.1ves are open during normal-

cooldown operations and the ECCS injection phase; however, they are
closed to provide train separation during cold leg recirculation, and at.

least one is re-opened for hot leg recirculation.
.

Cold leg Injection Line Check Valves 151-356, 151-357, 1S1-358,
1S1-81,151-82 and 151-83 (8973A,B,C and 8908A,B,C)

There are two check valves in each branch of the cold leg injection line
! to prevent backflow from the RCS.

f
,

RHRS Return Line Check Valves 151-346 and 151-347 (8974A and 8974B) 1

One check valve is located in each branch of the RHRS return line to
prevent backflow to an idle RHRS/LHS! pump during cold leg recirculation.

:

:

,
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Gate Valve 151-340 and 151-341 (8888A and 8888B)
:

There is a ten-inen, normally-open, motor-operated, gate valve in each *j
parallel discharge line from the residual heat removal pump, downstream

'

of the heat exchanger and hot leg recirculation crosstie header. These
'

,

valves are us6d to isolate the RHRS from the cold legs during hct leg j

recirculation or during refueling operations when returning water to the 1

RWST.

I
1Crosstie Valves IRH-26 and 1RH-64 (8720A and 8720B)

These two, normally-closed, manual valves are used to line up a portion |'

of each RHR pump discharge to be directed to the CVCS letdown. Throttle

'alve ICS-28 (HCV-142) is used to control this flow. This flow path is )v

used during a plant cooldown and during water-solid plant operations when
the CVCS is used to control RCS pressure.

,

+
' '

Gate Valves 1RH-25 and 1RH-63 (8706A and 8706B)
-

|

Gate Valves 1RH-25 (8706A) and 1RH-63 (8706B) isolate the flow paths - 1

(connected to the discharge of the RHR heat exchangers) which supply
*

water to the suction of the centrifugal charging pumps during the
recirculation phase of safety injection. 1RH-25 (8706A) and 1RH-63
(8706B) are normally-closed and ars interlocked with the RHRS

suction / isolation valves.

J

Gate Valve 151-359(8889)
1

During hot leg recirculation the RHR pumps are aligned to deliver flow
through cross-connect valves 151-327 (8887A) and 151-326 (88878), and ]
common discharge valve 151-359 (8889). This realignment is initiated at ;

approximately 24 hours after accident initiation. Hot leg recirculation.

prevents crystallization of boric acid in the core and quenchs the steam ;,

bubble in the top of the core. I
*

i

*

1
i
|
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RWST Isolation Valves 151-320/321 and 151-322/323 (8958A/B and 8809A/B)

1

; Check valves 151-320/321 (8958A/B) and motor-operated gate valves

151-322/323 (8809A/B) isolate the RWST from each RHR/LHS! pump's
,

suction. Gate valves 151-322/323 (8809A/B) are interlocked with the RHRS
*

suction isolation valves. *

Sump Isolation Valves 151-300/301 and 151-310/311 (8811A/B and 8812A/B)

There are two, series, motor-operated gate isolation valves in each
RHR/LHS! pump suction line from the sump. These valves are normally
closed and are automatically opened (from a low-low RWST level signal
coincident with an 'S'-signal) during the switchover operations from
injection to recirculation.

RHRS Discharge Relief Valves 151-328/329 and 151-330 (8864A/B and 8865)
,

A 3/4-inch relief valve is located in each RHR/LHSI cold leg and hot leg'

discharge header. These valves protect against overpressurization of the
piping due to any RCS backleakage or thermal expansien of trapped water.*

The design capacity of these valves is 20 gpm at 600 psig.
.

Relief Valves 1RH-7 and 1RH-45 (8708A and 8708B)

There is one, 3-inch relief valve (inside containment) in each RHRS
suction line from the RCS hot leg. The relief valves are located
immediately downstream of the RHRS suction / isolation valve IRH-2 and

1RH 40 (8701A and 8701B). These relief valves prevent RHRS

overpressurization by discharging to the Pressurizer Relief Tank (PRT)
when pressures within the RHRS suction line exceed 450 psig. These
valves have a densign capacity of 900 gpm at the 450 psig setpressure.

I
1

.

|*
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{ 5.4.3 Current RHRS Suction Isolation Valves Interlocks and Functional
Requirements

'

:

The following sections provide a description of the Shearon Harris j
,

suction /iselation valve interlocks and valve control circuits. j
*

!

5.4.3.1 Current Interlocks j
,

There are two, normally-closed, motor-operated, series, isolation valves >

in each of the two RHR pump suction lines from the RCS hot legs. The two
valves inside the missile barrier, 1RH-1 and 1RH-39 (8702A & B), are
designated as the inner isolation valves, while the two valves outside
the missile barrier, IRH-2 and 1RH-40 (8701A & B), are designated as the |
outer isolation valves. The interlock features provided for the inner
isolation valves are identical to those provided for the outer isolation ;

valves. [,

Each valve is interlocked against opening unless all of the following !-

condit' ions are met:
;.

1. The RCS pressure, as reasured by the appropriate wide range pressure
*

channel, is less than 363 psig. This assures that the RHRS cannot be
overpressurized by aligning it to the RCS when RCS pressure plus RHRS |
pump head would exceed the RHRS design pressure. ;

2. The corresponding RHRS pump /RWST suction isolation valve is closed.
This assures positive isolation of the RWST and RHRS/RWST suction :

piping before initiating a normal cooldown.
,

3. The corresponding recirculation line to the charging /high-head safety
'

injection pumps isolation valve is closed. This assures the suction
of the high-head safety injection system cannot be overpressuri:ed by ;

the RHR/LHS! pump's discharge pressure during normal cooldown j,

operation (P<400 psig). i
'

;

1

l
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In addition to the above interlocks each valve is also interlocked to
automatically close on increasing RCS pressure greater than 700 psig,

'

This feature assures that both isolation valves will be closed during a*
i

,

plant startup prior to reaching operating conditions, if one valve had i

*

been inadvertently left open by the operator. The operator may close the
,

suction / isolation valve at any time. ;

The current interlocks for valves 1RH-2 and 1RH-40 (870)A & B) and 1RH-1 )
and 1RH-39 (8702A & B) are shown functionally on Figure 5-19.

5.4.3.2 RHR$ Common Suction Isolation Valve Description

:

The RHR common suction isolation valves are motor-operated valves that

can be. opened or closed from the Main Control Board. The valve will
automatically close on increasing reactor coolant system pressure. On
decreasing Reactor Coolant System pressure, the valve control circuit

'

receives an inter. lock signal that allows the valve to be opened using the
Main Control Board switch. On reactor coolant pressure above the

.

setpeint, the valve control circuit is disabled and the valve cannot be
opened. -

.

The valve control circuit consists of control switches, limit switches,-

torque switches, contactors, relays, indicating lights, a 3 phase, 480
VAC motor and a pressure control loop. The control switches are located

,

in the main control room. The limit switches are located in the valve
motor operator and provide indication of the position of the valve.
Relays are used for providing control signals. The contactor, located in
the motor control center, is switched on and off to provide the power to
the valve. The contactor also provides contacts that are used in the

|
valve control circuit. There are red and green indicating lights on the
Main Control Board to show the position of the valve. The valve motor
operator is located at the valve and is used to change the position of

r

the valve. The pressure control loop measures Reactor Coolant System *

,,

pressure and provides output signals to the valve control circuit based*

,

|
on the system pressure that allows the valve to be opened from the
control switch or automatically closed.

!

|
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The following provides a detailed description of the valve control
I circuit for 1RH2. Operation of valves 1RH1, IRH39 and 1RH40 is similar.

L Figures 5-20 through 5-23 show the appropriate details of the circuits. :
!

*

Closing the Valve from the M6in Control Room

With the valve in the full open position, the valve can be closed from
the control switch in the main control room as described in the following
steps:

i

1. Placing the control board switch to the CLOSE position will energize
the closing contactor coil (42/S). The control board switch closing
contacts 2B1-2B2 are in series with a limit switch contact (20/1),
which is closed when the valve is open, a torque switch contact
(20/17) which is in parallel with 20/1, and a contact (42/0) which is
closed when the opening contactor coil (42/0) is not energized.

.

O",

2. With all the contacts in Step 1 closed, the contactor closing coil .

42/S is energized with 120 VAC power from the 480/120 VAC control
power step down transforme,. The closing contactor contacts (42/S) ,

in the motor circuit close and supply 480 VAC to the valve motor
operator and the valve begins to close. The closing contactor *

,

'
simultaneously opens another contact (42/S) in the opening control

Icircuit which prevents the opening contactor relay from picking up
while the valve is closing (i.e., the opening control circuit is
interlocked with the closing control circuit to prevent both r

contactor relays from being energized at the same time). An
additional closing contactor contact (42/S), which is in paral?ol
with the control board switch, seals-in the closing circuit so that

lthe control board switch can be released and the valve will continue
to close. As the valve begins to close, limit switch contact 20/3 |
closes, turning on the green indicating light on the Main Control |
Board. The red indicating light is controlled by limit switch j

, ,

contact 20/15 and is lit when the valve is open or during travel ]
-

(i.e., both lights are lit during travel). j
i

|

|
l
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3. Limit switch contacts 20/1 open as the valve begins to close, leaving
only the parallel torque switch contact (20/17) to complete the'

circuit. The valve continues to close until the valve torque switch
contact (20/17) opens indicating the valve is torquod closed. When

I the torque switch contact opens, the contactor coil de-energizes and
the motor 42/5 contacts open which in-turn de-energize the valve
motor. The 42/S seal-in contacts open, resetting the closing seal-in

i

circuit. The 42/S contact in the opening control circuit closes to
allow the valve opening control circuit to actuate. When the valve
is fully closed, a limit switch contact (20/15) opens which turns off
the red indicating light on the main control board, leaving the green
indicating light on the main control board to show that the valve is
closed. During the time the valve is closing, if the valve should
encounter difficulties in closing, the torque switch contact (20/17)
in the closing contactor circuit will open and de-energize the
closing contactor as described above.

P

Opening the Valve from the Main Control Room.

With the valve in the closed position as described above, the valve can.

be opened from the control switch in the main control room as follows:
.

1. The opening of the RHR valve is restricted by the Reactor Coolant
System pressure. If the RCS pressure is below the valve opening
setpoint (363 psig), the valve can be opened using the Main Control
Board switch as described in Steps 2 through 4 below. The valve is
not automatically opened on RCS pressure below the valve opening

setpoint. If the RCS pressure is above the valve opening setpoint,
the valve cannot be opened. When the RCS pressure is above the

opening setpoint, the Reactor Coolant Pressure interlock contact
(K-734) in the valve opening circuit is open. When contact K-734 is
open, the valve opening contactor circuit cannot be energized and the
valve cannot be opened, if the RCS pressure is below the setpoint

,

the valve will operate as discussed below.*

;
,
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:

2. If the Reactor Coolant System pressure is below the valve opening (
setpoint (363 psig), contact K-734 (Reactor Coolant Pressure
interlock) will be closed in the valve opening contactor circuit. : ;
Operating the Main Control Board switch to OPEN the valve will {

*

energize the opening contactor relay coil 42/0. The Control Board i.

switch opening contacts (1Al-1A2) are in series with the following -

contacts: !
|
1

RCS Pressure interlock contact (K-734)-

Two valve limit switch contacts (20/5 & 20/4) which are closed ;-

when the valve is closed
iA torque switch contact (20/18), in parallel with 20/5-

A RHR RWST suction valve (1-8809) interlock contact (20-1/bc)- -

A RHR to CVCS recirculating line valve (1-8706) interlock f-

tcontact (20-1/be),

Both of the interlocking valves must be closed to close the series
~

contacts noted above. .

!

3. With all the contacts in Step 2 closed, the opening contactor relay .

coil (42/0) is energized with 120 VAC from the control power step
down transformer. The opening contactor motor contacts (42/0) close -

;

and supply 480 VAC to the valve motor operator and the valve begins ,

to open. The 42/0 contacts connect the three phase power phases such ,

that the motor rotation direction is reversed from the closing
direction. The opening contactor simultaneously opens another ;

contact (42/0) in the closing contactor circuit which prevents the }
*closing contactor trom picking up while the valve is opening (i.e.,

the closing contactor is inter heked with the opening contactor to
prevent both contactors from being energized at the same time). An i

additional opening contactor contact (42/0), which is in parallel
with the opening Main Control Board switch contact, seals-in the |
opening contactor circuit so that the control switch can be released |,

and the valve will continue to open. The seal-in contact is also in ;
*

parallel with the RCS pressure contact (K-734), ano the two

1
1
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|
m

interlocking valve contacts. As the valve begins to open, limit
switch contact 20/5 opens leaving the parallel torque switch contact 1

1- (20/18) to complete the circuit. Also, as tne valve begins to open, !
limit switch contact 20/15 closes, turning on the red indicating

l light on the Main Control Board. The grean indicating light is
controlled by limit switch contact 20/3 and is lit when the valve is j

closed or during travel. |

4. The valve continues to open until the valve limit switch contact j

(20/4) opens and the valve is fully open. When the limit switch 1
lopens, the opening contactor relay coil de-energizes and all the 42/0

motor contacts open, de-energizing the valve motor. The 42/0 seal-in !

contacts open resetting the opening seal-in circuit. Also, when the
!

valve is fully open, a limit switch contact (20/3) opens and the
green indicating light on the Main Control Board is turned off. The
red indicating light on the Main Control Board remains lit to

i'

indicate that the valve is open.
.

During the time the valve is opening, the valve and the valve opening
control circuit are protected from a over-torque condition by the.

torque switch contact 20/18 which is in series with the seel-in :

contact 42/0.-

Automatic Closing of the RHR Valve ;

When the RCS pressure goes below the valve opening setpoint (363 psig)
the valve can be opened or closed from the control switch in the Main
Control Room as described above. When the valve is open, an increasing ;

RCS pressure will automatically close the valve and prevent it from
opening as described below.

1. With the valve open, an increasing RCS pressure above the valve

closingsetpoint(700psig)wijlclosecontactK-735inthevalve
'

,

closing contactor circuit. Limit switch contact 20/8, which is in*

series with contact K-735, is closed except when the valve is fully
.

00320.1D/101089
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,

closed. When contact K-735 closes, the valve automatically begins to
' close. Contact K-735, which is in parallel with the Control Board

closing switch contact, energizes the valve control circuit in tho .

same manner ss described above in the " Closing the Valve from the

Main Control Room." The valve will continue to close until the valve ;

is torqued closed as described in the referenced section above. When
tha valve is fully closed, limit switch contact 20/8 will open
preventing the re-actuation of the closing contactor from contact
K-735 due to the reset of the torque switch contact (20/17). After
the valve is fully closed, it cannot be opened because the opening
circuit is locked out as described above in the " Opening the Valve

from the Main Control Room" section.

Reactor Coolant System Pressure Control Loop
i

'

The Reactor Coolant System hot leg pressure ch anel, PT-402 is used to
provide the interlock signals for the RHR inlet isolation valves 1-8701A

~

and 1-8701B. PT-403 is used to provide the interlock signals for RHR ,

inlet isolation valves 1 8702A and 1-8702B. Each pressure control locp i

consists of the pressure transmitter (PT-402 or PT-403), a channel test ,

card, a loop power supply / current to voltage transformer, a signal ;

isolator, a dual circuit signal comparator, and two aux relays. The -

pressure transmitter measures the RCS pressure and provides a current
output signal that is proportional to the measured pressure. The loop

power supply takes the 4 to 20 mA current signal from the pressure '

transmitter and converts it to a 0 to 10 V proportional voltage signal.
The non-isolated output of the loop power supply is input into the signal
isolator and into the dual comparator. The dual comparator compares the ,

pressure signal (input voltage) to the given setpoints. The comparator i

outpute are O VDC or 24 VDC depending on the signal to setpoint i

icomparison. The 0/24 VDC outputs control the aux relays which control
the 118 VAC K-734 and K-735 relays. The K-734 and K-735 relays open and !

close the valve contactor,K-734 and K-735 contacts. The A comparator |

| output is 24 VDC when the pressure is below 363 psig, which energizes the
aux relay, which energizes the K-734 relay, closing the K-734 contacts.

i tj
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,

The B comparator output is 24 VDC when the pressure is above 700 psig,'

which energizes the aux raiay, which energizes the K-735 relay, closing
: the K-735 contacts. The various test points and jacks are used during i

maintenance and calibration of the instrument loop.
:

As discussed above, the dual circuit signal comparator is used to provide
bistable output signals (either on or off) depending on whether the
measured signal is above or below the setpoint.

Specifically, for the RHR valve interlock circuit, whenever the RCS
,

pressure measured by the pressure loop exceeds the valve closing setpoint
(700 psig), the dual comparator output circuit (B) will energize the aux
relay, which energizes the K-735 relay closing the associated contact
K-735 in the valve cicsing contactor circuit, causing the valve to clos ~e
as discussed above. Whenever the RCS pressure is below the valve closing

setpoint, the comparator output circuit will de-energize the aux relay,
.

which de-energizes the K-735 relay, opening the associated contact K-735
in the valve closing contactor circuit, allowing the valve to remain open. .

-

Similarly, for the valve opening comparator output, whenever the RCS :
-

pressure exceeds the valve opening setpoint (363 psig), the dual
comparator output circuit (A) will de-energize the aux relay, which'

de-energizes the K-734 relay, opening contact K-734 in the valve opening *

contactor circuit and preventing the valve from being opened as discussed
above. Whenever the RCS pressure is below the valve opening setpoint, j

the comparator output circuit (A) will energize the aux relay, which
energizes the K-734 relay, closing contact K-734 in the valve opening
circuit, permitting the valve to be opened from the Main Con' trol Board

control switch.
|

|

*
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;

6.0 PROPOSED BASIC LOGIC CHANGE ,

To incorporate the removal of the autoclosure interlock (ACl) from the RHRS
suction isolation valves, certain modifications must be made to the plant.

,
* These changes fall into two categories: modifications to the RHRS suction '

isolation valves electrical design, and modifications to plant operating
procedures. The following text defines the functional requirements for these ;

changes for each of the four lead plants. The fault tree model used in the |
probabilistic analysis for the lead plants is based on implementation of these ,

iproposed modifications. The final modifications made to the lead plants or a
plant referencing a lead plant, must meet the given functional requirements to
ensure validity of the results of this report. The reader is reminded that a
description of each lead plants current RHRS suction / isolation valve
interlocks and functional requirements is provided in Section 5.0.

6.1 Proposed Interlocks and Functional Requirements for Salem Unit 1
,

,

The proposed interlock change for Salem Unit I removes the autoclosure-

interlock feature from the RHRS suction / isolation valves (8701, 8702). All
other valve interlock features described in Section 5.1.3 of this report ;*

remain in place. With removal of the autoclosure interlock feature, valve
' 1RH-1 (8702) and 1RH-2 (8701) will not close automatically on increasing RCS

pressure greater than 700 psig. However, as shown on Figures 6-1 and 6-2

alarms have been added (for each RHRS suction / isolation valve) that actuate in
the main control room given a " VALVE NOT FULLY CLOSED " signal in conjunction

with a "RCS PRESSURE-HIGH" signal. The intent of the alarms is to alert the
operator that a RCS-RHRS, series, suction / isolation valve (s) is not fully
closed, and that double valve isolation from the RCS to the RHRC is not being
maintained. Valve position indication to the alarm must be provided from the
valve stem mounted limit switches (SMLS) and power to the SMLS must not be

affected by power lockout to the valve. As with other power lockout valves.
| there is no requirement for opposite train power for the SMLS, only that power

to the SMLS is not affected by the power lockout (see Figure 6-3)., ,

!

#
|

!

oo33D:10/021188
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!

The proposed interlocks for valvas 1RH-1 (8702) and 1RH-2 (8701) are shown !

functionally on Figures 6-1 and 6-2. In addition, the proposed valve f'

interleck changes are shown on the elementary wiring diagrams in Figures 6-4 |
*

,

and 6-5, The only changJ to the valves interlock and circuitry is to remove' -

the autoclosure portion of the interlock and add a control room alarm; the |
*

,

valves open permissive circuit will not be altered. |
! (

In addition to changing the valves interlock circuitry, the Salem Unit 1 |
i"Heatup from Cold Shutdown to Hot Standby" operating procedure must be

modified to reflect the appropriate (new) alarm recognition and responses for '

the added alarms. The procedure should be revised to direct the operator to
take the necessary actions to close the open RHRS suction / isolation valve (if

,

it is not closed) following alarm actuation, or if this is not possible, to
return to the safe shutdown mode of operation, j

in summary, the proposed Salem Unit 1 interlock changes provide deletion of !
'

the autoclosure interlock feature from the RHRS suction / isolation valves (
(8701,8702), while still meeting the regulatory requirements to retain the !.

open permissive portion ef the interlock. In addition, the changes provide a |

control room alarm to alert the operator if a RHRS suction / isolation valve is |-

not fully closed.
*

:

6.2 Proposed Interlocks and Functional Requirements for Callaway
,

.

The proposed interlock change for Callaway removes the autoclose interlock
feature from the RHRS suction / isolation valves (8701, 8702). All other valve j

'

interlock features described in Section 5.2.3 of this report remain in place.
With removal of the autoclosure interlock feature, valvos 8701A & B and 8702A

;

& B will not close automatically on increasing RCS pressure greater than 682
psig. However, as shown on Figure 6-6 alarms have been added (for each valve

!in the RHRS suction line) that actuate in the Main Control Room (MCR) given a
" VALVE NOT FULL CLOSED " signal in conjunction with a "RCS PRESSURE-HIGH"

signal. The intent of the alarms is to alert the operator that a RCS-RHRS, ;
,

iseries, suction / isolation valve (s) is not fully closed, and that double valve -

isolation from the RCS to the RHRS is not being maintained. Valve position
, ,

indication to the alarm must bo provided from the valve stem mounted limit ,

oosso:10/0211es -
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I

switches (SMIS) and power to the SWLS must not be affected by power lockout to |
the valve. As with other power lockout valves, there is no requirement for ;

E opposite train power for the SMLS, only that power to the SMLS is not affected I

by the power lockout (see Figure 6-7). |,
*

i

The proposed interlocks for valves 6701A & B and 8702A & B are shown j

functionally on Figure 6-6. In addition, the proposed valve interlock changes j
are shown on the elementary wiring diagrams in Figures 6-8, 6-9, 6-10 and |
6-11. The only change to the valves interlock and circuitry is to remove the |

autoclosure portion of the interlock and add a control room alarm; the valves
7

open permissive circuit will not be altered.

'

In addition to changing the valves interlock circuitry, the Callaway "Heatup
from Cold Shutdown to Hot Standby" operating procedure must be modified to'

reflect the appropriate (new) alarm recognition and responses for the added
!alarms. The procedure should be revis6d to direct the operator to take the.

necessary actions to close the open RHRS suction / isolation valve (if it is not ;

closed) following alarm actuation, or if this is not possible, to return to'

the safe shutdown mode of operation.
.

'

In summary, the proposed Callaway. interlock changes provida deletion of the
'

autoclosure interlock feature from the RHRS suction / isolation valves, while t

still meeting the regulatory requirements to retain the open permissive !

portion of the interlock. In addition, the changes provide a control room
alarm to alert the operator if a RHRS suction / isolation valve is not fully
closed. ,

!
6.3 Proposed Interlocks and Functional Requiroments for North Anna Unit 1 :

i

;

- The proposed interlock change for North Anna removes the autoclosure interlock
feature from the RHRS suction / isolation valves, MOV-1700 and MOV-1701 (700, !

701). All other interlock features described in Section 5.3.3 remain in
.- place. With removal of the autoclosure interlock feature, valves MOV-1700 and
*

MOV-1701 will not close automatically on increasing RCS pressure greater than

, 582 psig. However, as shown on Figures 6-12 and 6-13 alarms have been added

(for each RHRS suction / isolation valve) that actuate in the main control room

|

0033D:10/021188
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'

given a " VALVE NOT FULLY CLOSED" signal in conjunction with a "RCS
!*

PRESSURE-MIGH" signal. The intent of the alarms is to alert the operator that .

e RCS-RHRS, series, suction / isolation valve (s) is not fully closed and that
'

double valve isolation from the RCS to the RHRS is not being maintained. '

The proposed North Anna interlock changes for valves MOV-1700 and MOV-1701 :

(700,701) are shown functionally on Figures 6-12 and 6-13. In addition, the

proposed valve interlock changes are shown on the elementary wiring diagrams ,

in Figures 6-14 and 6-15. The only change to the valve's interlock and
,

circuitry is to remove the autoclosure portion of the interlock and add a
control room alarm; the valves open permissive circuit will not be altered.

!

In summary, the proposed changes provide deletion of the autoclose interlock
feature from the RHRS suction isolation valves, while still meeting the i

regulatory requirement to retain the open permissive portion of the ,

interlock. In addition, the changes provide installation of a control room
alarm to 'lert the c.perator if a RHRS suction / isolation valve is not fully !-

a

closed.
.

6.4 Proposed Interlocks and Functional Requirements for Shearon Harris
.

The proposed interlock change for Shearon Harris removes the autoclosure
interlock feature from the RHRS suction / isolation valves (8701, 8702). All
other valve interlock features described in Section 5.4.3 remain in place.
With removal of the autoclosure interlock feature, valves 1RH-1, 1RH-2, 1RH-39
and 1RH-40 (8701ALB and 8702ALB) will not close automatically on increasing

'

RCS pressure greater than 700 psig. However, as shown on Figure 6-16 alarms

have been added (for each RHRS suction / isolation valve) that actuate in the
'

I main control room given a " VALVE NOT FULL CLOSED" signal in conjunction with a

"RCS PRESSURE-HIGH" signal. The intent of the alarms is to alert the operator

that a RCS-RHRS, series, suction / isolation valve (s) is not fully closed, and
I that double valve isolation from the RCS to the RHRS is not being maintained. .

,

Valve position indication to the alarm must be provided from the valve stem
mounted limit switches (SMLS) and power to the SMLS must not be affected by i

!

0033010-1011M

6-4



.-

!
,

WESTINGHOUSE PROPRIETARY CLASS 3 (
;

power lockout to the valve. As with other power lockout valves, there is no j

requirement for opposite train power for the SMLS, only that power to the SMLS [,

is not affected by the power lockout (see Figure 6-17). |
o

|
The proposed interlocks for valves 1RH-1,1RH-2,1RH-39 and 1RH-40 (8701A&B
and 8702A&B) are shown functionally on Figure 6-16. In addition, the proposed
valve interlock changes are shown on the elementary wiring diagrams in Figures
6-18, 6-19, 6-20 and 6-21. The only change to the valves interlock and
circuitry is to remove the autoclosure portion of the interlock and add a .

control room alarm; the valves open permissive circuit will not be altered.

In addition to changing the valves interlock circuitry, the Shearon Harris
"Heatup from Cold Shutdown to Hot Standby" operating procedure must be
modified to reflect the appropriate (new) alarm recognition and responses for
the added alarms. The procedure should be revised to direct the operator to

,

take the necessary actions to close the open RHRS suction / isolation valve (if,

it is not closed) following alarm actuation, or if this is not possible, to ',

return to the safe shutdown mode of operation.*

,

r

In summary, the proposed Shearon Harris interlock changes provide deletion of*

'
the autoclosure interlock feature from the RHRS suction / isolation valves,

'

while still meeting the regulatory requirements to retain the open permissive ;

portion of the interlock. In addition, the changes provide a control room
,

alarm to alert the operator if a RHRS suction / isolation valve is not fully ;

closed. t.

.

:
.
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7.0 PROBABILISTIC ANALYSIS

7.1 Introduction*
3

This section describes the probabilistic analysis performed to justify removal
,

of the RHRS suction isolation valve autoclosure interlock for the four
reference plants. Three different areas were examined in this analysis: 1)

the likelihood of an interfacing system LOCA; 2) RHRS availability and 3) low
temperature overpressurization concerns. Each of the three areas was analyzed
utilizing- the current control circuitry configuration and then with the ,

proposed modification to the control circuitry. The net change in each area
was determined and the overall net detriments and benefits were weighed to
determine the acceptability of removal of the autoclosure interlock from a
probabilistic standpoint.

7.2 Data.

The data used in this analysis was derived primarily from two documents --

NUREG/CR-2815 Rev. 1, "Probabilistic Safety Analysis Procedures Guide"

(Reference 21) and IEEE-500, "IEEE Guide to the Collection and Presentation of*

Electrical, Electronic, Sensing Component, and Mechanical Equipment
,

Reliability Data for Nuclear-Power Generating Stations," (Reference 22). The

component failure data is presented in Table 7-1.

Testing information was obtained from the Technical Specifications for each
reference plant while maintenance information was extracted from the
" Individual Plant Evaluation Methodology for Pressurized Water Reactors,"

(Reference 20).-

The mean human error probabilities were calculated utilizing the medians and
error factors from NUREG/CR-1278 (Reference 19) and assuming a lognormal

distribution. Each human error calculation is explained in the individual
analyses and is shown in the Appendices..

r

.
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I
7.3 Interfacing Systems LOCA Analysis

*
- An interfacing systems LOCA, referred to as an Event V in WASH-1400, is a .

breach of the high pressure Reactor Coolant System (RCS) boundary at an
'

interface with the low pressure piping system. This breach has the potential -

to cause a LOCA in which the containment and containment safeguards

radionuclide protective barriers are bypassed.

An RHR LOCA is classified as a non-mitigable LOCA outside containment. It is

assumed to occur if the valves in the RHRS suction line fail open when the RCS

is at normal operating pressure (2250 psia). Since the RHR System is designed
for a much lower pressure (typically 600 psig or less), the result of both
suction / isolation valves failing open is overpressurization of the RHR
System. This is assumed to lead to gross failure of the RHR boundary. Since

most RHR Systems are located outside of containment, gross failure of the RHRS
boundary is assumed to result in an uncontained LOCA.

,

in this section, the frequency of an interfacing system LOCA is calculated for .

the RHRS-RCS system interface for two cases: 1) with the present interlock
configuration, and 2) with the proposed control circuitry modification. -

Appendix B provides the detailed calculations for each of the four reference
'

! plants.

Typically, RHRS suction paths are the dominant V-sequence source. Usually
there are two motor operated valves in series on the RHR suction line from the
RCS. Failure of these normally closed valves during power operation (at high
pressurer.) would expose the low pressure piping upstream of the valves to the
existing RCS pressure. The suction line configurations for each of the ;

reference plants is shown in Figure 7-1.

i
In this analysis, several failure combinations are considered which would
result in both suction valves being in the "0 PEN" position. These failure !

modes are defined as: 1) rupture of the two series motor-operated valves in , ;
the RHR suction line and 2) failure to have closed one suction valve (or

-

[

i

; i

|

|

L
| 00330:1D/021188
'
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spurious onening of the valve) and subsequent rupture of the other valve. The
latter failure mode actually includes two combinations - the failure to close ,

the valve closer to the RCS (or spurious opening of the valve) and subsequent*

rupture of the valve closer to the RHR System and vice versa. Failure to
,
" close both RHR suction valves during startup is not considered a credible

failure mode because the condition would become apparent and corrective action

suld be taken. (The RHRS relief valve would lift as the RCS pressure
increased, an alarm would sound, and the RCS pressure would increase more

slowly than if the suction valves were closed.)

The general expression used to calculate the frequency of an Event V (F(VSEQ))
utilizing the above failure modes is:

Q(V ) + (1); Q(V ) + (*)2 Q(V R) )F(VSEQ) = X ( (k)2 1 2 3

;

where.

.

X = the number of RHR suction lines (1 or 2)-

(1)2
= failure rate of RCS valve (due to rupture)

-(X)1
= failure rate of RHR valve (due to rupture)*

Q(V ) = probability that RHR valve is open
3,

Q(V ) = probability that RCS valve is open
2

Q(V R) = probability of rupture of RHR valve
1

The following boundary conditions and assumptions were applied in each of the
analyses:

1. The calculation is based on an occurrence when the plant is in Mode 1, 2,

or 3.
1

2. The valve closest to the RCS is at RCS pressure and the valve closer toi

the RHR System is at RCS pressure only if the valve closest to the RCS
fails open..

|-

\ t

I
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3. No common cause rupture of the valves is considered.

*

4. The term " valve rupture" is defined as catastrophic internal leakage. The |.

failure rate is the same for either valve given that the valve is exposed
'

to RCS pressure. -

*

5. All electrical power to the control circuitry (i.e. 480 V AC bus) is
assumed to be available with a probability 1.0.

,

6. A refueling outage occurs approximately every 18 months (acsumed to be the
only time at which the plant will be in cold shutdown, on average). ,

Fault trees were developed to determine the probability that one of the RHRS
suction valves is open at power conditions (0(V ) or 0(V )). These fault

1 2
trees (shown in Appendix B) were developed in detail to_show the failures down
to the control circuitry component level. The scenarios examined in the fault

,

tree for the case with the autoclosure interlock are: 1) the operator fails
to remove power to the valve by racking out the circuit breaker and .

subsequently the valve spuriously opens during power operation or 2) the
operator fails to close the valve during startup (or the operator attempts to .

close the valve but due to some component failure, the valvo does not close)
and the autoclosure interlock fails to perform its function and does not close '

the valve and an operator fails to detect that the valve is not closed during
startup or power operation.

.

For the case with the autoclosure interlock removed, the scenarios developed
in the fault tree are: 1) the operator fails to remove power to the valve by
racking cut the circuit breaker and subsequently the valve spuriously opens
during power operation or 2) the operator fails to close the valve during
startup (or the operator a' tempts to close the valve but it does not close)
and the operator fails to detect that the valve is not closed via the presence

Iof an alarm (or the alarm fails to operate).
|

1 |

'

1

I
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}

The probabilities generated from the fault trees were input into the equation i

for the frequency of an interfacing system LOCA for each of the four reference
'*

plants. The frequencies were calculated for the case with the autoclosure*

interlock present and without the autoclosure interlock and with an alarm (the ,
,

proposedchange). The frequencies are shown in Table 7-2 along with the*
.

percent change in the frequency for each plant.

In each case the frequency of an Event V decreases with removal of the ACI.
The main contributor to the frequencies in each case is a rupture of the RCS

'

valve followed by rupture of the RHR valve (frequency of 5.75E-07/ year). The
deletion of the ACI has no impact on this contributor. The frequency of a
double ruptr dominates in each case while the other contributor (the rupture
of one valve while the other valve has failed open) does not contribute as
significantly in the case in which the ACI has been deleted than in the case
in which the autoclosure interlock is present. This causes an overall
reduction in the frequency of a V-sequence.,-

<

Furthermore, several factors were not considered in the analyses but are worth.-

mentioning:
-.

1) Both RHR suction valves have the power removed from the operators during
*

Modes 1, 2, and 3. The four reference plants all have procedures that
require that power be removed from the control circuitry by opening and
locking the circuit breakers. This prevents opening of the valves during
these modos.

2) The auction valves have open permissive interlocks that prevent the valves
from being opened whenever the RCS pressure is greater than setpoint of

I
the open permissive (usually around 400 psig). Thus, an operator error in
which he inadvertently opens the valves is not very likely.

| 3) It is highly unlikely that a suction valve could move against the high

|
differential pressure across the valve when the plant is in Modes 1, 2, or

.

| 3 because the valve motor size is inadequate to open the valve given the*

high differential pressure.,

|

|
|

|
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4) If an Event V should occur, the RHRS relief valve would operate. This 7

,

relief valve discharges inside containment to the pressurizer relief
*tank. This relief valve would decrease the consequences of an Event V. .

'*

5) An 10COR analyses for Zion in Reference 24, " Technical Report 23.5, -

Evaluations of Containment Bypass and Failure to isolate Sequences for the ,

IDCOR Reference Plants," found that if the two RHR suction valves fail
open such that the release of high pressure fluid into the low pressure
piping is sufficiently large, the low pressure piping could be exposed to
pressures of approximately 2250 psia. However, "the hoop stress developed
by internal pressurization would be at a level much less than the yield
stress. ..." "Thus, a slow pressurization would not result in a failure
of the piping system, but could eventually overpressurize other parts of
the system such as the pump seals. ... , the inadvertent opening of these
valves would not create a hydrodynamic transient sufficient to threaten
the integrity of the piping. Rather, it would create a ' slow

_

overpressurization' of the low pressure system since the valve opening and
thus the pressure transient would be slow compared to the acoustic transit .

times of tens of milliseconds. Consequently, this would likely result in
failure of the pumps seals." Thus the most likely failure mode after the .

failing open of the RHR suction valves is failure of the, RHRS pumps
sesis. If this occurred, water would spill onto the floor of the pump ' '

compartment. In most plants, each RHRS pump is in a separate, shielded
compartment that drains to a sump. Gross leakage from the RHRS can be
accommodated in the pump compartments. Thus, the consequences to the

public are considerably less than originally postulated in most PRA
studies.

Thus, from a probabilistic standpoint, the deletion of the autoclosure
interlock and the inclusion of a control room alarm is beneficial in reducing
the frequency of an interfacing systems LOCA and the potential for a
significant radionuclide release outside containment.

'

~.

s
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|

7.4 Residual Heat Removal System Unavailability Analysis

The availability of the RHRS during cold shutdown has been of increasing j.

concern in the nuclear industry. Many events have occurred in which the
,

ability to remove decay heat has been lost, either because of a loss of flow*

in the RHRS or because of a loss of the heat sink. Abnormal events that occur
shortly after initiation of the RHRS, while the decay heat generation rate is
high, can cause bulk boiling conditions if decay heat removal is lost and not
restored by the operator in a time period as short as twenty minutes. The

RHRS for each of the four referenco plants was analyzed to determine the
unavailability of the system to remove decay heat and the impact of removal of
the autoclosure interlock on this unavailability due to spurious closure of
the suction valves. Appendix C provides the detailed descriptions of the ,

analysis.

The availability of the RHRS to remove decay heat is considered in three
,.

phases in this analysis. First, the RHR System must be placed into service

and go through a warm-up period in order to minimize the thermal shock to the+

system. Secondly, during the initial phase of cooldown, the decay heat lead ,

is high. For this phase, two trains of RHR (two pumps and two heat*

exchangers) are assumed to be required for 72 hours. The final phase of
cooldown is long term decay heat removal. The decay heat load is low and only

~

one train of RHRS (one pump and one heat exchanger) is required to be in
operation. Six weeks was the time period assumed for this phase (based on the
average refueling outage time period). .

Fault trees were constructed for each of the three phases. The components in

the RHRS were modeled in the fault tree including valves, heat exchangers and
.

pumps. Separate fault trees were developed, with and without the RHR
suction / isolation valves autoclosure interlock, in order to show the change in
RHR System unavailability due to the removal of the autoclosure interlock.
These RHR suction / isolation valves from the Reactor Coolant System hot legs
were modeled in detail down to the control cir.:uitry level in order to show

,

* the change in unavailability.

o

0033o:1o/021188
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The following boundary conditions and assumptions were utilized in the
analysis for each of.the four reference plants.

*

.

1. Two trains of RHR are required for 72 hours following initiation of the
'
-

RHR System.

I
2. One train of RHR is required for 6 weeks (representative of the time of a

refueling outage).

3. Injection into two cold legs (of 3 or 4 cold legs) is required for the
initial RHR cooldown phase (72 hours).

4. Injection into two cold legs (of 3 or 4 cold legs) is required for the
long term RHR cooldown phase (6 weeks). |

5. No testing or maintenance operations are assumed to occur during the , f
initial phase of cooldown using the RHR System (first 72 hours).

.

6. During the warm-up period of the RHRS, both RHR pumps are started and must
run for approximately two hours before injection into the RCS cold legs. -

7. All electric power (AC and DC) is assumed to be available with a j
~

iprobability of 1.0.
|

8. For long term cooling, it is assumed that the Train A pump is operating
and the Train B pump is in standby and thus must start and run should the <

Train A pump fail. No switching of trains during long term cooling is !

assumed. j
j

9. No common cause failure of components is considered. |

The three phases of cooldown are described below:
?

s

e
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Failure to Initiate RHR

A single fault tree was developed for this phase of RHR operation to identify*

those faults that could impact the initiation of the RHR System, which is
,

defined as being approximately the first two hours of operation. An*

additional fault tree was not developed because this phase of operation is not
dependent on the autoclosure interlock but on the prevent-open interlock,
which has remained unchanged.

The basis for the fault tree development for this phase was provided by the
operating procedures for initiating decay heat removal by the RHRS. Each of

the steps modeled in the RHR initiation fault tree involved an operator error
or a component failure or both, as appropriate. For example, the opening of

CCW valves to the RHR heat exchangers could involve the operator failing to
open the valve or the valve failing to open due to mechanical or electrical
malfunctions..

Failure of Short Term Cooling*
,

.

The fault trees developed for this phase of cooldown reflect that both RHR*

trains are required to be in operation to provide adequate cooling. Injection
~

I
into any two of three or four RCS cold legs is required for success in this
phase or inversely, failure to supply cooling flow from two RHR trains to the
cold legs constitutes RHR System failure. The short term cooling fault tree
for each reference plant primarily features spurious closing of various valvas

f and failure of RHR pumps to run over the 72 hour period. Spurious closure of
the RHRS suction isolation valves due to the autoclosure interlock is:

| explicitly modeled in the fault trees.

Failure of Long Term Cooling

Only one RHR pump and heat exchanger are required to operate for six weeks in
the long term cooling phase to provide adequate cooling. Injection into any

.

* two of three or four RCS cold legs is required for success in this phase or
inversely, failure to supply cooling flow from either of two RHR trains to the,

cold legs results in RHR System tailure.

0033o:1o/021188
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For each reference plant, the long term cooling fault tree shows spurious '

closing of various valves over the six week period along with failure of the j

one train RHR pump to continue running and upon failure of the running pump, *
. ,

failure of the second RHR pump to start, run or be unavailable due to test 'or
I

'

maintenance.

Results

.The fault trees for each phase were quantified to determine the
unavailabilities for each reference plant. The results are shown in Table 7-3.

For the failure of initiation fault trees, the dominant failure mode is
operator error. The operator failing to energize the circuit breakers to the
RHR suction valves or the operator failing to open the RHR suction valves
dominate the failure modes for this phase of cooldown. The deletion of the
autoclosure interlock has no impact on the failure probability for RHRS-

,

initiation since.the autoclosure interlock does not affect the valve's opening.
.

The failure probability for the short term cooling phase is reduced between 10
;to 13 percent with the deletion of~the ACI for the reference plants. The -

dominant failure mode for the fault trees (with and without the autoclosure
interlock) is the failure of either of the two operating pumps to run for 72 '

hours (both pumps are required for success in this phase).

For each of the reference plants, the failure of both pumps to run f.or six
weeks'is the dominant contributor to the unavailability in the long term
cooling phase. With the ACI present, the other failure modes involve the
single failure of a component associated with the ACI such as the power l

supply, signal comparator, bistable switch or pressure transmitter which
causes spurious closure of one of the RHR suction valves.

For Callaway and Shearon Harris, a single failure of a component associated
with the ACI causes spurious closure of one of the RHR valves on each suction

' |
!line, thereby isolating the RHR System and causing the failure of long term -

cooling. Since North Anna and Salem have only one suction line, a single |,

failure in the ACI isolates the entire RHR System.

0033D;1D/021188
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The results of the quantification of the RHR unavailability fault trees show a
,

trend that the autoclosure interlock becomes more of a determining andr

detrimental factor as the length of time in which the RHRS is required to-

operate increases. In summary, the deletion of the autoclosure interlock
,

reduces the number of spurious closures of the RHR suction valvss, and thus,'

increases the availability of the RHRS for the reference plants.
/

7.5 Overpressurization Transients

A number of events have occurred in which the temperature pressure limits in
the Technical Specifications have been exceeded. A majority of these events-

havo occurred during startup or shutdown conditions and have been caused by
either equipment malfunction, procedural deficiencies or incorrect operator
action. These pressure transients are of concern because the RHRS may be
subject to this overpressure, the reactor vessel material is more brittle at
relatively low temperatures than at operating temperatures, and the

,

requirements of 10CFR50 Appendix G may be exceeded. .

.

The effect of an overpressure transient at cold shutdown conditions will be c

l* altered by removal of the autoclosure interlock. With removal of the
interlock, the RHRS may also be subject to overpressure. However, the RHRS

,

relief valve (s) will be available to help mitigate the transient. The
trade-offs between these two must be considered in the analysis of the RHRS

autoclosure interlock.

|.
.

The overpressurization analysis uses event trees to model the mitigating
actions (both automatic and manual) following the occurrence of low
temperature overpressurization events. These mitigating actions affect the

| severity of the overpressurization events and reduce the possibility of damage
to the plant. The analysis is divided into two parts: 1) determination of
the frequency of cold overpressure events and 2) the effect of mitigation on
the transients. Each part is discussed below. More detail is provided in

Appendix 0., .

4

e
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7.5.1 INITIATING EVENTS

Many past reports have characterized the different types of transients * -

.

possible at cold shutdown.. The following lists the overpressure transients
*

which have been examined: -

1. Premature opening of the RHRS. i

2. Rod withdrawal.

3. Failure to Isolate RHRS During Startup.
4. Pressurizer Heaters Actuation.
5. Startup of Inactive Loop. (Startup of a RCP.)

6. Loss of RHRS Cooling Train.

7. Opening of Accumulator Discharge Isolation Valves.

8. Letdown Isolation
a) RHRS operable

,

b) RHRS isolated.
9. Charging / Safety Injection Pump Actuation.

~

P

.

The transients described above were researched in order to determine the
frequency of these events based on past experience. Appendix D details the -

events that have occurred and the quantification of the frequencies of these
transients. Table 7-4 lists the transients and the frequencies calculated -

based on operating experience. ,

These events have been grouped into two general categories which describe.

their effect on the plant: 1) events that affect the balance between mass
addition and mass letdown, and 2) events that affect the heat input / heat

7

removal balance. These types of events have actually occurred and the NRC has ,

L expressed concern over the frequency of these events. This section describes
the heat input transients and then the mass input transients along with its
effect on the RHR System.

|

~

.

!

| *
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HEAT INPUT TRANSIENTS
1

I
- Prematuro Opening of the RHRS

Overpressurization of the RHRS could occur if the RHRS is opened prior to
reducing the RCS pressure below the RHRS design pressure. However, the RHRS

isolation valves are equipped with " prevent-open" interlocks. These
interlocks prevent the opening of the suction valves before the RCS pressure ,

*

is below a given setpoint. Furthermore, the valve motor operator is sized
with insufficient torque to raise the stem with a pressure differential across
the valve greater than 500 psi.

To date, this type of event has not occurred, although attempts to access the *

RHRS prior to reduction of the RCS pressure have resulted in valve motor
failures. Because of the design features on the RHRS isolation valves, this
type of event is not considered plausible and was not analyzed.

,

Rod Withdrawal.

A rod withdrawal accident is defined as an uncontrolled addition of reactivity ;-

to the reactor core caused by withdrawal of one or more banks of control rods,
resulting in a power execrsion. The transient would be terminated by the

'

'

automatic features of the Reactor Protection System such as the source range
neutron flux trips. Rod withdrawal during shutdown would have only a minor

effect on the RCS and the RHRS.

Westinghouse analyses of this event for the RESAR-3 and -41 designs
(References 10 and 12) utilized the following assumptions:

1) Reactor is suberitical by 1% ak/k.

2) One loop of the RhRS is isolated from service.

3) RCS temperature and pressure are 350*F and 425 psig prior to the

i event.
,

'

|

e
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1

It was detern'ned that the event produced one of the least severe transients (
of those analyzed and would not overpressurize the RHRS (pressure would not |

i
*

exceed 110% of RHR$ design pressure). The RHRS relief valve would also be |.

!
available to help mitigate this trar.sient. The removal of the autoclosure

'

interlock has no effect on this transient. Thus, this event was not -

considered a critical event (it would be hnunded by other e.wnts) and was )
removed from the ana*.ysis. ;

Failure'to Isolate RHRS Durino Startup !

!

During plant startup, t.he RCS is completely filled, and the pressurizer ;
'

heatsrs are energized. The RHRS pumps are operating, but the dia, charge is
directed to the CVCS. After the RCPs are started, pressure cond ol via the !

RHRS and the low pressure letdown line is continued until the pressurizer ;

steam bubble is formed. Indication of steam bubble formation is provided in ;

the control room by the damping out of the RCS pressure fluctuations and by
'

pressurizer level indication. Following pressurizer steam bubble formation, |

the RdRS is isolated from the RCS. .

.

If the RHRS is not isolated by the operator, RCS pressure would increcse to -

that of the RHRS suction relief valve (s) setpoint. Discharge through the
relief valve (s) would prevent the pressure from increasing further. Failure *

to close both RHR suction valves during stac+up is not considered a credible ,

failure mode because the condition would become apparent and corrective action

would be taken. (Ths.RHRS relief valve (s) would lift as the RCS pressure
iricreased, an alarm would sound, and the RCS pressure would increase more .

slowly than if the suction valves were closed.)
!
I

'

If c?ly one of the suction valves is closed on each suction line, RCS pressure
can be rait,ed to operati.1g pressure. Should tha operator fail to close the !

remaining valve, a loss-of-coolant accident could occur if the closed valve
opens or ruptures. This condition is analyzed as part of the interfacing
systans LOCA analysis described in Section 7.3. ,

Thus, this event ns not analyzed as an overpressuri:stior, concern. t
,

o033o:1o/021188
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Pressurizer Heaters Actuation
f

During startup, all of the pressurizer heaters are energized and letdown is (.

initiated (or increased) in order to form a steam bubble in the pressurizer. |,

If the pressurizer heaters are inadvertently actuated, the saw conditions }
*

result. The exoansion rate due to boiling in the pressurizer is greater than |

that due to merely heating the pressurizer water. If the RHRS is not ;

isolated, the pressure increase is limited by the relief valve on the RHRS
Isuction line. However, if the relief valve failed, the RCS pressure would

increase above the RHRS design pressure. The transient will continue until j

the decreasing pressurizer water level actuates an automatic heater cutoff (at ;

approximately 10% of pressurizer volume). !

!To date. Westinghouse plants have not experienced this type of transient.
Furthermore, the operating procedures for most plants require that the ,

pressurizer heaters be de-energized during the mode trar,sition from Hot !,

Standby to Cold Shutdown. Also, since this transient is very slow, the
'operator should recognize and terminate the transient.*

t

Startup of an inactive loop [
-

*

The startup of an inactive reactor coolant pump is another heat input
transient. This transient occurs when the reactor coolant pumps have been i

stopped (usually belnw 160'F) during the cooldown sequence. When the RCPs
have been stopped, the isothermal conditions in the RCS no longer exist. The i

steam generator water may remain at a relatively constant temperature greater ;

than the RCS temperature since there is little circulation through the steam ;

generator tubes. Therefore, a significant temperature asymmetry between the
steam generator water and the reactor coolant may develop. If a reactor
coolant pump were to be started, the sudden heat input into the reactor -

coolant from the steam generators would cause a rapid increase in reactor
coolant temperature.

'

Another case could occur if a reactor coolant pump is stopped during plant*

heatup but the cold charging and seal injection water is continued in,

service. This would cause a relatively cold volume of water to develop in the

o0330.1D/021188
7-15

. _ . - -- .



i<

WESTINGHOUSE PROPRIETARY CLASS 3 :
-

t

vertical pipe loop below the reactor coolant pumps. When the inactive reactor
coolant pump is restarted, the cold water would be suddenly heated and would ;

mir, with the coolant and the cold water expands as its density decreases. |
*
,

This expansion results in an increase in RCS pressure. }
i

*
.

:
This transient is considered in the RHRS overpressure analysis.

! i

t.oss of RHRS Cooling Train

Loss of an RHRS cooling train may occur at any time during RHRS operation. |

However, such a loss would have its greatest impact if it were to occur |

immediately followin; RHRS initiation during plant cooldown. At this time,
'

the heat generation rate exceeds the heat removal capability of the remaining j
cooling train. The continual release of core residual heat into the reactor ;

'

coolant with no heat rejection would cause a slow rise in the coolant
temperature and pressure. Since this transient is slow, the operator should !..

respond and restore the RHRS or limit the RCS pressure by venting the ;

pressurizer, ,

!

iMASS INPUT TRANSIENTS .

!

Opening of Accumulator Discharge Isolation Valve *

i

When the pressure is less than approximately 1000 psig, plant procedures j

require that the accumulator motor-operated discharge valves be closed and the ,

power supply to these valves be de-energized and locked out. If an
accumulator discharge valve was opened, water would be forced into an already j

water-solid RCS. This causes a pressure transient. The peak pressure reached |
'

during this event will be between the initial RCS pressure and the accumulator
nitrogen pressure. ;

,

letdown Isolation j

'

For most Westinghouse plants, during cold shutdown, a letdown path is -

established through the RHR System in order to control the pressure in the
,

RCS, If this letdown path is isolated, prr.ssure control is lost. Isolation' {
>
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of letdown could occur in several ways: 1) closure cf the letdown control !

valve, 2) isolation of the RHRS/CVCS crossover path or 3) closure of the RHRS !

inlet isolation valves. Of these, the pressure transient associated with the !.

third event is greater in that the mass addition transient is coupled with a f,

heatup transient because isolation of the RHRS precludes the use of the RHRS |
*

relief valve in mitigating the pressure rise and places this action on the COM
,

System. !

Charoina/ Safety injection Pump Actuation
!

Ouring the transition from hot standby to cold shutdown, the safety injection
actuation signal.is blocked to prevent full system actuation while in the ;

water-solid raode. Also, power is locked out to the high head safety injection
pumps and usually all but one charging pump. This is due to the fact that
under stable pressure conditions, the inadvertent actuation of a charging pump
or safety injection pump results in coolant addition and without an increase

,

in letdown, a pressure transient will occur.
.

7.5.2 ANALYSIS
.

Based on the discussion of low temperature overpressure initiating events, the
*

following describes the analysis conducted to determine the impact of removal
of the autoclosure interlock. The first section describes the heat input

analysis while the latter section details the mass input analysis.

HEAT INPUT ANALYblS ,

The investigation of reported cold overpressurization events showed these heat ;

addition mechanisms:

1) inadvertent operation of all the pressurizer heaters,
'

2) h6at addition from core decay heat at 12 hours foll) wing an extended
period of operation, and,

''

3) inadvertent startup of a reactor coolant pump with temperature
asymmetry between the reactor coolant system and the steam generator.,

00330:10/0211s8
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Past analyses assessed the effect of these transients in terms of the change
*

in RCS pressure associated with each transient (Reference 26). Figure 7-2 was . ;
,

generated from these analyses, , ,
.

This figure shows that heat input transients occur quickly in time. The?

figure also shows that given the RCS temperature and pressure are below 350'F ;

and 450 psig, the RCS pressure change is less than approximately 200 psi for |
'

the decay heat addition and pressurizer heaters actuation. For these cases,

the RHRS suction valve autoclosure interlock would not be activated (the
setpoint is approximately 600 psig). Furthermore, the COM System and RHRS
suction relief valves are capable of mitigating these transients, f

for the startup of an inactive reactor coolant pump with a temperature ;

asynimetry between the RCS and the steam generator, the peak pressure change is
approximately 1500 psi and occurs in roughly 90 seconds with no relief valve . }
actuation. Because the RHRS motor-operated valves closing time is
approximately two minutes, the RHRS would be subjected to the high pressure -

before the valve could close. This could lead to the possibility of an
interfacing systems LOCA. However, the probability of this event is small * '

because the RHRS relief valve and the COM System must both fail in order for |
'

this event to occur. ,

From this discussion, the removal of the autoclosure interlock will have no
effect on heat input / removal transients that occur during cold shutdown.

MASS INPUT ANALYSIS !

in order to depict the slower mass input transients (relative to the heat
input transients), event troes were utilized to model the mitigating actions
that occur following the transunts. Operator actions and mitigating systems :

are included in the event trees.

'.
Event trees were constructed to determine the consequences of the mast input

transients. The safety functions, i.e. the event tree top events, for the i

event trees are defined below:

003301D-101160 t
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i

1. Initiating Event (IE): The mass input initiator that could lead to ;

overpressurization and/or possible RHRS damage.'
,

,O |
,.-

2. RHRS isolated (RI): The RHRS will be isolated during certain periods |,, -

of shutdown. This dictates whether or not the RHRS relief valve is ;
*

available to mitigate the transient and if the possibility exists for [
damage to the RHRS. !

!
3. RHRS Suction Relief Valves Lift (RV): If the RHRS is not isolated,

the spring loaded relief valves will open at the setpoint pressure.

4. COM System Operates (COM): The low temperature overpressure ;

protection system consists of two redundant and independent systems -

utilizing the pressurizer PORVs. When the system is enabled and ;

reactor coolant temperature is below a given setpoint, a high |

pressure signal (above the COMS setpoint) will trip the system
.

automatically and open a PORV until the pressure drops below the
'

< reset value.

|
'

Sa. RHR$ Suction / Isolation Valves Automatically Close (RS): When the-

!pressure increases to the autoclosure setpoint pressure, the
'

autoclosure interlock receives a pressure signal that actuates the
circuitry and closes the motor-operated valve. This node is
addressed in the present configuration case only. ;

Sb. Operator Detects Overpressure Alarm and Isolates the RHR$ (OD): For

the modification cass, an alarm would sound when the high pressure i

setpoint is reached. Through a revision in operating procedures, it
is assumed that the operator will detect the overpressure and isolate
the RHRS before the pressure reaches 150% of the RHRS design pressure.

6. Operator Secures Running Pump (OA1): Given an alarm, either by i

!, actuation from the RHRS relief valve opening to the pressurizer '

relief tank (PRT), or from the operation of at least one train of i'

'

;, COMS, or from an RHRS pump low flow alarm (on autoclosure of the RHRS

! suction valves) or from the high pressure alarm on the RHRS suction

oosso.to/ozisse
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|
valves (in the modification case only), the operator will stop the i

extra running pump (either an $1 or charging pump). If the operator j

!stops the running pump, the overpressure event is terminated. *
,

7. Operator Opens a PORY (OA2): Given an alarm, if no or one relief [
*
.

valve operates successfully and the pressure still continues to rise. |
the operator may open a PORV in order to reduce the pressure. The |
operator may also open a PORY if he fails to stop the running pump in
order to increase the time available to mitigate the transient. !

'

B. RHRS Relief Valve Reseats (RVR): Given that the RHRS relief valve
successfully operated and the transient was terminated, the relief .

valve must resent or coolant would be lost to the PRT. If the i

transient is not stopped, the relief valve will cycle open and closed
and is assumed to eventually fail open.

9. Pressurizer PORVs Reseat (POR): Given that one or more of the PORVs ' |
has opened and the transient has been stopped, the valve must close ,

in order to avert a loss of coolant condition. If the transient is t

not stopped, the valve (s) will cycle until failure occurs. !.

Success criteria for each event tree top event were developed and system / -
i

component failure probabilities were calculated for each of the nodes for each
of the four reference plants. The calculation of these probabilities is |

,

detailed in Appendix D. .

The event tree sequences were classified into discrete consequence
,

categories. Each consequence category then represents a number of individual '

sequences that all have similar characteristics associated with them. The [
consequence categories are listed in Table 7-5.

The event trees were quantified using system / component failure probabilities
along with the initiating event frequencies to determine the frequency of the

,

consequence categories for the present configuration and the modification -

case. Each initiating event is discussed below. More detail is provided in i
,

Appendix D.

o0330:10/021188
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1-

Opening of Accumulator Discharge Isolation Valve

' This event does not recuire an event tree analysis. The opening of an |.

accumulator discharge isolation valve would produce a pressure peak between |
'

the initial RCS pressure and the accumulator nitrogen pressure. At cold |'

shutdown conditions, the RCS pressure is below approximately 450 psig. The !

accumulator design pressure is approximately 700 psig and the normal operating |
pressure is about 650 psig. Therefore, the maximum pressure possible would be

less than 650 psig. This pressure would not damage the RHRS. The RHRS :

autoclosure interlock may close for this case but this would only occur if the
RHRS relief valve and the COM System f ailed to operate. Therefore, the

interlock has no effect on this transient.

Letdown Isolation /RHRS Operable

The success criteria for the letdown isolation cases was determined based on
'

conservative estimates of the flow rates and relieving capacities of the
relief valves. Because the charging pump was assumed to operate at its.

maximum flow rate, it was assumed that only one RHR relief valve, or one PORV
must operate to mitigate the transient. The following assumptions were-

utilized in the letdown isolation case.
.

1. No credit is taken for the RCS vents.

2. The detection time for failure was assumed to be 24 hours for the
suction valve components while 6 weeks (1008 hours) was assumed for
the PORVs and block valves (assumed to be representative of the ,

I

average time for a refueling outage).

An event tree for the letdown isolation RHR operable case is shown in

Figure 7-3. |
f

The event tree was quantified for the configuration with the autoclosure
,

'

interlock and without the autoclosure interlock. When the two cases were*

compared for Callaway, the consequence category LSCI decreased slightly while
,

the HOPV category increased to 3E-15/ shutdown year while for Salem, the '

,

00330.1D/021188
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consequence category MSCI decreased slightly while the HOPV category increased
to 1.5E-11/ shutdown year. The consequence ettegories LSCI and MSCI decreased ;

'

slightly for Shearon Harris while the HOPV category increased to *
,

3E-15/ shutdown year with removal of the autoclosure interlock. For North
'

Anna, the HOFV cc. sequence category increased to 4.5E-15/ shutdown year. .

,

[
The consequence category HOPV is defined as a high overpressure transient with !

the RHR System open to the RCS which results in an interfacing systems LOCA at
'

cold shutdo-n. Although the frequency increases for all four reference
plants, the occurrence of such an event is highly unlikely as shown by the
small frequency. For this transient to result in an HOPV, the RHR relief
valves, the COM System, and any operator mitigating action would have to .

fail. Thus, the increase of an intorfacing LOCA at shutdown for this !

transient is not significant.

'

Letdown isolation /RHRS Isolated
.

This event puts the transient's overpressure effects on the RCS and not on the
,

RHRS. Thus, the removal of the RHPS autoclosure interlock does not affect the-

mitigating systems available to stop the transient. ,
,

.

However, the initiating event itself causes this transient. Spurious closure ;
-

of the isolation valves initiates the overpressure transient. If the
autoclosure interlock is removed, the initiator frequency would be reduced.
Thus it was conservatively assumed that the frequency of this transient would
be reduced by one half (from 4.45E-01/ shutdown year to 2.22E-01/ shutdown
year). (The removal of the interlock would essentially decrease the frequency
by much more than one half. However, to account for some unknown spurious ,

closure events, the frequency was conservatively estimated to be reduced by
one half.) The result of the reduction in initiator frequency decreases the
challenges to the mitigating systems in the RCS and reduces the frequencies of
all of the consequences categories.

;

,

0033o.1D/021188
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;

Charging / Safety Injection Pump Actuation !
':

The success criteria for the event treos for this transient was determined |,,
* based on conservative estimates of the flow rates and relieving capacities of

,

the relief valves. Because the charging pump maximum flow rate and the safety j

injection pump maximum flow rate combined is approximately 1200-1300 gpm )
'

(conservative assumption that both pumps operate at maximum flow rates), it
'

was assumed that two PORVs or one PORY and one RHR relief valve or two RHR
relief valves (where appropriate) are required to mitigate the transient. The '

following assumptions were also utilized in the analysis of the
charging / safety injection mass input transient:

,

!

1. No credit is taken for the RCS vents. |
2. The detection time for failure was assumed to be 24 hours for the ;

suction valve components while 6 weeks (1008 hours) was assuined for |.

the PORVs and block valves (assumed to be representative of the

average time for a refueling outage). j*

;

Figure 7-4 illustrates an 6 vent tree for the charging / safety injection*

initiating event.
!

,

iThe event tree was quantified for the configuration with the autoclosure
interlock and without the autoclosure interlock. When the two cases were ;

compared for Salem, consequence categories MSF0, MSCO, and HOPV increased. '

However, the increase is in the range of 1E-10 to 1E-11/ shutdown year. For
Callaway, consequence categories MSF0, MSCO, and HOPV increased in the range r

of IE-11 to 1E-12/ shutdown year. Consequence categories MSF0, MSCO, and HOPV

increased in the range of IE-11 to 1E-12/ shutdown year for Shearon Harris,
For North Anna, consequence categories MSF0, MSCO, and HOPV increased. The -

increase is in the range of 1E-14 to 1E-15/ shutdown year. These are very '

insignificant ir. creases in the frequency of these outcomes.
;

:
Although the frequency for the consequence category HOPV increases for all ,

four reference plants, the occurrence of such an event is highly unlikely aso

shown by the small frequency. For this transient to result in an HOPV, the

0033D 10-101149
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RHR relief valves, the COM System, and any operator mitigating action would
have to fail. Thus, the increase of an interfacing LOCA at shutdown for this

*transient is not significant. .

*

Based on the analysis of the mass input transients, the removal of the *

autoclesure interlock has a small impact on the frequency of an interfacing
systems LOCA. Furthermore, the removal of the autoclosure interlock will
increase the availability of the RHR suction relief valves to mitigate low
temperature overpressure transients, thereby reducing the challenges to the
pressurizer power operated relief valves,

it should be understood that the autoclosure interlock was not installed to
mitigate overpressure transients. The RHR suction valves are slow-acting and

'

take approximately two minutes to close. The autoclosure interlock will not
protect the RHR System from a fast-acting overpressure transient such as the
startup of a reactor coolant pump.

.

The major impact with respect to overpressure concerns is that removal of the .

autoclosure interlock will significantly reduce the number of letdown
isolation transients. -

.

4

!

,

'.

.
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TABLE 7-1
iCOMPONENT FAILURE RATE DATA

I i
COMPONENT FAILURE MODE FAILURE RATE SOURCE

* i
.

Air operated valve Failure to operate 1.0E-05/hr 2815
Check valve Failure to open 2.0E-07/hr 2815 i

Check valve Failure to close 2.0E-06/hr 2815 i

Motor operated valve Failure to open 1.0E-05/hr 2815
Motor operated valve Fail to remain open 2.0E-07/hr 2815

.

'

Motor operated valve Fail to close 1.0E-05/hr 2815
Motor operated valve Catastrophic 1.0E-07/hr 2815
Manual valve Failure to operate 2.0E-07/hr 2815 r

Motor driven pump Failure to start 1.0E-05/hr 2815
Motor driven pump Failure to run 1.0E-04/hr 2815
Thermal Overload Premature open 1.5E-07/hr Fuse Rate <

Oiode (Std quality) All 7.56E-09/hr MIL HDBK
Resistor (Stdquality) All 4.90E-09/hr MIL HOBK

!

Relay All 8.7E-08/hr MIL HDBK

Bistable High Output 2.40E-06/hr MIL HDBK ;

Bistable Low Output 1.65E-06/hr MIL HDBK

Pressure Sensors All 2.80E-06/hr MIL HDBK
Loop Power Supply All 5.80E-06/hr MIL HDBK*

Comparator All 2.90E-06/hr MIL HDBK

Annunciator All 4.25E-06/hr IEEE.

Torque Switch Failure to operate 2.00E-07/hr 2815 ;

Current Transformer All 3.50E-07/hr IEEE
Relay Contacts Fail to transfer 1.00E-06/hr 2815-

Relay Coil All 3.00E-06/hr 2815
Circuit Breaker Fail to close 3.00E-08/hr IEEE

Circuit Breaker Fail to open 2.00E-08/hr IEEE
*

Circuit Breaker Open w/o command 1.00E-08/hr IEEE

Push button switch All 1.22E-06/hr IEEE
Rotary switch All 8.10E-07/h* IEEE
Toggle switch All 2.33E-07/hr IEEE

Fuse All 1.50E-07/hr IEEE

Limit switch All 7.22E-06/hr IEEE
Motor Starter contacts Spurious operation 3.00E-08/hr IEEE
Relay Contacts Spurious operation 2.00E-08/hr IEEE

Relief Valve Fail'to open 3E-04/ demand IPE '

Relief Valve Fail to close 3E-02/ demand IPE

I-E Converter All 2.00E-07/hr IEEE ,

Isolator E-E converter All 4.8E-07/hr IEEE

Pressure Transmitter All 1.73E-06/hr IEEE

Notes:
IEEE - Reference 22-

2815 - Reference 21*

i MIL HDBK- Reference 23
* IPE - Reference 24 ,

1
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TABLE 7-2 ;

'
INTERFACING SYSTEM LOCA FRE0VENCIES

WITH AND W11HOUT AUT0 CLOSURE INTERLOCK f
*
.

!

?.
'

t

WITH AUT0 CLOSURE WITHOUT AUTOCLOSURE PERCENT l

INTERLOCK INTERLOCK CHANGE e

!
-

L

r

SALEM 8.35E-07/ YEAR 5.77E-07/ YEAR -31 ;

|

CALLAWAY 1.52E-06/ year 1.16E-06/ year -24 !

L

.

SHEARON 1.45E-06/ YEAR 1.16E-06/ YEAR -20

HARRIS.
,

*
i

NORTH ANNA 9.28E-07/ YEAR 5.77E-07/ YEAR -38 i

.

[

;

I

| :

|
' : ;

.,

'

|
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TABLE 7-3

RHR SYSTEM UNAVAILABILITY RESULTS
I O

PLANT WITH WITHOUT PERCENT

AUT0 CLOSURE AUTOCLOSURE CHANGEo
INTERLOCK INTERLOCK'*

SALEM

RHR INITIATION 3.20E-02 3.20E-02 0

SHORT TERM COOLING 1.60E-02 1.40E-02 -13
LONG TERM COOLING 3.60E-02 1.20E-02 -67

CALLAWAY

RHR INITIATION 3.62E-02 3.62E-02 0

SHORT TERM COOLING 1.64E-02 1.44E-02 -12
LONG TERM COOLING 3.91E-02 1.17E-02 -70

SHEARON HARRIS
'

'

RHR INITIATION 3.74E-02 3.74E-02 0
.SHORT TERM COOLING 1.61E-02 1.45E-02 -10

LONG TERM COOLING 3.45E-02 1.16E-02 -66*

~

NORTH ANNA

RHR INITIATION 1.90E-02 1.90E-02 0-

SHORT TERM COOLING 1.65E-02 1.46E-02 -12
LONG TERM COOLING 4.14E-02 1.39E-02 -66

.

4

a
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TABLE 7-4

FREQUENCY OF OVERPRESSURE TRANSIENTS

U

TOTAL
*

NUMBER OF FREQUENCY

OCCURRENCES (EVENTS / SHUTDOWN YEAR)

OPENING OF ACCUMULATOR

DISCHARGE ISOLATION VALVES 4 3.56E-02

STARTUP OF INACTIVE LOOP 11 9.79E-02

ISOLATION OF LETDOWN

WHILE CHARGING CONTINUES 14 1.25E-01

.

CHARGING / SAFETY INJECTION 14 1.25E-01

.

ISOLATION OF LETDOWN WHILE

CHARGING CONTINUES-

RHR ISOLATED 50 4.45E-01
.

TOTAL 93 8.27E-01

.

$

0
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TABLE 7-5
TRANSIENT EVENT OUTCOME DESCRIPTIONS

*
CATEGORY OUTCOME DESCRIPTION

LSFO Low pressure with small loss of coolant and the RHRS.

: is open to the RCS. The running pump has been*

stopped but one of the relief valves has failed to
reseat. The operator must take action to ressat the
valve or isolate it and then must add makeup.

LSFI Low pressure with small loss of coolant and the RHRS
is isolated from the RCS. The running pump has been
stopped but one of th6 relief valves has failed to
reseat. The operator must take action to ressat tne
valve or isolate it and then must add makeup. He
must also reinitialize RHR operation.

LSCO Low pressure with small loss of coolant and the RHRS
is open to the RCS. The running pump has not been
stopped and coolant is exiting via one relief
valve. The operator must take action to stop the
running pump or isolate it and then must check that
the relief valves have reseated completely.-

L LSCI Low pressure with small loss of coolant and the RHRS
is isolated from the RCS. The running pump has not*

been stopped and coolant is exiting via one relief
,

| valve. The operator must take action to step the
running pump or isolate it and then must check that'

|
the relief valves have resented completely.

,

LLFO Low pressure with large loss of coolant and the RHRS
is open to the RCS. lhe running pump has been
stopped but two or more of the relief valves have
failed to ressat. The operator must take action to
ressat the valves or isolate them and then must add
makeup.

,
LLF1 Low pressure with large loss of coolant and the RHRS

I is isolated from the RCS. The running pur.:p has been
stopped but two or more of the relief valves have
failed to reseat. The operator must take action to
ressat the valves or isolate them and then must add,

|
makeup. He must also reinitialize RHR operation.

| LLCO Low pressure with lar e loss of coolant and the RHRS
is open to the RCS. ne running pump has not been
stopped and coolant is exiting via two or more,

relief valves. The operator must take action to
stop the running pump or isolate it and then must
check that the relief valves have reseated.,

completely. The operator must also be aware of
possible deadheading or air entrainment of the RHR

' pumps.

o033o:1o/021188
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TABLE 7-5 (cont.)
TRANSIENT EVENT OUTCOME DESCRIPTIONS ;

;

! CATEGORY OUTCOME DESCRIPTION

LLCI Low pressure with large loss of coolant and the RHRS
is isolated from the RCS. The running pump has not |
been stopped and coolant is exiting via two or more !

relief valves. The operator must take action to |
stop the running pump or isolate it and then must 1

icheck that the relief valves have reseated
completely. [

MSF0 Medium pressure with small loss of coolant and the .

. 'RHRS is open to the RCS. The running pump has been
stopped but one of the relief valves has failed to -

ressat. The operator must take action to resent the ,'velve or isolate it and then must add makeup. He
must also reduce the RCS pressure and check on the !

integrity of the RHR System. i

MSFI Mediu'n pressure with small loss of coolant and the I
RHRS is isolated from the RCS. The running pump has- '
been stopped but one of the relief valves has failed
to reseat. The operator must taka action to ressat !
the valve or ist, late it and then must add makeup.'

He must also reduce the RCS pressure and then
reinitialize RHR operation.

MSCO Medium pressure with small loss of coolant and the ,
'

RHRS is open to the RCS. The running pump has not-
*been stopoed and coolant is exiting via one relief

valve. Tie operator must take action to stop the
running pump or isolate it and then must check that
the relief valves have ressated completely. He must
also reduce the RCSipressure and check on the :

integrity of the RHR System. ;

MSCI Medium pressure with small loss of coolant and the
RHRS is isolated from the RCS. The running pump has
not been stopped and coolant is exiting via one ,

'relief valve. The operator must take action to stop '
the running pump or isolate it and then must check
that the relief valves have reseated completely.

MLFO Medium pressure with larte loss of coolant and the
RHR$ is open to the RCS. The running pump has been ;

stopped but two or more of the relief valves has ,
, failed to reseat. The operator must take action te

ressat the valves or isolate them and then must add
makeup. He must also reduce the RCS pressure and,

check on the integrity of the RHR System.

.

0033D:10/021168
7-30

.

- - - __,,y



. . -. . . - -

'

i

WESTINGHOUSE PROPRIETARY CLASS 3
I

.

I

. TABLE 7-5 (cont.) |
1RANS!ENT EVENT OJTCOME DESCRIPTIONS !

;

j*

CATEGORY OUTCOME DESCRIPTION

l

MLFI Medium pressure with large loss of coolant and ths !

RHR$ is isolated from the RCS. The running pump has !
been stopped but two or more of the relief valves t

has failed to reseat. The operator must take action |
to reset.t the valves or isolate them and then murt |

add makeup. He must also reduce the RCS pressure .

and then reinitialize RHR operation. i

MLCO Medium pressure with large loss of c.colant and the !

RHRS is open to the RCS. The running pump has not
been stopped and coolant is exiting via two or more i

!relief valves. The operator must take action to
stop the running pump or isolate it and then must
check that the relief valves have reseated i

completely. The operator must also be aware of
possible deadheading or air entrainment of the RHR ,

pumpn. He must also reduce the RCS pressure and f

check on the integrity of the RHR System.. .
,

MLCl Medium pressure with large loss of coolant and the ,

RHRS is isolated from the RCS. The running pump has*

not been stopped and coolant is exiting via two or i
more relief valves. The operator must take action ;

'to stop the running pump or isolate it and then must
check that the relief valves have ressated
completely. He must also reduce the RCS pressure. !'

MOPI Medium overpressure with the RHRS isolated from the
RCS. The running pump has been stopped but no ;

relief valves have actuated. The operator must
reduce the RCS pressure and then reinitialize RHR :
operation. |

HOPI High overpressure with the RHRS isolated from the
'

kCS. The running pump has been stopped but no :

relief valves have actuated. The operator must
reduce the RCS pressure, possibly through the RCS

'

vents or pressurizer safety valves.

HOPV High overpressure with the RHRS open to the RCS.
The running pump has not been stopped and no relief

'

,

valves have actuated. The RHR System integrity is
assumed to be lost and an interfacing systems LOCA

,

has occurred. The operator must attempt to isolate
the RHR System,

e
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8.0 TECHNICAL SPECIFICATIONS |

;

!
*

This section provides a discussion of the technical specifications with
reference to the RHRS auto closure interlock feature. Proposed revisions to

,

the technical specifications upon removal of the auto closure interlock are
,

provided as well as marked up examples for each of the lead plants.

'

8.1 Current Technical Specifications
,

The " Standard Technical Specifications for Westinghouse Pressurized Weter ;

Reactor", NUREG-0452, ORAFT REVISION 5, is the basis for the plant specific
technical specifications issued by the Commission since 1985. Plants which

,

were licensed prior to 1985 were issued technical specifications based on
earlier revisions of NUREG-0452 or had custom technical specifications. Of
the four lead plants, Shearon Harris was issued technical specifications based
on NUREG-0452, DRAFT REVISION 5 and the three other lead plants (Salem, North ,; .

Anna and Callaway) were based on earlier revisions of NUREG-0452. None of'the !
'

!. lead plants has custom technical specifications.

'

The RHRS autoclosure interlock has the potential to impact the NUREG-0452

based technical specifications in the following two places.
|

1. Surveillance Requirement 4.5.2.d.1 (NUREG-0452, DRAFT REVISION 5) which is

required to demonstrate ECCS subsystem OPERABILITY.

2. Surveillance Requirement in the Overpressure Protection Systems
specification for those plants which take credit for the RHRS suction |

relief valves as a means of cold overpressure protection.

!
| ECCS OPERABILITY

|

Surveillance Requirement 4.5.2.d.1 (NUREG-0452, DRAFT REVISION 5) is required.

'

to demonstrate ECCS subsystem OPERABILITY. Tha surveillance requires that the
| .

| automatic isolation and interlock function of the RHR suction / isolation valves
|. be demonstrated OPERABLE on an 18 month interval. The Surveillance

Requirement as it appears in ORAFT REVISION 5 is presented below.

1
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4.5.2 Each ECCS subsystem shall be demonstrated OPERABLE:

'

a. ...

b. ...
.

c. ...

d. At least once per 18 months by:

1) Verifying automatic isolation and interlock action of the RHR System
from the Reactor Coolant System by ensuring that:

,

!

a) With a simulated or actual Reactor Coolant System pressure
signal greater than or equal to 425 psig the interlocks prevent
the valves from being opened, and

b) With a simulated or actual Reactor Coolant System pressure
signal less than or equal to 750 psig the interlocks will cause

'

the valves to automatically close. j

.

The reference plants' technical specifications have an 18 month surveillance-

similiar to the to the DRAFT REVISION 5 version presented above. The Salem
Unit 1 Surveillance Requirement 4.5.2.i is shown in Figure 8-1. The Callaway i

Unit 1 Surveillance Requirement 4.5.2.d.1 is shown in Figure 8-2. The North

Anna Unit 1 Surveillance Requiretnent 4.7.9.1.a is shown in Figure 8-3. The |

Shearon Harris Surveillance Requirement 4.5.2.d.1 is shown in Figura 8-4.

OVERPRESSURE PROTECTION

NUREG-0452, DRAFT REVISION 5, Specification 3/4.4.9.3, "0VERPRESSURE

PROTECTION SYSTEMS", does not take credit for the RHR System suction relief [
valve to meet the Limiting Condition for Operation (LCO). However, several

recently licensed plants have included the RHR System suction relief valves as
!an optional cold overpressure protection system to meet the requirements of

the LCO of specification 3/4.4.9.3. When the RHR System suction relief valves
,

-

. ,

|
1
'o033D;1o/021188
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L

are used for cold overpressure protection, an additional surveillance
requirement may be necessary to ensure that a single failure of a pressure

,

transmitter could not isolate both RHR System relief valves from the RCS when

only the RHR relief valves are providing overpressure protection.
,

Callaway is the only reference plant that takes credit for the RHP. System
suction relief valves for cold overpressure protection. As such it has added
Surveillance Requirement 4.4.9.3.2 which verifies that a single failure of a
pressure transmitter (PT-403 or PT-405) would not isolate both drop lines of
the RHR System. Figure 8-5 shows a simplified drawing of the Callaway RHR

System. Each of the two drop lines from the RCS to the RHR System contain an
inner isolation valve (8702A or B), an outer isolation valve (8701A or B) and

a rolief valvo (8708A or B). The inner isolation valves are defined as those
valves closest to the RCS and the outer isolation valves are defined as those
vaives closest to the RHR System.

.

The current Callaway interlock table for MOVs 8701A and B and 8702A and B is

shown on Figure 8-6 (Sheet 2 of 2). The interlock functional diagrams for.

these valves are shown on Figure 8-6 (Sheet 1 of 2). As shown on Figure 8-6,

Pressure Transmitter oT-405 serves the autoclosure interlock function for both
RHRS drop line outer isolation valves while Pressure Transmitter PT-403 serves
the autoclosure interlock function for both RHRS drop line inner isolstion
valves. With this type of arrangement, and without the added Surveillance
Requirement 4.4.9.3.2, the plant could find itself in a position where the two
RHRS relief valves were previding overpressure protection and a single failure
of one of the pressure transmitters could isolate both drop lines and the
associated RHRS relief valves.

The current Callaway Surveillance Requirement 4.4.9.3.2 (Figure 8-7) requires

that the inner isolation valve for train A and the outer isolation valve for
train B be open and power removed from the valve operator. This lea +es the
outer isolation valve for train A operable and the inner isolation valve for
train B operable. The operable valves retain the RHR$ autoclosure featuro and.

will isolate on an overpressurization transient, but a single failure of a
pressure instrument will not isolate both drop lines..

0033D:10/021188
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(
. 8.2 Proposed Revision of Technical Specifications

'
I

~ This section provides the technical specification revisions necessary to '

implement tFe removal of the RHRS autoclosure 'Merlock feature at each of the
'

hur reference plants.
.

SALEM
i

ihe portion of the 18 month surveillance contained ir, specification 4.5.2.i
associated with verifying that the RHRS suction / isolation valves automatically
close en a RCS pressure signal should be deleted as shown in Figure 8-8. With

the removal of the autoclosure interlock function, there is no longer a need
I

to retain this surveillance requirement. It should be noted that the RHRS
open permissive interlock surveiliance requirement remains unchanged.

CALLAWAY
,

,

The porticn of the 18 month surveillance contained in specification .
,

4.5.2.d.1.b associated with verifying that the RKRS suction / isolation valves
automatically close on a RCS pressure signal should be deleted as shown in
Figuro 8-9. With the r oval of'the autoclosure interlock function there is
no lenger a need to ret _.n this surveillance requirement. It should be noted
that the RHRS open permiss.ve interlock surveillance requirement remains
unchangrJ.

Thr 31 day surveillance contained in Specifications 4.4.9.3.2.a.1 and

4.4.9.3.2.b.1, verifying that the RHRS suction / isolation valve is open with
power removed to the valve operator, should be deleted as shown in
Figure 8-10. With the removal of the autoclosure interlock circuitry on thet

! - RHRS suction / isolation valve a failure of a pressure transmitter can not
result in the valves stroking closed. Thus the postulated occurance of a
single failure isolating both RHRS trains while the RHRS relief valves are

L providing cold overpressure protection can not occur and the surveillance
,

|
requirement to open and lock-out power to the valves is redundant.

.

1
' 's

| 0033D;1o/021188
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The RHRS suction / isolation valves which had been in the 31 day surveillance ,

should be added to the 12 hour surveillance which requires the valve to be
* verified open as shown in Figure 8-10. This is nei.u:stry to insure that free

communication exists between the RCS and the RHRS when ti.a RHRS relief valves
.

are providing cold overpressure protection to the RCS.

Additionally, the 12 hour surveillance interval of specification 4.4.9.3.2.a.2
and 4.4.9.3.2.b.2 should be changed to be consistent with the surveillance
interval of specification 4.4.9.3.1.c for verifying that the PORV isolation
valves are open when the PORV is used for overpressure protection. The change
is shown in Figure 8-10.

Bases section 3/4.4.9 should be modified to delete the discussion on removing
power to the RHRS suction / isolation valves as shown in Figure 8-11.

NORTH ANNA UNIT 1
,

,

The 18 month surveillance contained in Specification 4.7.9.1.a associated with.

verifying that'the RHRS suction / isolation valves automatically close on a RCS '

pressure signal should be deleted as shown in Figure 8-12. With the removal
of the autoclosure interlock function, there is no longer a need to retain ~

| this surveillance reauirement.

|
*

L SHEARON HARRIS
L

L The portion of the 18 month surveillance contained in specification 4.5.2.d.1
| associated with verifying that the RHRS suction / isolation valves automatically

close on a RCS pressure signal should be deleted as shown in Figure 8-13.
With the removal of the autoclosure interlock function there is no longer a
need to retain this surveillance requirement. It should be noted that the
RHRS open permissive interlock surveillance requirement remains unchanged.

.

O

0033D:1D/021188
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,

f. The estomatic isolation and interlock function of the MR System shall i*

he verifted witnin the seven (7) days prior to plectog the RMR System
.

in service for coeltag of the Reester Coolent System. This shall be j

done by verifying that valves RM1 end m2 close upon insertion of a+
test signal terresponding to a reactee eselant pressure of 580 psts.

or less, and that, with a test signal correspondtag to a roaster seelant |

pressure of 540 psig er greater, that the velves cannet he opened.
..

,

t

.

.

| .

1

I .

|

|

|
m

.

|
|
|

|

SALDt WIT 1 3/4 5-5b faendment no. 44

|
1

|
-

.

.

i Figure 8-1. Current Salem Surveillance Requirement 4.5.2.i
. .

|
,
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WESTINGHOUSE PROPRIETARY CLASS 3

1

l

#fVisiog y ImEennCv amar motus smans.

g I t n a=*a escuttamet b

e.6.2 tesh Bet $ seesystem the11 to demonstested Opt 44SLE:*
.,

e. At leest ease per 12 hours by verifying that the fellering velves -
i

see to the taoisated posittens with poser to the volve speesters
'

temoves: .

Malus_t m at Velve f ertime . Velve senttima
IG>tseeBla Safety injectten to apen

af5T looletten v1=
5>tfeGBORA(S) 61 pe p Discharge Closed

test Lag too vies *

WP88PS35 Safety 3 ejection Open
Cold Leg Ise Velve

'

EAlfe4340 9E/83 test Lee Closed
testet lee Velve

telfeggp94 GMBtoAsse laj Spen
temps 1 a a lee viv ,

tJassv 000gg AMR to Ass e Inj Spen
temps 3 a 4 les Viv

t. At least ease pee 31 dere by:
1) Wertfying that the ICCS piping is full of ester by venting the

ICCS pop seeings and ascesstate discharge piping high peints, ans
2) Weeifying that each velve (eenuel, powe-sperates, ee esteestic)*'

| in the flew path that is not tested, sealed, se otherwiseE

' essweed la posittee, le in its soevett positten.
*

. c. By a visuel inspectlen which veriffes that no lease deerts (rees,
teesh, clothieg. etc.) is present in 1Ae contalment which sould se
transported to the senteimont seep and seuse testeistion of the.

pe p suctions during LOCA sonettions. This vises) inspection shall
to perfeveed:

| 1) Fee all esessettle areas of the sentalment prise to
| esteeltshing CDNTAIIDEstT luTEGR1,TY, and'

l 2) Of the acoes effectos within conteleont et the seaplet en of

|
each sentalment ehtey when CDNTA110Elif liffE8RITY is e,'Atlishes.

d. At toest ense por 18 eenths by:
1) Weettying estamatic feeletten and inteelesk estion of the heR

System fees the toestae Costant Systes ty' enevring thet:
a) trith a staulated o'e esteel teettee Coelant System pressure

signal greater then et eeuel to 425 pois the inteeleste
prevent tae velves fees being opened, anC

b) tPlth a steuleted se esteel teettee teeleet System pressere
algnal less then er eeuel to 790 pets the interlaste will
seuse tae velves to estanstiselly slese.

,

1

CAtteessY - 1s:11 1 3/4 6-4

e

.

.

| Figure 8-2. Current Callaway Surveillance Requirement 4.5.2.d.1-

:. .

l

0872v:1D/012788 0*7
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WESTINGHOUSE PROFRIETARY CLASS 3

.

i
i

.Ma

.

.

PLANT $YSTtw$ ,

3/4.7.9 RE!! DUAL HEAT REMOVAL SYSTEM
4

RHR OPERATING

LIMITING CONO! TION POR OPERATION
,

3.7.9.1 Two resfdual heat removal subsystems shall be OPERA 8LE.

APPLICA8tLITY: . MODES 1, 2 and 3. j

M:
With one residual heat removal subsystem inoperable Mstore the inoperacle
subsystem to CPERA8LE status within 7 days or be in HOT SHUTDCWN within
the neat 24 hours.*

:

* ' $Utyt!LLANCE RCOUIREMENTS

.

.7.9.1 Each residual heat removal subsystem shall be demonstrated'

OP N 8LE: ;
,

'

At least once per 18 months by verifying automatic isolationa.
of the RHR system fnm the Reactor Coolar.t System wnen the RCS
pressure is above 660 psig.

b. At least once per 18 months during shutdown by cycling each cf the
valves in the subsystem flow path not testante curing plant
operation througn one complete cycle of full travel,

c. At least once per 18 months by verifying that each rtsidual
heat removal pump develops a differential pressure of 1 123 psi.

|

.

.

Figure 8-3. Current North Anna Unit 1 Surveillance-

.

Requirement 4.7.9.1.a

,

|

{
i

! 0872v:1D/01278a 8*8
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WESTINGHOUSE PROPRIETARY CLASS 3
jf.

)
|

'd1

mesecv opr pou=B mves
.

.
AlsYtfLt.Antt RfDU1stutwit fesatinued)*

.

4. At least ease per 18 easthe ty:

L 9erifying estamatie tesistien and inariceh estion of the 318
systas fms the seestar coolms syetes'er ensuring shots

a) IMth a simleted er estmal teoster Coolut Systes pressure i

eipal greater thee er emel to 485 peig the interlasse j

prevent the selves.fves totas spened. and

b) IMth a sinisted er estuel toester Caelent Systas pressur,
eipal less then er eeuel to 750 peig the interlease will
cause the volves to estaastically slese.

2. A visual inesestion of the sentainment same and verifying that
,

the sesystes eussian telete are not restristas hy escris ans
that the o ne sessenente (treen reste, esteens. ets.) enew no
evisense of strustarsi sistrese er ohnevesi servesten.

e. At least enee per 38 genths, eering shutdeun. by:
,

Werifying that seen estanstic valve in the flew patn estaates toL its servest positten en esfety lajestien estustien test signal ,

and en oefety injestien switanover to sentefament oss free ent *

MT Le-Le level test sipal, and

9erifying that enen of the fe11 swing pese esses avissatisellyL* '

won veseipt of a esfety,tajestien estantion test afpel:
.

e) sherwins/sofetytejestfeepue,'

| 3) 38 pass.

By verifyise that seek of the following gene eveless the reevicesf.
sifferentief prenevre amen testad pursuant to Specifisetten 4.0.5:

1. eherging/sofety lajestien pep (Refer to Spesifisetten 4.1.2.4)
8. Se pas },180 peia et a flew reta of et least assa go.

By verifying that the lasting enshenise le la pleen and leshes forg.
the felleeies E CS tapettle selvent

L tMthin 4 tours fellering sogletien of eesh valve streting
| operation er asistenense en the velve een the ICCS sesystems
I

are required to to OPERA 8LI. and

L at least enee per 18 senths.

L
!

|

SSAMM NAERIS * WTT 1 3/4 I"O

1

|
.

Figure 8-4. Current Shearon Harris Surveillance"

,

Requiren.ent 4.5.2.d.1

0872v:1D/012788 8-9
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WESTINGHOUSE PROPRIETARY CLASS 3
J

:
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Figure 8-5. Callaway Residual Heat Removal System-

.
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* WESTINGHOUSE PROPRIETARY CLASS 3 i

!
;

i
, ,

e ;

RC5 NOT LEE :-

g SPRING RETURN TO AUTO '
*

IADM BOTH 51085 6.

PT
'

r" 'i
i I OPEN AUTO CLD5!

ms~ ~

* "() (

RNR to CVCS
RECIRC VALVE CLO5ED

ElWhR
RNR PLMP/RW57 $UCTION
ISOLATION VALVE CLD5ED,

* '
SIMP LINE ISOLATION
VALVE CLO5tD

-e . o e i 4

ElWM M M ER g g

.

j '
11

OPEN CLD5E
N IIAPPLitASLt "Alyts

DEstt1PTfou TRA!M + VALVE N0,-

, til s ,in.e ie )= ans. int .nas este;gyauf!= ; gg . -, e . .. .e.

n=: n.::.: ec::. = = ..

luntR !s0LATIm e s702A I
VALVES S 87028 I l',!|EU'!|'!| M'in|8|,*''*||08"

t
,,,

* Power train assignment
,

Figure 8-6. Callaway Functional Diagram - Current Interlock
,

1MOVs - 8701A & B, 870?A & B (Sheet 1 of 2)

b"1l0872v:10/021188
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WESTINGHOUSE PROPRIETARY CLASS 3
,

,

!

!e

l
-

.
.

* *

t.

INTERLOCdtRetti RNR OUTER 15 CLAY 13>' Vf t'.'i$I
!, ,

PLANT 412 C

[n 8701A ' B7018 f
Rts Mst Les Pressure
Channel PT 405 PT 405

, ,., ?

Recireulation Valve
Closed / Limit Switch 8804A/f1 88048/f2 ;

t
RW57 Section Valve
Closed / Limit Switch 8812A/#1 88128/f2

>
.

'Sump Line Valve Clostd/
Limit Switch 8811A/#1 88118/f2

LIMIT SWITCH #1 IS THE NORMAL P051T10N SWITCH AND !$ U$tD FOR P051730N -

$1GNALS BETWEEN VALVE 5 AS$1GNED TO THE SAME TRAIN.

LIMIT SWITCH #2 15 THE STEM MOUNTED P051710N SWITCH AND 15 U$tD FOR
-.

SIGNALS BETWttN VALVES ASSIGNED TO DPP051TE TRAINS.

.

, INTERLOCK TABLE - WR twwta ISOLATION VAlvrs

PLANT 417*
-

valve

interlock witn R702A 87028
,

RCS Hot Leg Pressure
| Channel PT-403 PT 403

| Recirculation Walve
. Closed / Limit Switch 8804A/f2 88048/f1

l RW5T Svetion V61ve
Closed / Limit Switch 8812A/f2 88128/#1

Sump Line Valve Closed /
Limit Switch 8811A/f2 48118/f1

.

1

-
>u ,

1.

| Figure 8-6. Callaway Functional Diagram - Current Interlock.,

|' MOVs - 8701A & B, 8702A & B (Sheet 2 of 2)

|

| os72v:1oto127ss 8-12
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WESTINGHOUSE PROPRIE1ARY CLASS 3

<

EVISloy y* stactos Ce0Lant systra
j.

ciuaws neoutunuts i
> v \

1

4.4.9.3.1 Seen feev shs11 he doesnotreted OPERABLE by

mtation ehennel, but asludins min .sonat TasT en the PORYPerfomense of an AnhLas cunnutt osanara. .n tion, within 31 days !
prior to entering a sensition in unish the P08V is reeviced SPERA8LE |and et least enee per b1 days thereafter when the FORY is reevited ;
GPERABLE

.

perfomense of a CNAnNEL CALISRATION en the P90V estantion ehennel |
D. ;

st least enee pee 18 months: ens !

Werifyin0 the POEV leeletion velve is apen et least ease per 72 hours j

s. :

when see PGAV is being med for everpressure protection.-

4.e.9.3.2 fech M oustion relief velve shall be demonstrates SPERABLE when i

the Ant sustion relief velves are being used for sold overpressure protection '

<

as follows:1

e. Per GMR sustion reflef velve 87000s.
,

1) Sy verifying at least ense per 31 days that M ecs sustion
Isolation Velve (RR$1V) 87018 is open with power to tM
velve operater removed, ens

..

,

2) By verifying et least ease per 12 hours that BR$1V 07038
is open.

b. Poe GMR oustion relief valve 87004:'

1) by verifying et least ense per 31 days that RA$!Y 8702A
f is open with power to the velve aperater removed, and

-
.

1 ty verifying at least ense'per it hours that Ra$1V 8701A.

2)'

is open.

Testing pursuant to Speciffsetion 4.0.8.c.

The BCS vent (s) shall be verified to be seen et least ease pere.4.9.3.3
12 hours * unen the vent (s) is befag used for enerpressere protection.

|
,

*fsteet when the sont pathsey is provided with a velve which is letted, sealed.
ee otherwise secured in the open positten, teen verify these valves open et
least once per 31 ders.

!

| CALUesLY = 1811T 1 3/4 4-38

|
,

*

1

- Figure 8-7. Current Callaway Surveillance Requirement 4.4.9.3.2
1 '

,

| \

| |
||.

0872v:1D/012788 g.13
|
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WESTINGHOUSE PROPRIETARY CLASS 3
.

.

1. The autenette tedeeeemend interlock funcLion of the IIMR Syste shell*

be vertfled within ehr seven (7) days prior to placing the sqMR Systes ,

in service for cooling of the Reactor Coolant Syste. This shall be
done by verifying ?:' :' -- 21...J :;C _*::: .; ':;.. ;'; ; f ;*e'

' ' !I7 5 C E k hih i corr n5S[h's e o cAelant* ^

pressure of 540 psig er greater, that 4hrvalvesAcannet te opened.

WHI ad KHZ
.

I

!

i

,.

l

(. ..

!

(
^

l
*

,

,

1

|
'

1

.

SALEM UNIT 1 3/4 5 5b Amendment No. 44

i
|

|
.

.

!Figure 8-8. Proposed Salem Surveillance Requirement 4.5.2.i )
,

.

|ca72v:to/otz7ss 8-14
|
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WESTINGHOUSE PROPRIETARY CLASS 3 i

|
,

1

I

- . 1

#EVisl0N 2
'

senariev caer moLlis mesm
* essvEttt w t efaulM Eelf

1

4.6.2 tesh ECCS seesystes shall be demonstrated OptRABLE:

a. At least once per 12 howes by verifying that tAs following velves
are in the indicated postliens with power to the velve operators

*
removed:

Velve lieht' Velve Functiep valve position

3D-ofWat13 Safety Injection to Apen
Af5T leeletten Wir

spelfeasatA(s) st pas elesherge closed
seet Lag Ise Vive.

Ephtfe#38 Safety Injection Open
Celd Leg lse Velve

! EktIWM40 BIR/81 test Lee Closed .

| Retire Ise Velve
EA NW+0ecta RNIt to Act e inj Open >

Leops 1 & 2 Iso Viv

i
Eh MW 000g8 teR to Ass e Inj Spen

Leops 3 4 4 Iso Viv
! t. At least once per 31 days by:

'

(; 1) Werifying that the ICCS piping is full of meter by venting the
. ECC5 p ep sestage and accessitie discharge piping high points. and

.,,

l 2) Werifyirt that each velve (eenuel, power sperated. ee avtematic)'
in the flow path that is not 1ested, sealed.' er esmerwise -* *

| escured in positten is in its secreet positten,
,

c. By a visual inspection which verifies that no leese detris (re9s.
trash, clothing, etc.) is prese-t in the sentainment unten costs to

. transported to the contetment suo and seese restriction of the
pep suttione during LOCA conditions. This visual inspection shell
be perfereed: -

i1) . For all estessible eroes of the containment prior to
esten11shing CDNTA11SEENT INTEGRI,TY. and

2) of the eroes effected within conteinment et the sempletion of
each contetment entry unen CONTAllSENT IIffEGRITY is estselished.

d. At lesst once per 14 months W:

f !) Werifying evtematic tem interlock estien of the het
| System free the heector Coolant Systes 6 r ensuring theid3

I ,, e t.,e .. iet.d e, an.ei ese n .e.C.elent ,st<. press.co
!ei i m ,sig lat.fie s

pre.ent .et.e then er e si to A.
,

.

v.ives fres .eing opens.. and ,

'' !! 0"',,e,''so.e,' ,J''.is
'*"'

WJPw.7
a

t
,

, i
L

e veive ti. .

CALL Atenf - tsell 1 3/4 5-4

|.

|
1

|-
1

Figure 8-9. Proposed Callaway Surveillance Requirement 4.5.2.d.1
i -

i i

|

|

|

.

| 0872v:10/0127sa 8-15 |
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WESTINGHOUSE PROPRIETARY CLASS 3
1

I

..

REVISicy
'

aueson c00uns srsson 3
' r .;1LLAntt siculatuturs

1

i

4. 4. 9. 3.1 tech POEV shall be demonstrated OPERABLE by

a. Performense of an ANALOS DWeltL OPERATIONAL TEST en the POW
estuetion et.ennel, but escluding velve aperetten, within 31 days
prior to entering a sondition in which the PORY is reewired OPEM8LE
ens et least erse per 31 days thereafter when the PORY is reeutrod
SPERASLE8

6. Perfeemente of e OWeltL cat! BRAT 101: en the PORV estustion thennel
at least ense por 18 months and

e. Verifying the FORY isoletten velve is apen et least once per F2 heces
when the f0RV is being used for everpressure prote. tion.

'

4.4.9.3.2 toch EMR suction relief ve1we shell be demonstrated OPERA 8LE when
the RMR sustion relief valves are bein0 used for eeld overpressure protection

,

se follows:

I a. Per AMR sustien relief valve 870083,
I

|- y- r~ Q @rea y" 'f J:F.i*t 4 'J' @ "" ''
/p a

p ., verif,in, et ice.t en.e or y - -t m.1,w,0.
r

4 , .
, '

4'aa 72 ,3 |c
.

.

,or e.uo ien ro u ef waive .n ...

L #*M*" /' M *" A' C D # E J B "th

b ex ,orifyin. .t i...t once',or.w rs thes nsiv sn14 gul (902 A
a

&*** % wIvs1
c. Testing purseent to Specifisetten 4.0.S.

4.4.9.3.3 The aCS vent (s) shell be verified to be open et least once per
12 hours" when the vent (s) is being used for everpressure ra tection.

|
1 I

*tscoot wNn the vent petAwey is provided with a velve which is locked. sealed,
i se othenrise secured in the open positten. teen verify these valves open eti

leest once per 31 ears.j

CALuha4Y = latif 1 3/4 4 38

|
|

1
, .

1
, .

Figure 8-10. Proposed Callaway Surveillance Requirement 4.4.9.3.2
'

1

|
-

.

0*16 |0872v:1D/012788
|

|
|
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WESTINGHOUSE PROPRIETARY Ct. ASS 3 ?
5

.

l

.

Ml810H 2'

aucuusuam .
e,

- ams =; ,

e

M (Contimes)
The use of the angeotte surge is nessesary to set sentervative hoose

Italtettene beseuse it to pesettle for sensittene to estet seen that ever the
cowse of the heete ree the sentrolltag eensitten switenes free the incise
to the outslee one the pressure iteit must at all Stees he bases en enslyste t
of the east erhteel setterien,

Finally. the tassonite surves for the heetup rate este one the coolesun
>Pete este see sejustes for possible errors in the peessure one tesseretwee

oenstne snotreents my the values tesiastes en the <newstve surves.
\

Although the peessueteer specotes in toeperature ranges eteve those for
unteti there to reason fee senseen of nonautttle fe11ere, speesting tielts
ace provices to essere seape41st11ty of speest'en with the fatignie snelysts
perfecess in esseveense with the ABIE Case requirements.

The OptRAtlLITV of tuo DOAvs, se tes M sustten relief velves, or en ICS
vent opentas of et least a seuece inches anoscos that the SCs will to protectee
free pessowre transtants whten could essees the 1teite of Appeneta E to 10 Cf t

--

port to when one et more of the SC$ sete legt ece less then of eeuel to 306 f.
Elther P0ev e, eithee Weg saetten rettef velve has esseusta retteving sepeet1* >

''

( tty to protest tfic ACS free overpeesourigetten usion the transient is 11eites
to eitheet (1) the stect 'of an telo RCp with the secondary estee tesseetwee

a

of the stese generater less then se eeuel to 90*r eteve the ICS sete leg
tesseretweet er (2) the start of e sentrifugel energi.aq ping one its injection,

*

inte e ustee*eelte ACS.
t

I WeA out en fee tien v Ives S and " eve i clec with n " A*/
trata w ee e press tren 1tter vel 8702A 9 in ocas*

with *0* te a wies eage p esure t sett r. viso ef vel es
3701 ene $ A. pre nts e ingle f Ivre f 1 rtent teel ing th

SMe ucti reitef elves 11e est int ice tien 11 ty to both

flew ths.

In enditten to opening ACS vents to eset the reeutrement of Spee.tf tce-
tien 3.e.9.3c., it le 'accepteele to roomve a presseriter Cees safety velve,
egnen a pgav hieth velve ene reseve peuer free the velve speester in conjunction
with dismesenly of a PORv ene removal of its toteggiels. ee otherwise seen the
eCs. .

coto evenputsmar-

|1 the nuieue Aneuse P0ff Setpotat fee the Cold Dowpmsure #1ttestion
sysue tesusi ts nevne or ensiysts hteh semis the performense Of the cons

j meetne varieve een tout one heat input transients. epocation with e Pony
| sesseint 1 s then er eeuei to che ause. set = tat on. urn that Aeoeness c
l' critecte win an ne vieistes wim an.imeetion fee 1) e ease. om.uce
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3/4.7.9 RESIOUAL NEAT REMOVAL SYSTEM

RHR OPERATING

LIMITINGCON0!TIONFOROptkAff0N

3.7.9.1 Two rest' dual heat removal subsystems shall be OPEAA8Lt.

APPL.!CABILITY: . MODES 1, 2 and 3.
,

M:.

With one residual heat removal subsystem inoperable, restore the inoperable
subsystem to CPEAA8LE status within 7 days or be in HOT SHUTDCWN within
the next 24 hours,,

SURVE!!. LANCE REQUIREMENTSa

'

4.7.9.1 Each residual heat removal subsystem shall be demonstrated
CPERA8LE:

-
.

| / At east nee er J8 mon s by rifyi aut tic,4sc1 t'ien/3'

o the R ste(fnm eR ctor C lent ystepfwneythe ACS
ress ei abow6 660 sig.

|
_ -Q X At least once per 18 months during shutdown by cycling each of the

valves in the subsystem flow path not testacle durin
| operation througn one c:mplete cycle of full travel.g plant t

h/. At least once per 18 months by verifying that each residual
: heat removal puso develops a differential pressure of ,123 psi.3

II

|

\ -
.

Figure C-12. Proposed North Anna Unit 1 Surveillance
, ,

I Requirement 4.7.9.1.a
|

|
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Figure 8-13. Proposed Shearon Harris Surveillance'
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9.0 CONCLUSIONS AND RECOMMENDATIONS

* - This section addresses the seven concerns expressed in the NRC internal
memorandum (Refer :nce 6) of January,1985 stating the RSB position on requests
for removal of the RHRS ACI. The memorandum stated that any proposal to

'

remove the ACI should be substantiated by proof that the change is a net
improvement in safety and should assess as a minimum the following:

1. The means available to minimize Event V concerns.

2. The alarms to alert the operator of an improperly positioned RHRS MOV.

3. The RHRS relief capacity must be adequate.

4. Means other than the ACI to ensure both H0Vs are closed (e.g., single
switch actuating both valves).

,

5. Assuranco that the function of the open permissive circuitry is not.

affected by the proposed change.

6. Assurance that MOV position indication will remain available in the
control room regardless of the proposed change. '

7. Assessment of the proposed change's effect on RHRS reliability, as
well as on Low Temperature Overpressure (LTOP) concerns.

Each of the seven items above will be commented on separately and reference

will be made to supporting analysis contained in this report where applicable.

Means Available To Minimize A LOCA Outside The Containment

An interfacing systems LOCA, referred to as an Event V in WASH-1400, is a
breach of the high pressure RCS pressure bourdary at an interface with the low

,

pressure piping system. An RHR System LOCA is classified as a non-nitigable
LOCA outside containment. It is assumed to occur if the valves in the RiiRS

.,

o034o:1o/101189
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suction line f ail open when the RCS is at normal operating pressure (2250
psia). Since the RHR System is designed for a much lower pressure (600 psig
for the four reference plants), the result of both suction / isolation valves -

failing open is overpressurization of the RHR System. The RHR System for
*

three of the reference plants (Harris, Salem and Callway) are located outside
of containment. A gross failure of the RHR System pressure boundary for these
plants is assumed to result in an uncontained LOCA. The North Anna RHR System

is located inside containment and would not result in the uncontained LOCA
scenario.

Each of the four reference plants has two motor operated suction / isolation
valves on the hot leg suction line from the RCS. These valves on each suction
line serve as the primary Reactor Coolant System pressure boundary. .They are
remotely operated from the Main Control Room, and are powered by separate
Class 1E electrical power sources. Continuous valve position indication is
provided from the valve stem mounted limit switches with indication in the

^

Main Control Room. Plant operating procedures instruct the operator to
isolate the RHRS during plant heatup, so the likelihood of these valves being ,

left open is remote. Additionally, this report recommends the installation of
a Main Control Room alarm to alert the operator if a RHRS suction / isolation
valve is not fully closed in conjunction with a "RCS PRESSURE HIGH" signal
(see sections 6.1 through 6.4).

The following factors were among those not considered in the supporting
frequency of an interfacing systems LOCA analysis in Modes 1, 2 and 3, but are
worth mentioning cs they contribute to the means available to minimize a LOCA
outside of containment.

1. Both RHRS suction / isolation valves have the power removed from the

operators during Modes 1, 2 and 3. The.fcur reference plants all have
procedures that require that the power be removed from the control
circuitry by opening and locking open the circuit breakers. This

prevents opening of the valves in these modes.
,

.

,

0034o:10/101189
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2. The suction / isolation valves retain the Open Permissive Interlocks
.

(Sections 5.1.3.1, 5.2.3.1, 5.3.3.1 and 5.4.3.1) which prevent the
valves from being opened whenever the RCS pressure is greater than they

plant specific setpoint (Salem = 390 psig, Callaway = 360 psig,- j

Shearon Harris = 363 psig, and North Anna = 418 psig). This interlock
precludes operator error associated with inadvertently opening the !

suction / isolation valves in Modes 1, 2 and 3.

3. It is highly unlikely that a suction / isolation valve motor operator is
of sufficient size to stroke the valve open against the high
differential pressure developed across the valve when the plant is at
normal operating pressures in Modes 1, 2, or 3.

'

Should a pressure peak occur in the RCS while the RHRS suction / isolation
valves are open, the pressure effect on the low pressure RHR System would be.

mitigated by the RHRS suction line relief valves. These relief valves
'

discht.rge inside containment to the pressurizer relief tank (PRT). A*

discharge would be detected by high temperature, level, and pressure. alarms in
'

the PRT. The deletion of the ACI feature has no effect on the ability of the '

) RHR System to survive pressure transients when the RHRS is connected to the
RCS, since the RHRS suction / isolation valves are slow acting and no credit is
currently taken for their actuation.

The frequency of an interfacing systems LOCA in modes 1, 2 and 3 without the
ACI feature is reduced for all the reference plants. The interfacing system

LOCA frequencies, with and without the ACI feature, for the four reference
plants are presented in Table 7-2 and the analysis is described in Section
7.3. Th'e reduction in the frequencies for the four reference plants are:

L
Plant Percent Change

|-
|

SALEM -31' *

CALLAWAY -24

i NORTH ANNA -38*

| SHEnRON HARRIS -20

l
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- As mentioned above, North Anna's RHR System is located inside containment;
thus, no LOCA would occur outside containment even with removal of the -

autoclosure interlock.
.

In conclusion, sufficient means are available to minimize a LOCA outside of
'

containment and removal of the ACI feature is desirable in that it reduces the
'

frequency of interfacing systems LOCA in Modes 1, 2 and 3.

Alarms To Alert The Operator Of An Improperly Positioned RHRS Isolation Valve

The proposed interlocks and functional requirements for the four reference
plants (Sections 6.1, 6.2, 6.3 and 6.4) recommends the addition of an alarm
for each suction / isolation valve that will actuate in the Main Control Room
given a " VALVE NOT FULLY CLOSED" signal in conjunction with a "RCS

PRESSURE-HIGH" signal. The proposed Elementary Wiring Diagram modifications
,

to the individual valve control circuitry is presented in Section 6. The

intent of the alarms is to alert the operator that a RCS-RHRS, series, .

suction / isolation valve (s) is not fully closed, and that double valve
isolation from the RCS to the RHRS is not being maintained. Valve position
indication to the alarm should be provided from the valve stem mounted limit
switches (SMLS) and power to the SMLS must not be affected by power lockout to
the valve. As with other power lockout valves, there is no requirement for
opposite train power for the SMLS, only that power to the SMLS is not affected
by the power lockout.

This alarm meets the intent of the requirements of Regulatory Guide 1.139,
" Guidance For Residual Heat Removal" which states that it is the regulatory

position on RHRS isolation that..." Alarms in the control room should be
provided to alert the operator if either valve is open when the RCS pressure
exceeds RHR System design pressure". Establishing a setpoint for the alarm to
alert the operator of an improperly positioned (i.e. open) RHR suction valve
during startup operations, is a plant-specific concern. It is dependent on . ;

j the open permissive pressure setpoint, the RHR system design pressure, and the
1 operating pressure at which a plant isolates the RHRS during startup i-

operations. The alarm setpoint can be set to a pressure significantly lower (
|

L
. . .. ., m
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1

than the current ACI.setpoint. A general rule for establishing the alarm
.

septoint, is that the setpoint pressure be within the range of the open ;

;., permissive setpoint pressure and, the RHR system design pressure minus the RHR

pump head pressure.
,

P (open permissive setpoint) < alarm setpoint) <
(P (RHR system design pressure) - P (RHR pump discharge head))

Verification Of The Adequacy Of RHRS Relief Valve Capacity

The intent of this section of the report is to review the RHRS relief valves'
sizing design basis and verify that the relief valves provide RHRS
overpressure protection for the design basis event. Additional potential
RHRS/RCS overpressurization transients will be evaluated as part of the WOG
COMS Deletion Program. Refer to WCAP-11640 for additional RHRS/RCS -

.

overpressurization analyses.
.

RHRS REllEF VALVE CAPACITY - SALEM

The Salem Residual Heat Removal System (RHRS) is protected from inadvertent

overpressurization by various code relief valves located in the system. Of these,

primary protection is provided by the suction line relief valve, located in the
suction line from the RCS hot leg. The main purpose of the RHRS relief valve in
the RHRS suction header is to protect the RHRS from overpressurization during
residual heat removal operation. The relief valves' sizing design basis assumed
the following limiting RHRS overpressurization event: the RCS is water solid, and
the control valves in the charging and seal injection lines fail fully open and the
letdown line control valve fails closed. This causes a mass addition to the RCS,

thus pressurizing the RCS and RHRS. Based on this event, the RHRS relief valve was
sized to relieve the combined flow of all the charging pumps (which is 2 for Salem)
at the valve set pressure. The set pressure of the relief valve is 450 psig with a
10% accumulation. This set point considers the additional pressure boost of the-

downstream RHRS pumps in maintaining the 660 psig (110% of design pressure as

required by the ASME Code Section NC-7311) design overpressure limit of the RHR*

System.

0034 0 10-101280
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Based on the above discussion the Salem relief valves are designed to relieve
900 gpm of 400'F water, relieving to a maximum allowable backpressure of 50
psig at a valve setpressure of 450 psig (plus 10% accumulation). -

*Calculations have determined that the maximum flowrate into the RCS through

the charging lines from the centrifugal charging pumps ,

(2 pumps) is 227,278 lb/hr at the RHRS relief valve setpressure (495 psig =
450 psig + 10% accumulation). Under cold conditions (i.e.,100'F) 227,278
lb/hr is equivalent to 457 gpm. Under hot conditions (i.e., 450 psig at 400*F)

'

227,278 lb/hr is equivalent to 527 gpm. The RHRS relief valve provided for
Salem is therefore sufficient to limit system overpressurization for the valve
design basis event provided the valve design conditions are met (e.g., 450
psig setpressure, 50 psig maximum allowable backpressure).

RHRS RELIEF VALVE CAPACITY - CALLAWAY
-

.

The Callaway Residual Heat Removal System (RHRS) is protected from inadvertent
,

overpressurization by various code relief valves located throughout'the
system. Of these, primary protection is provided by individual suction line
relief valves, located in each subsystem's RHRS pump suction line from the
associated RCS hot leg. The main purpose of the RHRS relief valves is to
protect the RHRS from overpressurization during residual heat removal
operation. The relief valves' sizing design basis assumed the following RHRS
overpressurization event: two events were analyzed in determining the RHRS

suction relief valves' sizing requirements. The first case evaluated the
Reactor Coolant System (RCS) in the initial phase of RHRS cooldown. RCS

temperature and pressure are 350*F and 450 psig respectively and one charging
pump is in operation. The operator initiates RHRS cperation by opening one
suction line and starts the pump. At this point a complete loss of plant air
occurs, and the charging line flow control valve fails open and the letdown
flow control valve fails closed. The second case evaluated the RCS in the
last part of cooldown. RCS temperature and pressure are less than 200*F and

-

450 psig respectively and two charging pumps are in operation. Only one RHRS
train is en line and a loss of plant air occurs causing the charging line flow

,

control valve to fail open and the letdown flow control valve to fail closed.

|
0034o:1o/101189
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These two postulated events cause a mass addition to the RCS, thus
'

pressurizing the RCS and RHRS. Based on these events, the RHRS relief valve
'

was sized to pass the flow obtained with one charging pump operation at hot
conditions, or two charging pumps operating at cold conditions.

,

Based on the above requirements the Callaway relief valves are designed to
relieve 1) 475 gpm of 375'F water, relieving to a maximum allowable
backpressure of 185 psig at a valve setpressure of 450 psig (plus 10%
accumulation) or 2) 770 gpm of <200*F water, relieving to a maximum
allowable backpressure of 120 psig at a valve setpressure of 450 psig (plus
10% accumulation). The set pressure of the relief valve, 450 psig with 10%
accumulation, considers the additional pressure boost of the downstream RHRS
pumps in maintaining the 660 psig (110% if design pressure as required by the
ASME Code Section NC-7311) design c,verpressure limit on the RHR System.

Calculations have determined that the maximum flowrate into the RCS through
.,

the charging lines from one charging pump is 204,899 lb/hr at the RHRS relief
valve setpressure (495 psig = 450 psig x 1.1). Under the relief valves'.

design basis " hot" condition (375'F and 450 psig) 204,899 lb/hr is equivalent
to 467 gpm. Therefore, for the first RHRS relief valve design case (one
charging pump flow at hot conditions), the relief valve design flowrate of
475 gpm at 375'F exceeds the required flowrate of 467 gpm and therefore
prevents system overpressurization.

It has also been estimated that the maximum flowrate into the RCS through the
charging lines from two charging pumps is approximately 266,567 lb/hr. Under
the relief valves' design basis " cold" condition (200'F and <450 psig)
266,567 lb/hr is equivalent to 552 gpm. Therefore, for the second RHRS relief

| valve design case (two charging pumps flow at cold conditions), the relief

| valve design flowrate of 770 gpm at <200'F exceeds the required flowrate of
552 gpm, and therefore, prevents system overpressurization.

|
'

|~. RHRS RELIEF VALVE CAPACITY - NORTH ANNA
|

The North Anna Residual Heat Removal System (RHRS) is protected from.

. inadvertent overpressurization by code relief valves located on each RHRS

0034D:1D/101189
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pumps suction line from the RCS hot leg. The main purpose of the RHRS relief
valves in the RHRS pump suction headers is to protect the RHRS from

overpressurization during residual heat removal operation. The relief valves' -

sizing basis assumed the following limiting RHRS overpressurization event:
-

the RCS is water solid, and the control valves in the charging and seal
injection lines fail fully open and the letdown line control valve fails
closed. This causes a mass addition to the RCS, thus pressurizing the RCS and

RHRS. Based on this event, the RHRS relief valve was sized to relieve the
combined flow of all charging pumps (which is 3 for North Anna) at the valve
setpressure. The set pressure of the relief valve is 467 psig with a 10%
accumulation. This set point considers the additional pressure boost of the
downstream RHRS pumps in maintaining the 660 psig (110% of design pressure as

required by the ASME Code Section 7311) design overpressure limit of the RHR
System.

In order to meet the above criteria the North Anna relief valves are each
designed to relieve 900 gpm of 400'F water, relieving to a maximum allowable

'

backpressure of 50 psig at a valve setpressure of 467 psig (plus 10%
,

accumulation).

RHRS RELIEF VALVE CAPACITY - SHEARON HARRIS

The Shearon Harris Residual Heat Removal System (RHRS) is protected from

inadvertent overpressurization by various code relief valves located ,

throughout the system. Of these, primary protection is provided by individual
suction line relief valves, located in each subsystem's RHRS pump suction line
from the associated RCS hot leg. The main purpose of the RHRS relief valve is
to protect the RHRS from overpressurization during residual heat removal
operation. The relief valves' sizing design basis assumed the following ,

'

limiting RHRS overpressurization c ent: the RCS is water solid, and the
.

control valves in the charging and sw i injection lines fail fully open and
the letdown line control valve fails closed. This causes a mass addition to
the RCS, thus pressurizing the RCS and RHRS. Based on this event, the RHRS

'

relief valves were sized to relieve the combined flow of all the charging
pumps (which is 3 for Shearon Harris) at the relief valve setpressure. The ;

,

setpressure of the relief valves is 450 psig with a 10% accumulation. This j
|

0034D:10/101189
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setpoint considers tha additional pressure boost of the downstream RHRS pumps
~

in mainintaining the 660 psig (110% of design pressure as required by the ASME
Code Section NC-7311) design overpressure limit of the RHR System.

Based on the above requirements the Shearon Harris relief valves are designed
to relieve 900 gpm of 400'F water, relieving to a maximum allowable
backpressure of 50 psig at a valve setpressure of 450 psig (plus 10%

accumulation).

l

Calculations have determined that the maximum flowrate into the RCS through

the charging lines from the centrifugal charging pumps (3 pumps) is 333,209 l

lb/hr at the RHRS relief valve setpressure (495 psig = 450 psig x 1.1). Under !
cold conditions (i.e., 100*F) 333,209 lb/hr is equivalent to 670 gpm. Under i

hot conditions (450 psip at 400*F) 333,c09 lb/hr is equivalent to 773 gpm.
The RHRS valve on each hMRS pump suction header is therefore sufficient to

..

limit system overpressurization for the valve design basis event provided the
'

valve design conditionr, are met (e.g., 450 psig setpressure, 50 psig maximum.-

allowablevalvebackpressure).

Means Other Than Autoclose Interlocks to Ensure Both Isolation Valves Are
Closed (e.g. Single Switch Actuating Both Valves)

Curr.ent operating instructions, along with redundant position indication and
the proposed alarm, are sufficient to insure isolation. The addition of a
single switch to close both valves would prevent the cycling of individual
suction / isolation valves. This could require some plants to lift leads and
add jumpers during surveillance leak testing as required by technical
specifications or valve maintenance. The location of the hand switches (for
both valves) is generally such that they are near enough to each other on the
Main Control Board to ensure timely operator action. Additionally,
verification of valve closure could be better obtained by procedural controls

e such as removing power to the valves before conducting leak tests on both
valves. This procedural control would provide positive assurance that the
valves remain closed during pressurization to normal operating conditions.-

00340.10-101269
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l

Each plant will be expected to review their operating procedures to determine i

the contim ad applicability of the procedures and to make any changes *

necessai>, to ensure continued safe operation without the ACI. A review of
.

*

plant operating procedures should be conducted to determine the effect of
removing the autoclosure interlock and installing a control room alarm.
Listed below are a few of the general procedures that may require modification.

RHRS operating procedure." -

Plant startup from cold shutdown operating procedure (s).-

Plant shutdown from hot standby operating procedure (s).-

Alarm surveillance procedures (to include the new alarm).-

Leak rate testing procedures (caution regarding alarms and power :-

removal from RHR suction valves). 1

,

In addition, the alarm response procedure used during startup of the plant
.

should be modified to reflect the appropriate (new) alarm recognition and
responses for the added alarm. The procedure should be revised to direct the ,

operator to take the necessary actions to close the open RHR suction valve (s),
if they are not closed following alarm actuation during normal startup
operations. If this is not possible, the operator should be instructed to not
pressurize further and return to the safe shutdown mode of operation.

Assurance That the Open Permissive Circuitry is Neither Removed or Affected by
|

the Proposed Change -

i

|

| The proposed design change as described in Sections 6.1 through 6.4 of this
report leaves the open permissive circuit intact. Hardware changes are 'a

limited to removal of the ACI portion of the valve control circuitry and the
1 addition of an alarm. Neither one of these changes should affect the

operation of the RHRS open permissive interlock.
j

.

| -
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Assurance That Isolation Valve Position Indication Will Remain Available in
the Control Room Regardless of the Proposed Change I

,

The proposed design change as described in Sections 6.1 through 6.4 of thisg

report leaves the valve position indication at the main control board intact.
.This indication will be provided by two means:

1

1) continuous valve position indication (MCB status lights)

2) absence of the alarms provided with the autoclosure interlock removal.

Assessment of the Effect of the Proposed Change on RHRS Availability, as Well
as Low Temperature Overpressure Protection

RHRS UNAVAILABILITY ANALYSIS

The availability of the RHRS to remove decay heat was considered in three
..

phases for the RHRS Unavailability Analysis for each of the four reference
plants. The first phase covers the period during which the RHRS is placed..-

^

into service and goes through a warm-up period needed to minimize the thermal
shock to the system and insure boron mixing. The second phase covers the
initial period of cooldown when the decay heat load is high. During this
phase, two trains of RHRS (two pumps and two heat exchangers) are assumed to
be required for 72 hours. The third phase covers the final long-term period
of cooldown when the heat load is smaller. For this phase only one train of
RHRS (one pump and one heat exchanger) is required to be in operation. Six
weeks was the time period assumed for this phase (based on the average
refueling outage time period). The failure probabilities of RHRS

L unavailability without the ACI feature are reduced for all four reference
plants for two of three phases and remains constant for the RHRS initiation

,

j phase. The failure probabilities of RHRS, with and without the ACI feature,
for the four reference plants are presented in Table 7-3 and the analysis is
described in Section 7.4. The reduction in the failure probabilities for the
four reference plants are:,

*
i

|

1
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o' P1 ant Percent Change ]
!

) SALEM ;
-

RHR INITIATION 0 ;
*

SHORT TERM COOLING -13 :
i

LONG TERM COOLING -67

'

CALLAWAY

RHR INITIATION 0 .

SHORT TERM COOLING -12
,

.LONG TERM, COOLING -70
,

NORTH ANNA

RI|R INITIATION 0

SHORT TERM COOLING -12
U LONG TERM COOLING -66

,

SHEARON HARRIS ,
,

RHR INITIATION 0

SHORT TERM COOLING -10

LONG TERM COOLING -66

The removal of the autoclesure interlock increases the availability of.the~

RHRS to remove decay heat during cold shutdown for all four reference plants.
This~ increase is due to the reduction in spurious closures of the suction ,<

| valves due to the autocitsure interlock. This effect is particularly critical
during long term decay heat removal.

1

- OVERPRESSURIZATION ANALYSIS
1'
|

.

The effect of an overpressure transient at cold shutdown conditions will be .

!' altered by the removal of the RHRS ACI feature. An ovsrpressurization

analysis was conducted (Section 7.5) which used event trees to model the
,

mitigating actions (both automatic and manual) following the occurrence of low
I temperature overpressurization events. These mitigating actions affect the ,

severity of the overpressurization events and reduce the possibility of damage

0034D:1o/101189
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I
'

y to the plant. The analysis was conducted in two parts: 1) determination of
Y', the frequency of cold overpressurization events and 2) the effect of !

#
mitigation on the transients. Ten initiating events which fell into two broad
categories, heat input transients and mass input transients, were considered j

,

(Section7.5.1). !

;

for the heat input transients considered the pressure peak is either i

acceptably low with reference to the RHRS suction relief valves or the
transient proceeds so quickly that the RHRS t.Cl could not cause the slow ;

a: ting RHRS suction / isolation valve to close in t'.me to affect the transient.
The analysis concludes that the removal of the RHRS ACI '.ature will have no
effect on the heat input transients.

For tii. slower mass input transients event trees were utilized to model the I

mitigating actions that occur following the transients. Operator actions and
mitigating systems were included in the event trees. Success criteria for

,

cach event tree top event were developed and system / component failure ;,

probabilities were calculated fer each of the four reference plants ;o

(Appendix D).
,

:

For the sass input treasients there was a slight increase in some consequence
categories for all four reference plants, but the increases were in the range

'

of IE-10 to 1E-12 per shutdown year. These freqLency increases are not

considered significant. The major impact with respect to overpressure
concerns is that the r.emoval of the RHRS ACI feature will significantly reduce
the number of letdown isolation transients, which is a desired result for '

plan +.s using the RHRS and the CVCS for pressure control when in solid plant ,

*

operation.

:
,

E

| *

.

0034D;1D/101189
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|

10.0 APPLICABILITY OF RESULTS TO OTHER WO3 PL/.NTS j

!
The intent of this section is to describe how the analyses and resslts fer the )
four reference plants can be utilized by other WOG plants. The etjective of j,

the utilization of four reference plants is to obtain NRC acceptance (SER) of |

the concept and methodology to justify removal of the autoclosure interlock,
it is expected that NRC approval of this program would then greatly facilitate |

.

'any plant specific effort which could reference one of the lead plants'
analyses and conclusions.

The baric information presented in this report can be utilized in any plant
specific effort. The litert.ture review and licensing basis remain the same ;

for all WOG plants. The probabilistic models and data base can be utilized as ,

'

a basis for the plant specific effort. The recommended changes to the
technical specifications may be also pertinent. The only aspects that require ,

review are the differences between the plant under review and the reference
,

plant for its category. The following describes the process for comparison of
the plant and the applicable reference plant.o

The first step involves the determination of the differences between the plant
under review and the reference plant for its category. This includes an t

examination of the control wiring diagrams for the RHR suction valves, the
suction valves' logic diagrams, the RHR system configuration and other
information. Differences such as components within the control circuitry ;

should be noted along with differences in the system configuration such as
additional valves, crossties, etc. This step is necessary because each

component is included in the probabilistic models. Some of the examples ;

include: !

. !

L, 1) utilization of pressurizer vapor space temperature in the interlock j

circuitry; ,

2) presence of alarms indicating position of RHR suction valves;,

'

3) no use of the pressurizer PORVs for cold overpressure protection;,

0034o:1o/101189
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4) presence of three motor operated valves on the RHR suction line;

| 5) presence of three trains of RHR. -

|

Differences in operating procedures and technical specifications should also *

be noted.

Another aspect that must be reviewed are the assumptient utilized in the
prcbabilistic analyses. The applicability of these assumptions to the plant
can greatly impact the results. If these assumptions are not applicable, some

reanalysis would be required.

.

After the differences between the plant and the reference plant have been
identified, the extent of any additional analyses can be determined. If only
minor differences have been identified, the reference plant analyses may be

,

bounding and no probabilistic requantification would be necessary. However,
~

if the differences would adversely impact the probabilistic analyses, some
reanalysis and requantification would have to be performed.

.

The following provides tvi example of what the plant specific analyses should
entail.

ANY ADDITIONAL LOGIC MODIFICATIONS

If any new logic other than the recommended generic logic modification is
needed, it must be prepared along with the recommended changes to the
elementary wiring diagrams. This step is crucial because the recommended
wiring diagram changes provide the basis for the probabilistic analyses and
this analysis will be the determining factor in any recommendation for removal
of the autoclosure interlock.

.

O

0034D;1o/101189
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!

INTERFACING SYSTEMS LOCA MODEL )
i

(~ The model developed in the generic phase of this program must be reviewed |
against the plant's configuration to determine if the generic analyses is |

,

applicable to the plant. Any discrepancies between the generic plant ;

configuration and the plant must be incorporated into the model and the !
ifrequency of an interfacing systems LOCA with and without the autoclosure

interlock must then be recalculated.
'

<

ADE0VATE RHR RELIEF VALVE CAPACITY

If the autoclosure interlock is removed, the RHRS shoeld not be
overpressuri:ed if the pressure increases during cold shutdown. The RHR

relief valves should provide adequate protection for the RHRS, Applicable j

design base analyses of the adequacy of the RHR relief valve must be reviewed |

and a determination as to the validity of this information should be made, i
,

LOW TEMPERATURE OVERPRESSURE TRANS!ENTS.

The transients identified as potential overpressure sources must be examined j

in order to determine if any abnormal events could occur at the plant if the
autoclosure interlock are removed. The detailed analysis should employ the
utilization of the probabilistic models to show the impact of the transients.
Event trees depicting the initiating transient and the systems available to
mitigate the overpressure transient (both . nanus 1 and lutomatic) should be
restructure 6 and requantified, if necessary. Assumptions with respect to the
possibility of an interfacing syctems LOCA occurring must also be incorporated ,

into the event trees. The event trees must be quantified for the present
configuration and for the proposed modification in order to evaluate the
trade-offs involved in the autoclosure modification.

.

l

|

1

0034o.1o/101189
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RHRS AVAILACILITY

The models developed in the generic program should be modified to show any y
differences in plant configu*ations betwr'en the plant being analyzed and the

*

WOG reference plant. The availability of the RHR system must be quantified
for three phases of RHR operation - startup of the RHR system, short term

icooling and long term cooling to allow for a detailed assessment of the
spurious closure of the isolation valves over different time spans, j

!

TECHNICAL SPECIFICATIONS 1

;

.The plant's technical specifications must be reviewed to determine the impact ,

t

of removal of the autoclosure interlock. ;

I
r

REPORT DOCUMENTATION

'

A detailed report should be provided summarizing the findings and conclusions
reached in the analyses. As a minimum, the report should contain the

,

following information:

1. Description of the differences between the plant and the reference
plant in the generic portion.

2. Summary of potential initiating overpressurization transients. ,

!

3. Quantification of initiating frequencies for overpressurization
transients.

'

4. Critical assumptions u m' in analysis.
f

5. Data used for all calculations, j

|

6. Overpressuri:ation event tree modeling with and without autoclosure
.

feature.
,

.

I

00340.lo/101189
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*

i

|
7. Results of overpressurization event trta quantification. ,

M 8. Results of interfacing systems LOCA assessment, f

9. Results of the evaluation on RHR system availability. !

10. Recommendations concerning removal of the RHRS autoclosure feature. ;

11. Recommended logic changes and additions.

12. Results of the verification regarding the adequacy of the RHR relief |

valve to mitigate overpressure transients.

13. Written documentation that will insure the open permissive circuitry
is neither removed or affected by the proposed change and that
isolation valve position indication will remain available in the

,
'

control room.

.

14. Responses to the seven NRC issues mentioned earlier in this report
,

and Reference 6.

;

15. Revised technical specifications.
,

'

.

t

!

e

@
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APPENDIX A-

OVERVIEW OF FAULT TREE AND EVENT TREE QUANTIFICATIN

,

'

Th e appendix is intended to provide an overview of fault trees and event
trees and their quantification for those unfamiliar with probabilistic
techniques. The sections to follow deteribe aspects cf probabilistic analyses
pertinent to the understanding of the PRA analysis appendices. The first
section describes fault t eas and the models used to quantify the fault
trees. The second section details event trees while the final section !

describes the computer codes used in the PRA analyses quantification.
;

A.1 Fault Trees -

,

;

A fault tree analysis can be simply described as an analyticed technique,
whereby an undesired State of the system is specified (usually a state that is
critical from a safety standpoint), and the syster:. is then analyzed in the

_ context of its environment ano operation to find all credible ways in which !
'

the undesired event can occur. The fault tree itself is a graphic model of
,

the various parallel and sequential combinations of faults that will result in ;
the occurrence of the predefined undesired event. The faults can be events ;

that are associated with component hardware failures, human errors, or any
other pertinent events that can lead to the undesired event. A fault tree
depicts the icgical interrelationships of basic events that lead to the
undesired event--which is the top event of the fault tree.

A fault tree is not a model of all possible system failures or all pessible -

causes for system failure. A fault tree is tailored to its top event which
corresponds to some particular system failure mode, a M the fault tree
includas only those faults that contribute to this top event. Koreover, these
faults are not exhaustive--they cover or.'y the most credible faults as

,

assessed by the analyst.

O
0337x:1D/0119:e A-1
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A fault tree is a complex of entities known as " gates" which serve to permit I

or inhibit the passage of fault logie up the tree. The gates show the !
relationships of events needed for the occurrence of a " higher" event. The

" higher" event is the " output" of the gate; the " lower" events are the
" inputs" to the gate. The gate symbol denotes the type of relationship of the
input events required for the output event. Gates'are somewhat analogous to i

switches in an electrical circuit or two valves in a piping layout. Figure

A-1 shows the type of gates commonly used in fault tree analyses,

t
'

Yhe basic events identified in the fault trees are divided into four
categories: 1) hardware failure unavailability 2) maintenance outage :

unavailability 3) test outage contribution and 4) human error probability.
The sections below describe these four categories.

t

A.1.1 Hardware Failure Unavailability
.

In fault tree development two types of contribution to component average
unavailability are ce'.tidered:

,

o Hardware Failure ;

o Hardware Outages

The hardware failure contribution arises because the component ma.y fail prior !

to or during its operaticn. The outage contribution arises when the component
is removed from operation for testing, preventative maintenance, and/or repair. [

i

Two important considerations are made when evaluating component failure <

contribution. The component may be operating or it may be in a standby mode. ;

If the component is part of a strndby system, the average unavailability is ,

est', mated using either a time-based failure rate or a demand failure ,

probability for the component failure modes being assessed.
,

,

O.
| ,

|
osnx:1omtess A-2'
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p A time-based failure rate is applicable when the failure mechanism causing the
5 failure mode is relatad to the time the component is in service between checks

of its operability. The time between tests is thus an important part of the
unavailability calculations for such component failure modes. A demand
failure probability is appropriate for component failure modas that do not
depend on the test period length, but rather are related to the number of
times that the component is * demanded" to operate. The length of test period
is irrelevant for a component whose failure mode is truly demand dependent.
The component average unavailability using a time-based failure is given by
the expression:

g * 1/2 D) T (1)
e t

where q is the component average unavailability, (1) is the standby
e

failura rate (failures per hour), and T is the length of time between testsg

(hours). An estimate obtained using this expression is adequate assuming an

exponential failure distribution and if the product of (1)*Tt 5 0.1.

The demand failure probability is given directly by the data base and thus:

ge " qd (2)

with g defined as before and qd is the demand failure probability.e

A~m~re appropriate model for calculation of the unavailability of componentso

in standby assuras that such components have both time-dependent and demand

failure contributions given by:

(3)q *Ad + 1/2 D) Tte

are as previously defined.with the parameters g , ad, (1) and Tte

Data is usually available to estimate both the time-oependent and demand
related portion of component :mavailabilities.

ca n x:to/otions A-3
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I

!
When a component test period is relatively small-(e.g., on the order of three !

ronths or less) either expression (1) or expression (2) may be used to , ;

estimate the unavailability of standby components without introducing {
sufficient error in the results obtained in fault tree quantification. |

,

The calculation model to compute the unavailability (unreliability) of
non-repairable components in an operating system is given by the expression:

q, = (1) T, (4)

!

with q, as previously defined, (1) is the operating failure rate (failures
per hour) and T ,is the total defined mission time. Again, the expression
is adequate assuming an exponential failure distributien and if the product of

'

(1) T, s 0.1.
:

In standby safety related syste'ns, components once actuated mry fail to
perform for the desired mission time (e.g., a pump fails to start and run for
a desired time). The unavailability calculation model for such components is

h:given as:
.

o = qd + D ) T, (5)
c

or ,

q = 1/2 (1) Tt + (1) T, (6)c

with each parameter for both of the above expressions as previously defined.'

The selection of which 3xpression to use for the quantification being|

performed is dependent on the type of data given by the selected data bank

|
being used. Depending on a particular component's operating failura rate and

, total mission time used, the last term of expression (5) may be dropped from
being considered as the calculated operating failure probability nay be much
less then the component's demand failure probability.

O
0317x:1D/0119es A-4
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A.1.2 Maintenance Outage Unavailability !

f
As stated previously, component outages can occur when components are removed ;

f|
from service for test, preventative maintenance, and/or repair. These are

generally classified as-
I

o Scheduled outages resulting from periodic tests and scheduled !

preventative maintenance,

o Unscheduled outages resulting from a need to repair a failed
component.

,

Scheduled preventative maintenance may be performed by some utilities on major
safeguards equipment during normal plant operation. When scheduled
preventative maintenance removes a component from service, then a scheduled ,

maintenance outage contribution to component unavailability occurs.

Unscheduled outage occurs when a component fails and is in need of repair to ,

continue system operation. For standby component, this usually happens during

a periodic test when a component is discovered to be in a failed state.
!

Often repair ensues when a component is found to be degraded but operable 1

(i.e., leaky pump atd valves seals, excessive back leakage through check ,

valves, etc.) as well as when a catastrophic type failure occurs. Thus the

frequency with which unscheduled repair occurs should be at least as large as :
;

the compon$nt's failure rate, which in many reported data banks, includes only |

|
catastrophic failures. .

|

Tbo unscheduled repair (maintenance) outage contribution to component !

unavailability due to failure detected during test is given by the expression:

h/T} U)ARM * IR R t

O
L
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!

is !is the component unavailability due to unscheduled repair, fRwhere ggg

the frequency (per test period) with which repair is expected to occur, tg |
is the mean component repair time (hours) and T is the test period, !

t

For this analysis, the mean component repair time (tR) is used to compute
repair outage unavailabilities for failed components detected during scheduled i

tests. The inean value selected should be in accordance with a plant's ,

^

technical specification outage limit. Test period data covers monthly and
quarterly testing and the data is given as events per hour. Therefore Q gg

'

can be directly calculated using the data by the expression:
i

qRM = (Events /Hr) (tR) (8)

A.1.3 Test Outage Contribution )
.

Most testing of safeguards equipment during normal clant operation will not
prevent such equipment from carrying out its intended safety function if an '

accident happens while the equipment is undergoing testing in accordance with ,

the plant's technical specification. If a test procedure results in a
component being removed from active service for all er a portion of a test,

I then a test outage occurs. The unavailability of a component due to testing
is given by the expression:

qt * (*)t/T II)
T

!

where qt is the average unavailability from the test outage,(t)t is the
average duration of test (hours) and T is the interval between test int
hours. This data can be extracted from the Technical Specifications,

t

l

O1

|

| 0337a:1D/011988 A-6
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- A.1.4 Human Error Probability

Both event tree and fault tree modeling presented consider operator error as
an input parameter. Considerable work has been done by Swain, Bell, and
Guttman to develop techniques and procedures for conducting human error
reliability analysis. Their work along with examples is documented in
NUREG/CR-1278, " Handbook of Human Reliability Analysis With Emphasis on

Nuclear Power Plant Applications" (Reference 19).

A task analysis of each task operator contributing to an event tree sequence
and/or system anavailability quantification using fault trees was performed.
This formed the basis for the development of human reliability analysis,
probability trees. Tasks given by emergency operating procedures, test
procedures, and maintenance procedures are broken down into smaller units
(steps) of human behavior. These individual units of performance constitute
elements of behavior for which potential errors are identified. The details

i in task analysis and the amount of information recorded are used to obtain
human error probability (HEP) estimates.

d
Once the breakdown of tasks steps are completed, errors likely to be made by
the operator are identified for each step. The steps are listed in
chronological order. Beset on the actual performance situation, the analyst
determines which types of error the operator is likely to make and which he is
not. Errors of commission snd omission are to be considered.

| Human reliability analysis (HRA) probability trees are then developed for each'

task identified by accident event trees and system fault trees. In the
development of the HRA probability tree, each likely error defined in the task
analysis is entered as the right limb in a binary brsnch of the tree.
Chronologically, in the order of their potential occurrence, the resultant

|
branches of errors form the limbs of the HRA tree, with the first potential
error starting at the highest point of the tree.

O
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|

Any given task appears as a two-limb branch of a HRA probability tree, with |

each left limb representing the probability of success and each right limb )
that of failure. Once a task is diagrammed as having been completed I

successfully (or unsuccessfully) another task is considered. The binary
branch describing the probability of the success (or failure) of the second
task extends from the left (or right) limb of the first branch. This process
is repeated until all tasks are included in the development of the HRA tree.
When completed, every limb of the tree following the initial branching will
depict a conditienal probability. !

A HRA probability tree is quantified by assigning nominal human error
probabilities to each task limb on the tree. Error probabilities assigned are

,

obtained from Chapter 20 of NUREG/CR-1278. To use the values given by
Chapter 20, the analyst categorizes all tasks based upon the operator

,

manipulating valves, performing a check of another operator's work, using a
written procedure, or attempting some other type of task. Values are then
selected from Chapter 20 that most closely approximates the description of a
task being considered. In some cases the description on Chapter 20 will ,

detail a scenario only slightly different from the one in analysis, thus the
analyst can use the Chapter 20 values for the scenario.

Once human error probability values are assigned to each task limb of a HRA
tree, the unavailability of an operator to perform a particular procedure can i

be obtainec by summing the conditional failure probabilities of failed
branchis representing failed tasks associated with the procedure.

A.1.5 Fault Tree Component Identification Codes

Table A.1-1 describes the coding system used in the fault tree analysis to
identify components, trains and failure modes. '

,

O
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!

A.2 Overview of Event Tree Quantification
( <w

Event trees are inductive logic methods for identifying the various possible j

outcomes of a given initiating event. In risk analysis applications, the |

initiating event of an event tree is typically a system failure, and the
subsequent events are determined by the system characteristics.

An event tree begins with a defined accident-initiating event. This event i

,

could arise from failure of a system component, or it could be initiated
externally to the system. Different event trees must be constructed and
evaluated to analyze a set of accidents.

Once an initiating event is defined, all the safety systems that can be i

utilized after the accident must be defined and identified. These safety [
systems are then structured in the form of headings for the svent tree.

,

'

Once the systems for a given initiating event have been identified, the set of
,

possible failure and success states for each system must be defined and
enumerated. Careful effort is required in defining success and failure states
for the systems to ensure that potential failure states are not included in
the success definitions; much of this analysis is done using fault tree
techniques. >

Once the system failure and success states have been properly defined the ,

states are then combined through the decision-tree branching logic to obtain
the.various accident sequences that are associated with the given initiating
event. The initiating event is depicted by the initial horizontal line and
the system states are then connected in a stepwise, branching fashion; system ,

success and failure states have been denoted by S and F, respectively. The

format follows the standard tree structure characteristic of event tree
methodology.

The accident sequences that result from the structure are shown in the last
column. Each branch of the tree yields one particular accident sequence. The

O
0337x:1o/011988 A-9
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I
system states on a given branch of the event tree are conditional on the g
previous states having already occurred. W

,

!

Once the final event tree has been constructed so that the results associated
with each accident sequence have been defined, the final task is to compute
the probabilities of system failure. Fault tree analyses are used to
calculate the conditional probabilities needed for each branch of the event
tree. Multiplication of the conditional probabilities for each branch in a

;

sequence gives the probability of that sequence. (Reference: McCormick,
Norman J., Reliability and Risk Analysis, Academic Press, New York,1981.) .

A.3 Computer Codes
:

This section describes the computer codes used in the analysis to quantify the
fault trees and event trees. The GRAFTER code package was used in the fault

tree analysis and the SUPER code package was used in the event tree analysis.

A.3.1 GRAFTERCODESYSTEM(FaultTrees)

O'
The GRAFTER code system is a menu-driven, interactive code system for all
aspects of fault tree analysis. It performs the following functions:

o Draws, stores, and prints fault trees,
o Uses a master data bank to automatically update fault trees with new

data. I

o Quantifies system unavailability and identifies single and multiple
failures (cutsets).

,
,

| GRAFTER is a computer code system written in FORTRAN and ASSEMBLER languages

to construct and analyze fault trees interactively on an IBM-AT computer. The

| cede can construct fault trees containing up to 2064 boxes (gate or basic
event). A menu of commands is provided to construct the faults trees. The
computer keyboard is used to move to different locations of the fault tree.

O
c 37mio/o11ess A-10
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1

The data management functions of the GRAFTER system are as follows: |

l

1. Calculate and tabulate basic event failure probabilities and j
variances. If requested, this option will place the probabilities i

and variances in a fault tree which has been generated by GRAFTER and
calculate minimal cutsets and quantify the mean failure probabilities
for the top gate and any specified lower gates.

2. Calculate and tabulate a bcsic event probability mean and variance I
'

which is composed of multiple failure modes. 1

:
i

'a 3. Update and print the contents of a master data file which contains
the failure rate means and variances of all failure modes considered '

in an analysis.
!

Incorporated into the GRAFTER code system is a master data bank. This data
bank contains component random failure data, as well as common cause failure,
human error, and test and maintenance unavailability data, i

Another function of the GRAFTER code system is to identify minimal cutsets of
'

a fault tree. It also quantifies the mean failure probability and variance of
the top event and other specified lower level events. |

For each gates specified when generating the input for cutset identification,
q

|
the code will identify and print the cutsets. The cutsets are listed in order |

| of decreasing probability. The mean and variance for the requested gates are
also calculated and printed,

l

A.3.4 SUPER CODE SYSTEM (Event Trees)

The SUPER code system is a menu-driven, interactive codes system to perform
event tree modeling. It performs the following furetions: |

|

0337x:1o/011ess A-11
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I

o Draws and quantifies event trees for accident scenario probabilitic: ;

and prints event trees. I

o Identifies dominant accident sequences.

|
SUPER is written in FORTRAN to run on an IBki-AT computer. SUPER can construct i

iand quantify event trees with 25 nodes and 325 branches. Each node may have

up to 8 breaches, thus allowing more realistic modeling of system states than !

is possible with conventional YES/NO binary logic. Consequence categories for j
the event sequences can be defined and the frequencies of the event sequences
can be automatically sorted into consequence categories. The code can also
process conditional probabilities defined for specially identified branches.

The output of the codes consists of: -

o Event tree picture j
!o Probability / frequency of individual event sequences

o Probability / frequency of consequence categories

o Output file for dominant event sequences
o Output file for consequence categories h

The SUPER code system also uses a data bank for automatically updating the
event tree node probabilities. The event tree master data bank contains
system failure probabilities, operator action failure probabilities, and other

Iphenomenological occurrence probabilities.

l

t

>

l

|

L

L
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'7' TABLE A-1
,k FAULT TREE COMPONENT IDENTIFICATION CODES

'

-

.

Nine or ten character codes identify component failures (basic events) in the
fault trees. The folicwing lists the codes used in this evaluation.

,

i

COMPONENT IDENTIFICATION CODE

Code Letters Component Identification

Systerc

RH Residual Heat Removal System

'

its

I 1 Train #1
2 Train #2|- ,

,

;

! 's
Mecha %al Components

L

| AS Valve, Relief Solenoid Operated
AV Valve, Air (Pneumatic) Operated

CV Valve, Check

| HE Heat Exchanger >

| HV Valve, Hydraulic Operated
1

I MV Valvo, Motor Operated

PM Motor Driven Pump

SV Valve, Solenoid Operated

XV Valv.e, Manual

"~

0317x:1o/011GP8 A-13
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rN TABLE A-1 (Cont) ]
'

d COMPONENT IDENTIFICATION CODE ]

Code Letters Component Identification

'Electrical Components!-

l

AN 'Annuciator
BI Bistable Switch
CB Circuit Braaker
CM Signal Comparator

,

CN Relay or Switch Contact

C0 Coil ,

,

CS Control Switch'
CT Transforner, Current
DE Diode 1

FU Fuse

.q- IV Current / Voltage Module

V' LO- Lockout Relay or Switch

:LS Limit Switch
- M0 Motor

MS Motor Starter
OL Thermal Overload Element !

,

j' PS Power Supuly -

| QS 5xitch. Torque
RE Relay ;

RL Relay (Latching Type)
|' RS' Resistor ,

| SR Manual Switch (Rotary)
L ST Toggle Switch

SW Manual Switch (Pushbution)
TP. Transmitter, Pressure

TT Transmitter, Temperaturc'

,

| omx:io/o11oss A-14
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f. ) . TABLEA.1-1(Cont) i-

C FAILURE MODE IDENTIFICATION CODE )
1

Code Letters Failure Mode

t
'

A Does Not Start
B Open Circuit

C' Closed !

D Does Not Open' |
"

,

F Loss of Function (Does not operate / start /run) ,

J Degraded>

K Does Not Close

H- Fails High !

L Fails Low
N- No Input

0 Open

P Plugged

n Q Short Circuit !

.d R Rupture

S Short to Ground

U Spurious Opening

V Spurious Closing ;

X Does Not Run ,

VS' Visual Detection
ST Status Lignt ,

OE Operator Error

TST Test

NAIN Maintenance

,

;n
'

i
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r' FIGURE A-1
'

FAULT TREE SYMBOLS
J
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APPENDIX B

O EVENT V ANALYSIS -

This appendix details the calculations performed to determine the change in
the frequency of an interfacing systems LOCA due to removal of the autoclosure )

interlock for the four reference plants. An interfacing systems LOCA is an
important safety concern because a direct release of radionuclides to the
atmosphere ety occur. The frequency of an Event V via the RHR suction path is
calculated for two cases: 1) with the present interlock ccnfiguration and 2)
with the proposed modification.

4

'

A RHR LOCA is a non-mitigable LOCA outside containment. It is assumed to
occur if the valves in the RHR suction line fail open when the RCS is at
operatingpressure(2250 psia). Because the RHR system is designed for a much

lower pressure (600 psig or less), the result of both valves failing open is
overpressurization of the RHR system. This is assumed to lead to gross

| failure of the RHR boundary. Bocause most RHR systems are located outside of

L
containment, gross failure of the RHR boundary is assumed to lead directly to

| v' release of radionuclides into the atmosphere.

|
'

| In this analysis, several failure combinations are considered in which both
suction valves would be in the "0 PEN" position. These failure modes include:
1) rupture of the two series motor-opertted valves in the RHR suction line and
2) one suction valve failing open and subsequent rupture of the other valve.
The latter failure modo actually includes two combinations - the vs1ve closest -

| to the RCS failing open and subsequent rupture of the valve closest to the RHR
system and vice versa. Failure to close both RHR suction valves during
startup is not considered a credible failure mode because the condition would

;

| become apparent and corrective action would be taken. (The RHR relief valve
would lift as the RCS pressure increased, an alarm would sound, and the hcS

| pressure would increase more slowly than if the suction valves were closed.)
|

L

QV

0303x:1o/011988 B-1
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1
The general expression used to calculate the frequency of an Event V (F(VSEQ)) ;

'

I or one RHR suction line utilizing the above failure modes is. )
'

f

Q(V)+(A)2 Q(V R) (1)F(VSEQ) = (1)2 Q(V ) + (1)31 2 1

;

where
'

,

l

(1)2 = failure rate of RCS valve (due to rupture)
,

(1)1 = failure rate of RHR valve (due to rupture)
]

Q(V) = probability that RHR valvo is open j3

.Q(V) = probability that RCS valve is open
2

'' Q(V R) = probability of rupture of RHR valveg

The following boundary conditions and assumptions were applied in each of the
analyses:

;

1. The calculation is based on an occurrence when the plant'is at power, not' I

in the shutdown mode.

O
2. :The valve closest to the RCS is' at RCS prossure and the valve closest to

the RHR system is at RCS pressure only if the valve closest to the RCS,

-fails open.
l

.

3. No.comon cause rupture of the valves is considered. This is based on the
fact that:no common cause ruptures of valves have actually occurred.

|

4. The frequency of valve rupture is that of catastrophic internal leakage. ]
The failure rate-is the same for either valve given that the valve is ]
exposed to RCS pressure.

,

1

5. All electrical power to the control circuitry (i.e. 480 V AC bus) is
e assumed to be available with a probability 1.0. .j

|

6. A refueling outage occ- , Sly every 18 months (assumed to be the
only time at which t'. a wilt c 'n cold shutdown, on average).1

. 0303m:1D/01198: B-2
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The next sections describe the plant specific analyses performed for each

^ V] reference plant.

B.1 SALEM
|

In order to determine the probabilities of the motor-operated suction valves
being "0 PEN" (Q(V ) and Q(V ) in equation 1), a detailed fault tree for i

3 2
the Salem control circuitry associated with these valves was developed.

.

Utilizing the present control circuitry diagrams shown in Figures B-1 and B-2
for suction valves 1RH1 ar.d 1RH2 and the procedures for terminating the RHR

system in preparation for startup, a fault tres was developed that considered
how either suction valve would be "0 PEN" at power conditions. Component ,

failures and human errors were included in the fault true. The fault tree
developed for valve 1RH1 is shown in Figure B-3. (Because the control
circuitry for the valves is identical except for component ID's, only one

,

fault tree was developed to calculate the failure probability.)

The scenarios examined in the fault tree for the case with the autoclosure
interlock are: 1) the operator fails to remove power to the valve by racking

l out the circuit breaker and subsequently the valve souriously opens during
power operation or 2) the operator fails to close the valve during startup (or
the operator attempta to close the valve but due to some component failure,
the valve does not close) and the autoclosure interlock fails to perform its
function and does not close the valve and an operator fails to detect that the
valve is not closed during startup or power operation.

For the deletion of the autoclosure interlock and the addition of an alarm as
shown in Figure B-4 for valve IRH1, a detailed fault tree was also developed.|

The scenarios developed for this case are: 1) the operator fails to remove
power to the valve by racking out the circuit bre6ker and subsequently the
valve spuriously opens during power operation or 2) the operator fails to
close the valve during startup (or the operator attempts to close :.he valve
but it does not close) and the operator fails to detect that the valve is not
c1csed via the presence of an alarm (or the alarm fails to operate). The faultp

V tree developed for this case is shown i:. Figure B-5.
1

0303m1D/011988 B-3
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In each case (with the autoclosure interlock and without the autoclosure
interlock). the first scenario is the same; only the second scenario dif, ers |f

due to the p.*oposed modification.>

.

,

For the Salem analysis, the following assumptions and boundary conditions were
'

utilized:
!

1. The operator closes the.RHR suction valves utilizing a push-button type
.

switch..

2. The shift supervisor verifies the RHR suction vt.1ves are closed before ;

signing the check off sheet.

3. The indicating' lights associated with the RHR suction valves do not have

alarms associated with them.
t

4. A component failure would be detected in a 24 hour interval if it caused
'

the suction isolation valve to spuriously open or fail to close.

O
In order to quantify the fault trees developed for these cases, each basic

'

event probability was calculated and then input into the appropriate fault
tree. For a component failure, the following formula was used:

Q(component)=(i)Tdetect (2)

2

where

Q(component) = basic event probability
1 = failure rate for the component

T = detection intervalm detect

Table B-1 shows the basic event probabilities for oach component utilizing a

24 hour cetection intervcl.

O
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|
L The human error probabilities were calculated using "The Handbook for' Human;f ..

,

L. Reliability Analysis," Reference 19, and Salem's operating procedures for
" - terminating the RHR system in preparation for startup. The calculations of !

the human error probabilities are shown in Table B-2. j

I
;

: SALEN RESULTS j

l
The probabilities for Q(V ) and Q(V ), the probability that the isolation JI 2
valve is open, for each case are shown below: )

With Without

Autoclosure Interlock Autoclosure Interlock

Q(V) 1.48E-04 1.10E-06
3

0(V) 1.48E-04 1.10E-06
2

,

'

The major cutsets (failure combinations) and the probabilities of the cutsets-

'for each case-(with and without the autoelosure interlock) are shown in Tables
B-3 and B-4. For the case with the ACI (Table B-3), the domine.nt contributors
are a component failure which causes the valve not to close along with the
operator failing to detect that the valve did not close during startup and ,

another operator failure to detect the wrong position during power operation.

For the ACI deletion case, the dominant contributors are: the operator fails ;
to close the valve during startup along with the operatcr failing to detect
that the valve is not closed during startup and either operator failure to
detect via the alarm or the alarm fails to operate.

,

The frequency of an interfacing system LOCA, given these probabilities is
calculated using:

Q(V ) + (1)2 0(V1R)OfV ) + (x)1F(VSE0) = (1)2 1 2

0303x:1o/011988 B-5
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I
'

4

where
'

(1)2 = failure rate of RCS valve (due to rupture) j

(1)g = failure rate of RHR valve (due to rupture) '

Q(V) = probability.that RHR valve is open
3

Q(V) = probabil %y that RCE valve is open
2

Q(V1R) = probability of rupture of RHR valve

The fai'ure rate due to rupture of a motor-operated valve is 1.0E-7 per hr

((X)1and(1)2). The quantity Q(V1R) is determined by assuming that
the total defined mission time is the time between refueling outages (i.e.,
every 18 months). The rupture of motor-operated valve is assumed to occur
randomly in the time interval 0 - T where T is the total defined mission

.
g y

time. Therefore the probability of the valve ruptering is:

Q(Vgg)=(X)b
2

= 1E-07 (8760 hrs / year * 1.6 years) '
.

hr 2

= 6.57E-04

Entering the failure probabilities leads to the folicwing frequency for an
interfacing system LOCA for the case with the ACI:

Q(V ) + (A)2 Q(V1R)Q(V ) + (X)1F(VSEQ) = (1)2 21

= 1E-07/hr *(1.48E-04) + (1E-07/hr)*(1.48E-04) +
1E-07/hr *(6.57E-04)
1.48E-11/hr + 1.48E-11/hr + 6.57E-11/hru

* 9.53E-11/hr * (8760 hrs / year)
= 8.35E-07/ year

t O
0303x:1D/011988 0"6
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i

|:c
'

- (~~x The same method was applied in the case without the ACI. The following
summarizes the frequencies:

With Without .

AutoclosureInterlog Autoclosure Interlock

F(VSEQ) 8.35E-07/ year 5.77E-07/ year
,

The frequency of an Event V decreases by approximately 31 percent with removal

of the ACI. The main contributor to th6 frequencies in each case is a double
rupture of MOV 1RH2 then 1RH1 (frequency of 5.75E-07/ year in both cases). The
deletion of the ACI has no impact on this contributor. As can be seen, the
frequency of a double rupture dominates the second case while the other
contributor (the ruptur. of one valve while the other valve has failed open)
does not contribute significantly in tha' case in which the ACI has been
deleted. (The fr'equency for the rupture of one valve while the other is open
decreases from 1.30E-7/ year (1.48E-11/hr *8760 hrs / year) for the case with the
ACI to 9.64E-:D/ year (1.10E-13/hr * 8760 hrs / year) for the case with the ACI

( deleted.) This is a significant decrease in the occurrence of an Event V by
this fai'ure mode. Thus, the deletion of the autoclosure interlock and the
inclusion of an alarm is beneficial in reducing this contributien.

'

,

|

|

l

!

l-

|

L O
|
,
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)
:

r- TABLE ti-1
.( SALEi4 BASIC EVENT PROBABILITIES

FAULT TREE FAILURE DETECTION FAILURE

IDENTIFIER COMP FAILURE MODE RATE (/HR TIME PROBABILITY
,

OR /D) (HR) __

1

'

1RHFU30PHA FU FUSE ALL MODE 3 1.500E-07. 1.200E+01 1.80E-06

1.60E-031RHCBOE DE OPERATOR FAILS TO RE 1.600E-03 ---

1.20E-05 1

1RHOECLOSE OF OPERATOR FAILS TO CL 1.200E-03 ---

9.80E-011RH0EDET2 OE SECOND OPERATOR FAIL 9.800E-01 ---

1RHMVMECH MV FAILURE TO CLOSE 1.000E-05 1.200E+01 1.20E-04

9.80E-011RHOEDETAC OE SECOND OPERATCR FAIL 9.800E-01 ---

1RHFU30PHB FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1RHFU30PHC FU FUSE ALL MODES 1.500E-07 1.200E+01 1.60E-06

1RHCN9CPHA CN RELAY CONTACTS FAIL 1.000E-06 1.290E+01 1.20E-05
,

1RHCN9CPHB CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05
O( 1RHCN9CPHC CN RELAY CONTACTS FAIL ' 000E-06 1.200E+01 1.20E-05..

1RHOL49PHA OL PREMATURE OPEN 1.500E-07 1.20f,E+01 1.80E-06

1RHOL49PHB OL PREMATURE OPEN 1.500E-07 1.200E+01 1.80E-06

1RHOL49PHC OL PR84ATURE OPEN 1.000E-07 1.200E+01 1.80E-06
-

t
~

1RHCB8 CB CIRCDIT BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

1RHCT230 CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

| 1RHFU15A1 FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1RHFU15A2 FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1RHOLCN49 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

l

1RHREC09C CD RELAY COIL FAILURE 3.000E-06 1.200E+01 3.60E-05

1RHRECN90 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

1RHQS17 QS TORQUE SWITCH FAIL T 2.000E-07 1.200E+01 2.40E-06

0
.

| oscax:1o/o n ses B-8
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|

p TABLE B-1 (CONT.) !

() SALEM BASIC EVENT PROBABILITIES

FAULT TREE FAILURE DETECTION FAILURE !
IPFNTIFIER COMP FAILURE MODE RATE (/HR TIME PROBABILITY '

OR /D) (HR) l

1RHCN9XC CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

1RHCN9C CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

1RdREC09XC C0 RELAY COIL FAILURE 3.000E-06 1.200E+01 3.60E-05

CNCLOSE CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05 ,

REC 05CSV2 C0 RELAY COIL FAILURE 3.000E-06 1.200E+01 3.60E-05

RECN5CSV2 CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

DED5 DE DIODE STANDARD QUALI 7.560E-09 1.200E+01 9.07E-08 !

PS28VDC PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

IVPC403R IV -I-E CONVERTER ALL FA 2.000E-07 1.200E'01 2.40E-06

IVPM403R IV I E CONVERTER ALL FA 2.000E-07 1.200E+01 2.40E-06

TPR3403 RS RESISTOR STANDARD QU 4.900E-09 1.200E+01 5.88E-08

i PSP 0403 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01- 6.96E-05

STCT403 ST TOGGLE SWITCH ALL MO 2.330E-07 1.200E+01 2.80E-06

| TP403 TP PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05

REC 063Y CD RELAY C0ll FAILURE 3.000E-06 1.000E+01 3.60E-05
,

RECN63Y CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

|

| BI403B BI BISTABLE LOW OUTPUT 1.650E-06 1.200E+01 1.98E-05

l PS118VAC PS LOOP POWER SUPPLY AL 5.800E-06 1.200i+01 6.96E-05
| |

| CM403AB CM COMPARt. TOR ALL MODES 2.900E-06 1.200E+01 3.48E-05

1RHCN9/00 CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

1

1RHCN63X0 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

1RHIVPMF IV I-E CONVERTER ALL FA 2.000E-07 1.200E+01 2.40E-06

- 1RHIVPCF IV I-E CONVERTER ALL FA 2.000E-07 1.200E+01 2.40E-06

|
,

0303x:1D/011988 B-9
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^

p. TADLE B-1 (CONT.).
'g. SALEM BASIC EVENT PROBABILITIES

FAULT TREE FAILURE DETECTION FAILURE
IDENTIFIER COMP FAILURE MODE RATE (/HR TIME PROBABILITY'

OR /D) (HR)

1RHPT40:i TP PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.3SE-05

1RHPSPQ405 c ', LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05
'

1RHCM405 (A COMPARATOR ALL MODES 2.90uE-06 1.200E+01 3.48E-05

1RHCNS10- CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

1RHCN6CSVQ CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

1RHCNAQ CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

1RHCNBQ CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

1RHCNCQ CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07 - ,

2.66E-041RHOEDETAN DE OPERATOR DETECT ANNU 2.660E-04 ---

'

1RH1AN1 AN ANNUCIATOR ALL MODES 4.250E-06 1.200E+01 5.10E-05 '

n

'd#
1RHPSAN PS ANNU PDIER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

1RHSTEMLS LS LIMIT SWITCH ALL MOD 7.220E-06 1.200E+01 8.66E-05

0
0303m10/011988 B-10
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! I

yN;' -
!TABLE B-2

:

D SALEM
HUMAN ERROR CALCULATIONS

l

TASK: 1 Reil and 1RH2 must be closed and the power supplies cleared and
tagged prior to RCS prescure exceeding % 5 psig, Complete
checkoff sheet of 0? !!-6.3.4.

REFERENCE: Steps 5.1.5 ctop f) and 5.1.6 step c) in operating procedure OP
11-6.3.3 Revision 10 - Terminatinn RHR.

BREAKDOWN OF TASK:

1. Omission errer - Operatcr fails to clear and tag open power supply breaker

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedure; with checkoff
Error factor = 3 provisions ars correctly used

2. Commission error - Operator selects wrong circuit breaker

Median HEP = 0.005 Table 20-12 Select wrong circuit breaker in e
Mean HEP = 6.?5E-03 group of circuit breakers densely
Error Factor = 3 grouped and identified by labols

(- only
\

3. Recovery error -Shift supervisor fails to detect error by others
:
I- Median HEP = 0.1 Table 20-22 Checking routine tasks, checker

Mean HEP = 0.16 using written materials
Error Factor = 5

|
'

1

7

L P (1-3.75E-03)(6.25E-3)(0.16) + 3.75E-03(0.16)
I OE == 9.96E-04 + 6.0E-04

= 1.596E-03
= 1.60E-03

Fault Tree Identifie s: 1RHCBOEg
'd

|
,

| caoacio/onses 8-11
,

. i



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

WESTINGHOUSE PROPRIETARY CLASS 3 |

l

1
1

TABLE B-2 |q( (Cont.) |j.

SALEM
HUMAN ERROR CALCULATIONS 1

i

TASK: CLOSE 1RH1 and 1RH2. Complete checkt ff sheet of OP 11-6.3.4 and
Checkoff Sheet 1 of Terminating RHR.

REFERENCE: Steps 5.1.5 step f) and 5.1.6 step c) in operating procedure OP .

11-6.3.3 Revision 10 - Terminating RHR.
c

SREAKDOWN OF TASK:- ,

1. Omission error - Operator fails to close metor operated suction valve ,

using push-button switch

Median HEP = 0.003 Table 20-7 Long 1rst > 10 items
Mean HEP = 3.75E-3 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Cormission error - Operator fails to push button te close valve

Median ~ HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean HEP = 3.75E-3 from an array of similar-

rw Error Factor = 3 appearing controls identified
d by labels only

3. Recovery error - Shift supervisor fails to detect ~ ror by others
Median HEP = 0.1 Tr.ble 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials
Error Factor = 3

,

b

(1-3.75E-03)(3.75E-03)(0.16) + 3.75E-03(0.16)P

OE = 5.9775E-04 + S.0E-04=

= 1.198E-03
1.20E-05$

Fault Tree identifiers: 1RHOECLOSE

0J03x:1D/011988 0-32
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.

I ,n TABLE B-2'
J 1

- () (Cont.)

SALEN
HUMAN ERROR CALCULATIONS

'

TASK: Operator fails to detect wrong valve position
,

REFERENCE:

BREAKDOWN OF TASK:'

1. Omission error - Operator fails to detect wrong valve position

HEP = 0.98 Table 20-25- Legend light
Other than annuciator light

i

POE = 0.98

Fault Tree Identifiers: 1RH0EDET2 and 1RHOEDETAC

L q
U,

|

,

.~e

!.

l

.!i
t

.

.)'
'

.- j

,y.

;u

.
'

. I

':

.

0303a:1D/011988 B-13' "

;i !
o i

_. . . . . _ . . . - . . _ _ _ . _ .- -_ _ . _ . . . . _ _ . . . _ . - _ _ _ _ . . - , . _ __._.._.__,.._._.-,._.,.-.._...-..J



., . - - .

_

WESTINGHOUSE PROPRIETA*.Y CLASS 3

. TABLE B-2

y (Cont.)
.

,

SALEM j

HUMAN ERROR CALCULATIONS 1

TASK: rator fails to detect wrong valve position via annuciator

REFERENCE:
1

BREAKDOWN OF TASK: I

1. Omission error - Operator fails to detect wrong valve position via i

annuciator and initiate some kind of corrective action

Median HEP = 0.0001 Table 20-23 One annuciator
Mean HEP = 2.66E-04
Error Factor = 10

POE = 2.66E-04

Fault Tree Idantifiers: 1RP.1EDETAN

O
V

u

,

|

|
|-
|
|

|.
'

!

|
|

'

|

| oscax:1o/o11ses B-14
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I
4

q. (ABLE B-3
]

V SALEM DOMINANT CUTSETS l

FOR Q(V )3

PROBABILITY THAT MOV 1RH1 |S OPEN

WITH ACI CASE

REAN PROBABILITY OF FAILURE = 1.48E-04

PROBABILITY CUTSET DESCRIPTION

1. 3.46E-05 SECOND OPF.RATOR FAILS TO DETECT OPEN MOV 1RH1 ,

RELAY COIL 9X/C FAILS
'

OPERATOR FAILS TO DETECT OPEN MOV 1RH1

2. 3.46E-05 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
RELAY C0ll 9/C FAILS
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

3. 1.15E-05 SECOND OPERATOR FAIL 3 TO DETECT OPEN MOV 1RH1
CONTACT 9/C FAILS TO TRANSFER (TO 9X/C COIL)
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

4. 1.15E-05 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1 |. ,3
I J CONTACT 9X/C FAILS TO CLOSE

'

O OPERATOR FAILS TO DETECT OPEN MOV 1RH1
'

5. 1.15E-05 SECOND OPERATOR F.'.LS TO DETECT OPEN MOV 1RH1
CONTACTOR FAILS TO CLOSE (9/C) PHASE C

|
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

6. 1.15E-05 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
CONTACTOR FAILS TO CLOSE (9/C) PHASE B
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

7, 1.15E-05 SECOND OPERATOR ~ AILS TO DETECT OPEN MOV 1RH1
CONTACTOR FAILS .0 CLOSE (9/C) PHASE A t

OPERATOR FAILS TO DETECT OPEN MOV 1RH1

8. 4.03E-06 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
230V/118V TRANSFORMER FAILS
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

9. 2.30E-06 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
'

CLOSING TORQUE SWITCH FAILS OPEN (17)
'

OPERATOR FAILS TO DETECT OPEN MOV 1RH1

10. 1.73E-06 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
15 AMP CUSE #2 FAILS

1
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

:

|.
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(] TABLE B-3 (CONT.)-

V SALEM DOMINANT CUTSETS

FOR Q(V )3
'

PROBABILITY THAT MOV 1RH1 IS OPEN

WITH ACI CASE

PROBABILITY CUTSET DESCRIPTION

11. 1.73E-06' SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
15 AMP FUSE F 1 FAILS
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

12. 1.73L-06 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
THERMAL OVERLOAD FAILS PHASE C.
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

13. 1.73E-06 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
THERMAL OVERLOAD FAILS PHASE B
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

14. 1.73E-06 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
THERMAL OVERLOAD FAILS PHASE A '

OPERATOR FAILS TO DETECT OPEN MOV 1RH1

.t 15. 1.73E-06 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
30 AMP FUSE PHASE C FAILS

| OPERATOR FAILS TO DETECT OPEN MOV 1RH1 ,

16. 1.73E-06 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

L 30 AMP FUSE PHASE B FAILS
OPERA 70R FAILS TO DETECT OPEN MOV 1RH1

17. 1.73E-06 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
30 AMP FUSE PHASE A FAILS
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

| 18. 2.30E-07 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
'

CONTACT 9/0 SPURIOUSLY OPENS
OPERATOR FAILS TO DETECT OPEN MOV 1RH1 t

i

19. 2.30E-07 SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1 |
THERMAL OVERLOAD CONTACT FAILS OPEN (49) ,

OPERATOR FAILS TO DETECT OPEN MOV 1RH1

20, 1.38E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
MECHANICAL FAILURE OF MOV 1RH1
OTERATOR FAILS TO DETECT OPEN MOV 1RH1 ,

0303x:1D/011988 B-16
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TABLE B-4 :p).(, SALEM DOMINANT CUTSETS :

FOR 0(V )1

PROBABILITY THAT MOV 1RH1 IS OPEN

ACI DELETION CASE

|

MFAN FROBABILITY OF FAILURE = 1.10E-06
,

PROBABILITY CUTSET DESCRIPTION

" 1. 3.13E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RK1
OPERATOR FAILS TO DETECT VIA ANNUCIATOR

2. 1.02E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERA 10R FAILS TO DETECT OPEN MOV 1RH1 .

VALVE STEM MOUNT LIMIT SWITCH FAILS TO OPERATE

3. 8.18E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP .

SECOND OPERATOR FAILS TO DETECT CPEN MOV 1RH1
POWER SUPPLY TO'ANNUCIATOR FAILS ,

4. 8.18E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP

O>
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

t 118 V AC POWER SUPPLY FAILS

| S. 8.18E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1,

! LOOP POWER SUPPLY 1-PQ-403 FAILS

6. 6.00E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
! SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
| ANNUCIATOR FAILS TO OPERATE

7. 4.23E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

| RELAY COIL 63Y/RCP FAILS

8. 4.09E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
SIGNAL COMPARATOR DUAL CIRCUIT FAILS 1PC403AB

| 9. 3.95E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
PRESSURE TRANSMITTER PT-403 FAILS

10. 2.33E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
BISTABLE SWITCH 1BS-403B FAILS

|: 0303x:1D/011988 B"17
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:|

m TABLE B-4 (CONT.)- )
SALEM DOMINANT CUTSETS j

FOR Q(V )3

PROBABILITY THAT MOV 1RH1 IS OPEN

ACI DELETION CASE

PROBABILITY CUTSET DESCRIPTION ;

11. 1.81E-08 28 V DC POWER SUPPLY FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT VIA ANNUCIATOR

,

12. 1.41E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
~

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
REl.AY COIL CONTACT 63Y/RCP FAILS

13. 9.38E-09 RELAY COIL 9X/C FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT VIA ANNUCIATOR

14. 9.38E-09 RELAY COIL 9/C FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT VIA ANNUCIATOR

t 15. 9.38E-09 RELAY COIL 5/CSV2 FAILS
^ SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

OPERATOR FAILS TO DETECT VIA ANNUCIATOR-

16. 5.91E-09 28 V DC POWER SUPPLY FAILS
! SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

VALVE STEM MOUNT LIMIT SWITCH FAILS TO OPERATE'

17, 4.75E-09 28 V DC P0'c;2R SUPPLY FAILS
| SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1 s

| POWER SUPPLY TO ANNUCIATOR FAILS

18. 4.75E-09 28 V DC POWER SUPPLY FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
118 V AC POWER SUPPLY FAILS

| 19. 4.75E-09 28 V DC POWER SUPPLY FAILS
|, SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

1- LOOP POWER SUPPLY 1-PQ-403 FAILS

|' 20. 3.48E-09 28 V DC POWER SUPPLY FAILS
| SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

ANNUNCIATOR FAILS TO OPERATE

|

C .

|
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n
WESTINGHOUSE PROPRIETARY CLASS 3

|
|. j

'' O B.2 CALLAWAY

b
In order to determine the probabilities of the motor-operated suction valves
being "0 PEN" (Q(V ) and 0(V ) in equation 1), a detailed fault tree for

3 2
the Callaway control circuitry associated with these valves was developed.

Utilizing the present control circuitry diagram shown in Figure B-6 for
suction valves EJ-HV-8701A, EJ-HV-8701B, BB-PV-8702A, and BB-PV-87028 and the

.

procedures for terminating the RHR system in preparation for startup, a fault |
tree was developed that considered how either suction vcive would be "0 PEN" at !

power conditions. Component failures and human errors were included in the

| fault tree. The fault tree developed for valve EJ-HV-8701A is shown in

| Figure B-7. (Because the control circuitry for the valves is identical except
for component ID's, only one fault tree was developed to calculate the failure ,

:

!probability.) 4
1

| \

! The scenarios examined in the fault tree for the case with the autoclosure ;

interlock are: 1) the operator fails to remove power to the valve by racking ;

q() out the circuit breaker and subsequently the valve spuriously opens during ,

power operation or 2) the operator fails to close the valve during startup (or
the operator attempts to close the valve but due to some component failure, |

| the valve does not close) and the autoclosure interlock fails to perform its
function and does not close the valve and an operator fails to detect that the
valve is not closed during startup or power operation. i

1

For the deletion of the autoclosure interlock and the addition of an alarm as

L shown in Figure B-8 for valve EJ-HV-8701A, a detailed fault tree was also
developed. The scenarios developed 1or this case are: 1) the operator fails
to remove power to the valve by racking out the circuit breaker and
subsequently the valve spuriously opens during power operation er 2) the

I

operator fails to close the valve during startup (or the operator attempts to
close the valve but it does not close) and the operator fails to detect that
the valve is not closed via the presence of an alarm (or the alarm fails to
operate). The fault tree developed for this case is shown in Figure B-9.

| O
L oscax:to/o11ssa B-24
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WESTINGHCUSE PROPRIETARY CLASS 3 E

t<

In each case (with the autoclosure interlock and without the autoclosurc ,

interlock), the first scenario is the same; only the second scenario differs
due to the proposed modification.

For the Callaway analysis, the following assumptions and boundary conditions
were utilized:

1. The operator closes the RHR suction valves utilizing a two position type i

switch.

2. The operating supervisor verifies the RHR suction valves are closed before
signing the checklist.

,

| 3. The indicating lights associated witn the RHR suction valves do not have
'

alarms associated with them.

4. A component failure would be detected in a 24 hour interval if it caused
the suction isolation valve to spuriously open or fail to close.

G
In order to' quantify the fault trees developed for these cases, each basic
event probability was calculated and then input into the appropriate faulti

tree. For a componont failure, the following formula was used:

Q(component) = (A) Tdetect
'

! 2 I

i

where

!. 0(component) = basic event probability i

failure rate for the component1 =

L T detection interval=
detect

!

|
Table B-5 shows the basic event probabilities for each component utilizing a |

24 hour detection interval. |
| |

|
'

.

|
|
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WESTINGHOUSE PROPRIETARY CLASS 3

n The human error probabilities were calculated using "The Handbook for Human ;

U Reliability Analysis," Reference 19, and Callaway's operating procedures _for
terminating the RHR system in preparation for startup. The calculations of
the human error probabilities are shown in Table B-6. !

1

CALLAWAY RESULTS

The probabilities for 0(V ) and 0(V ), the probability that the isolation
3 2

valve is open, for each case are shown below:
.

With Without

Autoclosure Interlock Autoclosure Interlock

0(V ) 1.04E-04 2.05E-06
3

0(V ) 1.04E-04 2.05E-06
2

,

The major cutsets (fsilure combinations) and the probabilities of the cutsets

for each case (with and without the autoclosure interlock) are shown in Tablesq
'C B-7 and B-8. For the case with the ACI (Table B-7), the dominant contributors

are a compenent failure which causes the valve not to close along with the

| operator failing to detect that the valve did not close during startup and
! another operator failura to detect the wrong position during power operation.

For the ACI deletion case, the dominant contributors are: the operator fails
to close the valve during startup along with the eperator failing to detect
that the valve is not closed during startup and either operator failure to

|

! detect via the alarm or the alarm fails to operate.

| h

| The frequency of an interfacing system LOCA, given these probabilities is

| calculated using:
l

0(V ) + (A)2 0(V1R) 30(V ) + (1)1F(VSE0) = 2 ( (k)2 21

|

| p
'd
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WESTINGHOUSE PROPRIETARY CLASS 3- .

.I

where

O
2 = the number of RHR suction lines

(1)2 '= failure rate of.RCS valve (due to rupture)
(1)g = failure rate of RHR valve (due to rupture)
Q(V ) = probability that RHR valve is open

1

0(V ) = probability that RCS valve is open
2

0(VIR) = probability of rupture of RHR valve

The failure rate due to rupture of a motor-operated valve is 1.0E-7 per hr

((X)1 and (1)2). The quantity 0(V1R) is determined by assuming that
the total defined mission time is the time between refueling outages (i.e.,
every 18 months). The rupture of motor-operated valve is assumed to occur -

where T is the total defined missionrandomly in the time interval 0 - TM g

time. Therefore the probability of the valve rupturing is:

0(V1R) * ( A) b
2 0

= 1E-07 (8760 hrs / year * 1.5 years)

hr 2

= 6.57E-04

Entering the failure probabilities leads to the following frequency for an
interfacing system LOCA for the case with the ACI:

0(V ) + (1)2 0(V1R) 30(V ) + (x)3F(VSE0) = 2( (1)2 23

= 2( 1E-07/hr *(1,04E-04) + (1E-07/hr)*(1.04E-04) +

1E-07/hr *(6.57E-04) ) J

= 2( 1.04E-11/hr + 1.04E-11/hr + 6.57E-11/hr ) |
= 2( 8.65E-11/hr * (8760 hrs / year) ) |
= 1.52E-06/ year

!

ig
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'

,

O The same method was applied in the case without the ACI. The following
'b summarizes the frequencies:

,

With Without
Autoclosure Interlock Autoclosure Interlock

F(VSE0) 1.52E-06/ year 1.16E-06/ year

The frequency of an Event V decreases by approximately 24 percent with removal i

of the ACI. The main contributor to the frequencies in each case is a double !
rupture of MOV EJ-HV-8701B then EJ-HV-8701A (or BB-PV-8702A then BB-PV-87028) !

(frequency of 5.75E-07/ year in both cases). The deletion of the ACI has no
impact on this contributor. As can be seen, the frequency of a double rupture

|dominates the second case while the other contributor (the rupture of one
valve while the other valve has failed open) does not contribute significantly
in the case in which the ACI has been deleted. (The frequency for the rupture |

1

of one valve while the other is open cecreases from 9.11E-8/ year (1.04E-12/hr ;

,S *8760 hrs / year) for the. case with the ACI to 1.80E-09/ year (2.05E-13/hr * 8760-

U hrs / year) 1or the case with the ACI deleted.) This is a significant decrease
in the occurrence of an Event V by this failure mode. Thus, the deletion of j

the autoclosure interlock and the inclusion of an alarm is beneficial in !

reducing this contribution.

!

i

i
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WESTINGHOUSE PROPRIETARY CLASS 3

I
|

rm TABLE B-5 |

.L!) CALLAWAY BASIC EVENT PROBABILITIES

FAULT TREE FAILURE DETECTION FAILURE |
IDENTIFIER COMP FAILURE MODE RATE (/HR TIME PROBABILITY i

'

OR /D) (HR).

1.60E-03 IMV8701CBOE OE OPERATOR FAILS 10 RE 1.600E-03 ' ---

UCNK734 CN RELAY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07 )

UTPPT405 TP PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05 ;

UPSPQY405 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

UCMPB405A CM COMPARATOR ALL MODES 2.900E-06 1.200E+01 3.48E-05
l

VBIPS405A BI BISTABLE LOW OUTPUT 1.650E-06 1.200E+01 1.98E-05
'

( UCN33BCRWS CN RELAY CONTACTORS SPU 2.000E-08 1.200E+0) 2.40E-07

UCN33BCSUM CN RELAY CONTACTORS SPU 2.000E-08 1.200E+0; 2.40E-07

UCN33BCCHA CN RELAY CONTACTORS SPU 2.000E-08 1.200E431 2.40E-07

UCNHISOPEN CN RELAY CONTACTORS SPV 2.000E-08 1.200'.+01 2.40E-07
A .

U UCN420A CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07
!

| UMSCN420A CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

UMSCN420B CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

UMSCN420C CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

3.20E-03
MVO_ECLOSE DE OPERATOR FAILS TO CL 3.200E-03 ---

CNCLOSE CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05
|

| CN42C/A CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

| CB52 CB CIRCUIT BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

| 40AMPFUPHA FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

40AMPFUPHB FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

40AMPFUPHC FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

OL49A OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

O
V
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1

1

k

O TABLE B-5 (CONT.)-
'

1 CALLAWAY BASIC EVENT PROBABILITIES

FAULT TREE FAILURE DETECTION FAILURE

IDEN11FIER COMP FAILURE MODE RATE (/HR TIME PROBABILITY
OR /D) (HR)

OL49B OL THERMAL OVERLOAD PRE 1.500E-07. 1.200E+01 1.80E-06

OL49C OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

MSCN42CA f,N RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

MSCN42CB Cil RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

MSCN42CC CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

1AMPFUPHA FU FUSE ALL MODES 1.500E-07 1.?00E+01 1.80E-06

1AMPFUPHB FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

CT480V120V CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

| 2AMPFU FU- FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

OLCN49A/B CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07
! Ob OLCN49B/B CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07'

OLCN49C/B CN RELAY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07

QSWS17 QS TOROUE SWITCH FAIL T 2.000E-07 1.200E+01 2.40E-06

CN420/B CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

| MSREC042C CO RELAY COIL FAILURE 3.000E-06 1.200E+01 3.60F-0S
,

'

9.80E-01MV0EDETEC2 OE SECOND OPERATOR FAIL 9.800E-01 ---

9.80E-01
|

MV0EDETAC OE SECOND OPERATOR FAIL 9.800E-01 ---

LSZS8 LS LIMIT SWITCH ALL MOD 7.220E-06 1.200E+01 8.66E-05

CNK735 CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

RSPS405 RS RESISTOR STANDARD QU 4.900E-09 1.200E+01 5.88E-08

CMPB405B CM COMPARATOR ALL MODES 2.900E-06 1.200E+01 3.48E-05

PSPQY405 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

OG
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eq TABLE B-5 (CONT.)
ig CALLAWAY BASIC EVENT PROBABILITIES

FAULT TREE FAILURE DETECTION FAILURE
IDENTIFIER COMP FAILURE MODE RATE (/HR TIME PROBADILITY'

OR/DJ (HR)

BIPS405B BI BISTABLE LOW OUTPUT 1.650E-06 1.200E+01 1.98E-05

TPPT405 TP PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05

2.66E-04MOV0EDETAN OE OPERATOR FAILS TO DE 2.660E-04 ---

MOV1AN1 AN ANNUCIATOR ALL MODES 4.250E-06 1.200E+01 5.10E-05 !

MOVPSAN PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

MOVSTEMLS LS LIMIT SWITCH ALL MOD 7.220E-06 1.200E+01 8.66E-05 l
1

|

|

*4

k

1

L
|

|

1

LJ
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i

i

TABLE B-6 -

" CALLAWAY -

HUMAN ERROR CALCULATIONS

TASK: Open and lock the power supply breakers for the RHR inlet valves
EJ-HV-8701A, EJ-HV-B701B, BB-PV-8702A, BB-PV-8702B, Complete
checklist, first and second checker.

REFERENCE: Step 4.5.7 in operating procedure OTN-EJ-00001 Residual Heat
Removal System Revision 4, Section 4.5, Placing the RHR System in ;

the Safety Injection Standby Lineup.

BREAKDOWN OF TASK:

1. Omission error.- Operator fails to open and lock power supply breaker

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Commission error - Operator selects wrong circuit breaker

Median HEP = 0.005 Table 20-12 Select wrong circuit breaker in a
Mean HEP = 6.25E-3 group of circuit breakers densely .

| Error Facter = 3 grouped and identified by labels '

C only'

b
3. Recovery error - Second checker or Operating Superviser fails to detect

error by others

| Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials|

Error Factor = 5
!
|

|

(1-3.75E-03)(6.25E-03)(0.16) + 3.75E-03(0.16)P

OE = 9.96E-04 + 6.0E-04
|

I =

i = 1.596E-03
= 1.60E-03

Fault Tree Identifiers: MV8701CB0E
;

'O
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,

!
|

/'''T TABLE B-6

V (Cont.),

CALLAWAY
- HUMAN ERROR CALCULATIONS

| '' TASK: CLOSE BB-PV-8702A(B) and EJ-HV-8701A(B), RHR Suetions from the
'

RCS. Perform Checklist 3 (RHR System Main Control Board Lineup
for Safety Injection Standby) as listed, first and second
checker.

REFERENCE: Step 4.6.2 and 4.5.5 in operating procedure OTN-EJ-00001
Residual Heat Removal System Revision 4, Section 4.5, Placing
the RHR System in the Safety Injection Standby Lineup and
Section 4.6, Cooldown of the RHR System, Post RCS Cooldown, i

BREAKDOWN OF TASK:

1. Omission error - Operator fails to close motor operated suction valve
using two position switch

Median HEP = 0.003 Table 20-7 Long list > 10 items When
Mean HEP = 3.75E-03 procedures with checkoff
Error. Factor = 3 provisions are correctly used

,

2. Commission error - Operator fails to turn control to close valve

\,_/ Median HEP = 0.01 Table 20-12 Turn two position switch in wrong i

Mean HEP = 1.61E-02 direction when design violates a
Error Factor = 5 strong populational stereotype and

operating conditions are normal by
labels only

|

3. Recovery error - Shift supervisor fails to detect error by others

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker .

iMean HEP = 0.16 using written materials
'

Error Factor = 5

i

(1-3.75E-03)(1.61E-02)(0.16) + 3.75E-03(0.16)P

OE = 2.556E-03 + 6.0E-04=

= 3.166E-03
= 3.20E-03

O Fault Tree Identifiers: MV0ECLOSE
O

0303x:1o/011988 B-33



. . . . _ _ . .. .

WESTINGHOUSE PROPRIETARY CLASS 3 |
|

|

rw TABLE B-6

{J (Cont.) 1

CALLAWAY
HUMAN ERROR CALCULATIONS !

1

TASK: Operator fails to detect wrong valve position I

REFERENCE:

I
BREAKDOWN OF TASK:

,

1. Omission error - Operator fails to detect wrong valve position

Median HEP = 0.98 Table 20-25 Legend light -

Other than annuciator light

:

POE = 0.98
i

Fault Tree Identifiers: MV0EDETEC2 and MV0EDETAC
,

L
! :

! _.

1

L

L
1

i.
|

,

'

.

|
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I
l

I
,o TABLE B-6

.() (Cont.) t

CALLAWAY !
'

HUMAN ERROR CALCULATIONS

TASK: Operator fails to detect wrong valve position via annuciator

REFERENCE:

BREAKDOWN OF TASK:

1. Omission error - Operator fails to detect wrong valve position via
annuciator and initiate some kind of corrective action

Median HEP = 0.0001 Table 20-23 One annuciator ,

Mean HEP = 2.66E-04
Error Factor = 10

POE = 2.66E-04

Fault Tree Identifiers: MOV0EDETAN

1

|

|

|

|
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!

! TABLE B-773
V CALLAWAY DOMINANT CUTSETS

,

FOR Q(V )1

PROBABILITY THAT MOV EJ-HV-8701A IS OPEN

WITH ACI CASE

MEAN PROBABILITY OF FAILURE = 1.04E-04
,

i

PROBABILITY CUTSET DESCRIPTION

1. 3.46E-05 MOTOR START RELAY COIL 42 C FAILS |
'

SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN VALVE

2. 1.15E-05 LOCKIN CONTROL CIRCUIT CONTACT 42C/A FAILS TO TRANSFER ;

SECOND OPERATOR FAILS TO DETECT OPEN MOV i

OPERATOR FAILS TO DETECT OPEN VALVE

3. 1.15E-05 MOTOR START RELAY CONTACT 42C PHASE C FAILS TO TRANSFR

| SECOND OPERATOR FAILS TO DETECT OPEN MOV

| OPERATOR FAILS TO DETECT OPEN VALVE ,

4, 1.15E-05 MOTOR START RELAY CONTACT 42C PHASE B FAILS TO TRANSFR
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN VALVE

I 5. 1.15E-05 MOTOR START RELAY CONTACT 42 C PHASE A FAILS TO TRANSFR !
'

| SECOND OPERATOR FAILS TO DETECT OPEN MOV

L OPERATOR FAILS TO DETECT OPEN VALVE i

!
|

| 6. 4.03E-06 CURRENT TRANSFORMER 480V/120V FAILS i

SECOND OPERATOR FAILS TO DETECT OPEN MOV
1 OPERATOR FAILS TO DETECT OPEN VALVE ,

7. 2.30E-06 TOROVE SWITCH WS/17 SPURIOUSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV

'
'

OPERATOR FAILS TO DETECT OPEN VALVE ;

L 8. 1.73E-06 2 AMP FUSE FAILS
'

,

SECOND OPERATOR FAILS TO DETECT OPEN MOV'

! OPERATOR FAILS TO DETECT OPEN VALVE

9. 1.73E-06 1 AMP FUSE PHASE B FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN VALVE

!
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,

em. . TABLE B-7 (Cont.)
CALLAWAY DOMINANT CUTSETS

FOR Q(V )3

PROBABILITY THAT MOV EJ-HV-8701A IS OPEN

WITH ACI CASE

PROBABILITY CUTSET DESCRIPTION

10. 1.73E-06 1 AMP FUSE PHASE A FAILS
'

SECOND OPERATOR FAILS TO DETECT OPEN MOV
'

OPERATOR FAILS TO DETECT OPEN VALVE

11. 1.73E-06 THERMAL OVERLOAD 49 PHASE C SPURIOUSLY OPENS. -

SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN VALVE

,

1

12. 1.73E-06 THERMAL OVERLOAD 49 PHASE B SPURIOUSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV

~

OPERATOR FAILS TO DETECT OPEN VALVE

13. 1.73E-06 THERMAL OVERLOAD 49 PHASE A SPURIOUSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN VALVE

14. 1.73E-06 40 AMP FUSE PHASE C FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN VALVE

15. 1.73E-06 40 AMP FUSE PHASE B FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN VALVE

16. 1.73E-06 40 AMP FUSE PHASE A FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN VALVE

17. 2.66E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN MOV

l LIMIT SWITCH CONTACT ZS/8 FAILS TO TRANSFER
:

18. 2.30E-07 CONTACT 420/B SPURIOUSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV

| OPERATOR FAILS TO DETECT OPEN VALVE

l 19. 2.30E-07 THERMAL OVERLOAD CONTACT 49C/B SPURIOUSLY OPENS
L SECOND OPERATOR FAILS TO DETECT OPEN MOV
| OPERATOR FAILS TO DETECT OPEN VALVE

|
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WESTINGHOUSE PROPRIETARY CLASS 3

.

.p TABLEB-7(Cont.)
'

CALLAWAY DOMINANT CUTSETS
,

FOR0(V)1

PROBABILITY THAT MOV EJ-HV-8701A IS OPEN
|

WITH ACI CASE

PROBABILITY CUTSET DESCRIPTION
'

20. 2.30E-07 THERMAL OVERLOAD CONTACT 498/B SPURIOUSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN VALVE

21. 2.30E-07 THERMAL OVERLOAD CONTACT 49A/B SPURIOUSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV'-

| OPERATOR FAILS TO DETECT OPEN VALVE

! ?

'

1

0
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!

||
TABLE B-8m

k) CALLAWAY DOMINANT CUTSETS 4

FOR Q(V ) !
I

PROBABILITY THAT MOV EJ-HV-8701A IS OPEN |

WITHOUT ACI CASE

MEAN PROBABILITY OF FAILURE = 2.05E-06
h

PROBABILITY CUTSET DESCRIPTION

1. 8.34E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT VIA ANNUCIATOR

2. 2.72E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV
VALVE STEM MOUNT LIMIT SWITCH FAILS TO OPERATE

3. 2.18E-07. OPERATOR FAILS TO CLOSE VALVE.DURING STARTUP
| SECOND OPERATOR FAILS TO DETECT OPEN MOV

POWER SUPPLY TO ANNUCIATOR FAILS
'

5 4. . 2.18E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV

| LOOP POWER SUPPLY PQY-405 FAILS

- 5. 1.60E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
| SECOND OPERATOR FAILS TO DETECT OPEN MOV
| ANNUCIATOR FAILS TO OPERATE
1

|' 6. 1.09E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP

| SECOND OPERATOR FAILS TO DETECT OPEN MOV
DUAL COMPARATOR PB405B FAILSp

!

L 7. 1.C5E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
l SECOND OPERATOR FAILS TO DETECT OPEN MOV

PRESSURE TRANSMITTER PT-405 FAILS LOW

8. 6.21E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV
BISTABLE SWITCH PS/405B FAILS

9. 9.38E-09 MOTOR START RELAY COIL 42 C FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT VIA ANNUCIATOR

l

O
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c,

yv TABLE B-8 (CONT.)

h CALLAWAY DOMINANT CUTSETS
,

FOR Q(V )1

PROBABILITY THAT MOV EJ-HV-8701A IS OPEN

WITHOUT ACI CASE

.

PROBABILITY CUTSET DESCRIPTION

10, 3.13E-09 OPERATOR CLOSE CIRCUITY HIS/CLOSE FAILS TO TRANSFER
SECOND OPERATOR FAILS TO DETECT OPEN MOV

'

OPERATOR FAILS TO DETECT VIA ANNUCIATOR .

11. 3.13E-09 LOCKIN CONTROL CIRCUIT CONTACT 42C/A FAILS TO TRANSFER
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT VIA ANNUCIATOR

;- 12. 3.13E-09 MOTOR START RELAY CONTACT 42C PHASE C FAILS TO TRANSFR
SECOND OPERATOR FAILS 10 DETECT OPEN MOV

'

OPERATOR FAILS TO DETECT VIA ANNUCIATOR

13. 3.13E-09 MOTOR START RELAY CONTACT.42C PHASE B FAILS TO TRANSFR
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT VIA ANNUCIATOR'.

' 14, 3.13E-09 MOTOR START RELAY CONTACT 42 C PHASE A FAILS TO TRANSFR
SECOND OPERATOR FAILS TO DETECT OPEN MOV .

OPERA 10R FAILS TO DETECT VIA ANNUCIATOR

15. 3.06E-09 MOTOR START RELAY COIL 42 C FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV
VALVE STEM MOUNT LIMIT SWITCH FAILS TO OPERATE

| 16. 2.46E-09 MOTOR START RELAY COIL 42 C FAILS
'

SECOND OPERATOR FAILS TO DETECT OPEN MOV
POWER SUPPLY TO ANNUCIATOR FAILS

,

'

17. 2.46E-09 MOTOR START P.ELAY COIL 42 C FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV
LOOP POWER SUPPLY PQY-405 FAILS

18. 1.80E-09 MOTOR START RELAY COIL 42 C FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV
ANNUCIATOR FAILS TO OPERATE

,

hv

osaamtwoitose B-40
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,

,

TABLE B-8 (CONT.)
CALLAWAY DOMINANT CUTSETS

FOR Q(V )3

PROBABILITY THAT NOV EJ-HV-8701A IS OPEN ;

WITHOUT ACI CASE

|
1

PROBABILITY CUTSET DESCRIPTION |
|
'

19. 1.23E-09 MOTOR START RELAY COIL 42 C FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV
DUAL COMPARATOR PB405B FAILS

.

20, 1.19E-09 MOTOR START RELAY COIL 42 C FAILS I
'

SECOND OPERATOR FAILS TO DETECT OPEN MOV
PRESSURE TRANSNITTER PT-405 FAILS LOW

<

.v

{-

.

0303x:10/011968 B-41
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WESTINGHOUSE PROPRIETARY CLASS 3 !

8.3 NORTH ANNAs.,
'

O 1

In order to determine the probabilities of the motor-operated suction valves I
|being *0 PEN" (Q(V ) and Q(V ) in equation 1), a detailed fault tree for

3 2
the North Anna control circuitry associated with these valves was developed.

I

Utilizing the present control circuitry diagram shown in figure B-10 for |

suction valves MOV 1700 and MOV 1701 and the procedures for terminating the |
RHR system in preparation for startup, a fault tree was developed that |
considered how either suction valve would be 'OPEN" at power conditions.
Component failures and human errors were included in the fault tree. The j
fault tree developed for valve MOV 1700 is shown in Figure B 11. (Because the !

control circuitry for the valves is identical except for component ID's, only )

one fault tree was developed to calculate the failure probability.)

The scenarios examined in the fault tree for the case with the autoclosure {
interlock are: 1)the operator fails to remove power to the valve by racking !

out the circuit breaker and subsequently the valve spuriously opens during |g
C power operation or 2) the operator fails to close the valve during startup (or ,

the operator attempts to close the valve but due to some component failure,
the valve does not close) and the autoclosure interlock fails to perform its

;

function and does not close the valve and an operator fails to detect that the i

valve is not closed during startup or power operation.
|
[

For the deletion of the autoclosure interlock and the addition of an alarm as -

shown in Figure B-12 for valve MOV 1700, a detailed fault tree was also
developed. The scenarios developed for this case are: 1) the operator fails

,

to remove power to the valve by racking out the circuit breaker and
subsequently the valve spuriously opens during power operation or 2) the
operator fails to close the valve during startup (or the operator attempts to !

close the valve but it does not close) and the operator fails to detect that
the valve is not closed via the presence of an alarm (or the alarm fails to
operate). The fault tree developed for this case is shown in figure B-13.

caon:1oroitsee B-46
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WESTINGHOUSE PROPRIETARY CLASS 3

j.

1

In each case (with the autoclosure interlock and without the autoclosure g
interlock), the first scenario is the same; only the second scenario differs W
due to the proposed modification, j

For the North Anna analysis, the following assumptions and boundary conditions

were utilized:
)

1. The operator closes the RHR suction valves utilizing a push-button type
switch.

2. The shif t supervisor verifies the RHR suction valves are closed before
signing the check off sheet.

3. The indicating lights associated with the RHR suction valves do not have
alarms associated with them. ;

1

l

4. A component failure would be detected in a 24 hour interval if it caused
the suction isolation valve to spuriously open or fail to close.

O
In order to quantify the fault trees developed for these cases, each basic ;

event probability was calculated and then input into the appropriate fault i

tree. For a component failure, the following formula was used:

i
.

!,

0(component) = (1) Tdetect|

| 2 ;

where

0(component)=basiceventprobability
1 = failure rate for the component ,

I
T = detection intervaldetect

|

Table B-9 shows the basic event probabilities for each component utilizing a

24 hour detection interval.
I

O
,

,

esostto/011sas B-47
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WESTINGHOUSE PROPRIETARY CLASS 3

i

j

ex The human error probabilities were calculated using *The Handbook for Human )

d Reliability Analysis," Reference 19, and North Anna's operating procedures for !

terminating the RHR system in preparation for startup. The calculations of (
the human error probabilities are shown in Table B-10. j

NORTH ANNA RESULTS f

'The probabilities for 0(V ) and O(V ), the probability that the isolation
3 2

valve is open, for each case are shown below: |
,

With Without |

Autoclosure Interlock Autoclosure Interlock
.

0(V) 2.01E-04 9.55E-07 |
3

0(V ) 2.01E-04 9.55E-07
2

The major cutsets (failure combinations) and the probabilities of the cutsets
,

for each case (with and without the autoclosure interlock) are shown in Tables |

! B-11 and B-12. For the case with the ACI (Table B-11), the dominant
contributors are a component failure which causes the valve not to close along '

with the operator failing to detect that the valve did not close during
! startup and tnother operator failure to detect the wrong position during power

operation.

|
| For the ACI deletion case, the dominant contributors are: the operator fails

to close the valve during startup along with the operator failing to detect
that the valve is not closed during startup and either operator failure to 1

| detect via the alarm or the alarm fails to operate. .

The frequency of an interfacing system LOCA, given these probabilities is
,

calculated using:

'

0(V ) + (*)2 0(Vip)0(V ) + (1)3F(VSEO)=(1)2
'

23

O
|

0303n:10/011988 B*48
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:

j

|
*

where

9:
(1)2

= failure rate of RCS valve (due to rupture) ;

(1)3
= failure rate of RHR valve (due to rupture) ;

'

0(V ) = probability that RHR valve is open
3

0(V) = probability that RCS valve is open
2

O(Vig) = probability of rupture of RHR valve

The failure rate due to rupture of e motor-operated valve is 1.0E-7 per hr |

((1)3 and (k)2). The quantity 0(V1R) is determined by assuming that |
the total defined mission time is the time between refueling outages (i.e.,
every 18 months). The rupture of motor-operated valve is assumed to occur :

where T is the total defined missionrandomly in the time interval 0 - TM g
time. Therefore the probability of the valve rupturing is:

0(V1R) * (*) b 4

2 |

= IE-07 (8760 hrs / year * 1.5 years)

hr 2

=6.57E-04

Entering the failure probabilities leads to the following frequency for an
interfacing system LOCA for the case with the ACI:

,

0(V ) * (*)2 0(V1R)0(V ) + (1)3F(VSED) = (A)p 2 I
3

= 1E-07/hr *(2.01E-04) + (IE-07/hr)*(2.01E-04) + ,

1E-07/hr *(6.57E-04)
= 2.01E-11/hr + 2.01E-11/hr + 6.57E-11/hr
= 1.06E-10/hr * (8760 hrs / year) '

= 9.28E-07/ year
,

O
0303c10/011sas B-49
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!

,e ' The same method was applied in the case without the ACI. The following |
summarizes the frequencies:

'

i

With Without !

Autoclosure Interlock Autoclosure Interlock

e

F(VSLO) 9.28E-07/ year 5.77E-07/ year ;
i

The frequency of an Event V decreases by approximately 38 percent with removal
of the ACl. The main contributor to the frequencies in each case is a double
rupture of MOV 1700 then MOV 1701 (frequency of 5.75E-07/ year in both cases). |
The deletion of the ACI has no impact on this contributor. As can be seen, |

the frequency of a double rupture dominates the second case while the other
contributor (the rupture of one velve while the other valve has failed open) ,

does not contribute significantly in the case in which the ACI has been j

deleted. (The frequency for the rupture of one valve while the other is open
decreases from 1.76E-7/ year (2.01E-11/hr *8760 hrs / year) for the case with the f
ACI to 8.37E-10/ year (9.55E-14/hr * 8760 hrs / year) for the case with the ACIp

( deleted.) This is a significant decrease in the occurrence of an Evens V by !

this failure modte. Thus, the deletion of the autoclosure interlock and the f
inclusion of an alarm is beneficial in reducing this contribution.

;

I

' . '

!

,

,

!

.
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WESTINGHOUSE PROPRIETARY CLASS 3 |
|

I
TABLE B-9 ;

b(x NORTH ANNA BASIC EVENT PROBABILITIES |

|

FAULT TREE FAILURE DETECTION FAILURE
IDENTIFIER COMP FAILURE NODE RATE (/HR TIME PROBABILITY

OR /D) (HR)

1.60E-03 )NV1700CBOE DE OPERATOR FAILS TO RE 1.600E-03 ---

UCN5200 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07
'

USWO SW PUSH BUTTON SWITCH A 1.220E-06 1.200E+01 1.46E-05 ,

UCN14021XQ CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

UBIPS14021 BI BISTABLE LOW OUTPUT 1.650E-06 1.200E+01 1.98E-05 !

UCMPC1402 CM COMPARATOR ALL MODES 2.900E-06 1,200E+01 3.48E-05
,

UPSP01402 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 S.96E-05
i

UTP1402 TP PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05 !

UNSCN520A CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

UNSCN5208 CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07 >

UMSCN520C CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

1RHOECLOSE DE OPERATOR FAILS TO CL 1.200E-03 1.20E-03---

CBU CB CIRCUIT BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

OL49AF OL THERMAL OVERLOAD PRE 1.E00E-07 1.200E+01 1.80E-06
,

OL49CF OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

MSCN52CA CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

MSCN52CB CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

MSCN52CC CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

CT4SO/120V CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.2CE-06

FU6 AMP 1 FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

IU6 AMP 2 FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

( OLON40U C0 RELAY C0!L FAILURE 3.000E-06 1.200E+01 3.60E-05

|
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WESTINGHOUSE PROPRIETARY CLASS 3

TABLE B-9 (CONT. ) -m

NORTH ANNA BASIC EVENT PROBABILITIES
,

I

FAULT TREE FAILURE DETECT 10N FAILURE '

IDENTIFIER COMP FAILURE MODE RATE (/HR TIME PROBABILITY
OR /0) (HR)

LS8U LS LIMIT SWITCH ALL MOD 7.220E-06 1.200E+01 8.66E-05 |
|

OSTS170 05 TORQUE SWITCH FAIL T 2.000E-07 1.200E+01 2.40E-06 !

CN5200 CN RELAY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07 ]
REC 052CF C0 RELAY C0!L FAILURE 3.000E-06 1.200E+01 3.60E-05

CN52CK CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05
1

SWK SW PUSH BUTTON SWITCH A 1.220E-06 1.200E*01 1.46E-05 |
9.80E-011RH0EDET2 OE SECOND OPERATOR FAIL 9.800E-01 ---

MV1700 MECH MV FAILURE TO CLOSE 1.000E-05 1.200E+01 1.20E-04 ;

PT1402F TP PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05
'

RSPS1402 RS RESISTOR STANDARD 00 4.900E-09 1.200E+01 5.88E-08

PSPQ1402 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

CMPC1402 CM COMPARATOR ALL MODES 2.900E-06 1.200E+01 3.48E-05

BIPS14022 B1 BISTABLE LOW OUTPUT 1.650E-06 1.200E+01 1.98E-05

REC 014022X C0 RELAY C0ll FAILURE 3.000E-06 1.200E+01 3.60E-05

RECN14022X CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

9.80E-011RHOEDETAC OE SECOND OPERATOR Fall 9.800E-01 ---

1RHOEDETAN OE OPERATOR DETEC145:0 2.660E-04 2.66E-04---

1RH1AN1 AN ANNUCIATOR ALL MODES 4.250E-06 1.200E+01 5.10E-05 ,

1RHPSAN PS POWER SUPPLY ANNUCIA 5.800E-06 1.200E+01 6.96E-05

1RHSTEMLS LS STEM LIMIT SWITCH AL 7.220E-06 1.200E+01 8.66E-05

0
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'

WESTINGHOUSE PROPRIETARY CLASS 3

TABLE B-10-

C')
t

NORTH ANNA
HUMAN ERROR CALCULATIONS

TASK: Close MOV-1700. Close MOV-1701. De-energize MOV-1700 and
MOV-1701 and LOCK OPEN the breakers. Signoff by verifier.

REFERENCE: Steps 4.2.6 , 4.2.7 and 4.2.8 in operating procedure !

I-OP-14.0/14.1(4/87)- Residual Heat Removal System- Section 4.2
Removing the RHR System from operation.

BREAKDOWN OF TASK:

1. Omission error - Operator fails to clear and lock open power supply breaker

Median HEP = 0.003 Table 20-7 Long list >.10 items
Mean HEP = 3.75E-03 When procedures with checkoff i
Error Factor = 3 provisions are correctly used *

2. Commission error - Operator selects wrong circuit breaker

Median HEP = 0.005 Table 20-12 Select wrong circuit breaker in a -

Mean HEP = 6.25E-03 group of circuit breakers densely
Error Factor = 3 grouped and identified by labels i

only

3. Recovery error - Verifier fails to detect error by others
i

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker |

Mean HEP = 0.16 using written materials ;

Error Factor = 5
;

;

i

(1-3.75E-03)(6.25E-03)(0.16) + 3.75E-03(0.16)P

OE == 9.96E-04 + 6.0E-04
.

= 1.596E-03 '

= 1.60E-03

Fault Tree Identifiers: MV17000E ,

O
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WESTINGHOUSE PROPRIETARY CLASS 3 :

|

r

i

p TABLE B-10 I
(Cont.)-

NORTH ANNA 5
'

HUMAN ERROR CALCULATIONS
,

TASK: Operator fails to detect wrong valve position ;

REFERENCE: :
>

BREAKOOWN OF TASK:
i

1. Omission error - Operator fails to detect wrong valve position '

t

HEP = 0.98 Table 20-25 Legend light !
Other than annuciator light i

!

POE = 0.98
'

Fault Tree Identifiers: 1RHOEDET2 and 1RHOEDETAC

:

!,

[
'

t

,t
.

'
t

|
"

r i

:
t

1 I

|

-

E

'
-

,

i

4

I
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WESTINGHOUSE PROPRIETARY CLASS 3

TABLE B-10m' (Cont.)(x-)
NORTH ANNA

HUMAN ERROR CALCULATIONS

TASK: CLOSE MOV-1700 and MOV-1701. Initialize signoff sheet. Complete
and verify.

REFERENCE: Steps 4.2.6 and 4.2.7 in operating procedure 1-OP-14.0/14.1
(4/30/87) - Removing the RHR system from operation.

BREAKDOWN OF TASK:
-

1. Omission error - Operator fails to close motor operated suction valve
using push-button switch

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Commission error - Operator fails to push button to close valve

Median HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean tiEP = 3.75E-03 from an array of similar-
Error Factor = 3 appearing controls identified

by labels onlyp
3. Recovery error - Verifier fails to detect error by others

,

|

L Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
l Mean HEP = 0.16 using written materials

Error Factor = 5

|

|

:

(1-3.75E-03)(3.75E-03)(0.16) + 3.75E-03(0.16)P

OE == 5.9775E-04 + 6.0E-04
= 1.198E-03
= 1.20E-03 !

Fault Tree Identifiers: 1RHOECLOSE

O
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WESTINGHOUSE PROPRIETARY CLASS 3
4

i
,

TABLE B-10 I

f w) (Cont.)
{

i
s

NORTH ANNA
HUMAN ERROR CALCULATIONS ;

TASK: Operator fails to detect wrong valve position via annuciator i

!

REFERENCE:
-

-

,

BREAKDOWN OF TASK: :

1. Omission error - Operator fails to detect wrong valve position via
annuciator and initiate some kind of corree-ive acticn

Median HEP = 0.0001 Table 20-23 One annuciator .

Mean HEP = 2.66E-4
Error Factor = 10

,

i

POE = 2.66E-04

Favit Tree Identifiers: 1RHOEDETAN

!

:

I
,

i

.

<

:

O
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WESTINGHOUSE PROPRIETARY CLASS 3 1

|;

TABLE B-11
(]V NORTH ANNA MAJOR CUTSETS

FORQ(V1) j

PROBABILITY THAT MOV 1RH1 IS OPEN |

WITH ACI CASE

MEAN PROBABILITY OF FAILURE = 2.01E-04

PROBABILITY CUTSET DESCRIPTION '|
l

1. 8.32E-05 LIMI1 SWITCH LS8 SPURIOUSLY OPENS '

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 i
OPERATOR FAILS TO DETECT OPEN MOV 1700

2. 3.46E-05 RELAY COIL 520 FAILS |

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 ;

OPERATOR FAILS TO DETECT OPEN MOV 1700 i

;

3. 3.46E-05 THERMAL OVERLOAD CONTACT 49 SPURIOUSLY OPENS
SECONb OPERATOR FAILS TO DETECT OPEN MOV 1700
OPERATOR FAILS TO DETECT OPEN MOV 1700

4. 1.15E-05 MJTOR START CONTACT 52C PHASE C FAILS TO TRANSFER
i

0 t

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
OPERATOR FAILS TO DETECT OPEN MOV 1700

-

:

5. 1.15E-05 MOTOR START CONTACT 52C PHASE B FAILS 10 TRANSFER ,

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
OPERATOR FAILS TO DETECT OPEN MOV 1700 |

6. 1.lbE-05 MOTOR START CONTACT 52C PHASE A FAILS TO TRANSFER

| SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
-

E CPERATOR FAILS TO DETECT OPEN MOV 1700
|

7. 4.03E-06 480/120 V TRANSFORMER FAILS

! SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
,

OPERATOR FAILS TO DETECT OPEN MOV 1700
j

L 8. 2.30E-06 TOROVE SWITCH TS-17 SPURIOUSLY OPENS
i SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 *

OPERATOR FAILS TO DETECT OPEN MOV 1700

9. 1.73E-06 6 AMP FUSE # 2 FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
OPERATOR FAILS TO DETECT OPEN MOV 1700

'

10. 1.73E-06 6 AMP FUSE # 1 FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700( OPERATOR FAILS TO DETECT OPEN MOV 1700

, -
'
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WESTINGHOUSE PROPRIETARY CLASS 3

i

'

TABLEB-11(CONT.)77Cl NORTH ANNA MAJOR CUTSETS
,

FOR0(V1)
PROBABILITY THAT MOV 1RH1 IS OPEN

WITH ACI CASE

PROBABIOTY CUTSET DESCRIPTION

11. 1.73E-06 THERMAL OVERLOAD PHASE C FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
OPERATOR FAILS TO DETECT OPEN MOV 1700

12. 1.73E-06 THERMAL OVERLOAD PHASE A FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
OPERATOR FAILS TO DETECT OPEN MOV 1700

13. 2.30E-07 CONTACT 520 SPUR 10VSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
OPERATOR FAILS TO DETECT OPEN MOV 1700

14. 1.38E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
MECHANICAL FAILURE TO CLOSE MOV 1700
OPERATOR FAILS TO DETECT OPEN MOV 1700

15. 1.15E-07 CIRCUIT BREAKER SPURIOUSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
OPERATOR FAILS TO DETECT OPEN MOV 1700

16. 8.02E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
LOOP POWER SUPPLY FAILS PO-1402
OPERATOR FAILS TO DETECT OPEN MOV 1700

17. 4.15E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
RELAY COIL FAILURE PC-1402-2X
OPERATOR FAILS TO DETECT OPEN MOV 1700

18. 4.01E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
SIGNAL COMPARATOR FAILS PC-1402
OPERATOR FAILS TO DETECT OPEN MOV 1700

,
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\WESTINGHOUSE PROPRIETARY CLASS 3
,

|
'

!
!

rw TABLE B-11 (CONT.)

f
,

C NORTH ANNA NAJOR CUTSETS

FOR 0(V1) ;
,

PROBABILITY THAT MOV 1RH1 IS OPEN ;

WITH ACI CASE

!

PROBABILITY
__

CUTSET DESCRIPTION

19, 3.87E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTVP r

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 i
'

PRESSURE TRANSMITTER PT-1402 FAILS LOW
OPERATOR FAILS TO DETECT OPEN MOV 1700 ,

20, 2.28E 08 OPERATOR FAILS TO CLOSE VALVE DURING STARTVP |
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
BISTABLE TRIP SWITCH FAILS LOW PS1402 2 !

OPERATOR FAILS TO DETECT OPEN MOV 1700

',

;

i

I

!
|

|

|

|

|
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WESTINGHOUSE PROPRIETARY CLASS 3 i

!

TABLE B-12 |,r~ g
V NORTH ANNA MAJOR CUTSETS |

FORQ(VI) |
PROBABILITY THAT MOV 1RH1 IS OPEN I

WITHOUT ::Cl CASE l
|

NEAN PROBABILITY OF FAILURE * 9.55E-07 |

|
PROBABILITY CUTSET DESCRIPTION

1. 3.13E 07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP i

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 i

OPERATOR FAILS TO DETECT VIA ANNUCIATOR

2. 1.02E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP |
'

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
VALVE STEM MOUNT LIMIT SWITCH FAILS TO OPERATE

3. 8.18E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP ;

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 ,

POWER SUPPLY TO ANNUCIATOR FAILS |
4. 8.18E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP I

h SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 !d LOOP POWER SUPPLY FAILS P0-1402 !

!

5. 6.00E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP |

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
'

!
ANNUCIATOR FAILS TO OPERATE

>

6. 4.23E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 i

'
RELAY C0ll FAILURE PC-1402-2X

7. 4.09E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP -

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 i

SIGNAL COMPARATOR FAILS PC-1402 ;

8. 3.95E-08 OPERATOP, FAILS TO CLOSE VALVE DURING STARTUP ,

'

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
PRESSURE TRANSMITTER PT-1402 FAILS LOW

9. 2.33E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP ,

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
BISTABLE TRIP SWITCH FAILS LOW PS1402-2

'

,
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WEST!::: HOUSE PROPRIETARY CLASS 3
,

i

l
;

(~~). TABLE B-12 (CONT.) !

V NORTH ANNA MAJOR CUTSETS i

FORQ(V1) f
'

PROBABILITY THAT MOV 1RH1 IS OPEN

WITHOUT ACI CASE 7

!
|

PROBABILITY CUTSET DESCRIPTION i

!

10, 2.26E-08 LIMIT SWITCH LS8 SPURIOUSLY OPENS |
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700

'

OPERATOR FAILS TO DETECT VIA ANNUCIATOR !

;

11. 1.41E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP ,

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
RELAY CONTACT FAILS TO TRANSFER PC-1402-2X

I
12, 9.38E-09 RELAY COIL 52C FAILS ,

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 :

OPERATOR FAILS TO DETECT VIA ANNUCIATOR !
.

13, 9.38E-09 THERMAL OVERLOAD CONTACT 49 SPURIOUSLY OPENS [
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700

'

'
OPERATOR FAILS TO DETECT VIA ANNUCIATOR(''

\s_-)/ 14. 7.35E-09 LIMIT SWITCH LS8 SPURIOUSLY OPENS :
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 i

VALVE STEH MOUNT LIMIT SWITCH FAILS TO OPEPATE

15, 5.91E-09 LIMIT SWITCH LS8 SPURIOUSLY OPENS $
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 ,

POWER SUPPLY TO ANNUCIATOR FAILS |

16. 5.91E-09 LIMIT SWITCH LS8 SPURIOUSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 !
LOOP POWER SUPPLY FAILS PQ-1402 >

17. 4.33E-09 LIMIT SWITCH LS8 SPUR 10VSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
ANNUCIATOR FAILS TO OPERAIE

18, 3.81E-09 PUSHBUTTON SWITCH FAILS TO CLOSE
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700
OPERATOR FAILS TO DETECT VIA ANNUNCIATOR

,

.
p
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WESTINGNOUSE PROPRIETARY CLASS 3

(m TABLE B-12 (CONT.) |
( NORTH ANNA MAJOR CUTSETS !'

'

FORQ(VI)
PROBABILITY THAT MOV 1RH1 IS OPEN

WITHOUT ACI CASE j

|
PROBABILITY CUTSET DESCRIPTION

19. 3.13E-09 52C CONTACT FAILS TO TRANSFER I

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 l
OPERATOR FAILS TO DETECT VIA ANNUCIATOR )

20, 3.13E-09 MOTOR START CONTACT 52C PHASE C FAILS TO TRANSFER
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1700 j

OPERATOR FAILS TO DETECT VIA ANNUNCIATOR :
;

|

|

O :
,

.

!

'
!

l

l

,

i
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i
,

fq B.4 SHEARON HARRIS l

V
In order to determine the probabilities of the motor-operated suction valves
being "0 PEN" (0(V ) and 0(V ) in equation 1), a detailed fault tree for

3 2
the Shearon Harris control circuitry associated with these valves was ,

developed. |
1

iUtilizing the present control circuitry diagram shown in Figure B-14 for
suction valves 1RH1, 1RH2, 1RH39 and 1RH40 and the procedures for terminating

the RHR system in preparation for startup, a fault tree was developed that ;

considered how either suction valve would be "0 PEN" at power conditions. 1

Component failures and human errors were included in the fault tree. The
fault tree developed for valve IRH1 is shown in Figure B-15. (Because the

.

control circuitry for the valves is identical except for component ID's, only
one fault tree was developed to calculate the failure probability.)

The scenarios examined in the fault tree for the case with the autoclosure
interlock are: 1) the operator fails to remove power to the valve by rackingg

(/ out the circuit breaker and subsequently the valve spuriously opens during
'

power operation or 2) the operator fails to close the valve during startup (or
the operator attempts to close the valve but due to some component failure,
the valve does not close) and the autoclosure interlock fails to perform its

'

function and does not close the valve and an operator fails to detect that the
valve is not closed during startup or power operation.

For the deletion of the autoclosure interlock and the addition of an alarm as
shown in Figure B-16 for valve IRH1, a detailed fault tree was also
developed. The scenarios developed for this case are: 1) the operator fails
to remove power to the valve by racking out the circuit breaker and
subsequently the valve spuriously opens during power operation or 2) the
operator fails to close the valve during startup (or the operator attsmpts to
close the valve but it does not close) and the operator fails to detect that
the valve is not closed via the presence of an alarm (or the alarm fails to
operate). The fault tree developed for this case is shown in Figure B-17.

O
0303mlo/011988 B-67
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'

In each case (with the autoclosure interlock and without the autoclosure
Iinterlock), the first scenario is the same; only the second scenario differs

i due to the proposed modification. ;

i

For the Shearon Harris analysis, the following assumptions and boundary

conditions were utilized:

1. The operator' closes the RHR suction valves utilizing a two position type
!switch.

2. The shift foreman verifies the RHR suction va'Ives are closed before
signing the checklist. ,

3. The indicating lights associated with the RHR suction valves do not have
alarms associated with them. .

4. A component failure would be detected in a 24 hour interval if it caused
the suction isolation valve to spuriously open or fail to close.

O
In order to quantify the fault trees developed for these cases, each basic

;

| event probability was calculated and then input into the appropriate fault
I tree. For a component failure, the following formula was used:
1

Q(component) = (A) Tdetect
'

2
|
|

where

L Q(component) = basic event probability
1 = failure rate for the component

T = detection intervaldetect

Table B-13 shows the basic event probabilities for each component utilizing a

24 hour detection interval.

O
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The human error probabilities were calculated using "The Handbook for Human ,

Ly/ Reliability Analysis," Reference 19, and Shearon Harris's operating procedures
for terminating the RHR System in preparation for startup. The calculations -

of the human error probabilities are shown in Table B-14.

S,HEARON HARRIS RESULTS

The probabilities for Q(V ) and Q(V ), the probability that the isolation
3 2

valve is open, for each case are shown below:

With Without
Autoclosure Interlock Autoclosure Interlock

0(V ) 8.53E-05 2.33E-06
1

Q(V ) 8.53E-05 2.33E-062

The major cutsets (failure combinations) and the~ probabilities of the cutsets

for each case (with and without the autselosure interlock) are shown in Tables

Q B-15 and B-16. For the case with the ACI (Table B-15), the dominant
contributors are a component failure which causes the valve not to close along
with the operator failing to detect that the valve did not close during
startup and another operator failure to detect the wrong position during power
operation.

For the ACI deletion case, the dominant contributors are: the operator fails
to close the valve during startup along with the operator failing to detect
that the valve is not closed during startup and either operator failure to
detect via the alarm or the alarm fails to operate.

|

The frequency of an interfacing system LOCA, given these probabilities is
calculated using:

L

F(VSEQ) = 2 [ (A)2 0(V ) + (x)1 0(V ) + (A)2 0(V1R) 33 2

t ), v

| 0303x:1o/011988 B-69
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1
4

where

2 = the number of RHR suction lines

(A)2
= failure rate of RCS valve (due to rupture)

(A)1
= failure rate of RHR valve (due to rupture) )

Q(V ) = probability that RHR valve is open
1

Q(V ) = probability that RCS valve is open
2

Q(V1R) = probability of rupture of RHR valve

The failure rate due to rupture of a motor-operated valve is 1.0E-7 per hr ;

((X)1 and (A)2). The quantity Q(V1R) is determined by assuming that
the total defined mission time is the time between refueling outages (i.e.,
every18 months). The rupture of motor-operated valve is assumed to occur

is the total defined missionrandomly in the time interval 0 - Ty where TM
time. Therefore the probability of the valve rupturing is:

Q(V1R) * (1)

O*

= 1E-07 (8760 hrs / year * 1.5 years)

hr 2
I

=6.57E-04

Entering the failure probabilities leads to the following frequency for an
interfacing system LOCA for the case with the ACI:

Q(V ) + (1)2 Q(VIR) 3Q(V ) + (A)1F(VSEQ) = 2[ (A)2 21

= 2[ 1E-07/hr *(8.53E-05) + (IE-07/hr)*(8.53E-05) +
1E-07/hr *(6.57E-04) )

= 2[ 8.53E-12/hr + 8.53E-12/hr + 6.57E-11/hr ]
= 2[ 8.276E-11/hr * (8760 hrs / year) )
= 1.45E-06/ year

O
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1

!

T

r The same method was applied in the case without the ACI. The following

V] Isummarizes the frequencies:

With Without

Autoclosure Interlock Autoclosure Interlock

F(VSEQ) 1.45E-06/ year 1.16E-06/ year

The frequency of an Event V decreases by approximately 20 percent with removal
of the ACI. The main contributor to the frequencies in each case is a double
rupture of MOV 1RH2 then 1RH1 (or 1RH39 then 1RH40) (frequency of
5.75E-07/ year in both cases). The deletion of the ACI has no impact on this ,

contributor. As can be seen, the frequency of a double rupture dominates the
second case while the other contributor (the rupture of one valve while the
other valve has failed open) does not contribute significantly in the case in
which the ACI has been deleted. (The frequency for the rupture of one valve

,

while the other is open decreases from 7.47E-8/ year (8.53E-12/hr *8760
~ hrs / year) for the case with the ACI to 2.04E-9/ year (2.33E-13/hr * 8760

hrs / year) for the case with the ACI deleted.) This is a significant decrease
! in the occurrence of an Event V by this failure mode. Thus, the deletion of

| the autoclosure interlock and the inclusion of an alarm is beneficial in
reducing this contribution.

|

|

;

V
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TABLE B-13(qj SHEARON HARRIS BASIC EVENT PROBABILITIES
m .

FAULT TREE FAILURE DETECTIDN FAILURE
IDENTIFIER COMP FAILURE MODE RATE (/HR TIME PROBABILITY

OR /D) (HR)

1.60E-03RHC60E DE OPERATOR FAILS TO RE 1.600E-03 ---

CN1A11A20 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

CNK7340 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

UREPY402A1 C0 RELAY C0ll FAILURE 3.000E-06 1.200E+01 3.60E-05

UCMPB402 CM COMPARATOR ALL MODES 2.900E-06 1.200E+01 3.48E-05

UISEEPV402 EE ISOLATOR E-E CONVERT' 4.800E-07 1.200E+01 5.76E-06

UPSPGY402 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05 1

UTPPT402 TP PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05

MSCN420AQ CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

p MSCN420BQ CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

I' ~~

MSCN42000 CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

CN4200 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

3.20E-03 i1RHOECLOSE DE OPERATOR FAILS TO CL 3.200E-03 ---

CN2B12B2U CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

CBU CB CIRCUIT BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

L CT480V120V CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

| OL49MRA OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

OL49MRB OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

OL49MRC OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

RECN42SA CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

RECN42SB CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

RECN42SC CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

0303n:1D/011988 B-72
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<< TABLE B-13 (CONT.)

SHEARON HARRIS BASIC EVENT PROBABILITIES>

FAULT TREE FAILURE DETECTION FAILURE
IDENTIFIER COMP FAILURE MODE RATE (/HR TIME PROBABILITY |

OR /D) (HR)

QSTCU QS TOROVE SWITCH FAIL T 2.000E-07 1.200E+01 2.40E-06 ;

CN4200 CN RELAY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07

REC 042S C0 RELAY COIL FAILURE 3.000E-06 1.200E+01 3.60E-05

CNCRIA1789 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07
.

FU1 FU FUSE ALL MODES 1.500E-07 ~1.200E+01 1.80E-06

CN5557U CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07 ;

OLCN49MR1 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

OLCN49MR2 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

OLCN49MR3 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

9.80E-011RH0EDET2 OE SECOND OPERATOR FAIL 9.800E-01 ---

LSACV LS LIMIT SWITCH ALL MOD 7.220E-06 1.200E+01 8.66E-05

; PS118VAC PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

REPY402A2 C0 RELAY COIL FAILURE 3.000E-06 1.200E+01 3.60E-05

CMPB402 CM COMPARATOR ALL MODES 2.900E-06 1.200E+01 3.48E-05

ISEEPV402C EE ISOLATOR E-E CONVERT 4.800E-07 1.200E+01 5.76E-06
L
'

PSPGY402 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05
i
'

RSPS402B RS RESISTOR STANDARD 00 4.900E-09 1.200E+01 5.88E-08

TPPT402 TP DRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05
!

CN2A12A2U CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07
'

CNK735 CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

MVIRH1 MECH MV FAILURE TO CLOSE 1.000E-05 1.200E+01 1.20E-04 i

9.80E-011RH0EDETAC OE SECOND OPERATOR FAIL 9.800E-01 ---

!3
| G
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!
I
1

TABLE B-13 (CONT.)
'

~

SHEARON HARRIS BASIC EVENT PROBABILITIES
,

!

FAULT TREE FAILURE DETECTION FAILURE I
IDENTIFIER COMP FAILURE MODE RATE (/HR TIME PROBABILITY |

OR /D) (HR)

1RHOEDETAN DE OPERATOR DETECT ANNU 2.660E-04 2.66E-04---

1RH1AN1 AN ANNUCIATOR ALL MODES 4.250E-06 1.200E+01 5.10E-05

1RHPSAN PS POWER SUPPLY ANNUCIA 5.800E-06 1.200E+01 6.96E-05 '

1RHSTENLS LS STEM LIMIT SWITCH AL 7.220E-06 1.200E+01 8.66E-05

t

I

t

L' - .

|

|

O
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TABLE B-14(
SHEARON HARRIS

HUMAN ERROR CALCULATIONS

TASK: 1RH1and1RH2(or1RH39and1RH40)mustbeclosedandthepower
supplies opened and locked. Complete Attachment III of OP-111.

REFERENCE: Step 15 in operating procedure OP-111 Revision 2 - Residual Heat
Removal System Section 7.0 Shutdown.

BREAK 00WN OF TASK:

1. Omission error - Operator fails to open and lock open power supply breaker

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions art. correctly used

2. Commission error - Operator selects wrong circuit breaker
'

Median HEP = 0.005 Table 20-12 Select wrong circuit breaker in a
Mean HEP = 6.25E-03 group of circuit breakers densely
Error Factor = 3 grouped and identified by labels ;

only

O 3. Recovery error -Foreman fails to detect error by others
O

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials
Error Factor = 5 !

|

l

|
|

|

i

'
|

|
!

(1-3.75E-03)(6.25E-03)(0.16) + 3.75E-03(0.16)P

OE = 9.96E-04 + 6.0E-04=

i = 1.596E-03
= 1.60E-03

Fault Tree Identifiers: 1RHCBOE

*

(J;
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'

TABLE B-14o
Q- (Cont.)

,

SHEARON HARRIS
-

HUMAN ERROR CALCULATIONS ,

TASK: . Operator fails to detect wrong valve.nosition

REFERENCE:

BREAKDOWN OF TASK:

1. Omission error - Operator fails to detect wrong valve position

HEP = 0.98 Table 20-25 Legend light
Other than annuciator light ;

;

POE = 0.98

Fault Tree Identifiers: 1RHOEDET2 and 1RHOEDETAC |

1

| :p.
V

.

p

. . '
.

f

O
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WESTINGHOUSE PROPRIETARY CLASS 3
,

TABLE B-14-s -

(, Jl (Cont.)
w

SHEARON HARRIS
HUMAN ERROR CALCULATIONS

TASK: CLOSE 1RH1 and 1RH2 and 1RH39 and 1RH40. Complete Attachment III
checklist.

i
REFERENCE: Step 4 in operating procedure OP-111 Revision 2 - Residual Heat

Removal System.

BREAKDOWN OF TASK:

1. Omission error - Operator fails to close motor operated suction valve
using two position switch

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Commission error - Operator fails to turn control to close valve

Median HEP = 0.01 Table 20-12 Turn two position switch in wrong
Mean HEP = 1.61E-02 direction when design violates a
Error Factor = 5 strong populational stereotype and

operating conditions are normal by
de labels only

3. Recovery error - Shift supervisor fails to detect error by others

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials
Error Factor = 5

L

|

'

OE = 2.556E-03 + 6.0E-04(1-3.75E-03)(1.61E-2)(0.16)+3.75E-03(0.16)
P

! =

= 3.166E-03
= 3.25-03

Fault Tree Identifiers: 1RHOECLOSE

i

I
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WESTINGHOUSE PROPRIETARY CLASS 3
'

,r TABLE B-14

()S (Cont.)

SHEARON HARRIS
HUMAN ERROR CALCULATIONS

TASK: Operator fails to detect wrong valve position via annuciator

REFERENCE:

BREAK 00WN OF TASK:

1. Omission error - Operator fails to detect wrong valve position via
annuciator and initiate some kind of corrective action

Median HEP = 0.0001 Table 20-23 One annuciator
Mean HEP = 2.66E-04 '

Error Factor = 10

POE = 2.66E-04

Fault Tree Identifiers: 1RHOE0ETAN

:

'
!

|

|

|

|

|

1

|

:
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J WESTINGHOUSE PROPRIETARY CLASS 3

, -

7- s TABLE B-15

d,) SHEARON HARRIS MAJOR CUTSETSs ,

FOR Q(V1)

PROBABILITY THAT MOV 1RH1 IS OPEN

WITH ACI CASE

MEAN PROBABILITY OF FAILURE = 8.53E-05

PROBABILITY CUTSET DESCRIPTION

1. 3.46E-05 RELAY COIL 42/S FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

2. 1.15E-05 RELAY CONTACT PHASE C 42/S FAILS TO TRANSFER
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

3. 1.15E-05 RELAY CONTACT PHASE B 42/S FAILS TO TRANSFER
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT.0 PEN MOV 1RH1

l' 4. 1.15E-05 RELAY CONTACT PHASE A 42/S FAILS TO TRANSFER
,O SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1,

A- / -OPERATOR FAILS TO DETECT OPEN MOV 1RH1

5. 4.03E-06 480V/120V TRANSFORMER FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

6, 2.30E-06 TOROVE SWITCH TC SPURIOUSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1 <

'

OPERATOR FAILS TO DETECT OPEN MOV 1RH1

7. 1.73E-06 FUSE FU1 FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1 I

,

OPERATOR FAILS TO DETECT OPEN MOV 1RH1

8. 1.73E-06 THERMAL OVERLOAD PHASE C 49/MR FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

9. 1.73E-06 THERMAL OVERLOAD PHASE B 49/MR FAILS
'

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

.

-
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..

WESTINGHOUSE PROPRIETARY CLASS 3 i

l
l

' g) TABLEB-15(CONT.) J

V SHEARON HARRIS MAJOR CUTSETS
,

FORQ(V1)

PROBABILITY THAT MOV 1RH1 IS OPEN
,

WITH ACI CASE I

PROBABILITY CUTSET DESCRIPTION

10. 1.73E-05 THERMAL OVERLOAD PHASE A 49/MR FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

11. 3.69E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
PER 7.1.2 (4) t

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
MECHANICAL FAILURE OF MOV 1RH1
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

12. 2.66E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
PER 7.1.2 (4)
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
LIMIT SWITCH AC SPURIOUSLY OPENS
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

O 13. 2.30E-07 CONTACT 42/0 SPURIOUSLY OPENS
k SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

OPERATOR FAILS TO DETECT OPEN MOV 1RH1

.. 14. 2.30E-07 CONTACT 55-57 SPURIOUSLY OPENS
SECOND OPERATOP, FAILS TO DETECT OPEN MOV 1RH1

OPERATOR FAILS TO DETECT OPEN MOV 1RH1

15. 2.30E-07 CONTACT CR/1A/1789 SPURIOUSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV IkH1,

1 OPERATOR FAILS TO DETEC1 OPEN MOV 1RH1-

16. 2.30E-07 CONTACT 49/MR (3) SPURIOUSLY OPENS
'

| SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
I OPERATOR FAILS TO DETECT OPEN MOV 1RH1

17. 2.30E-07 CONTACT 49/MR (2) SPURIOUSLY OPENS
<

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1,

OPERATOR FAILS TO DETECT OPEN MOV 1RH1|

18. 2.30E-07 CONTACT 49/MR (1) SPURIOUSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

| O
oso3x:10/o11oss B-80
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WESTINGHOUSE PROPRIETARY CLASS 3

l

TABLEB-15(CONT.)~x

)~ SHEARON HARRIS MAJOR CUTSETS i,

FORQ(V1) !

PROBABILITY THAT MOV 1RH1 IS OPEN

WITH ACI CASE j
J

PROBABILITY CUTSET DESCRIPTION
1

19, 2.14E 07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
PER 7.1.2 (4) .

*

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1 '

LOOP POWER SUPPLY PGY-402 FAILS
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

20, 2.14E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP ,

PER 7.1.2 (4)
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
118 V AC POWER SUPPLY FAILS

' OPERATOR FAILS TO DETECT OPEN MOV 1RH1

'

C)

:

e
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t WESTINGHOUSE PROPRIETARY CLASS 3,.
'

l

!

'y TABLE B-16.,() SHEARON HARRIS MAJOR CUTSETS
,

FORQ(VI)
PROBABILITY THAT NOV 1RH1 IS OPEN

WITHOUT ACI CASE .

,

MEAN PROBABILITY OF FAILURE = 2.33E-06 |

PROBABILITY CUTSET DESCRIPTION .,
,

1. 8.34E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP-

'

PER 7.1.2 (4)
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT VIA ANNUCIATOR i

2. 2.72E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
PER 7.1.2 (4)
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
VALVE STEM NOUNT LIMIT SWITCH FAILS TO OPERATE

3. 2.18E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
'

PER 7.1.2 (4)
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
POWER SUPPLY TO ANNUCIATOR FAILS,

4. 2.18E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
PER 7.1.2 (4)
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
LOOP POWER SUPPLY PGY-402 FAILS

5. 2.18E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
PER 7.1.2 (4)
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
118V AC POWER SUPPLY FAILS

6. 1.60E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
PER 7.1.2 (4)
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

| ANNUCIATOR FAILS TO OPERATE

7. 1.13E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
L PER 7.1.2 (4)
| SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1 t

: AUXILIARY RELAY PY/402A2 FAILS

8. 1.09E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
PER 7.1.2 (4)
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1Rn1
DUAL COMPARATOR PB-402 FAILS

'
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WESTINGHOUSE PROPRIETARY CLASS 3 ]

|
o TABLE B-16 (CONT.)

b. SHEARON HARRIS MAJOR CUTSETS j

FORQ(VI)
PROBABILITY THAT MOV 1RH1 IS OPEN J

WITHOUT ACI CASE ;

PROBABILITY- CUTSET DESCRIPTION :

9, 1.05E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
PER 7.1.2 (4)
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
PRESSURE TRANSMITTER PT-402 FAILS

,

10. 1.81E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
PER 7.1.2 (4)
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
ISOLATOR PV-402C FAILS

11. 9.38E-09 RELAY COIL 42/S FAILS I
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT VIA ANNUCIATOR

i 12. 3.13E-09 RELAY CONTACT PHASE C 42/S FAILS TO TRANSFER
| SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

-

( OPERATOR FAILS TO DETECT VIA ANNUCIATOR

13. 3.13E-09 RELAY CONTACT PHASE B 42/S FAILS TO TRANSFER'

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
'

OPERATOR FAILS TO DETECT VIA ANNUCIATOR

l 14. 3.13E-09 RELAY CONTACT PHASE A 42/S FAILS TO TRANSFER
| SECOND OPERATOR FAILS TO DETECT OPEN MOVE 1RH1 ,

| OPERATOR FAILS TO DETECT VIA ANNUNCIATOR

15, 3.06E-09 RELAY COIL 42/S FAILS
I SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

VALVE STEM MOUNT LIMIT SWITCH FAILS TO OPERATE

, 16. 2.46E-09 RELAY COIL 42/S FAILS
L SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

POWER SUPPLY TO ANNUCIATOR FAILS

| 17. 2.46E-09 RELAY COIL 42/S FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1 ,

LOOP POWER SUPPLY PGY-402 FAILS'

18. 2.46E-09 RELAY COIL 42/S FAILS
l SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

118V AC POWER SUPPLY FAILS
1.
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WESTINGHOUSE PROPRIETARY CLASS 3 ;

i,

7~ TABLEB-16(CONT.)
-

SHEARON HARRIS MAJOR CUTSETS
, ,

FOR Q(V1)

PROBABILITY THAT MOV 1RH1 IS OPEN

WITHOUT ACI CASE
,

PROBABILITY CUTSET DESCRIPTION
,

.

19, 1.80E-09 RELAY COIL 42/S FAILS
#

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
ANNUCIATOR FAILS TO OPERATE

20. 1.27E-09 RELAY C0ll 42/S FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
AUXILIARY RELAY PY/402A2 FAILS

,

i
|

|

l-
1

'

|

|
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m APPENDIX C

b RHRS AVAILABILITY ANALYSIS |
!
!

C.1 Introduction

The Residual Heat Removal System for each of the four reference plants was 1

analyzed to determine the unavailability of the system to remnve decay heat
and the impact of removal of the autoclosure interlock on this unavailability
due to spurious closure of the suction valves. Fault trees were used to

,

determine unavailability for startup of the RHR System, for short term cooling j

(72 hours) and long term cooling (6 weeks). This appendix describes the )
calculations and fault tree quantifications ustd to deterraine the RHR System l

unavailabilities.
1

C.2 Analyses

Guidelines were usv3 in the construction of the fault trees to simolify and ;e,

reduce the overall size of the fault trees since certain events are often not
included owing to their low probability of occurrence relative to other events. ,

The following describe the guidelines.

A. The " local faults of piping" in a fluid systera segment were not j
included in the fault tree model construction, since their

,

contribution to the probability of system failure, compared to the |,

contribution from the other ;omponents, is insignificant. ;

B. Random mechanical failure of locally locked open manual valves were
not included in fault tree development since the probability of
failure is not significant relative to other valve faults. The only

credible random valve failure that might occur is plugging of an open ;

valve, but this is only significant if the source of water or other
fluid is untreated (e.g., service water, etc.) and if the likelihood

G
ig
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I
i
I

is comparable or greater than other system faults. Failures of I

unlocked manual valves were included in fault tree development along !
with locked open active valves (which are rare) that are locked at the i

control board. Hisposition of locked open manual valves due to human i

error is considered unlikely due to locking mechanisms employed (e.g., |
chained locked or other mechanical devices) on most valves.

C. Normally open manual, air and motor-operated valves that are not
required to change state during operation were treated as if they are j
locally locked open. However, misposition of the valve prior to
operation due to human error and/or a spurious control signal were

'considered as a credible event if applicable.
:

D. Potential flow diversion paths of fluid system that are isolated from I

the main flow puth by one or more locally locked closed valves were ,

not considered as faults of the system. j
.

!

E. Potential flow diversion paths isolated from the main flow path by !

normally closed manual, air, and motor-operated, and check valves were f
not treated as faults of the system. However, valve misposition prior ,

| to operation due to human error and/or spurious control signal was .

considered a system fault, if credible. [
.

.

F. Check valves failing closed to flow in the forward direction and >

failing open to flow in the reverse direction were included as ;

credible events. An exception is made for the case of two check ,

valves in series being used as isolation valves to block flow. 1hese

were not included in fault tree development since their combined
probability of failure to isolate flow would be of low probability
relative to other system faults.'

;

G. Failure of heat exchangers (coolers) to transfer heat due to plugging
'

of the tube side and leakage (primary to secondary) were not
considered credible faults. An exception was made for the case of

'

!

03o6x:1o/011988 C-2
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|

,n heat exchangers plugging when the tube side flow of coolant transfer
medium is untreated. Plugging was considered as a credible event for !
such cases if the coolant medium is untreated, j

!
The following boundary conditions and assumptions were utilized during the |

analysis for each of the four reference plants. |
|

1. Two trains of RHR are required for 72 hours following initiation of
the RHR system. j

!

2. One train of RHR is required for 6 weeks (representative of the time
of a refueling cutage).

I
3. Injection into two cold legs (of 3 or 4 cold legs) trains is required j

for the initial RHR cooldown phase (72 hours). j
,

4. Injection into two cold legs (of 3 or 4 cold legs) is required for the
,

long term RHR cooldown phase (6 weeks). i
'

.

5. No testing or maintenance operations are assumed to occur during the
initial phase of cooldown using the RHR System (first 72 hours).

!

6. During the warm-up period of the RHRS, both RHR pumps are started and .

| must run for approximately two hours before injection into the RCS
cold legs.

.

|. 7. All electric power (AC and DC) is assumed to be available with a :
'

probability of 1.0.

8. For long term cooling, it is assumed that the Train A pump is
operating and the Train B pump is in standby and thus must start and
run should the Train A pump fail. No switching of trains during long

i

| term cooling is assumed. '

|
'

i

lh
0306x:1o/011988 C-3
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C.3 OUANTIFICATION

O
The availability of the Residual Heat Removal System to remove decay heat is
considered in three phases in this analysis. First, the RHR System must be

placed into service and go through a warm-up period in order to minimize the
thermal shock to the system. Secondly, during the initial phase of cooldown,
the decay heat load is high. For this phase, two trains of RHR were assumed

to be required for 72 hours. The final phase of cooldown is long term decay
heat removal. Sixweekswasthetimeperiodassumedforthisphase(basedon
the average refueling outage time period).

The following describes the RHR availability analysis for each of the four
lead plants.

C.3.1 SALEM

Three basic fault trees were developed to model the Residual Heat Removal

System unavailability for the Salem. These fault trees were douloped from
the system flow diagrams and control wiring diagrams shown and described in
Section 5.1 for Salem. The three fault trees are startup of the RHR System,
short term cooling (72 hours) and long term cooling (6 weeks). The short term
and long term fault trees were constructed both with and without the
autoclosure feature of the RHR suction valves in order to show the changt in
RHR System unavailability due to the removal of the avtoclosure interlock.
These RHR suction valves to the Reactor Coolant System hot legs were modeled

in detail down to the control circuitry level in order to show the change in
RHR System unavailability due to the removal of the autoclosure interlock.

Failure to Initiate RHR
|

A single fault tree was developed for this phase of RHR operation to identify
,

f
those faults that could impact the initiation of the RHR System, which is
defined as being from startup through the first two hours et operation. An

additional fault tree was not needed because this phase of operation is not
dependent on the autoclosure feature but on the prevent-open interlock.

O
i

030sk:1D/011988 C-4
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!

c' The fault tree for the Salem RHR Initiation is shown in Figure C-1. The basis !

for fault tree development was the Salem Operating Procedure OP !! 6.3.2, t
6

! * Initiating Residual Heat Removal". RHR initiation proceeds as follows*

|
1. Remove administrative controls and activate valves 1SJ49 RHR suction !

from the Refueling Water Storage Tank, 11SJ49 and 12SJ49, RHR f
idischarge to RCS cold legs, 11RH18 and 12RH18, RHR heat exchanger

outlets, and 1RH1 and 1RH2, common suction valves. |

[
2. Open valves 110016 and 120C16 to establish Component Cooling Water i

flow through the RHR heat exchangers.

3. Open valve ISJ69 to establish RHR suction from the RWST. |

4. Open valves 11RH12 and 12RH12, the RHR heat exchanger bypass isolation |
valves. |

i

5. Close valves 11RH18 and 12RH18, the RHR heat exchanger uutlet valves, j

6. Close valves 11SJ49 and 12SJ49, the RHR discharge to the RCS cold legs. i
,

!

7. Start and run the RHR pumps #11 and #12. >

|
4

8. Open valves 1RH1 and 1RH2, the RHR common suction valves to the RCS ;

hot legs.
!
>

9. Close valve ISJ69, the RHR suction from the RWST.
,

:

10. Open valves 11SJ49 and 12SJ49, the RHR discharge to the RCS cold legs.
,

11. Crack open, then slowly open 1RH20, the RHR heat exchanger bypass
valve to control RHR System temperature.

0306x1D/011988 C-5
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:

!

12. Slowly open valves 11RH18 and 12RH18, the RHR heat exchanger outlet i

valves, while closing 1RH20, the RHR heat exchanger bypass valve, to f
maintain the necessary RHR flow to the RCS cold legs while controlling ;

6

the RHR System temperature, j

!
:

Cach of these steps was modeled in the Salem RHR initiation fault tree to ;

involve an operator error or a component failure or both as appropriate. For j

example, the second step requires the opening of CCW valves to the RHR heat {
exchangers. Failure of this step could involve the operator failing to open ;

the valve or the valve failing to open. Operator error modeling includes the |
possibility of recovery from the operator error by a checker, j

i

Failure of Short Term Cooling |
l

!The fault trees developed for this phase of cooldown reflect that both RHR
pump trains are required to be in operation to provide adequate cooling.
Injection into any two of four RCS cold legs is required for success in this -

phase and inversely, failure to supply cooling flow from two RHR pump trains .

to three of four cold legs constitutes RHR System failure.
;

The short term cooling fault tree primarily features spurious closing of |

various valves and failure of the RHR pumps to run over the 72 hour period. [
The fault tree for the Salem Short Term Cooling - With Autoclosure Interlock I

!

is shown in Figure C-2. The fault tree for the Salem Short Term Cooling -
Without Autoclosure Interlock is shown in Figure C-3. j

t

'Failure of Long Term Cooling

Only one RHR pump is required to operate for 6 weeks in the lo:)g term cooling f;
phase to provide adequate cooling. Injection into any two of four RCS cold ;

legs is required for success in thic phase and inversely, failure to supply ;
'

cooling flow from either of two RHR pump trains to three of four cold legs
constitutes RHR System failure. ;

:

!

O
i
!
|' 0306a:1D/011988 C-6
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!

p The long term cooling fault tree primarily features spurious closing of !

d various valves over the six week period along with failure of the first RHR
pump to continue running and failure of the second RHR pump to start and run
upon failure of the running pump. The fault tree for the Salem Long Term
Cooling - With Autoclosure Inter'ock is shown in figure C-4. The fault tree ,

for the Salem Long Term Cooling - Without Autoclosure Interlock, is shown in |

Figure C-S. >

:

The fault trees were quantified for the case with and without the autoclosure j

interlock. The basic event probabilities (component unavailabilities and ;

human error probabilities) are shown in Table C-2. The equation used to )
calculate the component unavailability is:

0 = (1) T i
M

where !

0 = component failure probability
(1) = failure rate for component

iTg = total defined mission time in which the component must
operate. !

I
The hutnan error probability calculations for Salem are shown in Table C-3. '

The unavailability of the Train B pump due to test is based on the Technical {
| Specification 3.4.1.4 which states: "One RHR loop may be inoperable for up to

2 hours for surveillance testing provided the other RHR loop is OPERABLE and |

in operation." Assuming that pump testing occurs on a monthly basis (overy ;

720 hours), the unavailability due to test is calculated by:
,

Otest=(7)/TT
,

l

| where 7 = average duration of test (hours)

TT = interval between tests (hours)

,

|

|

| 0306x:1D/011988 C-7
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For Salem, the test unavailability is:
9 :|

Otest = (t)/TT '

= (2 hours) / (720 hours)
= 2.78E-03

:

The unavailability due to maintenance was extracted from Reference 20, ;

" Individual Plant Evaluation Methodology for Pressurized Water Reactors,"
April ),987, Section 2.4, Table 2.4-2 Generic Maintenance Durations for a ;

standby pump tested monthly or quarterly and a component inoperability time
limit of 72 hours. Therefore the unavailability due to maintenance is: !

Omain * If ) (TIR i
r

= (8.42E-05 e<ents/ hour) (18.7 hours / event) !

= 1.57E-03
!.

where f = frequency of maintenance (events / hour)r
(T)R = mean component repair time (hours / event)

G:
Results

The -esults of the Salem qcantification are shown in Table C-1. The major

cutsets for each fault tree are shown in Tables C-4 to C-8.

For the failure of initiation fault tree, the dominant failure mode is
operator error. The operator failing to energize the circuit breakers to the
RHR suction valves 1RH1 and 1RH2 are the major cutsets. The deletion of the
autoclosure interlock has no impact on the failure probability for RHRS
initiation.

The failure probability of the short term cooling phase for Salem is reduced
by 13 percent with the deletion of the ACI. The dominant failure mode for

each fault tree (with and without the autoclosure interlock) is the failure of

G
0306m:1D/011968 C-8
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either pump to run for 72 hours (both pumps are required for success in this |
/](/ phase). For the case with the autoclosure interlock, failure of components

associated with the ACI contribute approximately 1.7E-03 to the failure :

probability.
,

-

,

In the long term cooling phase for Salem, the failure of both pumps to run for
six weeks is the dominant contributor to the unavailability. For the case .

with the ACI present, the other cutsets involve the single failure of a
component associated with the ACI su:h as the power supply, signal comparator ,

and pressure transmitter which causes spurious clorure of one of the RHR
suction valves. The deletion of the ACI for this phase of cooldown reduces ,

the unavailability by 67 percent.
,

,

The results of the quantification of the Salem RHR unavailability fault trees !

show a trend that the autoclosure interlock becomes more of a determining and
detrimental factor as the leagth of time in which the RHRS is required to |

operate increases. The deletion of the autoclosure interlock reduces the
i

number of spurious closures of the RHR suction valves and thus increases the
-

availability of the RHRS.

!

!

!

i

i

i

1
'

| '

|

|

| i

I i

|
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TABLE C-1(~'
C SALEM

RHR SYSTEM UNAVAILABILITY RESULTS

PERCENT
FAULT TREE

PHASE WITH AUT0 CLOSURE WITHOUT AUTOCLOSURE CHANGE

INITIATION 3.20E-02 3.20E-02 0

SHORT TERM 1.60E-02 1.40E-02 -13

LONG TERM 3.60E-02 1.20E-02 -67

'

O

O
C-100306x:1D/011968
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# TABLE C-2,() SALEM BASIC EVENT PROBABILITIES

,

FAILURE DETECTION |
'

FAULT TREE RATE (/HR TIME FAILURE
IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY j

RHR INITIATION
|

1.21E-03MV1690POE DE OPERATOR FAILS TO OP 1.210E-03 ---

MV1690PD MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05 ,

i1.21E-03XV11RH120E OE OPERATOR FAILS TO OP 1.210E-03 ---

XV11RH120 MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-OS

1.21E-03 iXV12RH120E DE OPERATOR FAILS TO OP 1.210E-03 ---

XV12RH12D MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05

1.21E-03 iAV1118ASOE OE OPERATOR FAILS TO OP 1.210E-03 ---

i

1.21E-03 [AV1118CLOE OE OPERATOR FAILS TO OP 1.210E-03 ---

] AV1118CLD A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05

1.21E-03AY)218ASOE DE OPERATOR FAILS TO OP 1.210E-03 ---

'

1.21E-03AV1218CL0E DE OPERATOR FAILS TO OP 1.210E-03 ---

,

AV1218CLD A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05 :
!

1.21E-03MV1149CPOE DE OPERATOR FAILS TO PO 1.210E-03 ---

,

1.21E-03MV1149CLOE DE OPERATOR FAILS TO OP 1.210E-03 ---

MV11490LD My FAILURE TO CLOSE 1.000E-05 2.000E+00 2.00E-05

1.21E-03MV1249CPOE DE OPERATOR FAILS TO PO 1.210E-03 ---

1.21E-03MV1249CLOE DE OPERATOR FAILS TO OP 1.210E-03 ---

MV1249CLD MV FAILURE TO CLOSE 1.000E-05 2.000E+00 2.00E-05

PM11S PM FAILURE TO START 1.000E-05 2.000E+00 2.00E-05

PM11R PM Fall TO RUN,GIVEN ST 1.000E-04 2.000E+00 2.00E-04

PM12S PM FAILURE TO START 1.000E-05 2.000E+00 2.00E-05

\

osmao/ouses C-11
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TABLE C-2 (Cont)- |,y-
'() SALEM SASIC EVENT PROBABILITIES

I
FAILURE DETECTION

FAULT TREE RATE (/HR TIME FAILURE

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY ,

PM12R PM FAIL TO RUN,GIVEN ST 1.000E-04 2.000E+00 2.00E-04

1.61E-03MV1RH1CBOE DE OPERATOR FAILS TO EN 1.610E-03 ---

i
'

1.21E-03MV1RH10E DE OPERATOR FAILS TO OP 1.210E-03 ---

1RH1 MECH MY FAILURE TO CPEN 1.00CE-05 2.000E+00 2.00E-05
,

1 REC 0bCSVF C0 RELAY C0lt FAILURE 3.000E-06 2.000E+00 6.00E 06 i

1RECN6CSVF CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

1DED6F DE DIODE STANDARD QUALI 7.560E-09 2.000E+00 1.51E-08

1CNS10PENF CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

1RHFU30PHA FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

O 1RHFU30PHB FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

V
1RHFU30PHC FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

1RHCN90PHA CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

1RHCN90PHB CN RELAY CONTACTS FA!L 1.000E-06 2.000E+00 2.00E-06

1RHCN90PHC CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

1RHOL49PHA OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07
,

IRHOL49PHB OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07
'

1RHOL49PHC OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

1RHCB8 CB CIRCULI BREAKER OPEN 1.000E-08 2.000E+00 2.00E-08 :

'

1RHCT230 CT CURRENT TRANSFORMER 3.500E-07 2.000E+00 7.00E-07

1RHFU15A1 FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

1RHFV15A2 FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

f
C
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TABLE C-2 (Cont) !cs

( ) SALEM BASIC EVENT PROBABILITIES f
!

FAILURE DETECTION !
FAULT TREE RATE (/HR TIME FAILURE j
IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY

;

!
1RHOLCN49 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

1RHREC090 C0 RELAY COIL FAILURE 3.000E 06 2.000E+00 6.00E-06 !

1RHRECN90 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08 |

f1F.H05 05 TORQUE SWITCH Fall T 2.000E-07 2.000E+00 4.00E-07

IRHCN9XC CH RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.0CE 06 ;

1RHCN9C CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

1RHREC09XC C0 RELAY COIL FAILURE 3.000E-06 2.000E+00 6.00E 06

1 REC 063XF C0 RELAY C0ll FAILURE 3.000E-06 2.000E+00 6.00E-06

1RECN63XF CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

IPS118VACF PS LOOP POWER SUPPLY At 5.800E-06 2.000E+00 1.16E-05

1BIF05AF B! BISTABLE HIGH OUTPUT 2.400E-06 2.000E+00 4.80E-06

1CMPC405AB CM COMPARATOR ALL MODES 2.900E-06 2.000E+00 5.80E-06

1PM405RF IV l-E CONVERTER ALL FA 2.000E-07 2.000E+00 4.00E-07

1PC405RF IV l-E CONVERTER ALL FA 2.000E-07 2,000E+00 4.00E-07

1RS4051F RS RESISTOR STANDARD QU 4.900E-09 2.000E+00 9.80E-09 |

1PS405F PS LOOP POWER SUPPLY AL 5.800E-06 2.000E+00 1.16E-05 ;

IST405F ST TOGGLE SWITCH ALL MO 2.330E-07 2.000E+00 4.66E-07
,

1TP405F TP PRESSURE SENSORS ALL 2.800E-06 2.000E+00 5.60E-06

1.61E-03| MVIRH2CBOE DE OPERATOR FAILS TO EN 1.610E-03 ---

1.21E-03MV1RH20E OE OPERATOR FAILS TO OP 1.210E-03 ---

2RH1 MECH MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05

| 2 REC 06CSVF CO RELAY C0ll FAILURE 3.000E-06 ?. 000E+00 6.00E-06

0306x:10/011988 C-13
|
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WESTINGHOUSE PROPRIETARY CLASS 3,.

!

]
!

TABLE C-2 (Cont). ,

m

SALEM BASIC EVENT PROBABILITIES

FAILURE DETECTION ,

I
FAULT TREE RATE (/HR TIME FAILURE

IDENTIFIER COMP FAILURE NODE OR /D) (HR) PROBABILITY !

2RECN6CSVF CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2DE06F DE DIODE STANDARD QUAll 7.560E-09 2.000E+00 1.51E-08 |

2CNS10PENF CN RELAY CONTACl$ Fall 1.000E-06 2.000E+00 2.00E-06

2RhfU30PHA FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07 !

2RHFU30PHF FU fuiE ALL MODES 1.500E 07 2.000E+00 3 U0E-07 |
2RHFU30PHC FU FUSE ALL MODES 1.500E 07 2.000E+00 3.00E-07 !

2RHCN90PHA CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2RHCN90PHB CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-CS f

2RHCN90PHC CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06
,

2RHOL49PHA OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

2RHOL49PHB OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07
|

2RHOL49PHC OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

2RHCB8 CB CIRCUIT BREAKER OPEN 1.000E-08 2.000E+00 2.00E-08

2RHCT230 CT CURRENT TRANSFORMER 3.500E-07 2.000E+00 7.00E-07

2RHFU15A1 FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07 .

2RHFU15A2 FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07
,

2RHOLCN49 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

'
2RHREC09C C0 RELAY COIL FAILURE 3.000E-06 2.000E+00 6.00E-06

l

i 2RHRECN90 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

| 2RH05 05 TOROVE SWITCH Fall T 2.000E-07 2.000E+00 4.00E-07 ,

'

2RHCN9XC CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

O
0306x:1D/011988 C-14
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WESTINGHOUSE PROPRIETARY CLASS 3

!

TABLE C-2 (Cont),3

) SALEM BASIC EVENT PROBABILITIES |
!

FAILURE DETECTION

FAULT TREE RATE (/HR TIME FAILURE
*

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY |

2RHCN9C CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06 <

'

2RHREC09XC CD RELAY C0lt FAILURE 3.000E-06 2.000E+00 6.00E-06

2 REC 063XF C0 RELAY COIL FAILURE 3.000E-06 2.000E+00 6.00E-06 I

2RECN63XF CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2PS118VACF PS LOOP POWER SUPPLY AL 5.800E-06 2.000E+00 1.16E-05 !

2BIF03AF B1 BIS 1ABLE HIGH OUTPUT 2.400E-06 2.000E+00 80E-06 !
t

2CMPC403AB CM COMPARATOR ALL MODES 2.900E-06 2.000F+00 5.80E-06
'

2PN403RF IV l-E CONVERTER ALL FA 2.000E-07 2.000E+00 4.00E-07

2PC403RF IV l-E CONVERTER ALL FA 2.000E-07 2.000E+00 4.00E-07 i

,

(J) 2RS4031F RS RESISTOR STANDARD OU 4.900E-09 2.000E+00 9.80E-09
,

'

2PS403F PS LOOP POWER SUPPLY AL 5.800E-06 2.000E+00 1.16E-05

2ST403F ST TOGGLE SWITCH ALL MD 2.330E-07 2.000E+00 4.66E-07

2TP403F TP PRESSURE SENSORS ALL 2.800E-06 2.000E+00 5.60E-06

1.61E-03MV169CBOE DE OPERATOR FAILS TO EN 1.610E 03 ---

1.21E-03MV1SJ690E DE OPERATOR FAILS TO OP 1.210E-03 ---

MV169CLO MV FAILURE TO CLO!E 1.000E-05 2.000E+00 2.00E-05

1.21E-03MV11490POE OE OPERATOR FAILS TO OP 1.210E-03 ---

MV11490PD MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05
:

1.21E-03MV12490POE OE OPERATOR FAILS TO OP 15210E-03 ---

MV12490PD MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05

1.21E-03AV1200POE DE OPERATOR FAILS TO OP 1.210E-03 ---

,-

,
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WESTINGHOUSE PROPRIETARY CLASS 3

!
.

rs TABLE C-2 (Cont). |

SALEM BASIC EVENT PROBABILITIES .

|

FAILURE DETECTION i

FAULT TREE RATE (/HR TIME FAILURE |

IDENTIFIER COMP ,JAILURE MODE OR /0) (HR) PROBABILITY j

AV1200PD A0 FAILURE TO OPERATE 1.000E 05 2.000E+00 2.00E-05

1.21E-03AV11180POE DE OPERATOR FAILS TO OP 1.210E-03 ---

AV11180PD A0 TAILURE 10 OPERATE 1.000E-05 2.000E+00 2.00E-05 |
1.21E-03 |AV12180POE DE OPEkATCR FAILS TO OP 1.210E-03 --

'

AV12160PD A0 FAILORE TO OPERATE 1.000E-05 2.000E+00 2.00E-05
t-

1.21C-03AV120CLOE DE OPERATOR FAILS TO OP 1.210E-03 ---

AY120CLO A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2400E 05

1.21E-03
WV11CC160E DE OPERATOR FAILS TO OP 1.210E-03 ---

MV11CC160 MV FAILURE TO OPEN 1.000E 05 2.000E+00 2.00E-05

1.21E-03
MV12CC160E DE OPERATOR FAILS TO OP 1.210E-03 ---

MV12CC16D MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05

SHORT TERM COOLING'

CV14SJ56D CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E 05

CV14SJ43D CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05

WV12SJ49V My FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

MV12RH19V MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

MV11RH10V MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

MV12CC16V MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

PM12X PM Fall TO RUN GIVEN ST 1.000E-04 7.200E+01 7.20E-03

MV12RH4V MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

CV12RH8D CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05

| I
o

|
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WESTINGHOUSE PROPRIETARY CLASS 3

I |

TABLE C 2 (Cont) ,' n
() sal.EM BASIC EVENT PROBABILITIES'

!

FAILURE DETECTION !

FAULT TREE RATE (/HR TIME FAILURE
'

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITL

1RHCN9/CQ CN RELAY CONTACTORS SPU 2.000E-08 7.200E+01 1.44E-06 |
,

1RHCN63X0 CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06 |

1RHIVPMF IV l-E CONVERTER ALL FA 2.000E-07 7.200E+01 1.44E-05 ,

,

1RHIVPCF IV I-E CONVERTER ALL FA 2.000E-07 7.200E+01 1.44E-05

{1RHPT405 iP PRESSURE SENSORS AtL 2.800E-06 7.200E+01 2.02F-04

1RHPSPQ!b5 PS LCOF POWER SUPPLY AL 5.800E 06 7.200E+01 4.18E-C' '

2.RHCH405 CM CCMPARATOR ALL MCDiS 2.900E 06 7.200E+01 2.09E-04

1RHCNCLO!E CN RELAY CONTACTOR$ SPU ?.000E-03 7.200E+0! 1.44E-06 i

'

1RHCN5CSVQ CN RELAY CONTACTORS SPU R 000E-08 7.200E+01 1. 44 f.-07.

I 1RHCNAQ CN MOTOR STARTER SPURIO 3.000E-06 7.200E+01 2.16E-06

1RHCNBQ CN MOTCR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

t

1RHCNCQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

2RHCN9/00 CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06 r

2RHCN63X0 CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06

2RHIVPMF IV I-E CONVERTER ALL FA 2.000E-07 7.200E+01 1.44E-05
|

2RHIVPCF IV l-E CONVERTER ALL FA 2.000E-07 7.200E+01 1.44E-05
.

2RHPT405 TP PRESSURE SENSOR $ ALL 2.800E-06 7.200E+01 2.02E-04

2RHPSPQ405 PS LOOP POWER SUPPLY AL 5.800E-06 7.200E+01 4.18E-04

2RHCH405 CM COMPARATOR ALL MODES 2.900E-06 7.200E+01 2.09E-04

2RHCNCLOSE CN RELAY CONTACTORS SPU 2.000E-08 7.200E+01 1.44E-06

2RHCNSCSVQ CN RELAY CONTACTORS SPV 2.000E-08 7.200Ev01 1.44E-06
f

O
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I

f WESTINGHOUSE PROPRIETARY CLASS 3 !
a ;

!

TABLEC-2(Cont) ;7,() SALEM BASIC EVENT PROBABILITIES |
i

FAILURE DETECTION

FAULT TREt RATE (/HR TIME FA! LURE ;

IDENTIFIER COMP ? ALLURE MODE OR /D) (HR) PROBABILITY :

2RHCNAQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06 I

2RHCNBQ CN MOTOR STARTER SPURIO 3.000E-08 7.200!+01 2.16E-06 I

2RHCNCO CN MOTOR STARTER SPUR 10' 3.000E-08 7.200E+01 2.16E 06 [

CV12SJ43D CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05

CV12SJ560 CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05 ;

CY13SJ43D !V FAILURE TO OPEN 2.000E-07 7.L'00E+01 1.44f.-05 r

CVDSJ560 CV FAILURE TO OPEN 2.000E-07 7.200l+01 1.44E-05 |

MV1'!SJ49V MV FAILURE TO REMAIN OP 2.000E 07 7.200E401 1.44E 05
'

: MV11CC1EV MV FAILURE TO REM'41N OP 2.000E-07 7.200E+01 1.44E-05

FJ11X FM FAIL TO P.UF,G|VM ST 1.000E-04 T.200E+01 7.20E-03 :,

rf11RH4V MV F AILURE TO REMAIN OP 2.000I-07 7.200E+01 1.44E-05
.

CV11SJ43D CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05 i

CV11SJ560 CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05 !

CV11RH8D CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05 [

LONG TERM COOLING ;

MV12SJ49V MV FAILURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04

MV12RH19V MV FAILURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04 |

MV11RH19V MV FAILURE TO REMAIN OP 2.000E-07 1.00BE+03 2.02E-04 ,

MV12CC16V MV FAILURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04

CV12RH80 CV FAILURE TO OPEN 2.000E-07 1.008E+03 2.02E-04

MV12RH4V MV FAILURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04
,

onscio/ciisse C-18

|
_ _ .



WESTINGHOUSE PROPRIETARY CLASS 3

i
!

i

7-~3 TABLEC-2(Cont)

() SALEM BASIC EVENT PROBABILITIES |
j

FAILURE DETECTION )
FAULT TREE RATE (/HR TIME FAILURE
IDENTIFIER COMP FAILURE MODE _ 0R /0) (HR) PROBABILITY

2.78E-03 |PM12 TEST TE TEST UNAVAILABILITY 2.780E-03 ---

I
PM12 MAIN MA MAINTENANCE UNAVAILA 1.570E-03 1.,5[E-03

---

'
PM12A PM FAILUKE TO START 1.000E-05 1.008E+03 1.01E-02

PM12X PM Fall TO RUN,GIVEN ST 1.000E-04 1.008E+03 1.01E-01
i

1RHCN9/00 CN DELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05

1RF.CN63XQ CN 2ELAY CONTACTORS SPO 2.000E-08 1.008E+03 2.02E-05 !

1RH'VPMF IV l-E COWERTER A1.L FA 2.000E-07 1.008E+03 2.02E 04 ,

,

IRHIVFCF IV l-E CONVERTER ALL FA 2.000E 07 1.008E+03 2.02E-04

iPHPT405 TP PRESSURE SENSOR $ ALL 2.800E-06 1.008E+03 2.82E-03

1RHPSPQ405 PS LOOP F0WER SUPPLY AL 5.800r,-05 1.008E+03 S.05E-03

|

1RHCM405 CM COMPARATOR ALL MODES 2.900E-06 1.008E+03 2.92E-03

1RHCNCLOSE CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05

1RHCNSCSVO CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05
,.

1RHCNAQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

1RHCNBQ CN MOTOR STARTER SPURIO 3.000E-08 1.00BE+03 3.02E-05

1RHCNCQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

2RHCN9/C0 CN RELAY CONTACTORS SPU 2.000E 08 1.008E+03 2.02E-05

2RHCN63X0 CN RELAY CONTACTOR$ SPV 2.000E-08 1.008E+03 2.02E-05

2RHIVPMF IV l-E CONVERTER ALL FA 2.000E-07 1.008E+03 2.0?E-04

2RHIVPCF IV 1-E CONVERTER ALL FA 2.000E-07 1.008E+03 2.02E-04 -

2RHPT405 TP PRESSURE SENSORS ALL 2.800E-06 1.008E+03 2.82E-03

.

I
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WESTINGHOUSE PROPRIETARY CLASS 3

!

1

TABLEC-2.(Cont)- i
-7

U SALEM BASIC EVENT PROBABILITIES ,

1

FAILURE OF.TECTION

FAULT TREE RATE (/HR TIME FAILURE |
IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY |

2RHPSPQ405 PS LOOP POWER SUPPLY AL 5.800E-06 1.008E+03 5.85E-03

2RHCM405 CM COMPARATOR ALL MODES 2.900E-06 1.008E+03 2.92E-03 ;

2RHCNCLOSE CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05
,

2RHCNSCSVQ CN RELAY CONTACTORS SPU 2.000E-08 1.00bE+03 2.02E-05
,

2RHCNAQ CN N0 TOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E 05

2RHCNSQ CN MOTOR STARTER SFVR10 3.000E-00 1.008E+03 3.02E-05 ;

2RHCNCQ CN MOTOR STARTCR SPURIO 3.000E-08 1.008E+03 3.02E-05 |

MV11SJ49V MV FAILURE TO REMAIN OP 2,000E-07 1.00BE+03 2.02E-04 *

MV11CC16V MV FAILURC TO REMAIN OP 2.000E-07 1.008E+03 2.02C-04

PM11X PM Fall TO RULCIVEN ST LO90E 04 1.006E+03 3.01E-01)
MV11RH4V MV FA! LURE TO KEMAIN OF 2.000C-07 1.008E+03 2.02E-C4

|

t

i

.

I

f

6
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WESTINGHOUSE PROPRIETARY CLASS 3

f 's TABLE C-3

N).\
SALEM

HUMAN ERROR CALCULATIONS
'

TASK: Select " valve operable" position on the control power lockout
switch to 1SJ69. Complete " Check Off Sheet la of OP !!-6.3.2.

REFERENCE: Step 5.1.1(a) of OP 11-6.3.2 Revision 11. " Initiating Residuni
Heat Removal".

BREAK 0DWN OF TASK:

1. Omission error - Operator f ails to select " valve operable' position of the
control power lockout switch to motor operated RHR suction valve from RWST
(ISJ69).

HEP median = 0.003 Table 20-7(2) Long List > 10 items; when
HEP mean = 3.7EE-03 procedures with checkoff
Error Factor = 3 provisions are correctly used.

2. Comission error - Operator selects wrong lockcut switch in piece of the
switen for the RHR suction valve from RW5T (ISJ69).

HEP mwiten = 0.003 Table 20-12(2) Select wrong control o, a

(_) HEP mean = 3.75E-03 psnel from an array of sintiar
V Error factor * 5 appearing enntrols identified

by labels only.

3. Recovery error - Shift supervisor fails to detect error by others.

HEP median = 0.1 Tabic 20-22(1) Checking routins tasks,
HEP mean a 1.61E-01 checker using written
Error factor = 5 materials.

Ph==((01)(03)+(1-01)(02)(03)3.75E-03)(1.61E-01) + [1-(3.75E-03))(3.75E-03)(1.61E-01)
P

POE = 1.21-03

Fault Tree lo6ntifier: MV169CBOE

O
C-210306x:1o/011988
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WESTINGHOUSE PROPRIETARY CLASS 3

!

TABLE C-3 (Cont)7
O SALEM

'

HUMAN ERROR CALCULATIONS :

TASK: Select ' valve operable * position of control power lockout switch '

to 11SJ49 or 12SJ49. Complete " Check Off Sheet 1" of OP 11-6.3.2.

REFERENCE: Step 5.1.1(b) of OP 11-6.3.2 Revision 11, ' Initiating Residual i

Heat Removal".

BREAKDOWN OF TASK: ;

!

1. Omission error - Operator fails to select " valve operable" position of the
control power lockout switch to motor operated RHR discharge to ccid legs
valve (11SJ49or12SJ49).

Table 20 7(2) Long List > 10 items; when procedures with !
checkoff p:'ovisions are correctly used. ;

HEP median = 0.003, error f astor 3 '.HEP mean = 3J5F-33

2. Commission error - Operater telects wrong lockost switch in place of the
twitch for an RHR dischatn to cold legs valve (110J49 or 12SJ49). ,

TabloE0-12(2) Wea wreng control on a pare) from an array of
similar appearing :ontrols identified by labels"

only.
<

HEP median = 0.003, error factor = 3 ;
HEP mean = 3.75E-03

I
3. Recovery error - Shift supervisor fails to detect error by others.

Table 20-22(1) Checking routine tasks, checker using written
materials.

tHEP median = 0.1, error factor = 5
HEP mean = 1.61E-01 ,

i <

i

P (01)(03)+(1-01)(02)(03)|

Ph=1.21-03= (3.75E-03)(1.61E-01) + (1-(3.75E-03))(3.75E-03)(1.61E-01)
POE = 1

|

Fault Tree Identifiers: MV1149CPOE, MV1249CPOEn
O |

osoex:1o/otissa C-22
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WESTINGHOUSE PROPRIETARY CLASS 3
i :

TABLE C-3 (Cont) ;()
I SALEM

-

HUMAN ERROR CALCULA110NS |

'

TASK: Remove Shift Supervisors tag from air supply valve to 11RH18 or
12RH18 and open the air supply valve. Complete * Check Off Sheet '

1" of OP 11-6.3.2. |.

REFERENCE: Step 5.1.1(c) of OP 11-6.3.2 Revision 11, * Initiating Residual !
Heat Removal *, !

BREAKDOWN OF TASK:

1. Omission error - Operator fails to remove shift supervisors tag from the :
'

air supply valve and to open the air supply valve to air operated RHR heat
exchanger outlet valve I11RHR18 or 12RH18).

'

,

;

Table 20-7(2) Long List > 10 items; when procedures with
'

checkoff provisions are corre.:tly used.

HEi) medita = 0.003, error factor e 3 .'

HLP ruan = 3.75E-03

2. Commission error - Operater selects wrong air supply valva in place of the ,

valve for en RHR haat exchareger outlet valve (11RHP18 or 12RH18). 7{ '

Tucle 20-12(2) Select wrong coritrol on a panel from an array of
;sir!1ar appearing controis identified by labels

o'il y.

HEP median = 0.003, error factor = 3 i

HEP mean = 3.75E-03 |

3. Recovery error - Shif t supervisor f ails to detect error by others. .

!

Table 20-22(1) Checking routine tasks, checker using written
'

'

materials.

HEP median = 0.1, error factor = 5
HEP mean = 1.61E-01

,

!

(01)(03)+(1-01)(02)(03) i
P =

Ph==1.21-03(3.75E-03)(1.61E-01) + (1-(3.75E-03))(3.75E-03)(1.61E-01)P
OE

[ Fault Tree Identifiers: AV1118ASOE, AV1218ASOE

ososcio/o11oss C-23
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WESTINGHOUSE PROPRIETARY CLASS 3
'

,

:

?

TABLE C-3 (Cont)-) 1

kJ SALEM !

HUMAN ERROR CALCULATIONS :

i

TASK: Remove Shift Supervisors tags from power supply to 1RH1 or 1RH2 ;

and energize the valve. Complete * Check Off Sheet 1" of OP 11 :

6.3.2. ,

:

REFERENCE: Step 5.1.1(d) of OP 11-6.3.2 Revision 11, * Initiating Residual .

Heat Removal *. |

BREAK 00WN OF TASK: j
j

1. Omission error - Operator fails to remove supervisors tag from power ;

1RH2)y and energize motor operated RHR common suction valve (1RHR1 or
suppl j

;:.

Table 20-7(2) Long List > 10 items; when procedures with
~

checkoff provisions are correctly used. '

HEP median = 0.001 error f actor = 3 |

HE0 mean < 3.4F 03 ;

.

2. Comission error - Operator removes tag ar.d energizes wrong valve in place I
of an P,hR cemen suction vaivo (1RH1 or 1RH2).

| Table 20-12(11) Select wrong circai'. breaker in a group of
(nrwit bref.kert 6nsaiy proaped and identified f

-

by labeis only. ,

HEP median = 0.005, error factor = 3 .

HEP mean = 6.25E-03 |

3. Recovery error - Shift supervisor fails to detect error by others. |

Table 20-22(1) Checking routine tasks, checker using written
I materials.

HEP median = 0.1, error factor = 5 :

HEP mean = 1.61E-01

:

(01)(03) + (1-01)(02)(03)P

Ph==1.61-03(3.75E-03)(1.61E-01) + [1-(3.75E-03))(6.25E-03)(1.61E-01) ,

POE =i
,

Fault Tree Identifiers: MV1RHICBOE, MV1RH2CBOE

| J
o306x:1o/0119aB C-24
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WESTINGHOUSE PROPRIETARY CLASS 3

!
'
.

t

TABLE C-3 (Cont)
'

7m
e i

L s'; SALEM I
'

HUMAN ERROR CALCULATIONS

TASK: Open 110C16 and 12C016. Complete ' Check Off Sheet l' of OP
!!-6.3.2. ;

REFERENCE: Step 5.1.2(a) of OP 11-6.3.2 Revision 11 *lnitiating Residual ;

Heat Removal". !
r

BREAKDOWN OF TASK:
'

1. Omission error - Operator fails to open a motor operated RHR heat
iexchanger outlet valve (110C16 or 120C16).

Tsble20-7(2) Long List > 10 items, when procedures with
checkoff provisions are correctly used. ;

'HEP median = 0.003, error factor = 3
HEP mean = 3.75E-03

2. Commission error - Operater selects arorg valva in p~iace of an P.HR heat
ex: hanger outlet ni,'e (110016 or 20015).

[

Table 2012(2) Select wrong control on a panel from an array of
(O) similar appearing centrols identified by labels |

only.

HEP median = 0.003, error factor = 3 ;
tHEP mean = 3.75E-03
i

3. Recovery error - Shift supervisor fails te detect error by others.

Table 20-22(1) Checking routine tasks, checker using written
materials.

HEP median = 0.1, error factor = 5
HEP mean = 1.61E-01 ;

t

t

P (01)(03) + (1-01)(02)(03) i

Ph=1.21-03= (3.75E-03)(1.61E-01) + (1-(3.75E-03))(3.75E-03)(1.61E-01)
POE =

Fault Tree Identifiers: MV11CC160E, MV12CC160Egs

0306x:1D/011988 C-25
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WESTINGHOUSE PROPRIETARY CLASS 3

|
|

|
'

TABLE C-3 (Cont),s< '

t 1
kl HUMAN ERROR CALCULATIONS - SALEM |

!

TASK: Open 11RH12 or 12RH12. Complete ' Check Off Sheet l" of OP I
II-6.3.2. |

REFERENCE: Step 5.1.5 of OP !!-6.3.2 Revision 11, " Initiating Residual Hoat
Removal". i

l

BREAKDOWN OF TASK:

1. Omission error - Operator fails to open a manually operated RHR heat i
exchanger bypass isolation valve (11RHR12 or 12RH12).

Table 20-7(2) Long List > 10 items, when procedures with !
'

checkoff provisions are correctly used.

HEP a dian = 0.003, error factor = 3 1

HEP mean = 3.75E-03

2. Comission error - Opcrator selects wrong valys in piece of an RHR heat ;

exchanger bp ass isciation valve (11RH12 or 12RH12).

Table 20-13(2) Select wrong va!ve fror.a group of clearly and
r' unambignusly labeled valves similar in one of

C]/ the following: size and shape, state .nd
presenew of tags. ,

.

HEP medien = 0.003, error factor * 3 .

'

HEF mesn = 3.75E-03

3. Recovery error - Shift supervisor fails te detect error by others, i

Table 20-22(1) Checking routine tasks, checker using written i

materials. ;

HEP median = 0.1, error factor = 5
HEP mean = 1.61E-01

01)(03)+(1-01)(02)(03)P =

3.75E-03)(1.61E-01) + [1-(3.75E-03)](3.75E-03)(1.61E-01)P =

POE = 1.21-03

Fault Tree Identifiers: XV11RH120E, XV12RH120E >

ososa:10/o11ses C-26
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WESTINGHOUSE PROPRIETARY CLASS 3 l

i-

i

TABLEC-3(Cont)gm
|k-

HUMAN ERROR CALCULATIONS i
SALEM

i

TASK: Close 11RH18 and 12RH18. Complete ' Check Off Sheet 1" of OP f
i

!!-6.3.2. ;

REFERENCE: Step 5.1.7 of OP !!-6.3.2 Revision 11. " Initiating Residual Heat
Removal". |

BREAKDOWN OF TASK:
!

1. Omission error - Operator fails to close an air operated RHR heat j

exchanger outlet valve (11RH18 or 12RH18). |
|

Table 20-7(2) Long List > 10 items, when procedures with |

checkoff provisions are correctly used.

HEP median = 0.003, error factor = 3
HEP mean = 3.75E-03 ,

,

2. Conmission error - Operator selects wrong valve in place of an RHR heat t

exchanger outlet valve (11RH18 or 12RH18).

,o _ Table 20-12(2) Saler.t wrong control on a panel from an stray of f

timilar appearing controls identified cy labels
i,j or.ly.

IHEP median = 0.001, error it.ctor = 3
HEP mean = 3.7 M-03

3. Recovery error - Shif t supervisor fails to detect error by others. ,

Table 20-22(1) Checking routine tasks, checker using written >

materials. ;

HEP median = 0.1. error factor = 5
HEP mean = 1.61E-01

9

i

OE = ((01)(03) + (1-01)(02)(03)3.75E-03)(1.61E-01) + [1-(3.75E-03))(3.75E-03)(1.61E-01)
P -

P

OE = 1.21-03P
OE =

'

Fault Tree Identifiers: AV1118CLOE, AV1218CL0E .

fh
*

a
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! WESTINGHOUSE PROPRIETARY CLASS 3 I
1

)

TABLEC-3(Cont).q
'd SALEM l

HUMAN ERROR CALCULATIONS

TASK: Close 11SJ40 or 12SJ49. Complete " Check Off Sheet 1" of OP
11-6.3.2. .

REFERENCE: Complete step 5.1.8 of OP 11-6.3.2 Revision ll, " Initiating
Residual Heat Removal".

BREAKDOWN OF TASK:

1. Omission error - Operator fails to close a motor operated RHR discharge to
cold leg valve (11SJ49 or 12SJ49).

Table 20-7(2) Long List > 10 items, when procedures with
chee.koff provisions are correctly used.

HEP median = 0.003, error factor = 3
HEP mean = 3.75E-03

2. Commission error - Operator selects wrong valve in place of an RhR
discharge to cold leg valve (11SJ49 or 12SJ49).

:A Table 20-12(2) Select wrong control on a panel from an array of '

() similar appearing controls identified by labels .

only.,

,

HEP median = 0.003, error factor 3
HEP mean = 3.75E-03

,

'

3. Recovery error - Shif t supervisor fails to detect error by other s.

Table 20-22(1) Checking routine tasks, checker using written
materials.

.

HEP median = 0.1, error factor = 5
L HEP mean = 1.61E-01

1

1 '

POE = (01)(03) + (1-01)(02)(03)
P (3.75E-03)(1.61E-01) + [1-(3.75E-03))(3.75E-03)(1.61E-01)
Ph=1.21-03=

Fault Tree Identifiers: MV1149CL0E, MV1249CL0E

:Q.v
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WESTINGHOUSE PROPRIETARY CLASS 3

:

TABLE C-3 (Cont)
'

|f ,1
k/ SALEM

HUMAN ERROR CALCULATIONS

TASK: Open 1RH1 or 1RH2. Complete " Check Off Sheet 1" of OP 11-6.3.2.

REFERENCE: Step 5.1.13 of OP 11-6.3.2 Revision 11. " Initiating Residual Heat
Removal".

BREAK 00WN OF TASK:

1. Omission error - Operator fails to open a motor operated RHR common
suctionvalve(IRHR1or1RH2).

Table 20-7(2) long List > 10 items, when procedures with
checkoff provisions are correctly used.

HEP median = 0.003, error factor = 3
h- -+an = 3.75E-03

2. Commmion error - Operator selects wrong valve in place of an RHR common
suction valve (1RH1 or 1RH2).

Table 20-12(2) Select wrong control on a panel from an array of
q similar appearing controls identified by labels
ij only.

HEP median = 0.003, error factor = 3
HEP mean = 3.75E-03

3. Recovery error - Shift supervisor fails to detect error by others.

Table 20-22(1) Checking routine tasks, checker using written
materials.

HEP median = 0.1, c ror factor = 5
HEP mean = 1.61E-01

P (01)(03) + (1-01)(02)(03)

Ph==1.21-03(3.75E-03)(1.61E-01) + [1-(3.75E-03))(3.75E-03)(1.61E-01)
POE =

Fault Tree Identifiers: MV1RH10E, MV1RH20E

0306x:1o/011988 C-29
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WESTINGHOUSE PROPRIETARY CLASS 3

'

TABLE C-3 (Cont),q
SALEM'

HUMAN ERROR CALCULATIONS

TASK: Close ISJ69. Complete " Check Off Sheet 1" of OP 11-6.3.2.

REFERENCE: Step 5.1.14 of OP 11-6.3.2 Revision 11. " Initiating Residual Heat
Removal".

BREAKDOWN OF TASK: ,

1. Omiscion error - Operator fails to close the trotor operated RHR suction
valvefromRWST(ISJ69). ;

.

Table 20-7(2) Long List > 10 items, when procedures with
checkoff provisions are correctly used.

HEP median = 0.003, error factor = 3
HEP mean = 3.75E-03

2. Commission error - Operator selects wrong valve in place of the RHR
suction valve from RWST (ISJ69).

Table 20-12(2) Select wrong control on a panel from an array of
similar appearing controls identified by laoels .

| /7
! () only. |

HEP median = 0.003, error factor = 3
HEP mean = 3.75E-03

1

1 3. Recovery error - Shif t supervisor fails to detect error by others.

Table 20-22(1) Checking routine tasks, checker using written
materials.

HEP median = 0.1, error factor = 5
i HEP mean = 1.61E-01 ;

1

!

|

|

|

OE = ((01)(03) + (1-01)(02)(03)3.75E-03)(1.61E-01) + [1-(3.75E-03))(3.75E-03)(1.61E-01)
~

P

P

Ph==1.21-03

| Fault Tree Identifier: MV1SJ690En'
m

|

C-300306x:10/011988

|

. - - . _ _ - -_ _____. _ _ _ _ _ . _ _ . . _ _ . _ _ _ _ . _
-



1

WESTINGHOUSE PROPRIETARY CLASS 3 1

1
'

TABLEC-3(Cont)n
I

\ >) SALEM
HUMAN ERROR CALCULATIONS ,

r

TASK: Open 11SJ49 or 12SJ49. Complete " Check Off Sheet 1" of OP
11-6.3.2.

REFERENCE: Step 5.1.16 of OP 11-6.3.2 Revision 11. " Initiating Residual Heat '

'

Removal".

BREAKDOWN OF TASK:

1. Omission error - Operator fails to open a motor operated RHR discharge to
cold leg valve (11SJ49 or 12SJ49).

Table 20-7(2) long List > 10 items, when procedures with
checkoff provisions are correctly used.

HEP median = 0.003, error factor = 3
HEP mean = 3.75E-03

2. Commission error - Operator selects wrong valve in place of t.n RHR
discharge et cold leg valve (11SJ49 or 12SJ49).'

Table 20-12(2) Select wrong control on a panel from an array of
p( y similar appearing controls identified by labels

only.'-

'

HEP median = 0.003, error factor = 3
HEP mean = 3.75E-03

3. Recovery error - Shift supervisor fails to detect error by others.

Table 20-22(1) Checking routine tasks, checker using written ;

materials.

HEP median = 0.1, error factor = 5
HEP mean = 1.61E-01

,

POE = (01)(03) + (1-01)(02)(03)
P (3.75E-03)(1.61E-01) + [1-(3.75E-03)](3.75E-03)(1.61E-01)
Ph=1.21-03=

Fault Tree Identifiers: MV11490POE, MV12490POE

0306x:1o/011988 C-31
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WESTINGHOUSE PROPRIETARY CLASS 3
'

TABLE C-3 (Cont).
fx

miNo) SALEM
>

HUMAN ERROR CALCULATIONS

TASK: Slowly open IRH20. Complete " Check Off Sheet 1" of OP II-6.3.2.

REFERENCE; Steps 5.1.17 and 5.1.18 of OP 11-6.3.2 Revision 11. " Initiating
Residual Heat Removal".

BREAK 00WN OF TASK:

1. Omission error - Operator fails to open the air operated RHR heat
exchanger bypass valve (1RH2O).

Table 20-7(2) Long List > 10 items, when proccdures with
checkoff provisions are correctly used.

HEP median = 0.003, error factor 3
HEP mean = 3.75E-03

2. Commission error - Operator selects wrong air control valve in place of
theRHRheatexchangerbypassvalve(1RH20).

Table 20-12(2) Select wrong control on a panel from an array of
similar appearing controls identified by labels,

!

(O) only. ,

I

HEP median = 0.003, error factor = 3
HEP mean = 3.75E-03

3. Recovery error - Shift supervisor fails to detect error by others.

Table 20-22(1) Checking routine tasks, checker using written
materials.

'

HEP median = 0.1, error factor = 5
HEP mean = 1.61E-01

|
:

|
|

01)(03) + (1-01)(02)(03)| POE = 3.75E-03)(1.61E-01) + [1-(3.75E-03))(3.75E-03)(1.61E-01)| P

Ph=1.21-03=
| I

Fault Tree Identifiers: AV1200P0E

| .]
C-320306x:1D/011988

!

1
1

. _ _ . _ _ . _ - - . . , _ . . _ - _ , .- -- ,_ . _ _ _ _ ,



. _ _

3

WESTINGHOUSE PROPRIETARY CLASS 3 1

TABLEC-3(Cont) J

7-]N\ !'~ SALEM '

HUMAN ERROR CALCULATIONS

;

TASK: Slowly open 11RH18 and 12RH18. Complete " Check Off Sheet 1" of 1

OP !!-6.3.2.

REFERENCE: Step 5.1.19 of OP 11-6.3.2 Revision 11. " Initiating Residual Heat
Removal".

BREAKDOWN OF TASK:
.

1. Omission error - Operator fails to open an air operated RHR heat exchanger
outlet valve (11RH1B cr 12RH18).

Table 20-7(2) Long List > 10 items, when procedures with
checkoff provisions are correctly used.

HEP median = 0.003, error factor = 3
HLP mean = 3.75E-03

2. Commission error - Operator selects wrong valve in place of an RHR heat
exchanger outlet valve (11RH18 or 12RH18).

N Table 20-12(2) Select wrong control on a panel from an array of
(V similar appearing controls identified by labels

only.

HEP median = 0.003, error factor = 3
02 mean = 3.75E-03

3. Recovery error - Shift supervisor fails to detect error by others.

Table 20-22(1) Checking routine tasks, checker using written
materials.

HEP median = 0.1, error factor = 5
03 nean = 1.61E-01

!

Ph=((01)(03)+(1-01)(02)(03)3.75E-03)(1.61E-01) + [1-(3.75E-03)](3.75E-03)(1.61E-01)
P

=

POE = 1.21-03

Fault Tree Identifiers: AV11180POE, AV12180POEq
V

C-330306x:1D/011988
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WESTINGHOUSE PROPRIETARY CLASS 3

1

T/.BLE C-3 (Cont) I73
t )
U SALEM

HUMAN ERROR CALCULATIONS

TASK: Close IRH20. Complete " Check Off Sheet 1" of OP !!-6.3.2.

REFERENCE: Step 5.1.19 of OP !!-6.3.2 Revision 11', " Initiating Residual Heat
Removal".

BREAKDOWN OF TASK:

1. Omission error - Operator fails to close an air operated RHR heat
exchanger bypass valve (1RH2O).

Table 20-7(2) Long List > 10 items, when procedures with
checkoff provisions are correctly used.

HEP median = 0.003, error factor = 3
HEP mean = 3.75E-03

2. Commission error - Operator selects wrong valve in place of an RHR heat
exchanger bypass valve (1RH20).

Table 20-12(2) Select wrong control on a panel from an array of
similar appearing controls identified by labels| n) only.ij;

HEP median = 0.003, error factor = 3
HEP mean = 3.75E-03

3. Recovery error - Shift supervisor fails to detect error by others.

Table 20-22(1) Checking routine tasks, checker using written
materials.

HEP median = 0.1, error factor = 5
l' HEP mean = 1.61E-01 ,

r

|

| P (01)(03) + (1-01)(Q2)(03)

Ph==1.21-03| (3.75E-03)(1.61E-01)+[1-(3.75E-03))(3.75E-03)(1.61E-01)
POE =1

Fault Tree Identifiers: AV120CL0E

yo

|

0306x:1D/011988 C-34
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WESTINGHOUSE' PROPRIETARY CLASS 3 |

<

TABLE C-4g

b SALEM
DOMINANT CONTRIBUTORS

RHR INITIATION

MEAN PROBABILITY OF FAILURE = 3.20E-02

PROBABILITY CUTSET DESCRIPTION

1. 1.61E-03 OPERATOR FAILS TO ENERG. CB TO MOTOR OPERATED VALVE 1RH2

2. 1.61E-03 OPERATOR FAILS TO ENERG. CB T0, MOTOR OPERATED VALVE 1RH1

3. 1.61E 03 OPERATOR FAILS TO ENERG. CB TO MOTOR OPERATED VALVE ISJ69

4, 1.21E-03 OPERATOR FAILS TO OPEN MOTOR OPERATED VALVE 12CC16

5. 1.21E-03 OPERATOR FAILS TO OPEN MOTOR OPERATED VALVE 11CC16

6. 1.21E-03 OPERATOR FAILS TO CLOSE AIR OPERATED VALVE 1RH2O

7. 1.21E-03 OPERATOR FAILS TO OPEN AIR OPERATED VALVE 12RH18

8. 1.21E-03 OPERATOR FAILS TO OPEN AIR OPERATED VALVE 11RH18

9. 1.21E-03 OPERATOR FAILS TO OPEN AIR OPERATED VALVE 1RH2Om
!

V' 10, 1.21E-03 OPERATOR FAILS TO OPEN MOTOR OPERATED VALVE 12SJ49 ,

11. 1.21E-03 OPERATOR FAILS TO OPEN MOTOR OPERATED VALVE 11SJ49

12. 1.21E-03 OPERATOR FAILS TO CLOSE MOTOR OPERATED VALVE ISJ69

13. 1.21E-03 OPERATOR FAILS TO OPEN MOTOR OPERATED VALVE 1RH2

14. 1.21E-03 OPERATOR FAILS TO OPEN MOTOR OPERATED VALVE 1RH1

15. 1.21E-03 OPERATOR FAILS TO CLOSE MOTOR OPERATED VALVE 12SJ49

16. 1.21E-03 OPERATOR FAILS TO POSITION CP L/0 SWITCH FOR VALVE 12SJ49

17. 1.21E-03 OPERATOR FAILS TO CLOSE MOTOR OPERATED VALVE 11SJ49

18, 1.21E-03 OPERATOR FAILS TO POSITION CP L/0 SWITCH FOR VALVE 11SJ49

19. 1.21E-03 OPERATOR FAILS TO CLOSE AIR OPERATED VALVE 12RH18

20. 1.21E-03 OPERATOR FAILS TO OPEN AIR SUPPLY VALVE TO AV 12RH18

0
0306x:1D/011988 C-35
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'

WESTINGHOUSE PROPRIETARY CLASS 3 .

'

,

TABLE C-5

k2 SALEM i-

DOMINANT CONTRIBUTORS
LOSS OF SHORT TERM COOLING,

| WITH AUT0 CLOSURE INTERLOCK

"

MEAN PROBABILITY OF FAILURE =.1.60E-02

PROBABIllTY CUTSET DESCRIPTION

l '. 7.20E-03 RHR PUMP NO. 12 FAILS TO RUN FOR 72 HOURS

2. 7.20E-03 RHR PUkn NO. 11 FAILS TO RUN FOR 72 HOURS
,

3. 4.18E-04 LOOP POWER SUPPLY FAILS HIGH

4. 4.18E-04 LOOP POWER SUPPLY FAILS HIGH
+

5. 2.09E-04 SIGNAL COMPARATOR FAILS

6. 2.09E-04 SIGNAL COMPARATOR FAILS

7. 2.02E-04 PRESSURE TRANSMITTER FAILS ,

;

| 8. 2.02E-04 PRESSURE TRANSMITTER FAILS
\ f3

V 9. 1.44E-05 I/V MODULE FAILS 2-PC-405R

L 10. 1.44E-05 I/V MODULE FAILS 2-PM-405R
1

11. 1.44E-05 I/V MODULE FAILS 1-PC-405R
_

12. 1.44E-05 I/V MODULE FAILS 1-PM-405R

13. 1.44E-05 PUMP DISCHARGE CHECK VALVE 12RH8 FAILS TO OPEN

I 14. 1.44E-05 PUMP SUCTION VALVE 12RH4 SPURIOUSLY CLOSES (MOV)

15. 1.44E-05 RHR HEAT EXCH. 12 FAILS TO REMOVE HEAT (CCW VALVE SPURIOUS
CLOSE)

16, 1.44E-05 PUMP DISCHARGE CHECK VALVE 11RH8 FAILS TO OPEN

| 17. 1.44E-05 PUMP SUCTION VALVE 11RH4 SPURIOUSLY CLOSES (MOV)

18. 1.44E-05 RHR HEAT EXCH. 11 FAILS TO REMOVE HEAT (CCW VALVE SPURIOUS
,

CLOSE)
'

19. 1.44E-05 CROSSTIE VALVE 11RH19 (MOV) SPURIOUSLY CLOSES
1

20, 1.44E-05 CROSSTIE VALVE 12RH19 (MOV) SPURIOUSLY CLOSES

,O

0306x:10/011988 C-36
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WESTINGHOUSE PROPRIETARY CLASS 3

TABLE C-6

V SALEM ,

DOMINANT CONTRIBUTORS |

]J
LOSS OF SHORT TERM COOLING

WITHOUT AUT0 CLOSURE INTERLOCK
'

MEAN PROBABILITY OF FAILURE = 1.40E-02

MOBABILITY CUTSET DESCRIPTION

'

1. 7.20E-03 RHR PUMP NO 12 FAILS TO RUN FOR 72 HOURS

2. 7.20E-03 RHR PUMP NO. 11 FAILS TO RUN FOR 72 HOURS

3. 1.44E-03 PUMP DISCHARGE CHECK VALVE 12RHB FAILS TO OPEN

4. 1.44E-05 PUMP SUCTION VALVE 12RH4 SPURIOUSLY CLOSES (MOV)
,

5. 1.44E-05 RHR HEAT EXCH.12 FAILS TO REMOVE HEAT ('CW VALVE SPURIOUS
CLOSE)

6. 1.44E-05 PUMP DISCHARGE CHECK VALVE 11RH8 FAILS TO OPEN

7. 1.44E-05 PUMP SUCTION VALVE 11RH4 SPURIOUSLY CLOSES (MOV)

8. 1.44E-05 RHR HEAT EXCH. 11 FAILS TO REMOVE HEAT (CCW VALVE SPURIOUS'fm) CLOSE),

V'

9. 1.44E-05 CROSSTIE VALVE 11RH19 (MOV) SPURIOUSLY CLOSES

10, 1.44E-05 CROTTIES VALVE 12RH19 (MOV) SPURIOUSLY CLOSES

11. 1.44E-06 LOCKIN CIRCUITRY FAILURE CONTACT 9/C SHORTS CLOSED

|- 12. 1.44E-06 CLOSE RELAY C0ll CONTACT 5/CSV1 FAILS

13. 1.44E-06 CLOSE CONTACT 1/CLOSE SHORTS

14, 1.44E-06 LOCKIN CIRCUITRY FAILURE CONTACT 9/C SHORTS CLOSED
|

|- 15. 1.44E-06 CLOSE RELAY COIL CONTACT 5/CSV1 FAILS

16. 1.44E-06 CLOSE CONTACT 1/CLOSE SHORTS

I 17, 2.07E-10 RHR DISCHARGE VALVE 12SJ49 SPURIOUSLY CLOSES (MOV)
RHR DISCHARGE VALVE 11SJ49 SPURIOUSLY CLOSES;

18. 2.07E-10 CHECK VALVE 12SJ56 FAILS TO OPEN
RHR DISCHARGE VALVE 11SJ49 SPURIOUSLY CLOSES

| (~'s
V
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WESTINGHOUSE PROPRIETARY CLASS 3 !

.

,r) TABLEC-6(Cont)-

O SALEM
DOMINANT CONTRIBUTORS i

LOSS OF SHORT TERM COOLING :

WITHOUT AUT0 CLOSURE INTERLOCK
.

MEAN PROBADILITY OF FAILURE = 1.40E-02

. PROBABILITY CUTSET DESCRIPTION

19, 2.07E-10 CHECK VALVE 12SJ43 FAILS TO OPEN
RHR DISCHARGE VALVE 11SJ49 SPURIOUSLY CLOSES

-

,

20, 2.07E-10 CHECK VALVE 14SJ43 FAILS TO OPEN
RHR DISCHARGE VALVE 11SJ49 SPURIOUSLY CLOSES

,

r

1

.

|
'

|
|

1

|

|

\
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WESTINGHOUSE PROPRIETARY CLASS 3
,

TABLE C-7,

V SALEM |
DOMINANT CONTRIBUTORS

LOSS Or LONG TERM COOLING
WITH AUT0 CLOSURE INTERLOCK

MEAN PROBABILITY OF FAILURE = 3.60E-02

PROBABILITY CUTSET DESCRIPTION t

1, 1.02E-02 PUMP NO. 12 FAILS TO RUN FOR SIX WEEKS
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

,

2. 5.85E-03 LOOP POWER SUPPLY FAILS HIGH (IRH1)

3. 5.85E-03 LOOP POWER SUPPLY FAILS HIGH (IRH2)

4. 2.92E-03 SIGNAL COMPARATOR FAILS (1RH1)

5. 2.92E-03 SIGNAL COMPARATOR FAILS (1RH2)

6. 2.82E-03 PRESSURE TRANSMITTER FAILS (IRril)

7. 2.82E-03 PRESSURE TRANSMITTER FAILS (1RH2)

:e . 8. 1.02E-03 PUMP NO 12 FAILS TO START ON DEMAND

( PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

9. 2.81E-04 PUMP NO. 12 UNAVAILABLE DUE TO TEST
PUMP NO 11 FAILS TO RUN FOR SIX WEEKS

10. 2.02E-04 RHR DISCHARGE VALVE 11SJ49 SPURIOUSLY CLOSES

! 11, 2.02E-04 RHR DISCHARGE VALVE 12SJ49 SPURIOUSLY CLOSES (MOV)

12. 2.02E-4 I/V MODULE FAILS (1RH1) (PC)

13. 2.02E-04 I/V MODULE FAILS (1RH2) (PC)

| 14, 2.02E-04 I/V MODULE FAILS (IRH1) (PM)

i~ 15. 2.02E-04 I/V MODULE FAILS (IRH2) (PM)

16. 1.59E-04 PUMP NO.12 UNAVAILABLE DUE TO MAINTENANCE
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKSI

17, 2.04E-05 PUMP SUCTION VALVE 12RH4 SPURIOUSLY CLOSES
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

LAy
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TABLE C 7 (Cont)

'd SALEM
DOMINANT CONTRIBUTORS

LOSS OF LONG TERM COOLING
WITH AUT0 CLOSURE INTERLOCK

MEAN PROBABILITY OF FAILURE = 3.60E-02 |

PROBABILITY CUTSET DESCRIPTION

18, 2.04E-05 PUMP DISCHARGE CHECK VALVE 12RH8 FAILS TO OPEN
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

19, 2.04E-05 HEAT EXCH. 12 FAILS TO REMOVE HEAT (CCW VALVE SPURIOUS
CLOSE)
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

20, 2.04E-05 PUMP NO. 12 FAILS TO RUN FOR SIX WEEKS
'

PUMP SUCTION VALVE 11RH4 SPURIOUSLY CLOSES

O

;

O
V
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'
TABLE C-8, . ,

b SALEM
DOMINANT CONTRIBt.' TORS

LOSS OF LONG TERM COOLING
WITHOUT AUT0 CLOSURE INTERLOCK

MEAN PROBABILITY OF FAILURE = 1.20E-02

PROBABILITY CUTSET DESCRIPTION

f 1, 1.02E-02 PUMP NO. 12 FAILS TO RUN FOR SIX WEEKS'

PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS .

2. 1.02E-03 PUMP NO. 12 FAILS TO START ON DEMAND
PUMP ND. 11 FAILS TO RUN FOR SIX WEEKS

3. 2.81E-04 PUMP NO. 12 UNAVAILABLE DUE TO TEST -

PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

4, 2.02E-04 RHR DISCHARGE VALVE 11SJ49 SPURIOUSLY CLOSES

5. 2.02E-04 RHR DISCHARGE VALVE 12SJ49 SPURIOUSLY CLOSES (MOV) -

6. 1.59E-04 PUMP NO. 12 UNAVAILABLE DUE TO MAINTENANCE
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

Oj 7. 2.04E-05 PUMP SUCTION VALVE 12RH4 SPURIOUSLY CLOSESU PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

8. 2.04E-05 PUMP DISCHARGE CHECK VALVE 12RHB FAILS TO OPEN
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

9, 2.04E-05 HEAT EXCH. 12 FAILS TO REMOVE HEAT (CCW VALVE SPURIOUS
CLOSE)
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

L 10. 2.04E-05 PUMP NO. 12 FAILS TO RUN FOR SIX WEEKS
PUMP SUCTION VALVE 11RH4 SPURIOUSLY CLOSES'

11. 2.04E-05 PUMP NO. 12 FAILS TO RUN FOR SIX WEEKS
HEAT EXCH. 11 FAILS TO REMOVE HEAT (CCW VALVE SPURIOUS
CLOSE)

12. 2.04E-05 CROSSTIE VALVE 11RH19 SPUR 10VSLY CLOSES
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

13, 2.04E-05 CROSSTIE VALVE 12RH19 SPURIOUSLY CLOSES'

I PUMP NO. 11 FAILS TO RllN FOR SIX WEEKS

1 14. 2.04E-05 CROSSTIE VALVE 11RH19 SPURIOUSLY CLOSES
| PUMP NO. 12 FAILS TO RUN FOR SIX WEEKS

O
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TABLE C-8 (Cont)- |,g,

s-) SALEM
DOMINANT CONTRIBUTORS

LOSS OF LONG TERM COOLING
WITHOUT AUT0 CLOSURE INTERLOCK

MEAN PROBABILITY OF FAILURE =.1.20E-02 .

PROBABILITY CUTSET DESCRIPTION _

15, 2.04E-05 CROSSTIE VALVE 12RH19 SPURIOUSLY CLOSES
PUMP NO. 12 FAILS TO RUN FOR SIX WEEKS

16, 2.02E-05 LOCKIN CIRCUITRY FAILURE CONTACT 9/C SHORTS CLOSED (1RH1)

17, 2.02E-05 CLOSE RELAY C0ll CONTACT 5/CSV1 FAILS (1RH1)

18. 2.02E-05 CLOSE CONTACT 1/CLOSE SHORTS (1RH1)

19, 2.02E-05 LOCKIN CIRCUITRY FAILURE CONTACT 9/C SHORTS CLOSED (IRH2)

20, 2.02E-05 CLOSE REl.AY COIL CONTACT 5/CSV1 FAILS (IRH2)

r"N
! V
t

t

L

1

!

rG^i
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C.3.2 CALLAWAYp
'

,

Three fault trees were developed to model the RHR System unavailability for ,

Callaway. These fault trees were developed from the systom flew diagrams and
control wiring diagrams shown and described in Section 5.2 for Callaway. Each ;

fault tree is discussed below. The RHR suction valves EJ-HV-8701A,
EJ-HV-8701B, BB-PV-8702A, and BB-PV-8702B were modeled in detail down to the

control circuitry level to explicitly show the change in unavailability due to
removal of the autoclosure interlock.

Failure during RHR Initiation

The fault tree developed for this phase of cooldown (Figure C-6) details the
failure during initiation of the RHR System. The fault tree was developed

based on the RHR System Operating Procedure OTN-EJ-00001, Revision 4. Section

4.3, " Placing the RHR System in Service for Normal Cooldown." The steps for

RHR initiation are summarized below:

1 A
| V 1. Close RHR heat exchanger bypass control valve EJ-FCV-618 and

! EJ-FCV-619,

2. Close RHR heat exchanger flow control valve EJ-HCV-606 and EJ-HCV-607.

3. Unlock and close the supply breakers for the RHR System, loop suction
valves, EJ-HV-8701A, EJ-HV-8701B, BB-PV-8702A, and BB-PV-8702B.

t

4. Open the CCW inlet valves to the RHR heat' exchanger, EG-HV-101 and

EG-HV-102.

5. Close RHR pump suction valves from RWST, BN-HV-8812A and BN-HV-8812B,

6. Open the RHR loop inlet isolation valves, EJ-HV-8701A, EJ-HV-8701B,
BB-PV-8702A, and BB PV-8702B.

|
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7. Start RHR pump, PEJ01A and PEJ01B.

O
8. Close EJ-HV-8716A and EJ-HV-8716B.

.

9. Slowly open RHR heat exchanger bypass valve EJ-HCV-618 and EJ-FCV-619. ;

10. Open RHR heat exchanger flow control valve EJ-HCV-606 and EJ-HCV-607.
,

Each of these steps was modeled in the fault tree to involve an operator error
or a component failure. For example, the fourth step requires the opening of
a CCW valve to the RHR heat exchanger. Failure of this step could involve: 1)

,

the operator failing to open the valve or 2) the valve failing to open. This
phase of cooldown is not dependent on the auto closure interlock but on the
prevent-open interlock. Thus, only one fault tree was developed. ,

Loss of Short Term Cooling

The fault tree developed for this phase of cooldown (Figure C-7 with ACI and
Figure C-8 without ACI) requires that both trains of RHR be in operation.

; Injection into two of four cold legs for 72 hours is required for success in
this phase. The RHR suction valves are modeled in detail to show how the

| valves could spuriously close. With the autoclosure interlock present, a i

spurious pressure signal could cause the suction valves to spuriously close. <

l With the autoclosure signal removed from the circuit, the valves are less

1. likely to spuriously close.
L

Loss of Long Term Cooling

For this phase of plant cooldown, only one RHR train (pump and heat exchanger)
are required to be operating for a period of six weeks. Injection into two of
four cold legs is the success criteria. The fault tree developed for the case
with the ACI is shown in Figure C-9, while the case without the ACI is shown

i in Figure C-10.

O
1
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The fault trees were quantified for the case with and without the autoclosure ;7g

D interlock'. The basic event probabilities (component unavailabilities and j

human error probabilities) are shown in Table C-10. The equation used to |

t: calculate the component unavailability is :

0'=(1)Tg

where

Q = compontnt failure probability ,
,

(1) = failure rate for component

Tg = total defined mission tims in which the component must
operate.

The human error probability calculations for Callaway are shown in Table C-11. ;

The unavailability of the Train' B pump due to test is based on the Technical
Specification 3.4.1.4.1 which states: "One RHR loop may be inoperable for up

to 2 hours for surveillance testing probided the other RHR loop is OPERABLE
,

and in operation." Assuming that pump testing occurs on a monthly' basis

.
(every 720 hours), the unavailability due to test is calculated by:

Otest = (7)/TT
*

1

where T = average duration of test (hours)

TT = interval between tests (hours)

For Callaway, the test unavailability is:
,

Otest = (7)/TT
= (2 hours) / (720 hours)
= 2.78E-03

L

'
.

;
1
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I

.The unavailability due to maintenance was extracted from Reference 20
)j'" Individual Plant Evaluation Methodology for Pressurized Water Reactors,"

4 April'1987, Section 2.4, Table 2,4-2 Generic Maintenance Durations for a ]
standby pump tested monthly or quarterly and a component inoperability time j

limit of 72 hours.. Therefore the unavailability due to maintenance is: )
i

l

Omain * (f ) (I)Rr
= (8.42E-05 events / hour) (18.7 hours / event) i

= 1.57E-03 J

l

where f = frequency of maintenance (events / hour) .r
(7)R = mean c mp nent repair time (hours / event)

>

Results

The results of the quantification are shown in Table C-9. The major cutsets
'

for each fault tree are shown in Tables C-12 to 0-16.

'For the failure of initiation fault tree, the dominant failure mode is the h
operator failing to open the suction valves from the RCS to the RHRS. The

deletion of the autoclosure interlock has no effect on the failure probability
for RHRS initiation. ;

The failure probability of the short term cooling mode for Callaway is reduced
by 12 percent with the deletion of the ACI. The dominant failure mode for
each fault tree (with and without the autoclosure interlock) is the failure of

',

either' pump to run for 72 hours (both pumps are required for success in this
phase). For the case with the autoclosure interlock, failure of components
associated with the ACI contribute approximately 2.0E-03 to the failure

probability.

,

In the long term cooling phase for Callaway, the failure of both pumps is the
dominant contributor to unavailability. The pump failure modes considered
included pump A failing to run and pump B failing to start or run given pump A

O
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:

J

l
:

n has failed. The other dominant contributors involve failure of the ACI. The ;

b deletion of the ACI for this phase of cooldown reduces the unavailability by

70 percent.
1

The results of the quantification of the Callaway RHR unavailability fault ;

|trees show a trend that the longer the RHR system is in operation, the more
likely it becomes that the RHRS suction valves will spuriously close. Thus,
the availability of the RHRS increases with the deletion of the autoclosure
interlock because the suction valves are less likely to spuriously close.

1

,

O

|

|

I

!

,
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i
I

TABLE C-9>-~s

'-- CALLAWAY

RHR SYSTEM UNAVAILABILITY t
^

'

RESULTS

FAULT TREE WITH WITHOUT PERCENT

PHASE AUTOCLOSURE AUT0 CLOSURE CHANGE

i- INITIATION 3.62E-02 3.62E-02 -

SHORT TERM 1.64E-02 1.44E-02 -12

LONG TERM 3.91E-02 1.17E-02 -70

,

|

<

..

;

1

1

1

bv
!
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|

!

TABLE C-10 1' q
C) CALLAWAY BASIC EVENT PROBABILITIES

FAILURE DETECTION

FAULT TREE RATE (/HR TIME FAILURE

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY

RHR INITIATION

1.20E-03AV618CLOE DE OPERATOR FAILS TO OP 1.200E-03 ---

AV618K A0 FAILURE.T0 OPERATE 1.000E-05 2.000E+00 2.00E-05

1.20E-03AV619CL0E DE OPERATOR FAILS TO OP 1.200E-03 ---

AV619K A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05

1.20E-03AV606CLOE DE OPERATOR FAILS TO OP 1.200E-03 ---

AV606K A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E 05

1.20E-03AV607CL0E OE OPERATOR FAILS TO OP 1.200E-03 ---

AV607K A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05
,

1.20E-03
( MV812ACL0E DE OPERATOR FAILS TO OP 1.200E-03 ---

MV8812AK MV FAILURE TO CLOSE 1.000E-05 2.000E+00 2.00E-05

1.20E-03MV812BCL0E DE OPERATOR FAILS TO OP 1.200E-03 ---

MV88126K MV FAILURE TO CLOSE 1.000E-05 2.000E+00 2.00E-05

1.60E-03MV701ACB0E DE OPERATOR FAILS TO EN 1.600E-03 ---

3.20E-03MV8701A0E DE OPERATOR FAILS TO OP 3.200E-03 ---

1ATPPT405 TP PRESSURE SENSORS ALL 2.800E-06 2.000E+00 5.60E-06

1APSPQY405 PS LOOP POWER SUPPLY AL 5.800E-06 2.000E+00 1.16E-05

1ACMPB405A CM COMPARATOR ALL MODES 2.900E-06 2.000E+00 5.80E-06

1ABIPS405A BI BISTABLE HIGH OUTPUT 2.400E-06 2.000E+00 4.80E-06

1ARSPS405 RS RESISTOR STANDARD QU 4.900E-09 2.000E+00 9.80E-09

1ACNK734 CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

0
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l
1

TABLE C-10 (Cont)-
,

(J CALLAWAY BASIC EVENT PROBABILITIES
'

,

FAILURE DETECTION |

FAULT TREE RATE-(/HR TIME FAILURE I
IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY |

1ACN33BCRW CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

1ACN33BCSU CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08

1ACN33BCCH CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

1ACNHISOPE CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

1ACN420/A CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

1ACN42C/BU CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

1AREC0420F C0 RELAY C0ll FAILURE 3.000E-06 2.000E+00 6.00E-06

1ACB52U CB CIRCUIT BREAKER OPEN 1.000E-08 2.000E+00 2.00E-08

1AFU40 APHA FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

('N 1AFU40APHB FU FUSE ALL MODES 1.500E . 2.000E+00 3.00E-07

| 1AFU40APHC FU FUSE ALL MODES 1.500E-07 2.000E+00 Suc0E-07

l
1AOL49A OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.0GE-07

1AOL498 OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07
|

|- 1AOL49C OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07
'

1AMSCN420A CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

1AMSCN420B CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

1AMSCN4200 CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

1AFU1 APHA FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

1AFU1APHB FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

1ACT480120 CT CURRENT TRANSFORMER 3.500E-07 2.000E+00 7.00E-07

1AFU2 AMP FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

0
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TABLE C-10 (Cont)eN
i CALLAWAY BASIC EVENT PROBABILITIES ,

,

FAILURE DETECTION

FAULT TREE RATE (/HR TIME FAILURE
-

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY

1AOLCN49AB CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

1AOLCN49BB CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

1AOLCN49CB CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

1AQSWS18 QS TORQUE SWITCH FAIL T 2.000E-07 2.000E+00 4.00E-07

1.60E-03
MV702ACB0E DE OPERATOR FAILS TO EN 1.600E-03 ---

3.20E-03
MV8702A0E OE OPERATOR FAILS TO OP 3.200E-03 ---

2ACNK734 CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2ACN33BCRW CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08

2ACN33BCSU CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08

2ACN33BCCH CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08
.

2ACN9SOPE CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2ACN420/A CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2ACN42C/BU CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

'

2AREC0420F C0 RELAY COIL FAILURE 3.000E-06 2.000E+00 6.00E-06

i 2ACB52U CB CIRCUIT BREAKER OPEN 1.000E-08 2.000E+00 2.00E-08

2AFU40 APHA FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

2AFU40APHB FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

2AFU40APHC FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

| 2AOL49A OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

1
2AOL49B OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

2AOL49C OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07
,

i

i

!
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TABLE C-10 (Cont) ;
7

1 CALLAWAY BASIC EVENT PROBABILITIES

FAILURE DETECTION

FAULT TREE RATE (/HR TIME FAILURE
IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY

2AMSCN420A CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2AMSCN420B CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2AMSCN420C CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2AFU1 APHA FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

2AFU1APHB FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

2ACT480120 CT CURRENT TRANSFORMER 3.500E-07 2.000E+00 7.00E-07

2AFU2 AMP FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

2AOLCN49AB CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

2AOLCN49BB CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-09

(' 2MLCN49CB CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08
;

[' 2AQSWS18 QS TORQUE SWITCH FAIL T 2.000E-07 2.000E+00 4.00E-07

1.60E-03MV701BCBOE DE OPERATOR FAILS TO EN 1.600E-03 ---

3.20E-03MV8701BOE DE OPERATOR FAILS TO OP 3.200E-03 ---

1BTPPT403 TP PRESSURE SENSORS ALL 2.800E-06 2.000E+00 5.60E-06

IBPSPQY403 PS LOOP POWER SUPPLY AL 5.800E-06 2.000E+00 1.16E-05

1BCMPB403A CM COMPARATOR ALL MODES 2.900E-06 2.000E+00 5.80E-06

- 1BBIPS403A BI BISTABLE HIGH OUTPUT 2.400E-06 2.000E+00 4.80E-06
|

| 1BRSPS403 RS RESISTOR STANDARD QU 4.900E-09 2.000E+00 9.80E-09
|

|- 1BCNK734 CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

1BCN33BCRW CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08
|

1BCN33BCSU CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

|

1

f I
; V
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TABLE C-10 (Cont)-,q ,

'

Cf CALLAWAY BASIC EVENT PROBABILITIES

FAILURE DETECTION !

FAULT TREE RATE (/HR TIME FAILURE i

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY

1BCN33BCCH CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

1BCNHISOPE CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

IBCN420/A CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

1BCN42C/BU CN P.ELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

1BREC0420F C0 RELAY C0ll FAILURE 3.000E-06 2.000E+00 6.00E-06

1BCB52V CB CIRCUIT BREAKER OPEN 1.000E-08 2.000E+00 2.00E-08

1BFU40 APHA FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

1BFU40APHB FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

1BFU40APHC FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

O 1BOL49A OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07
V

1BOL49B OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

1BOL49C OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

1BMSCN420A CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

1BMSCN4208 CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

1BMSCN4200 CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

1BFU1 APHA FU FUSE ALL NODES 1.500E-07 2.000E+00 3.00E-07

IBFU1APHB FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

1BCT480120 CT CURRENT TRANSFORMER 3.500E-07 2.000E+00 7.00E-07

| 1BFU2 AMP FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

1BOLCN49AB CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

1BOLCN49BB CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08

| 1BOLCN49CB CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08
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WESTINGHOUSE PROPRIETARY CLASS 3
L

TABLE C-10 (Cont)n
Q CALLAWAY BASIC EVENT PROBABILITIES

FAILURE DETECTION

FAULT TREE RATE (/HR TIME FAILURE

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY

IBQSWS18 05 TOROVE SWITCH FAIL T 2.000E-07 2.000E+00 4.00E-07

1.60E-03MV702BCB0E DE OPERATOR FAILS TO EN 1.600E-03 ---
1

3.20E-03MV870280E DE OPERATOR FAILS TO OP 3.200E-0? --- .

2BCNK734 CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2BCN33BCRW CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

2BCN33BCSU CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

2BCN33BCCH CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

2BCNHISOPE CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2BCN420/A CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06 ;

|
2BCN42C/BU CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

'

2BREC0420F C0 RELAY COIL FAILURE 3.000E-06 2.000E+00 6.00E-06

2BCB52U CB CIRCUIT BREAKER OPEN 1.000E-08 2.000E+00 2.00E-08

2BFU40 APHA FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

2BFU40APHB FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

2BFU40APHC FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

2BOL49A OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

2BOL49B OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

2BOL49C OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

2BMSCN420A CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2BMSCN420B CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2BMSCN420C CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2BFV1 APHA FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07
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WESTINGHOUSE PROPRIETARY CLASS 3

:
('

TABLE C-10 (Cont) !,,() CALLAWAY BASIC EVENT PROBABILITIES

FAILURE DETECTION
FAULT TREE RATE (/HR TIME FAILURE
IDENTIFIER COMP FAILURE NODE OR /D) (HR) PROBABILITY

f2BFV1APHB FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

2BCT480120 CT CURRENT TRANSFORMER 3.500E-07 2.000E+00 7.00E-07 ;

28FU2 AMP FU FUSE ALL MODES 1.500E-07 2.000E^00 3.00E-07

2BOLCN49AB CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08
,

2BOLCN49BB CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08

2BOLCN49CB CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

2BOSWSIB 0S TOROVE SWITCH FAIL T 2.000E-07 2.000E+00 4.00E-07

PMAA PM FAILURE TO START 1.000E-05 2.000E+00 2.00E-05

PMAX PM FAIL TO RUN,GIVEN ST 1.000E-04 2.000E+00 2.00E-04
;

O PMBA PM FAILURE TO START 1.000E-05 2.000E+00 2.00E-05
| O

PMBX PM FAIL TO RUN GIVEN ST 1.000E-04 2.000E+00 2.00E-04:

i

1.20E-03AY5180POE DE OPERATOR FAILS TO OP 1.200E-03 ---

AV61BD AD FAILURE TO OPERATE 1.000E-05 2,000E+00 2.00E-05 !

1.20E-03AV6190POE DE OPERATOR FAILS TO OP 1.200E-03 ---

AV619D A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05

1.20E-03AV6060POE OE OPERATOR FAILS TO OP 1.200E-03 ---

AV606D A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05

1.20E-03
| AV6070POE OE OPERATOR FAILS TO OP 1.200E-03 ---

AV607D A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05

1.20E-03MV716ACLOE OE OPERATOR FAILS TO OP 1,200E-03 ---

MV8716AK MV FAILURE TO CLOSE 1.000E-05 2.000E+00 2.00E-05

1.20E-03MV716BCLDE OE OPERATOR FAILS TO OP 1.200E-03 ---
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WESTINGHOUSE PROPRIETARY CLASS 3
:

i

o TABLE C-10 (Cont)
;

'
CALLAWAY BASIC EVENT PRDBABILITIES ,

i

FAILURE DETECTION !
FAVLT TREE RATE (/HR TIME FAILURE ,

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY j

MV8716BK MV FAILURE TO CLOSE 1.000E-05 2.000E+00 2.00E-05 :

1.20E-03MV1010POE DE OPERATOR FAILS TO OP 1.200E-03 ---

MV1010 MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05

1.20E-03MV1020POE DE OPERATOR FAILS TO OP 1.200E-03 ---

MV1020 MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05
,

t

SHORT TERM COOLING ,

CV8948AD CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05 i

CV8818AD CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05
'

PMAX PM FAIL TO RUN,GIVEN ST 1.000E-04 7.200E+01 7.20E-03
-

V 2ACNCLOSEQ CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06

! 2ACN42CAO CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06
1

| 2AMSCNAQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-OS

| 2AMSCNBQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.161-06
,

1
2AMSCNCQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

2ACNK7350 CN RELAY CONTACTOR$ SPV 2.000E 08 7.200E+01 1.44E-06 ,

1BIPS405H BI BISTABLE HIGH OUTPUT 2.400E-06 7.200E+01 1.73E-04
,

1 1CMPP405F CM COMPARATOR ALL MODES 2.900E-06 7.200E+01 2.09E-04

1PSPQY405F PS LOOP POWER SUPPLY AL 5.800E-06 7.200E+01 4.18E-04

1TPPT405H TP PRESSURE SENSORS ALL 2.800E-06 7.200E+01 2.02E-04

1ACNCLOSEQ CN RELAY CONTACTOR$ SPV 2.000E-08 7.200E+01 1.44E-06

1ACN42CAO CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06

pd
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WESTINGHOUSE PROPRIETARY CLASS 3 |

1
|
|

CALLAWAY B $ C N ABILITIES

FAILURE DETECTION |

FAULT TREE RATE (/HR TIME FAILURE i

1DENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY

M1AMSCNAQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06
1

1AMSCNBQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

1AMSCNCQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

1ACNK7350 CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06

MVHVSB09AV MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

CV8730AD CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05 j

HXACCWMVV MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

CV894BBD CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05

| CVB810BD CV FAILURE TO OPEN 2,000E-07 7.200E+01 1.44E-05 |
1

! CV8948CD CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05

CVBB18CD CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05

PMBX PM Fall TO RUN,GIVEN ST 1.000E-04 7.200E+01 7.20E-03

2BCNCLOSEQ CN RELAt CONTACTORS SPU 2.000E-08 ~.200E+01 1.44E-06

2BCN42CAQ CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06

|

|
2BMSCNAQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

2BMSCNBQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+0! 2.16E-06'

2BMSCNCQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

2BCNK7350 CN RELAY CONTACTORS SPU 2.000E-08 7.200E+01 1.44E-06

2BIPS403H BI BISTABLE HIGH OUTPUT 2.400E-06 7.200E+01 1.73E-04 .

2CMPB403F CM COMPARATOR ALL MODES 2.900E-06 7.200E+01 2.09E-04

2PSPQY403F PS LOOP POWER SUPPLY AL 5.800E-06 7.200E+01 4.18E-04
,

2TPPT403H TP PRESSURE SENSORS ALL 2.800E-06 7.200E+01 2.02E-04

Om

C-62omcwoness

|

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



-

,

WESTINGHOUSE PROPRIETARY CLASS 3 |

1

i

TABLEC-10(Cont)

'b(w CALLAWAY BASIC EVENT PROBABILITIES

,

FAILURE DETECTION ;

FAULT TREE RATE (/HR TIME FAILURE ;
'

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY

1BCNCLD5EQ CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06 ;

IBCN42CAQ CN RELAY CONTACTOR$ SPU 2.000E-08 7.200E+01 1.44E-06
'

IBMSCNAQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

1BMSCNBQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

IBMSCNCQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06 ,

1BCNK7350 CN RELAY CONTACTORS SPV 2,000E-08 7.200E+01 1.44E-06

MVHV8809BV MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

CV8730BD CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05

HXBCCWMVV MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

CV8948DD CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05

CV8818DD CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05

LONG TERM COOLING

PMAX PM Fall TO RUN,GIVEi' ST 1.000E-04 1.008E+03 1.01E-01

2ACNCLOSEQ CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05 t

1

2ACN42CAO CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05

2AMSCNAQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

2AMSCNBQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

2AMSCNCQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

2ACNK7350 CN RELAY CONTACTMS SPU 2.000E-08 1.008E+03 2.02E-05
'

IBIPS405H B1 BISTABLE HIGH OUTPUT 2.400E-06 1.008E+03 2.42E-03

ICMPB405F CM COMPARATOR ALL MODES 2.900E-06 1.008E+03 2.92E-03

(
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WES11NGHOUSE PROPRIETARY CLASS 3

TABLEC-10(Cont)-,.~() CALLAWAY BASIC EVENT PROBABILITIES

FAILURE DETECT!DN
FAULT TREE RATE (/HR TIME FAILURE
IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY

IPSPQY405F PS LOOP POWER SUPPLY AL 5.800E-06 1.008E+03 5.85E-03

1TPPT405H TP PRESSURE SENSORS ALL 2.800E-06 1.008E+03 2.82E-03

1ACNCLOSEQ CN RELAY CONTACTOR$ SPV 2.000E-08 1.008E+03 2.02E-05

1ACN42CAO CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05

1AMSCNAQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02C-05 |
1AMSCNBQ CN MOTOR STARTER SPURIO 3.000E-08 1.00eE+03 3.02E 05 i

1AMSCNCQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E 05 ;

i
1ACNK7350 CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E 05

MVHV8809AV MV FAILURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04 !

|/ HXACCWMVV MV FAILURE TO REMAIN OP 2.000E-07 1.00BE+03 2.02E-04

'
CV8948CD CV FAILURE TO OPEN 2.000E-07 1.000E+03 2.02E-04

CV8818CO CV FAILURE TO OPEN 2.000E-07 1.038E+03 2.02E-04 i

PMBA PM FAILURE TO START 1.000E-05 1.008E+03 1.01E-02 !

'
PMSX PM Fall TO RUN.GIVEN ST 1.000E-04 1.008E+03 1.01E-01

2.78E-03PMBTEST TE PUMP TEST UNAVAILABI 2.780E-03 ---
,

1.57E-03PMBMAIN MA PUMP MAINTENANCE UNA 1.570E-03 ---

2BCNCLOSEQ CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05

2BCN42CAQ CN RELAY CONTACTOR$ SPV 2.000E-08 1.008E+03 2.02E-05

2BMSCNAQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05
,

2BMSCNBQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05 ,

2BMSCNCO CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05
.

O
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WESTINGHOUSE PROPRIETARY CLASS 3

|

|

TABLE C-10 (Cont)73
V CALLAWAY BASIC EVENT PROBABILITIES ;

FAILURE DETECTION I

FAULT TREE RATE (/HR TIME FAILURE

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY
|

2BCNK7350 CN RELAY CONTACTORS SPU 2.000E-08 1.00BE403 2.02E 05 |

2BIPS403H B1 HISTABLE HIGH OUTPUT 2.400E-06 1.008E+03 2.42E 03

2CMPB403F CM COMPARATOR ALL MODES 2.900E-06 1.008E+03 2.92E-03

2 PSP 0Y403F PS LOOP POWER SUPPLY AL 5.800E-06 1.008E+03 5.85E-03

2TPPT403H TP PRESSURE SENSORS ALL 2.800E-06 1.008E+03 2.82E-03

1BCNCLOSEO CN RELAY CONTACTORS SPV 2.000E-08 1.008E+03 2.02E-05

1BCN42CAO CN RELAY CONTACTOR$ SPU 2.000E-08 1.008E+03 2.02E-05

1BMSCNA0 CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

1BMSCNB0 CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05
'

(( ' 1BMSCNCO CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

1BCNK7350 CN RELAY CONTACTORS SPV 2.000E-08 1.008E+03 2.02E-05
,

MVHV8809BV MV FA? LURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04

CV8730BD CV FAILURE TO OPEN 2.000E-07 1.008E+03 2.02E-04

HXBCCWMVV MV FAILURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04

CV8948DD CV FAILURE TO OPEN 2.000E-07 1.008E+03 2.02E-04

CV8818DD CV FAILURE TO OPEN 2.000E-07 1.00BE+03 2.02E-04

V'O
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WESTINGHOUSE PROPRIETARY CLASS 3

1

TABLE C-11 I7 s

) CALLAWAY
HUMAN ERROR CALCULATIONS

TASK: Close RHR heat exchanger bypass control valve EJ-FCV-618 and
EJ-TCV 619.

REFERENCE: Step 4.2.7.4 of OTN-EJ-00001 Revision 4, ' Normal Operating
Procedure-ResidualHeatRemovalSystem,*Section4.2,'Borating'
the RHR System Prior to Placing in Service for Normal Cooldown.

BREAKDOWN Of TASK:
1

1. Omission error - Operator fails to close air operated heat exchanger '

bypass control valve

Median HEP = 0.003 Table 20-7 Long list > 10 items '

Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used I

l

2. Commission error - Operator fails to close valve by selecting wrong control !
,

Median HEP = 0.003 Table 20-12 Select wrong control on a
Mean HEP = 3.75E-03 panel from an array of similar-
Error Factor = 3 appearing controls identified |-

i

by labels only ,1

3. Recovery error - Second checker or Operating Supervisor fails to detect f
error by others

! Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials

<

Error Factor = 5 |
'

|

| \

i

1

1

(1-3.75E-03)(0.00375)(0.16)+0.00375(0.16)P

OE = 5.9775E-04 + 6.0E-04=

= 1.198E-03
= 1.2E-03

. Fault Tree Identifiers: AV618CLOE and AV619CLOE

|O
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WESil 4 HOUSE PROPRIETARY CLASS 3 ;

- TABLE C 11 (Cont) |7y

fCALLAWAY

HUMAN ERROR CALCULATIONS j

TASK: Close RHR heat exchanger flow control valve EJ-HCV-606 and !

EJ HCV 607. ;
;
'

REFERENCE: Step 4.2.7.2 of OTN-EJ-00001 Revision 4, ' Normal Operating
'

Procedure Residual Heat Removal System,* Section 4.2, *Borating
the RHR System Prior to Placing in Service for Normal Cooldown. !

,

BREAK 00WN Of TASK:
;

i

1. Omission error - Operator f ails to close air operated heat exchanger flow !

|control valve
i

Median HEP = 0.003 Table 20-7 Long list > 10 items i

Mean HEP = 3.75E-03 When procedures with checkoff
Error f actor = 3 provisions are correctly used

2. Commission error - Operator fails to close valve by selecting wrong control |
'

Median HEP = 0.003 Table 20-12 Select wrong control .

Mean HEP = 3.75E-03 on a panel from an array of e

Error factor = 3 similar-appearing contrels -

( identified by labels only'

( :

3. Recovery error -Second checker or Operating Supervisor fails to detect
error by others ;

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
'

Mean HEP = 0.16 using written materials
Error factor = 5

(1-3.75E-03)(0.00375)(O'16) + 0.00375(0.16)P

OE == 5.9775E-04 + 6.0E-04
= 1.198E-03
= 1.2E-03

Fault Tree Identifiers: AV606CL0E and AV607CLOE

D
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WESTINGHOUSE PROPRIETARY CLASS 3 q

/
|

r^3 TABLE C-11 (Cont)-

CALLAWAY -

HUMAN ERROR CALCULATIONS

TASK: Unlock and close the supply breakers for the RHR system, loop l

suction valves, EJ-HV-8701A, EJ-HV-87018, BB-PV-8702A, and ]
BB-PV-8702B.

REFERENCE: Step 4.3.3 in operating procedure OTN-EJ-00001 Residual Heat i
Removal System Revision 4. Section 4.3, " Placing the RHR System +

in Service for Normal Cooldown."
'

BREAKDOWN OF TASK:

1. Omission error - Operator fails to unlock and close power supply breaker |

Median HEP = 0.003 Table 20-7 Long list > 10 items
Meen HEP = 3.75E-03 When procedures with checkoff
Error factor = 3 provisions are correctly used

i

2. Commission error - Operator selects wrong circuit breaker

Median HEP = 0.005 Table 20-12 Select wrong circuit breaker
Mean HEP = 6.25E-03 in a group of circuit breakers
Error Factor = 3 densely grouped and identified

(~ by labels only

3. Recovery error -Second checker or Operating Superviser fails to detect
error by others ,

'

Median HEP = 0.1 Table 20-22 Checking routine tasks. '

Mean HEP = 0.16 checker using written materials
Error Factor = 5

,

t

(1-3.75E-3)(0.00625)(0.16)+0.00375(0.16)P

OE == 9.96E-04 + 6.0E-04 '

= 1.596E-03
= 1.6E-03

Fault Tree Identifiers: MV701ACBOE. MV701BCBOE, MV702ACBOE,
and MV702BCBOE

(
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WESTINGHOUSE PROPRIETARY CLASS 3 ,

!

TABLEC-11(Cont) hq
'

CALLAWAY

HUMAN ERRO.. CALCULATIONS

TASK: Open the CCW inlet valves to the RHR heat exchanger, EG-HV-101 ;

and EG-HV-102.
;

Step 4.3.4 of OTN-EJ-00001 Revision 4. ' Normal Operating lacing |

:
REFERENCE:

Procedure -Residual Heat Removal System,= Section 4.3, P

the RHR System In Service for Normal Cooldown." ,

BREAKDOWN OF TASK: ,

1. Omission error - Operator fails to open motor operated CCW heat exchanger
valve

Median HEP = 0.003 Table 20-7 Long list > 10 items :

Mean HEP = 3.75E 03 When procedures with checkoff
.

Error factor = 3 provisions are correctly used '

2. Commission error - Operator fails to open valve by selecting wrong control

Median HEP = 0.003 Table 20-12 Select wrong control on a panel i

Mean HEP = 3.75E-03 from an array of similar-
'

Error Factor = 3 appearing controls identifiedl

Q,o
,

by labels only |

3. Recovery error - Second checker or Operating Supervisor fails to detect ,

error by others ,'

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
;

Mean HEP = 0.16 using written materials
Error Factor = 5

,

i

(1-3.75E-03)(0.00375)(0.16)+0.00375(0.16)P

OE = 5.9775E-04 + 6.0E-04=
|

1 = 1.198E-03
= 1.2E-03

| Fault Tree Identifiers: MV1010POE and MV1020POE

C-69
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L WESTINGHOUSE PROPRIETARY CLASS 3

TABLE C-11 (Cont)rs

CALLAWAY
HUMAN ERROR CALCULATIONS

TASK: Close RHR pump suction valves from RWST, BN-HV-SB12A and
BN-HV-8812B.

REFERENCE: Step 4.3.6 of OTN-EJ-00001 Revision 4, ' Normal Operating
Procedure -Residual Heat Removal System," Section 4.3, * Placing
the RHR System in Service for Normal Cooldown."

BREAKOOWN OF TASK:

1. Omission error - Operator fails to close motor operated suction from RWST
valve

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error factor = 3 provisions are correctly useci

2. Commission error - Operator fails to close valve by selecting wrong control

Median HEP = 0.003 Table 20-12 Select wrong control on a
Mean HEP = 3.75E-03 panel from an array of similar-

O Error Factor = 3 appearing controls identified
( by labels only'

3. Recovery error -Second checker or Operating Supervisor fails to detect
error by others

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials
Error Factor = 5

i

(1-3.75E-03)(0.00375)(0.16)+0.00375(0.16)P

OE = 5.9775E-04 + 6.0E-04=

= 1.19BE-03
= 1.2E-03

Fault Tree Identifiers: MV812ACL0E and MV812BCL0E

Ov
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WESTINGHOUSE PROPRIETARY CLASS 3

TABLEC-11(Cont)-

CALLAWAY
HUMAN ERROR CALCULATIONS

TASK: Open the RHR loop inlet isolation valves, EJ-HV-8701A,
EJ-HV-8701B, BB-PV-8702A, and BB-PV-87028.

I

'
REFERENCE: Step 4.3.7 of OTN-EJ-00001 Revision 4. * Normal Operating

Procedure -Residual Heat Removal System,* Section 4.3, * Placing ,

the RHR System in Service for Normal Cooldown." [

BREAKDOWN OF TASK:

1. Omission error - Operator fails to open motor operated suction valve using |
two position switch

Median HEP = 0.003 Table 20-7 Long list > 10 items .

'

Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Commission error - Operator fails to turn control to open valve

Median HEP = 0.01 Table 20 12 Turn two position switch in
Mean HEP = 1.61E-02 wrong direction when design

r Error Factor = 5 violates a strong populational
; stereotype and operating
k conditions are normal by

labels only

3. Recovery error -Shift supervisor fails to detect error by others

Median HEP = J.1 Table 20-22 Checking routine tasks,
Mean HEP = 0.16 checker using written materials

,

| Error Factor = 5 ,

|
1

(1-3.75E-03)(0.016)(0.16) + 0.00375(0.16)P

OE == 2.556E-03 + 6.0E-04I

= 3.166E-03
= 3.2E-03

Fault Tree Identifiers: MV8701A0E, MV8701BOE, MV8702A0E, and
MV8702BOE

! ,
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WESTINGHOUSE PROPRIETARY CLASS 3 :
!
i

TABLE C-11 (Cont)

CALLAWAY
'

HUMAN ERROR CALCULATIONS

\

TASK: Close EJ-HV-8716A and EJ-HV-87168.
.

REFERENCE: Step 4.3.15 of OTN-EJ-00001 Revision 4, " Normal Operating
Procedure -Residual Heat Removal System," Section 4.3, " Placing
the RHR System in Service for Normal Cooldown."

BREAKDOWN OF TASK:

1. Omission error - Operator fails to close motor operated crosstie to RCS
hot leg valve

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff

!

Error Factor = 3 provisions are correctly used
,

2. Commission error - Operator fails to close valve by selecting wrong control

Median HEP = 0.003 Table 20-12 Select wrong control on a
Mean HEP = 3.75E-03 panel from an array of similar-
Error Factor = 3 appearing controls identified,

by labels only
,

3. Recovery error -Second checker or Operating Supervisor fails to detect
error by others

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials
Error Factor = 5

,

(1-3.75E-03)(0.00375)(0.16)+0.00375(0.16)P

OE == 5.9775E-04 + 6.0E-04
= 1.198E-03
= 1.2E-03

Fault Tree Identifiers: MV716ACLDE and MV716BCL0E

O
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WEST!NGHOUSE PROPRIETARY CLASS 3 |

|

TABLE C-11 (Cont) !,

b CALLAWAY
HUMAN ERROR CALCULATIONS

TASK: Slowly open RHR heat exchanger bypass valve EJ-HCV-618 and
EJ-FCV-619.

l
Step 4.3.16 of OTN-EJ-00001 Revision 4, " Normal Operatinl' lacingREFERENCE:
Procedure -Residual Heat Removal System," Section 4.3, * 1

the RHR System in Service for Normal Cooldown."

BREAKDOWN OF TASK:
:

1. Omission error - Operator fails to open air oparated heat exchanger bypass -

control valve

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Commission error - Operator fails to open valve by selecting wrong control

Median HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean HEP = 3.75E-03 from an array of similar- |
Error Factor = 3 appearing controls identified

'

by labels only-

3. Recovery error - Second checkar or Operating Supervisor fails to detect
error by others

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials
Error Factor = 5

.

b

(1-3.75E-03)(0.00375)(0.16)+0.00375(0.16)P

OE = 5.9775E-04 + 6.0E-04=

= 1.198E-03
= 1.2E-03

Fault Tree Identifiers: AV6180POE and AV6190POE

!
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WESTINGHOUSE PROPRIETARY CLASS 3
!

:

TABLE C-11 (Cont) :-

CALLAWAY f
HUMAN ERROR CALCULATIONS

'

l

TASK: Open RHR heat exchanger flow control valve EH-HCV-606 and .

EJ-HCV-607. !
t

[Step 4.3.18 of OTN-EJ-00001 Revision 4, " Normal Operatin<REFERENCE:
Procedure-ResidualHeatRemovalSystem,"Section4.3,"llacing i

the RHR System in Service for Normal Cooldown." |
.

i
BREAKOOWN OF TASK:

1. Omission error - Operator fails to open air operated heat exchanger flow
control valve

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff

tError Factor = 3 provisions are correctly used

2. Commission error - Operator fails to open valve by selecting wrong control :

'

' Median HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean HEP = 3.75E-03 from an array of similar- ;

Error Factor = 3 appearing controls identified
by labels only

3. Recovery error -Second checker or Operating Supervisor fails to detect
error by others

,

Median HEP = 0.1 Table 20-22 Checking routine tasks,
i

Mean HEP = 0.16 checker using written
Error Factor = 5 materials

,

t

'

(1-3.75E-03)(0.00375)(0.16)+0.00375(0.16)P

OE == 5.9775E-04 + 6.0E-04
= 1.198E-03
= 1.2E-03

Fault Tree Identifiers: AV6060POE and AV6070POE ,

O
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WESTINGHOUSE PROPRIETARY CLASS 3 |1

:
!

TABLE C-12n
$tkl' CALLAWAY
f

DOMINANT CONTRIBUTORS
RHR INITIATION

'

i

MEAN PROBABILITY OF FAILURE = 3.62E-02

PROBABILITY CUTSET DESCRIPTION

1. 3.20E-03 OPERATOR FAILS TO OPEN RHR SUCTION VALVE 87028 ;

2. 3.20E-03 OPERATOR FAILS TO OPEN RHR SUCTION VALVE 8701B

3. 3.20E-03 OPERATOR FAILS TO OPEN RHR SUCTION VALVE 8702A

!

4. 3.20E-03 OPERATOR FAILS TO OPEN RHR SUCTION VALVE 8701A

5, 1.60E 03 OPERATOR FAILS TO UNLOCK AND ENERGlZE CIRCULI :'REAKER 87028

6. 1.60E-03 OPERATOR FAILS TO UNLOCK AND ENERG12E CIRCUIT BREMER 87018

7. 1.60E-03 OPERATOR FAILS TO UNLOCK AND ENERGlZE CIkCUIT BREAKER 8702A
:

8. 1.60E-03 OPERATOR FAILS TO UNLOCK AND ENERGIZE CIRCUIT BREAKER 8701A

(] 9. 1.20E-03 CCW TO RHR HX VALVE EG-HV-102 FAILS TO OPEN OPERATOR ERROR

10. 1.20E-03 CCW TO RHR HX VALVE EG-HV-101 FAILS TO OPEN OPERATOR ERROR

11. 1.20E-03 RHR CROSSTIE VALVE HV-8716B FAILS TO CLOSE OPERATOR ERROR
*

12. 1.20E-03 RHR CROSSTIE VALVE HV-87?.6A FAILS TO CLOSE OPERATOR ERROR

13. 1.20E-03 RHR HX FLOW VALVE EJ-HCV-607 FAILS TO OPEN OPERATOR ERROR ,

14. 1.20E-03 RHR HX FLOW VALVE EJ-HCV-606 FAILS TO OPEN OPERATOR ERROR

15. 1.20E-03 RHR HX BYPASS VALVE EJ-FCV-619 FAILS TO OPEN OPERATOR ERROR

16, 1.20E-03 RHR HX BYPASS VALVE EJ-FCV-618 FAILS TO OPEN OPERATOR ERROR ,

17. 1.20E-03 RHR SUCTION VALV FROM RWST 8812B FAILS TO CLOSE OPERATOR i

ERROR

18, 1.20E-03 RHR SUCTION VALV FROM RWST 8812A FAILS TO CLOSE OPERATOR
>

ERROR

19. 1.20E-03 RHR HX FLOW VALVE EJ-HCV-607 FAILS TO CLOSE OPERATOR ERROR

20. 1.20E-03 RHR HX FLOW VALVE EJ-HCV-606 FAILS TO CLOSE OPERATOR ERROR

O
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WESTINGHOUSF. PROPRIETARY CLASS 3 |
|

|
4

TABLE C-13 |(,-) '

v CALLAWAY i

DOMINANT CONTRIBUTORS |

LOSS OF SHORT TERM COOLING :

WITH AUT0 CLOSURE INTERLOCK |
1

MEAN PROBABILITY OF FAILURE = 1.64E-02 |

PROBABILITY CUTSET DESCRIPTION

1. 7.20E-03 RHR PUMP B FAILS TO RUN FOR 72 HOURS ]
i

2. 7.20E-03 RHR PUMP A FAILS TO RUN FOR 72 HOURS

3, 4.18E-04 LOOP POWER SUPPLY P0Y-403 FAILS
:

4. 4.18E-04 LOOP POWER SUPPLY P0Y-405 FAILS

5. 2.09E-04 00AL COMPARATOR PB-403A/B FAILS

6. 2.09E-04 DUAL COMPARATOR PB-405A/B FAILS :

[

7. 2.02E-04 PRESSURE TRANSMITTER PT-403 FAILS HIGH

8. 2.02E-04 PRESSURE TRANSMITTER PT-405 FAILS HIGH

9. 1.73E 04 BISTABLE SWITCH PS-403B FAILS HIGH |

10, 1.73E-04 BISTABLE SWITCH PS-405B FAILS HIGH
'

r
'

11. 1.44E-05 HEAT EXCHANGER B FAILS TO REMOVE HEAT (CCW VALVE
SPURIOUSLY CLOS) |

12. 1.44E-05 CHECK VALVE 8730B FAILS TO OPEN ,

13. 1.44E-05 MOV HV88099 SPURIOUSLY CLOSES

14. 1.44E-05 HEAT EXCHANGER A FAILS TO REMOVE HEAT (CCW VALVE
SPUR 10VSLY CLOS)

.

15. 1.44E-05 CHECK VALVE 8730A FAILS TO OPEN ,

16. 1.44E-05 MOV HVBB09A SPURIOUSLY CLOSES

17. 1.44E-06 CONTACT 42C/A SHORTS HV8701B

18. 1.44E-06 HIS/CLOSE CONTACT SHORTS HV8701B

*

19. 1.44E-06 CONTACT K735 SHORTS HV8701B

20. 1.44E-06 CONTRACT 42C/A SHORTS PV8702B

0307m:1D/0119tB C-76
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WESilhGH00SE PROPRIETARY CLASS 3

!

TABLE C-14 ;~3

k CALLAWAY -

'

DOMINANT CONTRIBUTORS
t

LOSS OF SHORT TERM COOLING .

WITHOUT AUT0 CLOSURE INTERLOCK ;

MEAN PROBABILITY OF FAILURE = 1.44E-02 i

PROBABILITY CUTSET DESCRIPTION {
1. 7.20E-03 RHR POMP B FAILS TO RUN FOR 72 HOURS :

2. 7.20E-03 RHR PUMP A FAILS TO RUN FOR 72 HOURS ,

4

3. 1.44E-05 HEAT EXCHANGER B FAILS TO REMOVE HEAT (CCW VALVE
SPURIOUSLY CLOS) ;

4. 1.44E-05 CHECK VALVE 8730B FAILS TO OPEN

5. 1.44E-05 MOV HV8809B SPURIOUSLY CLOSES :

6. 1.44E-05 HEAT EXCHANGER A FAILS TO REMOVE HEAT (CCW VALVE
'

SPURIOUSLYCLOS) j

i 7. 1.44E-05 CHECK VALVE 8730A FAILS TO OPEN

8, 1.44E-05 MOV HV8809A SPURIOUSLY CLOSES

;

( 9, 1.44E-06 CONTACT 420/A SHORTS HV87018

10. 1.44E-06 HIS/CLOSE CONTACT SHORTS HV87018 ;
; !

11. 1.44E-06 ' CONTACT 42C/A SHORTS PV8702B t

12. 1.44E-06 HIS/CLOSE CONTRACT SHORTS PV87028
'

13. 1.44E-06 CONTACT 42C/A SHORTS HV8701A
|

f 14. 1.44E-06 HIS/CLOSE CONTACT SHORTS HV8701A ]
| 15. 1.44E-06 CONTACT 42C/A SHORTS PV8702A |

| 16. 1.44E-06 HIS/CLOSE CONTACT SHORTS PV8702A
;

| 17. 2.07E-10 DISCHARGE CHECK VALVE 8818C FAILS TO OPEN
*

I DISCHARGE CHECK VALVE 8818D FAILS TO OPEN

18, 2.07E-10 DISCHARGE CHECK VALVE 8818C FAILS TO OPEN
DISCHARGE CHECK VALVE 8948D FAILS TO OPEN

|(JG :

'
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WESTINGHOUSE PROFRIETARY CLASS 3 !
t

,,

.

'

TABLEC-14(Cont)
( ')
\' CALLAWAY :

DOMINANT CONTRIBUTORS !

LOSS OF SHORT TERM COOLING
WITHOUT AUT0 CLOSURE INTERLOCK ;

MEAN PROBABILITY OF FAILURE = 1.44E-02

PROBABILITY CUTSET DESCRIPTION __ ,

19, 2.07E-10 DISCHARGE CHECK VALVE 8948C FAILS TO OPEN
DISCHARGE CHECK VALVE 8818D FAILS TO OPEN .

t

20. 2.07E-10 DISCHARGE CHECK VALVE 894BC FAILS TO OPEN
DISCHARGE CHECK VALVE 8948D FAILS TO OPEN

.

i

>

O
:

!

!

i

t

i

I
,

i

I -

|

[

,
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WESTINGHOUSE PROPRIETARY CLASS 3

|
|

!
*

TABLE C-15 |

i
-m-

(V)
'

CALLAWAY |

DOMINANT CONTRIBUTORS |
t

LOSS OF LONG TERM COOLING i

WITH AUTOCLOSURE INTERLOCK
;

MEAN PROBABILITY OF FAILURE s.3.91E-02

PROBABILITY CUTSET DESCRIPil0N |'

1. 1.02E-02 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
RHR PUMP B FAILS TO RUN FOR SIX WEEKS ,

2. 5.85E-03 LOOP POWER SUPPLY P0Y-405 FAILS j

3. 5.85E-03 LOOP POWER SUPPLY P0Y-403 FAILS

4. 2.92E-03 DUAL COMPARATOR PB-405A/B FAILS

5. 2.92E-03 DUAL COMPARATOR PB-403A/B FAILS ,

6, 2.82E-03 PRESSURE TRANSMITTER PT-405 FAILS HIGH |

7, 2.82E-03 PRESSURE TRANSMITTER PT-403 FAILS HIGH ,

8. 2.42E-03 BISTABLE SWITCH PS-405B FAILS HIGH

9. 2.42E-03 BISTABLE SWITCH PS-403B FAILS HIGH
'

,

'

10. 1.02E-03 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
RHR PUMP B FAILS TO START

,

11. 2.81E-04 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
RHR PUMP B UNAVAILABLE DUE TO TEST ;

12, 1.59E-04 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
RHR PUMP B UNAVAILABLE DUE TO MAINTENANCE |

13. 2.04E-05 HEAT EXCHANGER A FAILS TO REMOVE HEAT (CCW VALVE '

SPUR 10VSLY CLOS)
RHR PUMP B FAILS TO RUN FOR SIX WEEKS :

14. 2.04E-05 MOV HV8809A SPURIOUSLY CLOSES
RHR PUMP B FAILS TO RUN FOR SIX WEEKS

15. 2.04E-05 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
HEAT EXCHANGER B FAILS TO REMOVE HEAT (CCW VALVE'

| SPUR 10VSLY CLOS)

t

,

3
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,

WESTINGHOUSE PROPRIETARY CLASS 3 !

!

,

TABLE C-15 (Cont),q
f'd CALLAWAY

'

00MINANT CONTRIBUTORS
LOSS OF LC.NG TERM COOLING
WITH AUTOCLOSURE INTERLOCK ;

MEAN PROBABILITY OF FAILURE = 3.91E-02 |

PROBABILITY CUTSET DESCRIPTION

16, 2.04E-05 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
CHECK VALVE 8730B FAILS TO OPEN

17, 2.04E-05 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
MOV HV88809B SPUR 10VSLY CLOSES .

18, 2.04E-05 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
DISCHARGE CHECK VALVE 8818D FAILS TO OPEN

.

19. 2.04E-05 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
'

DISCHARGE CHECK VALVE 89480 FAILS TO OPEN

20, 2.04E-05 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
DISCHARGE CHECK VALVE 8818C FAILS TO OPEN

|

v .

'

i

.

P

:

#

t

)

.

,
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WESTINGHOUSE PROPRIETARY CLASS 3 ;

i

j

TABLE C-16 1

q
!,U CALLAWAY '

DOMINANT CONTRIBUTORS '

LOSS OF LONG TERM COOLING
WITHOUT AUT0 CLOSURE INTERLOCK

'

MEAN PROBABILITY OF FAILURE = 1.17E-02

PROBABILITY CUTSET DESCRIPTION
;

1. 1.02E-02 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
RHR PUMP B FAILS TO RUN FOR SIX WEEKS ;

'

2. 1.02E-03 RHR PUMP A FAILS TO RUN FOR SIX WEEKS !

RHR PUMP B FAILS TO START
'

3. 2.81E-04 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
RHR PUMP B UNAVAILABLE DUE TO TEST

f

4. 1.59E-04 RHR PUMP A FAILS TO RUN FOR S!X WEEKS
RHR PUMP B UNAVAILABLE DUE TO TEST

5. 2.04E-05 HEAT EXCHANGER A FAILS TO REMOVE HEAT (CCW VALVE SPURIOUSLY)i

RHR PUMP B FAILS TO RUN FOR SIX WEEKS
;
I

i

t' 6. 2.04E-05 MOV HV8809A SPUR 10VSLY CLOSES *

RHR PUMP B FAILS TO RUN FOR SIX WEEKS(
7, 2.04E-05 RHR PUMP A FIALS TO RUN FOR SIX WEEKS

HEAT EXCHANGER B FAIL TO REMOVE HEAT (CCW VALVE SPUR 100 SLY)

8. 2.04E-05 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
CHECK YALVE 8730B FAILS TO OPEN

9. 2.04E-05 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
MOV HV8809B SPURIOUSLY CLOSES

10. 2.04E-05 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
OlSCHARGE CHECK VALVE 88180 FAILS TO OPEN

'

11. 2.04E-05 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
DISCHARGE CHECK VALVE 89480 FAILS TO RUN

i
12. 2.04E-05 RHR PUMP A FAILS TO RUN FOR SIX WEEKS

O!SCHARGE CHECK VALVE 8818C FAILS TO OPEN

13. 2.04E-05 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
DISCHARGE CHECK VALVE 8948C FAILS TO OPEN'

14, 2.04E-06 HEAT EXCHANGER A FAILS TO REMOVE HEAT (CCW VALVE SPUR 10VSLY
CLOSE)
RHR PUMP B FAILS TO START

,

,
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WESTINGHOUSE PROPRIETARY CLASS 3 |

l

1
,

TABLE C-16 (Cont) |

'V CALLAWAY I

DOMINANT CONTRIBUTORS |

LOSS OF LONG TERM COOLING |

WITHOUT AUTOCLOSURE INTERLOCK

MEAN PROBABILITY OF FAILURE = 1.27E-02 )

PROBABILITY CUTSET DESCRIPTION
.

15, 2.04E-06 MOV HV8809A SPURIOUSLY CLOSES |
RHR PUMP B FAILS TO START

1

.

16. 2.04E-06 RHR PUMP A FAILS TO RUN FOR SIX WEEKS |

CONTACT 42C/A SHORTS HV8701B

17. 2.04E-06 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
HIS/CLOSE CONTACT SHORTS HV8701B !

18, 2.04E-06 RHR PUMP A FAILS TO R RUN FOR SIX WEEKS !

CONTACT 42C/A SHORTS PV8702B

19, 2.04E-06 RHR PUMP A FAILS TO RUN FOR SIX WEEKS
HIS/CLOSE CONTACT SHORTS PV8702B

n 20, 2.04E-06 CONTACT 42C/A SHORTS HVS701A

(] RHR PUMP B FAILS TO RUN FOR SIX WEEKS

:

,

!

L

r
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WESTINGHOUSE PROPRIETARY CLASS 3 !
l

p C.3.3 NORTH ANNA |

C;
'

Three fault trees were developed to model the RHR system unavailability for
North Anna. These fault trees were developed from the system flow diagrams ;

and control wiring diagrams shown and described in Section 5.3 for North
,

Anna. Each fault tree is discussed below. The RHR suction valves MOV 1700

and MOV 1701 were modeled in detail down to the control circuitry level to -

iexplicitly show the change in unavailability due to removal of the autoclosure
interlock.

Failure during RHR Initiation
'

The fault tree developed for this phase of cooldown (Figure C-11) details the
failure during initiation of the RHR system. The fault tree was developed
based on the RHR system Operating Procedure 1-0P-14.0/14.1, Revision 19,
Section 4.1, * Placing RHR System in Operation." The steps for RHR initiation
are summarized below:

1. Start Residual Heat Removal pumps 1-RH-P-1A and/or 1B to warm up the

RHR System.

2. Unlock and energize the breakers for MOV-1700 and 1701.

3. Open MOV-1700. Open MOV-1701,

4. Open MOV-CC-100A and/or MOV-CC-100B (RHR heat exchangers component

cooling water return valves).

5. Place RHR heat exchanger bypass valve (FCV-1605) in * Manual * and close
FCV-1605,

6. Close HCV-1758. |

7. Energize RHR isolation valves to the Safety injection System MOV-1720A
and MOV-1720B.

omoto/onses C-88
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1

'

8. Open MOV-1720A and MOV-1720B.

O
9. Open FCV-1605. :

10. Open HCV-1758. |

'

Each of these steps was modeled in the fault tree to involve an operator error
or a component failure. For example, the fourth step requires the opening of i

a CCW valve to the RHR heat exchanger. Failure of this step could involve: 1)
the operator failing to open the valve or 2) the valve failing to open. This

phase of cooldown is not dependent on the autoclosure interlock but on the !

prevent-open interlock. Thus only one fault tree was developed. :
'

Loss of Short Term Cooling

The fault tree developed for this phase of cooldown (Figure C-12 with ACI and ,
.

C-13 without ACl) requires that both trains of RHR be in operation. Injection
'

into two of three cold legs for 72 hours is required for success in this
phase. The RHR suction valves were modeled in detail to show how the valves
could spuriously close.

Loss of Long Term Cooling

,

For this phase of plant cooldown, only one RHR train (pump and heat exchanger)
are required to be operating for 6 period of six weeks. Injection into two of
three cold legs is the success criteria. The fault tree developed for the
case with the ACI is shown in Figure C-14, while the fault tree without ACI is
shown in Figure C-15.

The fault trees were quantified for the case with and without the autoclosure
intericek. The basic event probabilities (component unavailabilities and ,

human error probabilities) are shown in Table C-18. The equation used to
calculate the component unavailability is :

0 = (1) Tg

O.
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|

|
n where

0 = component failure probability
(1) = failure rate for component

TM = total defined mission time in which the component must
operate.

The human error probability calculations for North Anna are shown in |
Table C-19. j

The unavailability of the Train B pump due to test is based on the Technical $
Specification 3.4.1.3 which states: 'All Reactor Coolant pumps and residual i

heat removal pumps may be de-energized for up to 1 hour ..." Assuming that !

pump testing occurs on a monthly basis (every 720 hours), the unavailability -

due to test is calculated by:

O = (T)/Ttest T

where T = average duration of test (hours)
'

TT = interval between tests (hours)

For North Anna, the test unavailability is:
,

Otest=(T)/TT
= (1 hours) / (720 hours)
= 1.39E-03

The unavailability due to maintenance was extracted from Reference 20
" Individual Plant Evaluation Methodology for Pressurized Water Reactors,"

April 1987, Section 2.4, Table 2.4-2 Generic Maintenance Durations for a
standby pump tested monthly or quarterly and a component inoperability time
limit of 72 hours. Therefore the unavailability due to maintenance is:

Omain * (f ) (T)Rr

= (8.42E-05 events / hour) (18.7 hours / event)
= 1.57E-03

v
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;

:

where f = frequency of maintenance (events / hour) f
(T) a mean component repair time (hours / event) hi

Results

The results of the RHR system unavailability are shown in Table C-17. The
dominant cutsets for each phase are shown in Tables C-20 to C-24. !

|

For the failure of initiation fault tree, the dominant failure mode is j

operator error. The operator failing to energize the circuit breakers to ;

suction valves HOV 1700 and MOV 1701 and the injection isolation valves MOV

1720A and MOV 1720B are the major cutsets. The deletion of the autoclosure ;

interlock has no impact on the failure probability for RHRS initiation.

The failure probability of the short term cooling phase for North Anna is
reduced by 12 percent with the deletion of the ACI. The dominant failure mode

for each fault tree (with and without the autoclosure interlock) is the
failure of either pump to run for 72 hours (both pumps are required for
success in this phase). For the case with the autoclosure interlock, failure
of components associated with the ACI contribute approximately 2.0E-03 to the
failure probability.

;

In the long term cooling phase for North Anna, the failure of both pumps to
run for six weeks is the dominant contributor to the unavailability. For the

case with the ACI present, the other cutsets involve the single failure of a
component associated with the ACI such as the power supply, signal comparator,
bistable switch or pressure transmitter which causes spurious closure of one
of the RHR suction valves. The deletion of the ACI for this phase of cooldown
reduces the unavailability by 66 percent. .

.

The results of the quantification of the North Anna RHR unavailability fault

trees show a trend that the autoclosure interlock becomes more of a
determining and detrimental factor as the length of time in which the RHRS is
required to operate increases. The deletion of the autoclosure interlock
reduces the number of spurious closure of the RHR suction valves and thus
increases the availability of the RHRS. h
0307x1D/0119a8 C-91
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t'' TABLE C-17

\- NORTH ANNA
'

RHR UNAVAILABILITY RESULTS

,

' AllLT TREE PERCENT

L' PHASE WITH AUT0 CLOSURE WITHOUT AUT0 CLOSURE CHANGE

INITIATION 1.90E-02 1.90E-02 0

SHORT TERM COOLING 1.65E-02 1.46E"02 -12

LONG TERM COOLING 4.14E-02 1.39E-02 -66

i (
(

,

A

f

.
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TABLE C-18p
b NORTH ANNA BASIC EVENT PROBABILITIES

FAILURE DETECTION ,

FAULT TREE RATE (/HR TIME FAILURE
'

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY
,

,

RHR INITIATION

PM1AA PM FAILURE TO START 1.000E-05 2.000E+00 2.00E-05

PM1AX PN Fall TO RUN,GIVEN ST 1.000E-04 2.000E+00 2.00E-04 i

PM1BA PM FAILURE TO START 1.000E-05 2.000E+00 2.00E-05
4

PM1BX PM Fall TO RUN GIVEN ST 1.000E-04 2.000E+00 2.00E-04

CVRH15D CV FAILURE TO OPEN 2.000E-07 2.000E+00 4.00F-07 ,

CVRH7D CV FAILURE TO OPEN 2.000E-07 2.000E+00 4.00E-07

1.60E-03MV1700CB0E OE OPERATOR FAILS TO EN 1.600E-03 ---

,

1.20E-03MV17000E OE OPERATOR FAILS TO OP 1.200E-03 ---

([ CBU CB CIRCUIT BREAKER OPEN 1.000E-08 2.000E+00 2.00E-08
,

OL49AF OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

OL49CF OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

MSCN520A CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

MSCN520B CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06 i

MSCN5200 CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.002-06

CT480/120V CT CURRENT TRANSFORMER 3.500E-07 2.000E+00 7.00E-07

FUGAMP1 FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

FU6 AMP 2 FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

OLCN400 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

LS4U LS LIMIT SWITCH ALL MOD 7.220E-06 2.000E+00 1.44E-05

OSTS18U 05 TORQUi. SWITCH FAIL T 2.000E-07 2.000E+00 4.00E-07

CN520U CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08
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TABLE C-18 (Cont)s

d NORTH ANNA BASIC EVENT PROBABILITIES

FAILURE DETECTION

FAULT TREE RATE (/HR TIME FAILURE

10EN11FIER COMP FAILURE MODE OR /0) (HR) PROBABILITY

REC 0520F C0 RELAY COIL FAILURE 3.000E-06 2.000E+00 6.00E-06
,

CN520K CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

SWK SW PUSH BUTTON SWITCH A 1.220E-06 2.000E+00 2.44E-06

PT1403F TP PRESSURE SENSORS ALL 2.800E-06 2.000E+00 5.60E-06'

RSPS1403 RS RESISTOR STANDARD QU 4.900E-09 2.000E+00 9.80E-09 ,

PSP 01403 PS LOOP POWER SUPPLY AL 5.800E-06 2.000E+00 1.16E-05

CMPC1403 CM COMPARATOR ALL MODES 2.900E-06 2.000E+00 5.80E-06

BIPS14031 B1 BISTABLE HIGH OUTPUT 2.400E-06 2.000E+00 4.80E-06

REC 014031X CD RELAY C0ll FAILURE 3.000E-06 2.000E+00 6.00E-06

i (' RECN14031X CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

1.60E-03MV1701CBOE DE OPERATOR FAILS TO EN 1.600E-03 ---

1.20E-03MV17010E DE OPERATOR FAILS TO OP 1.200E-03 ---

1CBU CB CIRCUIT BREAKER OPEN 1.000E-08 2.000E+00 2.00E-08 ,

10L49AF OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

10L49CF OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

1MSCN520A CN RELAY CONTACTS Fall 1.000E-06 2.000F+00 2.00E-06

1MSCN520B CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

1MSCN520C CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

1CT480120V CT CURRENT TRANSFORMER 3.500E-07 2.000E+00 7.00E-07 l

1FU6 AMP 1 FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07 )

IFU6 AMP 2 FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07 |

|
,

.

O 1
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i
1

r' TABLE C-18 (Cont) I

'

NORTH ANNA BASIC EVENT PROBABILITIES

FAILURE OETECTION l
! FAULT TREE RATE (/HR TIME FAILURE j

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY !

|

10LCN490 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08
'

ILS4U LS LIMIT SWITCH ALL MOD 7.220E-06 2.000E+00 1.44E-05

10STS18U QS TORQUE SWITCH FAIL T 2.000E-07 2.000E+00 4.00E-07

1CN52CU CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

1 REC 0520F C0 RELAY COIL FAILURE 3.000E-06 2.000E+00 6.00E-06
'

1CN520K CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

ISWK SW PUSH BUTTON SWITCH A 1.220E-06 2.000E+00 2.44E-06

PT1402F TP PRESSURE SENSORS ALL 2.800E-06 2.000E+00 5.60E-06

RSPS1402 RS RESISTOR STANDARD QU 4.900E-09 2.000E+00 9.80E-09

(
'

PSP 01402 PS LOOP POWER SUPPLY AL 5.800E-06 2.000E+00 1.16E-05

CMPC1402 CM COMPARATOR ALL MODES 2.900E-06 2.000E+00 5.80E-06

BIPS14021 BI BISTABLE HIGH OUTPUT 2.400E-06 2.000E+00 4.80E-06

REC 014021X C0 RELAY COIL FAILURE 3.000E-06 2.000E+00 6.00E-06

RECN14021X CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

1.20E-03AV1605CL0E DE OPERATOR FAILS TO OP 1.200E-03 ---

AV1605K A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05

1.20E-03AV1758CL0E DE OPERATOR FAILS TO OP 1.200E-03 -~-

AV1758K A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05

1.60E-03MV1720A0EC OE OPERATOR FAILS TO EN 1.600E-03 ---

1.20E-03MV1720A0E OE OPERATOR FAILS TO OP 1.200E-03 ---

MV1720AD MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05

1.60E-03MV1720BOEC OE OPERATOR FAILS TO EN 1.600E-03 ---

O.

O
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n TABLE C-18 (Cont)

(.) NORTH ANNA BASIC EVENT PROBABILITIES

FAILURE DETECTION -

FAULT TREE RATE (/HR TIME FAILURE

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY

1.20E-03MV1720BOE DE OPERATOR FAILS TO OP 1.200E-03 ---

MV1720BD MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05

1.20E-03AV16050P0E DE OPERATOR FAILS TO OP 1.200E-03 ---

AV1605D A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05

1.20E-03AV17580POE OE OPERATOR FAILS TO De 1.200E-03 ----

AV1758D A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05

1.20E-03MVCC100A0E DE OPERATOR FAILS TO OP 1.200E-03 ---

MVCC100AD MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05

1.20E-03.MVCC100B0E DE OPERATOR FAILS TO OP 1.200E-03 ---

I O MVCC100BD MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05
| G
: SHORT TERM COOLING ,

CVX20 CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05

MV1720AV MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

HXRH1ACCV MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

PM1AX PM Fall TO RUN,GIVEN ST 1.000E-04 7.200E+01 7.20E-03

IMSCN52CAQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

1MSCN52CBQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

1MSCN52CCQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

1CN5200 CN RELAY CONTACTORS SPU 2.000E-08 7.200E+01 1.44E-06

1PBSWF SW PUSH BUTTON SWITCH A 1.220 -06 7.200E+01 8.78E-05
'

CNPC14030 CN RELAY CONTACTORS SPV 2.000E 08 7.200E+01 1.44E-06

RECOPC1403 RE RELAY ALL FAILURE NO 8.700E-08 7.200E+01 6.26E-06

f3
.V
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,e TABLE C-18 (Cont).
NORTH ANNA BASIC EVENT PROBABILITIES ],

l

FAILURE DETECTION

FAULT TREE RATE (/HR 11ME FAILURE

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY

BIPS14032H BI B! STABLE HIGH OUTPUT 2.400E-06 7.200E+01 1.73E-04

CMPC1403F CM COMPARATOR ALL MODES 2.900E-06 7.200E+01 2.09E-04

PSPQ1403F PS LOOP POWER SUPPLY AL 5.800E-06 7.200E+01 4.18E-04

TPPT1403F TP PRESSURE SENSORS ALL 2.800E-06 7.200E+01 2.02E-04

2MSCN52CAQ CN MOTOR STAPTER SPURIO 3.000E-08 7.200E+01 2.16E-06

2MSCN52CBQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06 |

2MSCN52CCQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

2CN52CQ CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06

2PBSWF SW PUSH BUTTON SWITCH A 1.220E-06 7.200E+01 8.78E-05

CNPC14050 CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06

RECOPC1405 RE RELAY ALL FAILURE MD 8.700E-08 7.200E+01 6.26E-06

BIPS14052H B1 BISTABLE HIGH OUTPUT 2.400E-06 7.200E+01 1.73E-04

CMPC1405F CM COMPARATOR ALL MODES 2.900E-06 7.200E+01 2.09E-04

PSPQ1405F PS LOOP POWER SUPPLY AL 5.800E-06 7.200E+01 4.18E-04

TPPT1405F TP PRESSURE SENSORS ALL 2.800E-06 7.200E+01 2.02E-04

PM1BX PM FAIL TO RUN,GIVEN ST 1.000E-04 7.200E+01 7.20E-03

HX1BCCV MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

CVX3D CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05

MV1720BQ MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

LONG TERM COOLING

MV1720AV MV FAILURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04

HX1ACCV MV FAILURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04

|
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(] TABLE C-18 (Cont) i

V NORTH ANNA BASIC EVENT PROBABILITIES

FAILURE OETECTION

FAULT TREE RATE (/HR TIME FAILURE

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY

PM1AX PM Fall TO RUN,GIVEN ST 1.000E-04 1.008E+03 1.01E-01

1MSCN52CAO CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

1MSCN52CB0 CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05 -

1MSCN52CC0 CN MOTOR STARTER SPUFi!0 3.000E-03 1.008E+03 3.02E-05

1CN5200 CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05

IPBSWF SW PUSH BUTTON SWITCH A 1.220E-06 1.008E+03 1.23E-03

CNPC1403Q CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05

RECOPC1403 RE RELAY ALL FAILURE MD 8.700E-08 1.008E+03 8.77E-05

BIPS14032H BI BISTABLE HIGH OUTPUT 2.400E-06 1.00BE+03 2.42E-03

CMPC1403F CM COMPARATOR ALL MODES 2.900E-06 1.008E+03 2.92E-03

PSP 01403F PS LOOP POWER SUPPLY AL 5.800E-06 1.008E+03 5.85E-03

TPPT1403F TP PRESSURE SENSORS ALL 2.800E-OS 1.008E+03 2.82E-03

2MSCN52CAO CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

2MSCN52CB0 CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

2MSCN52CC0 CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05 -

2CN5200 CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05

2PBSWF SW PUSH BUTTON SWITCH A 1.220E-06 1.008E+03 1.23E-03

CNPC14050 CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05

RECOPC1405 RE RELAY ALL FAILURE MO 8.700E-08 1.008E+03 8.77E-05

( BIPS14052H BI BISTABLE HIGH OUTPUT 2.400E-06 1.008E+03 2.42E-03

CMPC1405F CM COMPARATOR ALL MODES 2.900E-06 1.008E+03 2.92E-03
1

,
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,

TABLE C-18 (Cont)-c
!'f NORTH ANNA BASIC EVENT PROBABILITIES

FAILURE DETECTION .

FAULT TREE RATE (/HR TIME FAILURE
'

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY

PSP 01405F PS LOOP POWER SUPPLY AL 5.800E-06 1.008E+03 5.85E-03

TPPT1405F TP PRESSURE SENSORS ALL 2.800E-06 1.008E+03 2.82E-03

CVRH70 CV FAILURE TO OPEN 2.000E-07 1.008E+03 2.02E-04

PM1BA PM FAILURE TO START 1.000E-05 1.008E+03 1.01E-02

PM1BX PM FAIL TO RUN,GIVEN ST 1.000E-04 1.008E+03 1.01E-01

1.39E-03PM1BTEST TE PUMP TEST UNAVAILABI 1.390E-03 ---

1.57E-03PM1BMAIN MA PUMP MAINTENANCE UNA 1.570E-03 ---

HX1BCCV MV FAILURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04

MV1720BV MV FAILURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04

l O
U

.

1

I
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TABLE C-19/7,

() NORTH ANNA~

HUMAN ERROR CALCULATIONS

TASK: Open MOV--CC-100A and/or MOV-CC-100B (RHR heat exchanger
component cooling return valves).

REFERENCE: Step 4.1.17 of 1-0P-14.0/14.1 Revision 19. " Residual Heat Removal .

System," Section 4.1, " Placing RHR System in Operation."

BREAK 0OWN OF TASK:

1. Omission error - Operator fails to open motor operated CCW heat exchanger
valve

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Commission error - Operator fails to open valve by selecting wrong control

Median HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean HEP = 3.75E-03 from an array of similar-

'
:

Error Factor = 3 appearing controls identified
.

by labels only

(O Recovery error - Verifier fails to detect error by others .

/ 3.

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials
Error Factor = 5

(1-3.75E-03)(0.00375)(0.16)+0.00375(0.16)P

OE = 5.9775E-04 + 6.0E-04=

= 1.198E-03
= 1.2E-03

Fault Tree Identifiers: MVCC100A0E and MVCC100BOE

bv
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TABLE C-19 (Cont)-fm-
'- NORTH ANNA

|

HUMAN ERROR CALCULATIONS'

TASK: Place RHR heat exchanger bypass valve (FCV-1605) in " Manual" and
close FCV-1605.

1

REFERENCE: Step 4.1.19 of 1-0P-14.0/14.1 Revision 19, " Residual Heat Removal I
System," Section 4.1, " Placing RHR System in Operation." I

BREAKDOWN OF TASK:
1

1. Omission error - Operator fails to close air operated heat exchanger
^

bypass flow control valve

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Commission error - Operator fails to close valve by selecting wrong control

Median HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean HEP = 3.75E-03 from an array of similar-
Error Factor = 3 appearing controls identified

by labels only

3. Recovery error - Verifier fails to detect error by others
,

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials
Error Factor = 5

(1-3.75E-03)(0.00375)(0.16) + 0.00375(0.16)P

OE = 5.9775E-04 + 6.0E-04=

= 1.198E-03
= 1.2E-03

Fault Tree Identifiers: AV1605CLOE
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WESTINGHOUSE PROPRIETARY CLASS 3

|

p TABLEC-19(Cont)
'

NORTH ANNA
' '

HUMAN ERROR CALCULATIONS

TASK: Close HCV-1758 (Heat exchanger outlet flow control valve).

REFERENCE: Step 4.1.20 of 1-0P-14.0/14.1 Revision 19, " Residual Heat Removal
System," Section 4.1, " Placing RHR System in Operation." q

BREAK 00WN OF TASK:

1. Omission error - Operator fails to close air operated heat exchanger
outlet flow control valve

Median HEP = 0.003 Table 20-7 Long list > 10 items
'

Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Conaission error - Operator fails to close valve by selecting wrong control

Median HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean HEP = 3.75E-03 from an array of similar-
Error Factor = 3 appearing controls identified

by labels only

Q 3. Recovery error - Verifier fails to detect error by others

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials
Error Factor = 5

|

j

l,

i

(1-3.75E-03)(0.00375)(0.16)+0.00375(0.16)P

OE == 5.9775E-04 + 6.0E-04
,

= 1.198E-03
= 1.2E-03

)

Fault Tree Identifiers: AV1758CL0E j

i
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WESTINGHOUSE PROPRIETARY CLASS 3 ,

r'~S TABLE C-19 (Cont)

NORTH ANNA
HUMAN ERROR CALCULATIONS

.

TASK: Energize RHR isolation valves to the Safety Injection System
MOV-1720A and MOV-1720B. ,

REFERENCE: Step 4.1.21 of 1-0P-14.0/14.1 Revision 19 " Residual Heat Removal
System," Section 4.1, " Placing RHR System in Operation."

BREAK 00WN OF TASK:

1. Omission error - Operator fails to energize power supply breaker to motor
operated valve

Median HEP = 0.003 Table 20-7 Long list > 10 items .

!

Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Commission error - Operator selects wrong circuit breaker

Median HEP = 0.005 Table 20-12 Select wrong circuit breaker
Mean HEP = 6.25E-03 in a group of circuit breakers
Error factor = 3 densely grouped and identified

by labels only <

3. Recovery error - Verifier fails to detect error by others

, Median HEP = 0.1 Table 20-22 Checking routine tasks,
| Mean HEP = 0.16 checker using written materials

| Error factor = 5

,

I

I

(1-3.75E-3)(0.00625)(0.16) + 0.00375(0.16)P

OE = 9.96E-04 + 6.0E-04
,

' =

= 1.596E-03
= 1.6E-03

Fault Tree Identifiers: MV1720A0EC and MV1720BOEC
,
(

..
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WESTINGHOUSE PROPRIETARY CLASS 3

|

i

TABLEC-19(Cont) !7~s )V):

NORTH ANNA |
HUMAN ERROR CALCULATIONS

TASK: Open RHR isolation valves to the Safety Injection System i

MOV-1720A and MOV-1720B.

REFERENCE: Step 4.1.22 and 4.1.23 of 1-OP-14.0/14.1 Revision 19. " Residual
Heat Removal System," Section 4.1, ' Placing RHR System in
Operation."

BREAKDOWN OF TASK:

1. Omission error - Operator fails to open motor operated Safety Injection
isolation valve

t

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Commission error - Operator fails to open valve by selecting wrong control

Median HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean HEP = 3.75E-03 from an array of similar-

L Error Factor = 3 appearing controls identified
c by labels only

3. Recovery error - Verifier fails to detect error by others

! Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
1 Mean HEP = 0.16 using written materials

Error Factor = 5

1

,

|
L
1

(1-3.75E-03)(0.00375)(0.16) + 0.00375(0.16)P

OE = 5.9775E-04 + 6.0E-04=
[

= 1.198E-03
,

1 = 1.2E-03
|

|
Fault Tree identifiers: MV1720A0E and MV172000E

.
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WESTINGi10VSE PROPRIETARY CLASS 3

p TABLEC-19(Cont)-

NORTH ANNA -

HUMAN ERROR CALCULATIONS

TASK: Open heat exchanger bypass valve (FCV-1605).

REFERENCE: Step 4.1.24 of 1-0P-14.0/14.1 Revision 19, " Residual Heat Removal
System " Section 4.1, " Placing RHR System in Operation."

BREAK 00WN OF TASK:

1. Omission error - Operator fails to open air operated heat exchanger bypass
r

flow control valve

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Commission error - Operator fails to open valve by selecting wrong control

Median HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean HEP = 3.75E-03 from an array of similar-
Error Factor = 3 appearing controls identified

by labels only

(~N 3. . Recovery error - Verifier fails to detect error by others
.O

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials
Error Factor = 5

(1-3.75E-03)(0.00375)(0.16) + 0.00375(0.16)P

OE = 5.9775E-04 + 6.0E-04=

= 1.198E-03
= 1.2E-03

Fault Tree Identifiers: AV16050P0E

1

t
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WESTINGHOU!E PROPRIETARY CLASS 3

(] TABLE C-19 (Cont)
'''

NORTH ANNAp
HUMAN ERROR CALCULATIONS

TASK: Open HCV-1758 (Heat exchanger outlet flow control valve).

REFERENCE: Step 4.1.28 of 1-0P-14.0/14.1 Revision 19, " Residual Heat Removal
System," Section 4.1, " Placing RHR System in Operation."

BREAKDOWN OF TASK:

1. Omission error - Operator fails to open air operated heat exchanger outlet
flow control valve

Median HEP = 0.003- Table 20-7 Long list > 10 items !
!

Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Commission error - Operator fails to open valve by selecting wrong control |

Median HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean HEP = 3.75E-03 from an array of similar-
Error Factor = 3 appearing controls identified

I by labels only
|
| O 3. Recovery error - Verifier fails to detect error by others
| b
I- Median HEP = 0.1 Table 20-22 Checking routine tasks, checker |

|- Mean HEP = 0.16 using written materials i

Error Factor e 5

:

i

|

,

(1-3.75E-03)(0.00375)(0.16)+0.00375(0.16)P

OE == 5.9775E-04 + 6.0E-04
= 1.198E-03
= 1.2E-03

Fault Tree Identifiers: AV17580POE

[ Iv -
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WESTINGHOUSE PROPRIETARY CLASS 3

i

L
TABLE C-19 (Cont)r~);i

'd NORTH ANNA'

HUMAN ERROR CALCULATIONS

TASK: Open MOV-1700 and MOV-1700. ,
,

REFERENCE: Step 4.1.13 and 4.1.14 of 1-0P-14.0/14.1 Revision 19, " Residual
Heat Removal System," Section 4.1, " Placing RHR System in

'

Operation."

BREAKDOWN OF TASK:

1. Omission error - Operator fails to open motor operated suction valve using
push-button switch

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used .

2. Commission error - Operator fails to push button to open valve

Median HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean HEP = 3.75E-03 from an array of similar-
Error Factor = 3 appearing controls identified

by labels only
n, () 3. Recovery error - Verifier fails to detect error by others|

1
1

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
| Mean HEP = 0.16 using written materials
!

l' Error Factor = 5

!

|

|

|

L
|

(3-3.75E-03)(0.00375)(0.16) + 0.00375(0.16)I
.

P

OE = 5.9775E-04 + 6.0E-04' =

= 1.198E-03
= 1.2E-03

'
Fault Tree Identifiers: MV17000E and MV17010E
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WESTINGHOUSE PROPRIETARY CLASS 3 :

TABLE C-19 (Cont)p , '

'' NORTH ANNA
HUMAN ERROR CALCULATIONS

TASK: Unlock and energize the breakers for MOV-1700 and MOV-1701.

REFERENCE: Step 4.1.11 of 1-OP-14.0/14.1 Revision 19, " Residual Heat Removal
System," Section 4.1, " Placing RHR System in Operation."

'

BREAK 00WN OF TASK:

1. Omission error - Operator fails to energize power supply breaker to motor
operated valve

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

'

2. Commission error - Operator selects wrong circuit breaker

Median HEP = 0.005 Table 20-12 Select wrong circuit breaker in
Mean HEP = 6.25E-03 a group of circuit breakers
Error Factor = 3 densely grouped and identified

by labels only

3. Recovery error - Verifier fails to detect error by others
,

Median HEP = 0.1 Table 20-22 Checking routinc tasks,
Mean HEP = 0.16 checker using written materials
Error Factor = 5

.

1

(1-3.75E-3)(0.00625)(0.16)+0.00375(0.16)i$

0E == 9.96E-04 + 6.0E-04
= 1.596E-03
= 1.6E-03

Fault Tree Identifiers: MV1700CB0E and MV1701CB0E

(9v
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WESTINGHOUSE PROPRIETARY CLASS 3 ]
l
;

,m TABLE C-20

L !] !

'' NORTH ANNA !
'

DOMINANT CONTRIBUTORS
RHR IhlTIATION

MEAN PROBABILITY OF FAILURE = 1.90E-02

PROBABILITY CUTSET DESCRIPTION

1. 1.60E-03 OPERATOR FAILS TO ENERGIZE CB TO MOV 1720B
'

2. 1.60E-03 OPERATOR FAILS TO ENERGIZE CB TO MOV 1720A
:

3. 1.60E-03 OPERATOR FAILS TO RACK IN CB TO MOV 1701

4. 1.60E-03 OPERATOR FAILS TO RACK IN CB TO MOV 1700

5. 1.20E-03 CCW TO RHR HX MOV-CC-100B FAILS TO OPEN OPERATOR ERROR

6. 1.20E-03 CCW TO RHR HX MOV-CC-100A FAILS TO OPEN OPERATOR ERROR -

7. 1.20E-03 HX OUTLET VALVE HCV-1758 FAILS TO OPEN OPERATOR ERROR
'

8. 1.20E-03 HX BYPASS VALVE FCV-1605 FAILS TO OPEN OPERATOR ERROR

9, 1.20E-03 OPERATOR FAILS TO OPEN MOV 1720B -

g

10. 1.20E-03 OPERATOR FAILS TO OPEN MOV 1720A

: 11. 1.20E-03 HX OUTLET VALVE HCV-1758 FAILS TO CLOSE OPERATOR ERROR

12. 1.20E-03 HX BYPASS VALVE FCV-1605 FAILS TO CLOSE OEPRATOR ERROR

13. 1.20E-03 OPERATOR FAILS TO OPEN MOV 1701

14. 1.20E-03 OPERATOR FAILS TO OPEN MOV 1700

l 15. 2.00E-04 RHR PUMP 1-RH-P-1B FAILS TO RUN FOR ONE HOUR

16. 2.00E-04 RHR PUMP 1-RH-P-1A FAILS TO RUN FOR ONE HOUR ,

17. 2.00E-05 CCW TO RHR HX MOV-CC-100B FAILS TO OPEN

| 18. 2.00E-05 CCW TO RHR HX MOV-CC-100A FAILS TO OPEN
L
1 19, 2.00E-05 HX OUTLET VALVE HCV-1758 FAILS TO OPEN

20. 2.00E-05 HX BYPASS VALVE FCV-1605 FAILS TO OPEN

0307x:1D/011988 C-109
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WESTINGHOUSE PROPRIETARY CLASS 3 |

I
|

'

-n TABLE C-21

!- NORTH ANNA
00MINANT CONTRIBUTORS :

LOSS OF SHORT TERM COOLING |

WITH AUT0 CLOSURE INTERLOCK J

MEAN PROBABILITY OF FAILURE = 1.65E-02

PROBABILITY CUTSET DESCRIPTION

1. 7.20E-03 RHR PUMP 1-RH-P-1B FAILS TO RUN FOR 72 HOURS

2. 7.20E-03 RHR PUMP 1-RH-P-1A FAILS TO RUN FOR 72 HOURS

3. 4.18E-04 LOOP POWER SUPPLY PQ-1405 FAILS

4. 4.18E-04 LOOP POWER SUPPLY P0-1403 FAILS

5. 2.09E-04 SIGNAL COMPARATOR PC-1405 FAILS

6. 2.09E-04 SIGNAL COMPARATOR PC-1403 FAILS

7, 2.02E-04 PRESSURE TRANSMITTER PT-1405 FAILS

8. 2.02E-04 PRESSURE TRANSMITTER PT-1403 FAILS
, - -,

() 9. 1.73E-04 BISTABLE SWITCH PS/1405-2 FAILS

10. 1.73E-04 BISTABLE SWITCH PS/1403-2 FAILS

11. 8.78E-05 PUSHBUTTON SWITCH FAILS MOV1701

12, 8.78E-05 PUSHBUTTON SWITCH FAILS MOV1700

13. 1.44E-05 HEAT EXCHANGER 1-RH-E-1B FAILS TO REMOVE HEAT ,

14, 1.44E-05 HEAT EXCHANGER 1-RH-E-1A FAILS TO REMOVE HEAT

15. 6.26E-06 RELAY C0ll PC-1405-2X FAILS

16, 6.26E-06 RELAY C0ll PC-1403-2X FAILS

17, 1.44E-06 CONTACT 52C SHORTS MOV1701 ,

18, 1.44E-06 AUT0 CLOSURE INTERLOCK CONTACT PC1405-X SHORTS

19. 1.44E-06 CONTACT 52C SHORTS MOV1700

20. 1.44E-06 AUT0 CLOSURE INTERLOCK CONTACT PCliO3-X SHORTS

O.
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WESTINGHOUSE PROPRIETARY CLASS 3

TABLE C-22,

V NORTH ANNA
"

: DOMINANT CONTRIBUTORS
LOSS OF SHORT TERM COOLING !

WITHOUT AUT0 CLOSURE INTERLOCK
;

MEAN PROBABILITY OF FAILURE = 1.46E-02 1

PROBABILITY CUTSET DESCRIPTION

1. 7.20E-03 RHR PUMP 1-RH-P-1B FAILS TO RUN FOR 72 HOURS

2. 7.20E-03 RHR PUMP 1-RH-P-1A FAILS TO RUN FOR 72 HOURS
*

'
3. 8.78E-05 PUSHBUTTON SWITCH FAILS MOV1701

.

4. 8.78E-05 PUSHBUTTON SWITCH FAILS MOV1700 ,

5. 1.44E-05 HEAT EXCHANGER 1-RH-E-1B FAILS TO REMOVE HEAT -

6. 1.44E-05 HEAT EXCHANGER 1-RH-E-1A FAILS TO REMOVE HEAT

7. 1.44E-06 CONTACT 52C SHORTS MOV1701

8. 1.44E-06 CONTACT 520 SHORTS MOV1700
| < >
,

9, 2.07E-10 MOTOR OPERATED VALVE MOV-1720A SPURIOUSLY CLOSES
MOTOR OPERATED VALVE MOV-1720B SPURIOUSLY CLOSES

10, 2.07E-10 MOTOR OPERATED VALVE MOV-1720A SPURIOUSLY CLOSES
CHECK VALVE 1S1-161 FAILS TO OPEN

11. 2.07E-10 CHECK VALVE 151-144 FAILS TO OPEN
MOTOR OPERATED VALVE MOV-1720B SPURIOUSLY CLOSES

12. 2.07E-10 CHECK VALVE 1S1-161 FAILS TO OPEN
CHECK VALVE 151-144 FAILS TO OPEN

,

O
0307x:1D/011988 C-111
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WESTINGHOUSE PROPRIETARY CLASS 3
:

,

g TABLE C-23^

(O ' NORTH ANNA
DOMINANT CONTRIBUTORS

LOSS OF LONG TERM COOLING ;

WITH AUT0 CLOSURE INTERLOCK

MEAN PROBABILITY OF FAILURE = 4.14E-02
:

PROBABILITY CUTSET DESCRIPTION;

1. 1.02E-02 RHR PUMP 1-RH-P-1A FAILS TO RUN FOR SIX WEEKS
RHR PUMP 1-RH-P-1B FAILS TO RUN FOR SIX WEEKS

2. 5.85E-03 LOOP POWER SUPPLY PQ-1405 FAILS

3. 5.85E-03 LOOP POWER SUPPLY PQ-1403 FAILS

4, 2.92E-03 SIGNAL COMPARATOR PC-1405 FAILS
'

5. 2.92E-03 SINGLE COMPARATOR PC-1403 FAILS

6, 2.82E-03 PRESSURE TRANSMITTER PT-1405 FAILS
,

7. 2.82E-03 PRESSURE TRANSMITTER PT-1403 FAILS

8. 2.42E-03 BISTABLE SWITCH PS/1405-2 FAILS

9. 2.42E-03 BISTABLE SWITCH PS/1403-2 FAILS

10. 1.23E-03 PUSHBOTTON SWTICH FAILS MOV1701

11. 1.23E-03 PUSHBUTTON SWITCH FAILS NOV1700

12. 1.02E-03 RHR PUMP 1-RH-P-1A FAILS TO RUN FOR SIX WEEKS
RHR PUMP 1-RH-P-1B FAILS TO START -

13. 1.59E-04 RHR PUMP 1-RH-P-1A FAILS TO RUN FOR SIX WEEKS
'

PUMP 1-RH-P-1B UNAVAILABLE DUE TO MAINTENANCE

14. 1.40E-04 RHR PUMP 1-RH-P-1A FAILS TO RUN FOR SIX WEEKS
PUMP 1-RH-P-1B UNAVAILABLE DUE TO TEST ,

15. 8.77E-05 RELAY C0ll PC-1405-2X FAILS

16. 8.77E-05 RELAY C0ll PC-1403-2X FAILS

17. 2.04E-05 RHR PUMP 1-RH-P-1A FAILS TO RUN FOR SIX WEEKS
CHECK VALVE 1RH-7 FAILS TO OPEN

18. 2.02E-05 CONTACT 52C SHORTS MOV1701

19. 2.02E-05 AUT0 CLOSURE INTERLOCK CONTACT PC1405-X SHORTS

20. 2.02E-05 CONTACT 52C SHORTS NOV1700

C-112
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WESTINGHOUSE PROPRIETARY CLASS 3 |

l
-

,

m TABLE C-24
.

NORTH ANNA
DOMINANT CONTRIBUTORS

LOSS OF LONG TERM COOLING
WITHOUT AUT0 CLOSURE INTERLOCK

MEAN PROBABILITY OF FAILURE = .1.39E-02

PROBABILITY CUTSET DESCRIPTION i

1. 1.02E-02 RHR PUMP 1-RH-P-1A FAILS TO RUN FOR SIX WEEKS
RHR PUMP 1-RH-P-1B FAILS TO RUN FOR SIX WEEKS

2. 1.23E-03 PUSHBUTTON SWITCH FAILS 40V1701 ;

3. 1.23E-03 PUSHBUTTON SWITCH FAILS NOV1700
-

4. 1.02E-03 RHR PUMP 1-RH-P-1A FAILS TO RUN FOR SIX WEEKS
RHR PUMP 1-RH-P-1B FAILS TO START

5. 1.59E-04 RHR PUMP 1-RH-P-1A FAILS TO RUN FOR SIX WEEKS
PUMP 1-RH-P-1B UNAVAILABLE DUE TO MAINTENANCE ,

i

6. 1.40E-04 RHR PUMP 1-RH-P-1A FAILS TO RUN FOR SIX WEEKS !
'

PUMP 1-RH-P-1B UNAVAILABLE DUE TO TEST
y~
( 7. 2.04E-05 RHR PUMP 1-RH-P-1A FAILS TO RUN FOR SIX WEEKS

'

| CHECK VALVE 1RH-7 FAILS TO OPEN

8. 2.02E-05 CONTACT 52C SHORTS MOV1701

9. 2.02E-05 CONTACT 52C SHORTS MOV1700 j

10. 4.08E-08 LOOP 2 HEADER MOV 1720A SPURIOUSLY CLOSES
LOOP 3 HEADER N0/E 1720B SPURIOUSLY CLOSES |

!11. 4.08E-08 HEAT EXCHANGER 1RH-3-1A FAILS TO REMOVE HEAT
L HEAT EXCHANGER 1-RH-E-1B FAILS TO REMOVE HEAT ,

| I
;

.

i

!

l
|

5

V

0307x:1D/011988 C-113



~ - _ - .

.. : .c , t. .

' Y5si',, ,$ ', ,

; .,i s. 'c-f +

- 4
,

, ,

L ,\ ~5 ,'i1 %
. . . , s' 1

Jf 7. . , j

s i; . .[ ,1, c ,
, , , ,

i*^ 4, ,, ;j- !
'

e
,

hC'|
'

, .i
'

.;,

c OVERSIZE .

j
0DOCUMENTL L
JPAGE PULLED 1

'

.

.: .
,

'

1 }

N E E A P E R T U R EC A R D S d|- ' ' '

.' . : . . . .
.

-

.

-
- -

c.3. :. e, j-

i 5
' .9

,' < . - . ';
. ,

:.c .1 ,
. , .

,
.,

',t| .]I ; <

(NUMBER OF OVERSl'ZE PAGES-FILMED ON APE'RTURE CARDS I, Y]
3

2

'

i :
:+.

i ' '(- \ ,

' :: '2 'j. 3

ii i , s ;

1.', 7 : ,
' '

,
< '>.

| _;

dn . , -
.

,
i.,;'' '

,

j .. . AhERTURE/ CARD / NARD COPif AVAILABLE FROM . ,

,

n; ,

|".. . RECORDS: AND REPORTS / MANAGEMENT. BRANCH 1|
. ,

1 .

.h U;; . '

.7- 4- 4<>

"|

I1
'

,3
k ., '

4
i

.

4A/
-

#

**

a.. .
,

's a

l i

.'av.'

.I.

.

'{.

' ,a

$: . , , '
-

1.x
fN 'I' - - ' . ._ ,1

__ _ _ _ _ . . _ _ _ _ _



I

I
:. u , _,.. . . . -

' l.
4

' *1*

l: ' '

. . . . .

[
-

,

,

u ,

_

n
.

!
?.

-

,

.

>

-

n

2

-

e

0%n

..M,..

a

J -

8 *
t, uf

-

e

- -
,

il ilo
. - -

i i. Gi -

i,,.. 4;

-
ilh iH|

,. .
.

!!I. I ~

sl
f If

-
~

I
q. i., e< : .i . a.-, i. 'iey ,

t&]
i., "If
'

'2 - lij| 4- - 1,i
-

l,, 1
-I -

.

!:ss 11: !!:. 1
-.--

..

f.h. G !!i. i|- jj G-- lu; i!

, ..
"

iin .:. nn
- i , i i . i ._

.m, m

"

I.
,



, - . - -

. , ,
- - - _ _

O.= *~ : = ''a- - - '

r
. r

-

# -

s. _ = = . = . - -_

..

E i
!

~

.O

- g.-- & w= c -

. -

ko
o

hb ~~ ~

_ i . . . i . , ,
::.::.'; .;. :r '" ::':::'=. =:r' *J ,0~.:. * .~:r *- =:r=. ":::. :* *:* =":' **.* *-'::7* =,:::: r*

_

.

=: - - = :- =:. - - = :- ::. :r r::-- ---

c
:

.5. - hb b~ h h") kh~'

.! ..- _ .!_. , _ ./_. .! SI -

- '
. . . . . . . . . . . . . . . _ . _ _ _-

:= _ = .: . =r: . =-. : -. =:= . _=:". =r:- =r: =..r: =:= . t1PERTURE
-

i,. ..
. . .-

9 CARD '

BOOOO 6b- OOOO 6-b Also Ava*lable Oni

Aperture Card^

::=$ =r$- :;:1 ::::N.' ~::::: ::M ::'::$- =' =Nr z __
-.

FIGURE C-14.. ... .. ._

|^
NORTH ANNA RHR AVAILABILITY a

....
$. , Q $ $... $. $.~ $ $ $_._

p LOSS OF_LONG TERM C00 LING
3 WITH ACI-

N .

13 i '2 i 11 i io 9 i e i r i .s I s i 4 1 3 | 2 1

,

j \ 8 91110 0 0 2 6-C
l

'

- -= -- _- _ - - - - - -



,_
. . + i

"

.:

. ~ -

., | I r i :. __ l u-

h;>

-

S

-

N

-

r

m

Y

"%
1

'

t

04
, ems.

O

e

-

' - |$g Gi - lis dis

155i, i'' .l.re .rt
.-

*
..

[F|
!s /7 i. i _

iij W= : /=7 = E.

ji. Mi !!!g i ' i*~

y
est til, nr. v.

_

.&'*.

"

C isr|
g

* !t -ar
!|55 lie rec

_

E. .

o
-

E5 M k -

i. W g=_ g |i
'

;i. e !!!. I
.

i-

egi gJgn = .g..

, nr. r. r,

, | | z I e I '-

g,



.;-. - . . ,- . _

. . .
_ _ _ _

__

|
_ . .

-
..e --

_

. . .,,.. . . . .

I
E E

8
.

_ . . _

. . . . ,
., ,m. . , . . . . . . . . . . . ._ ,..-,m , .,

..,3,.
9 ...3

0 % . o

.

g...

~. .

_ . . . _

. . . . . . . . , , . . . . _. ,,,m._, .. . , , . . , . . . ....m.-.. . - -
.

o ...

..

C C
/ .

a,
. . . .

.~.

_ , . . . . . . _

. . . , , . , , ...,.,m ,. . . , , , , . .
,

,m. . ~ . . .
. . . , . . . . . . _ . . _..

, . ,_ m. .. m. . . . ,_..,.,,a,,., . , . . . . . . , ., . m .,,..m., . . . . , . . . . . . .
,

.,..a. . , .
.. .. , , , , . . . . . .. .. ,.. m. e

9 8

I3 I3
.. .. .m .o. .u.

. . . ..

,,,,x. .m v.,x. - , , , . . .. ,,...u. ~.,.i.

- t . . I _

.s*s. s,.
,

.....n. .s.=s,,
,

e.
t *, .,e. m , se .. *s. ,

,,m.,
M

.tsee.* ,,,,,.f , , .x. 3. ,se . . . , oneg.. ,

. i, . . . , , . ,.
. . . . . . . , .. , , , , . , . , , , . . . . . , , , , , , ,

APERTURE FIGURE C-15? '

2 ^ CARD ^
do NORTH ANNA RHR AVAILABILITY

"
. . . u,.: .. . a

- LOSS OF LONG TERM COOLING
Also Avallable On WITHOUT ACI

....,u .. .no , , , . . . ..,,eo e ,, .ra

Aperture Card
1

to I _9 i e 1 7 I s- I s | 4 ~[~' a | 2 |

8911.150026-6%
_ - - - - - _ -

- -. - . . . - - . .



._.. _.

WESTINGHOUSE PROPRIETARY CLASS 3
,

<

py C.3.4 SHEARON HARRIS

L) i

Three fault trees were developed to model the RHR system unavailability for
Shearon Harris. These fault trees were developed from the system flow

,

diagrams and control wiring diagrams shown and described in Section 5.4 for
Shearon Harris. Each fault tree is discussed below. The RHR suction valves
1RH1, 1RH2, 1RH39 and 1RH40 were modeled in detail down to the control ,

circuitry level to explicitly show the change in unavailability due to removal
of the autoclosure interlock.

Failure during RHR Initiation

The fault tree developed for this phase of cooldown (Figure C-16) details the
failure during initiation of the RHR system. The fault tree was developed
based on the RHR System Operating Procedure OP-111, Revision 2, Section 5.1,
" Preparing Train A(B) RHR for RCS Cooldown." The steps for RHR initiation are
summarized below (Train B components are listea in parentheses):

Od 1. Open CCW valves 100-147 (10C-167) from RHR heat exchanger to establish1 '

|

CCW flow through heat exchanger,

2. Clota RHR heat exchanger outlet flow control valve 1RH30 (1RH66).
i

3. Open RHR heat exchanger bypass flow control 1RH2O (1RH58).

| 4. Close RWST to RHR pump 1S1-322 (151-323).

, 5. Close' low head Si train to cold legs, 151-340(1S1-341).
'

6. Close low head SI to hot leg crossover, 151-326(1S1-327).

| 7. Open RHR suction valves 1RH1 and 1RH2 (1RH39 and 1RH40).

8. Start RHR pump A-SA (B-SB). ;

9. Open low head SI train to cold legs,1S1-340 (1S1-341). '

|

Each of these steps was modeled in the fault tree to involve an operator error

|. or a component failure. For example, the first step requires the opening of a
CCW valve to the RHR heat exchanger. Failure of this step could involve: 1)
the operator failing to open the valve or 2) the valve failing to open.

|

0307x:1o/011988 C-119

- - . _ . . ._- ___ ___________ __ _ ________ _ _



WESTINGHOUSE PROPRIETARY CLASS 3
|
l

This phase of coaldown is not dependent on the autoclosure interlock but on
the prevent-open interlock. Thus only one f ault tree was developed to j

determine the unavailablity due to RHR initiation. |

Loss of Short Term Cooling j

The fault tree developed for this phase of cooldown (Figure C-17 with ACI and
C-18 without ACl) requires that both trains of RHR be in operation. Injection |

into two of thrce cold lees for 72 hours is required for success in this !
phase. The RHR suction valves are modeled in detail to show how the valves |
r.ould spuriously close. With the autoclosure interlock present, a spurious |

prassure signal could cause the suction valves to spuriously close. With the I

autoclosure signal removed from the circuit, the valves are less likely to
spuriously close.

4

!

*

Los, of Lono Term Cooling

For this phase of plant cooldown, only one RHR train (pump and heat exchanger)
'

,

are required to be operating for a period of six weeks. Injectionintotwoof
three cold legs is the success criteria. The fault tree deveicped for the ,

case with the ACI is shown in Figure C-19, the fault tree without ACI is shown
.

in Figure C-20.
:

The fault trees were quantified for the case with and without the autoclosure

interlock. The basic event probabilities (component unavailabilities and
human error probabilities) are shown in Table C-26. The equation used to

calculate the component unavailability is :

0 = (A) Tg

where

Q = component failure probability
(1) = failure rate for component

g = total defined mission time in which the component mustT

operate.

O
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y The human error probability calculations for Shearon Harris are shown in

Table C-27.'

,

The unavailability of the Train B pump due to test is based on the Technical
Specification 3.4.1.4.1 which states: "One RHR loop may be inoperable for up

to 2 hours for surveillance testing probided the other RHR loop is OPERABLE
and in operation." Assuming that pump testing occurs on a monthly basis
(overy 720 hours), the unavailability due to test is calculated by:

|

Otest=(t)/TT

where t = average duration of test (hours)

TT = interval between tests (hours) |

For Shearon Harris, the test unavailability is:
,

Otest=(t)/TT
'

= (2 hours) / (720 hours)
= 2.78E-03

The unavailability due to maintenance was extracted from Reference 20,
" Individual Plant Evaluation Methodology for Pressurized Water Reactors "
April 1987, Section 2.4 Table 2.4-2 Generic Maintenance Durations for a
standby pump tested monthly or quarterly and a component inoperability time
limit of 72 hours. Therefore the unavailability due to maintenance is:

Omain * If ) (IIRr

=(8.42E-05 events / hour)(18.7 hours / event)
= 1.57E-03

where f = frequency of maintenance (events / hour)r
(t)R = mean comp nent repair time (hours / event)

O
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I
L
:

RESULTS O
The results of the quantification are rhown in Table C-25. Themajorcutsets ;

for each fault tree are shown in Tables C-28 to C-32.

i
!for the failure of initiation fault tree, the dominant failure mode is

operator error. The operator failing to open all four suction valves IRH1, ,

IRH2, 1RH39, and 1RH40 are the major cutsets. The deletion of the autoclosure |
interlock has no impact on the failure probability for RHRS initiation.

:

The failure probability of the short term cooling phase for Shearon Harris is |

reduced by 10 percent with the delection of the ACI. The dominant failure !

mode for each fault tree (with and without the autoclosure interlock) is the j

failure of either pump to run for 72 hours (both pumps are required for j
i

success in this phase). For the case with the autoclosure interlock, failure ;

of components associated with the ACI contribute approximately 1.7E-03 to the !

failure probability.

In the long term cooling phase for Shearon Harris, the failure of both pumps
to run for six weeks is the dominant contributor to the unavailability. For ,

;

the case with the ACI present, the other cutsets involve the failure of a
component associated with the ACI such as the power supp1' , signal comparator |y

or pressure transmitter which causes spurious closure of one of the RHR ,

suction valves. The deletion of the ACI for this phase of cooldown reduces

the unavailability by 66 percent. [
|

The results of the quantification of the Shearon Harris RHR unavailability |
fault trees show a trend that the autoclosure interlock becomes more of a
determining and detrimental factor as the length of time in which the RHRS is }
required to operate increases. The deletion of the autoclosure interlock ;

reduces the number of spurious closures of the RHR suction valves and thus !

increases the availability of the RHRS.

i

!
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'

i

TABLE C-25 !'

I(_,) RESULTS OF RHR UNAVAILABILITY ;

FOR SHEARON HARRIS

!

!

FAULT TREE PERCENT i

PHASE WITH AUTOCLOSURE WITHOUT AUTOCLOSURE CHANGE ,

INITIATION 3.74E-02 3.74E-02 0 |
|
|

SHORT TERM COOLING 1.61E-02 1.45E-02 -10 [
i.

LONG TERM COOLING 3.45E-02 1.16E-02 -66 f
!
:

|

!
i

h

i

f

I
i
|
i

,

(

,

e

r

i

l
,
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f"Y TABLE C-26

O SHEARON HARRIS BASIC EVENT PROBABILITIES

FAILURE DETECTION

FAUT.T TREE RATE (/HR TIME FAILURE

JDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY

P.HR INITIATION

1.20E 03AVRH300E DE OPERA 10R FAILS TO OP 1.200E-03 ---

AVRH30K A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05

1.20E 03AVRH660E DE OPERATOR FAILS TO OP 1'. 200E-03 ---

AVRH66K A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05

1.80E-03AVRH200E OE OPERATOR FAIL TO PLA 1.800E-03 ---

AVRH20D A0 FAILURE TO OPERATE 1.000E-05 2.000E+00 2.00E-05

1.80E-03AVRH580E DE OPERATOR Fall TO PLA 1.800E-03 ---

AVRH58D A0 FAILURE TO OPERATE 1.000E-05 2.000Et00 2.00E-05

1.20E 03MVS!3220E DE OPERATOR FAILS TO OP 1.200E-03 --- ,

MVS!322K MV FAILURE TO CLOSE 1.000E-05 2.000E+00 2.00E-05

1.20E-03 |MVS13230E DE OPERATOR FAILS TO OP 1.200E-03 ---

MVS!323K MV FAILURE TO CLOSE 1.000E-05 2.000E+00 2.00E-05 !

1.20E-03MVS13400EK OE OPERATOR FAILS TO OP 1.200E-03 ---

i

MVS1340K MV FAILURE 10 CLOSE 1.000E-05 2.000E+00 2.00E-05 ;

j1.20E-03MVS13410EK OE OPERATOR FAILS TO OP 1.200E-03 --

'

MVS1341K MV FAILURE TO CLOSE 1.000E-05 2.000E+00 2.00E-05

1.20E-03 |MVS13260E DE OPERATOR FAILS TO OP 1.200E-03 ---

|

MVS!326K MV FAILURE TO CLOSE 1.000E-05 2.000E+00 2.00E-05 |
1.20E-03 |MVS13270E OE OPERATOR FA!LS TO OP 1.200E-03 ---

MVSI327K MV FAILURE TO CLOSE 1.000E-05 2.000E+00 2.00E-05

i1.60E-031RHCBOE DE OPERATOR FAILS TO CL 1.500E-03 ---

io .
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TABLE C-26 (Cont)-

Q SHEARON HARRIS BASIC EVENT PROBABILITIES ,

FAllVRE DETECTION

FAULT TREE RATE (/HR TIME FAILURE
IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY

3.20E-031RHOEOPEN DE OPERATOR FAILS TO OP 3.200E-03 ---

1CN1 A'.1 A2K CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

1CN420 LOCK CN RELAY CONTACTS FAfL 1.000E-OS 2.000E+00 2.00E-06

1CN8706BU CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08"

1CN8809BU CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

1CBU CB CIRCULI BREAKER OPEN 1.000E-08 2.000E+00 2.00E-08
t

1CT480120V CT CURRENT TRANSFORMER 3.500E-07 2.000E+00 7.00E-07
!

10L49MRA OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07 !

10L49MRB OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07 i
,

10L49MRC OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07 :

1RECN420A CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06 |

1RECN420B CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06 ;

1RECN420C CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06 i

10ST00 QS TORQUE SWITCH Fall T 2.000E-07 2.000E+00 4.00E-07 |

'

ICN425U CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

1 REC 0420F CO RELAY COIL FAILURE 3.000E-06 2,000E+00 6.00E-06

1CNCRIA CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08
,

IFU1 Fl! FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07
.

1CN5557U CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

10LCN49MR1 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

10LCN48MR2 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08 )
l
,

/~N
U !

l
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m TABLE C-26 (Cont)

b SHEARON HARRIS BASIC EVENT PROBABILITIES

FAILURE DETECTION

FAULT TREE RATE (/HR TIME FAILURE
,

|

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY !

10LCN49MR3 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08
,

ICNK734 CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06 |
i

IPS118VAC PS LOOP POWER SUPPLY AL 5.800E-06 2.000E+00 1.16E-05 |

REPY402A1 RE RELAY ALL FAILURE MD 8.700E-08 2.000E+00 1./4E-07 ;

CMPB402 CM COMPARATOR ALL MODES 2.900E-06 2.000E+00 5.80E-06 |

ISEEPV402C EE ISOLATOR E-E CONVERT 4.800E-07 2.000E+00 9.60E-07
7

PSPGY402 PS LOOP POWER SUPPLY AL 5.800E-06 2.000E+00 1.16E-05 !

RSPS4028 RS RESISTOR STANDARD QU 4.900E-09 2.000E+00 9.80E-09 I

TPPT402 TP PRESSURE SENSORS ALL 2.800E-06 2.000E+00 5.60E-06

1.60E-03/ 2RHCBOE DE OPERATOR FAILS TO CL 1.600E-03 ---

t3.20E-032RHOEOPEN OE OPERATOR FAILS TO OP 3.200E-03 ---

2CN1A11A2K CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06 |

2CN420 LOCK CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06 f
2CN8706BU CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08 I

2CN88098U CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08 !

2CBU CB circuli BREAKER OPEN 1.000E 08 2.000E+00 2.00E-08

2CT480120V CT CURRENT TRANSFORMER 3.500E-07 2.000E+00 7.00E-07
!
i

,

20L49MRA OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

20L49hRB OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

20L49MRC OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

2RECN420A CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

: ,
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g TABLEC-26(Cont)-
( SHEARON HARRIS BASIC EVENT PROBABILITIES

FAILURE DETECTION
FAULT TREE RATE (/HR TIME FAILURE
IDENTIFIER COMP FAILURE NODE OR /0) (HR) PROBABILITY

2RECN420B CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

2RECN420C CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

20ST00 QS TORQUE SWITCH FAIL T 2.000E-07 2.000E+00 4.00E-07

2CN425U CN RELAY CONTACTORS SPV 2,000E-08 2.000E+00 4.00E-08

2 REC 0420F C0 RELAY COIL FAILURE 3.000E-06 2.000E+00 6.00E-06

2CNCRIA CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

2FU1 FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

2CN5557U CN RELAY CONTACTORS SPU 2.000E-08 2,000E+00 4.00E-08

20LCN49MR1 CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08

[ 20LCN48MR2 CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08

20LCN49MR3 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

2CNK734 CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

1.60E-039RHCBOE OE OPERATOR FAILS TO CL 1.600E-03 ---

3.20E-039RHOEOPEN OE OPERATOR FAILS TO OP 3.200E-03 ---

9CN1A11A2K CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

9CN420 LOCK CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

9CNB706BU CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

9CN8809BU CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

9CBU CB CIRCUIT BREAKER OPEN 1.000E-08 2.000E+00 2.00E-08

9CT480120V CT CURRENT TRANSFORMER 3.500E-07 2.000E+00 7.00E-07

90L49MRA OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

O
cao7cwoitees C-127

. . --- -- . . -



WESTINGHOUSE PROPRIETARY CLASS 3

|

m TABLEC-26(Cont)
'

SHEARON HARRIS BASIC EVENT PROBABILITIES

FAILURE DETECTION i

FAULT TREE RATE (/HR TIME FAILURE i
IDENTIFIER COMP FAILURE NODE OR /D) (HR) PROBABILITY

,

1

90L49MRB OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07 ;

90L49MRC OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07 -

9RECN420A CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06 I

'
9RECN420B CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

9RECN420C CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

90ST00 05 TORQUE SWITCH Fall T 2.000E-07 2.000E+00 4.00E-07 :

9CN425U CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

9 REC 0420F C0 RELAY C0ll FAILURE 3.000E-06 2.000E+00 6.00E-06

9CNCRIA CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08

9FV1 FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07

9CN55570 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

90LCN49MR1 CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08 !
i

90LCN48MR2 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08 ;

90LCN49MR3 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

9CNK734 CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06 i

:

9PS118VAC PS LOOP POWER SUPPLY AL 5.800E-06 2.000E+00 1.16E-05 '

r

REPY405A1 RE RELAY ALL FAILURE MO 8.700E-08 2.000E+00 1.74E-07
,

,

CMPB405 CM COMPARATOR ALL MODES 2.900E-06 2.000E+00 5.80E-06

ISEEPV405C EE ISOLATOR E-E CONVERT 4.800E-07 2.000E+00 9.60E-07 .

PSPGY405 PS LOOP POWER SUPPLY AL 5.800E-06 2.000E+00 1.16E-05 i

RSPS405B RS RESISTOR STANDARD QU 4.900E-09 2.000E+00 9.80E-09

TPPT405 TP PRESSURE SENSORS ALL 2.800E-06 2.000E+00 5.60E-06 i

O '
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!

TABLE C-26 (Cont)- ip
V SHEARON HARRIS BASIC EVENT PROBABILITIES j

i

FAILURE DETECTION !
.

FAULT TREE RATE (/HR TIME FAILURE :

IDENTIFIER COMP FAILURE NODE OR /0) (HR) PROBABILITY (
,

1.60E-034RHCBOE DE OPERATOR FAILS TO CL 1.600E-03 ---

3.20E-034RHOEOPEN OE OPERATOR FAILS TO OP 3.200E-03 ---

'

4CN1A11A2K CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06
,

4CN420 LOCK CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

4CNB706BV CN RELAY CONTACTORS SPV 2,000E-08 2.000E+00 4.00E-08 '

'

4CN8809BU CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08 ',

4CBU CB circuli BREAKER OPEN 1.000E-08 2.000E+00 2.00E-08

4CT480120V CT CURRENT TRANSFORMER 3.500E-07 2.000E+00 7.00E-07

40L49MRA OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 5.00E-07
,

40L49MRB OL THERMAL OVERLOAD PRE 1.500E-07 2.000E+00 3.00E-07

40L49MRC OL THERMAL OVERL0A0 PRE 1.500E 07 2.000E+00 3.00E-07

4RECN420A CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06 i

4RECN420B CN RELAY CONTACTS FAIL 1.000E-06 2,000E+00 2.00E-06
,

4RECN420C CN RELAY CONTACTS Fall 1.000E-06 2.000E+00 2.00E-06

40STOU 05 TORQUE SWITCH Fall T 2.000E-07 2.000E400 4.00E-07 ;

4CN42SU CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

4 REC 0420F C0 RELAY C0ll FAILURE 3.000E-06 2.000E+00 6.00E-06

4CNCRIA CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08

4FU1 FU FUSE ALL MODES 1.500E-07 2.000E+00 3.00E-07 |

4CN5557U CN RELAY CONTACTORS SPV 2.000E-08 2.000E+00 4.00E-08

40LCN49MR1 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08

|O
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fWESTINGHOUSE PROPRIETARY CLASS S

,

TABLE C-26 (Cont)7,

id SHEARON HARRIS BASIC EVENT PROBABILITIES
'

FAILURE DETECTION ,

FAULT TREE RATE (/HR TIME FAILURE e

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY

40LCN48MR2 CN RELAY CONTACTORS SPU 2.000E-08 2.000E+00 4.00E-08 :

40LCN49MR3 CN RELAY CONTACTOR$ SPU 2.000E-08 2.000E+00 4.00E-Od

4CNK734 CN RELAY CONTACTS FAIL 1.000E-06 2.000E+00 2.00E-06

PM1ASAA PM FAILURE TO START 1.000E-05 2.000E+00 2.00E-05
'

PM1ASAX PM Fall TO RUN.GIVEN ST 1.000E-04 2.000E+00 2.00E-04

PM1BSBA PM FAILURE TO START 1.000E-05 2,000E+00 2.00E-05

PM1BSBX PM FAIL TO RUN,GIVEN ST 1.000E-04 2.000E+00 2.00E-04

1.20E-03MVS13400E0 OE OPERATOR FAILS TO OP 1.200E-03 ---

;

MVS!3400 MV FAILURE TO OPEN 1.000E-05 2,000E+00 2.00E-05 -

'

1.20E-03
( MVS!3410E0 OE OPERATOR FAILS TO OP 1.200E-03 ---

WVS!3410 MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05

1.20E-03MVCC1470E0 OE OPERATOR FAILS TO OP 1.200E-03 ---
;

MVCC1470 MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05

1.20E-03MVCC1670ED OE OPERATOR FAILS TO OP 1.200E-03 ---

MVCC1670 MV FAILURE TO OPEN 1.000E-05 2.000E+00 2.00E-05
.

SHORT TERM COOLING

CVS1830 CV FAILURE TO OPEN 2,000E-07 7.200E+01 1.44E-05
'

CVS1358D CV FAILURE TO OPEN 2,000E-07 7.200E+01 1.44E-05

CVS13470 CV FAILURE TO OPEN 2,000E-07 7.200E+01 1.44E-05
t

MVS!341V MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

CVRH700 CV FAILURE TO OPEN 2,000E-07 7.200E+01 1.44E-05 ;

HX1BSBF MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05

(v
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WESTINGHOUSE PROPRIETARY CLASS 3

|
i

3 TABLEC-26(Cont)-^

(V SHEARON HARRIS BASIC EVENT PROBABILITIES|-
:
'

FAILURE DETECTION :

FAULT TREE RATE (/HR TIME FAILURE :

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY |
t

PM1BSBX PM Fall TO RUN.c!VEN ST 1.000E-04 7.200E+01 7.20E 03 ,

I

R39CN42SAQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E401 2.16E 06 ,

R39CN42SBQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06 |

Rb9CN42SCO CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

R39CN4250 CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06 |

R39CN2B10 CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E 06 i

R39CNK7350 CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06
:

9REPY402A2 RE RELAY ALL FAILURE MD 8.700E-08 7.200E+01 6.26E-06 i

9CMPB402 CM COMPARATOR ALL MODES 2.900E-06 7.200E+01 2.09E-04

9PSPGY402 PS LOOP POWER SUFPLY AL 5.800E-06 7.200E+01 4.18E-04
,

!
9TPPT402 TP PRESSURE SENSORS ALL 2.800E-06 7.200E+01 2.02E-04

'

R40CN42SAQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

R40CN42SBQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06
'

R40CN42SCO CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

R40CN4250 CN RELAY CONTACTORS SPV 2.000E-08 7.200E+01 1.44E-06

R40CN2B10 CN RELAY CONTACTORS SPU 2.000E-08 7.200E+01 1.44E-06

R40CNK7350 CN RELAY CONTACTORS SPU 2.000E-08 7.200E+01 1.44E-06

CVS182D CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05 :

CVS1357D CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05 ;

CVS11810 CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05 |

CVS13560 CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05 ,

i

I
|s
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WESTINGHOUSE PROPRIETARY CLASS 3 |

!

TABLEC-26(Cont) f(3
C/ SHEARON HARRIS BASIC EVENT PROBABILITIES [

!

FAILURE DETECTION

FAULT TREE RATE (/HR TIME FAILURE f

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROCABILITY j

CVS13460 CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05 i

MVS1340V MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E-05 j
'

CVS134D CV FAILURE TO OPEN 2.000E-07 7.200E+01 1.44E-05

HX1ASAF MV FAILURE TO REMAIN OP 2.000E-07 7.200E+01 1.44E 05 ,

PM1ASAX PM Fall TO RUN.GIVEN ST 1.000E-04 7.200E+01 7.20E-03

RH1CN42SAQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06 |

RH1CN42SBQ CN MOTOR STARTER SPURIO 3.000E 08 7.200E+01 2.16E-06 :

RH1CN42SCO CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

RH1CN4250 CN RELAY CONTACTOR$ SPV 2.000E-08 7.200E+01 1.44E-06 |

RH1CN2B10 CN RELAY CONTACTORS SPU 2.000E-08 7.200E+01 1.44E-06

RH1CNK7350 CN RELAY CONTACTORS SPU 2.000E-08 7.200E+01 1.44E-06 |

1REPY402A2 RE RELAY ALL FAILURE MD 8.700E-08 7.200E+01 6.26E-06

1CMPB402 CM COMPARATOR ALL MODES 2.900E-06 7.200E+01 2.09E-04
?

1PSPGY402 PS LOOP POWER SUPPLY AL 5.800E-06 7.200E+01 4.18E-04
.

1TPPT402 TP PRESSURE SENSORS ALL 2.800E-06 7.200E+01 2.02E-04

RH2CN42SAQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06 ;

RH2CN42SBQ CN MOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06

RH2CN42SCO CN HOTOR STARTER SPURIO 3.000E-08 7.200E+01 2.16E-06
'

RH2CN4250 CN RELAY CONTAC10RS SPU 2.000E-08 7.200E+01 1.44E-06

RH2CN2B10 CN RELAY CONTACTORS SPU 2.000E-08 7.200E+01 1.44E-06 *

RH2LNK7350 CN RELAY CONTACTORS SPU 2.000E-08 7.200E+01 1.44E-06 -

,

'

|
O,
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'

WESTINGHOUSE PROPRIETARY CLASS 3
!
ii

TABLEC-26(Cont),m() SHEARON HARRIS BASIC EVENT PROBABILITIES i

J
|

FAILURE DETECTION |
FAULT TREE RATE (/HR TIME FAILURE .

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY
'

!

LONG TERM COOLING

CVRH347D CV FAILURE TO OPEN 2.000E-07 1.008E+03 2.02E-04
i

MVS1341V MV FAILURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04

CVRH70D CV FAILURE TO OPEN 2.000E-07 1.008E+03 2.02E-04 i

HX1BSBF MV FAILURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04
.

I

PM1BSBA PM FAILURE TO START 1.000E-05 1.008E+03 1.01E-02

PM1BSBX PM Fall TO RUN.GIVEN ST 1.000E-04 1.008E+03 1.01E-01 |

2.78E-03 !PM1BSBTST TE PUMP TEST UNAVAILABI 2.780E-03 ---

1.57E-03PM1BSBMAIN MA PUMP MAINTENANCE UNA 1.570E-03 ---

i

R39CN42SAQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

R39CN42SBQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05 |

R39CN42SCQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05 )

R39CN42SQ CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05 [

R39CN2B10 CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05

R39CNK7350 CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05

9REPY402A2 RE RELAY ALL FAILURE MD 6.700E-08 1.008E+03 8.77E-05

9CMPB402 CM COMPARATOR ALL MODES 2.900E-06 1.008E+03 2.92E-03

9PSPGY402 PS LOOP POWER SUPPLY AL 5.800E-06 1.008E+03 5.85E-03

9TPPT402 TP PRESSURE SENSORS ALL 2.800E-06 1.008E+03 2.82E-03

R40CN42SAQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

R40CN42SBQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

R40CN42SCO CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05 -

O%J
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WESTINGHOUSE PROPRIETARY CLASS 3 !
'

|
|

TABLE C 26 (Cont) !
c

!( SHEARON HARRIS BASIC EVENT PROBABILITIES
:

:

FAILURE DETECTION

FAULT TREE RATE (/HR TIME FAILURE i

10ENTIFIER COMP FAILURE MODE DR /0) (HR) PROBABILITY !

R40CN4250 CN RELAY CONTAC10RS SPV 2.000E-08 1.008E+03 2.02E-05

R40CN2B10 CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05 ,

R40CNK7350 CN RELAY CONTACTORS SPV 2.000E-08 1.008E+03 2.02E-05
'

MVS1340V MV FA! LURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04
i

HX1ASAF MV FAILURE TO REMAIN OP 2.000E-07 1.008E+03 2.02E-04
'

PM1ASA PM Fall TO RUN GIVEN ST 1.000E 04 1.008E+03 1.01E-01

RH1CN42SAQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05
'

RH1CN42SBQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05 ,

RH1CN42SCQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

RH1CNi250 CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05
;

RH1CN2B10 CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05 !

RH1CNK7350 CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05

1REPY402A2 RE RELAY ALL FAILURE MO 8.700E-08 1.008E+03 8.77E-05

1CMPB402 CM COMPARATOR ALL MODES 2.900E-06 1.008E+03 2.92E-03
'

IPSPGY402 PS LOOP POWER SUPPLY AL 5.800E-06 1.008E+03 5.85E-03

1TPPT402 TP PRESSURE SENSOP.S ALL 2.800E-06 1.008E+03 2.82E-03 |

RH2CN42SAQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05

RH2CN42SBQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05
,.

'

RH2CN42SCQ CN MOTOR STARTER SPURIO 3.000E-08 1.008E+03 3.02E-05
>

RH2CN4250 CN RELAY CONTACTOR$ SPU 2.000E-08 1.008E+03 2.02E-05

RH2CN2B10 CN RELAY CONTACTOR$ SPU 2.000E-08 1.008E+03 2.02E-05

RH2CNK7350 CN RELAY CONTACTORS SPU 2.000E-08 1.008E+03 2.02E-05

O
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WESTINGHOUSE PROPRIETARY CLASS 3

TABLE C-27m

SHEARON HARRIS .

HUMAN ERROR CALCULATIONS

TASK: OpenCCWfromHeatexchangerA-SA(B-SB) 100-147 (10C-167) to
establish CCW flow through heat exchanger.

;

REFERENCE: Step 2 of OP-111 Revision 2 * Residual Heat Removal System,"
Section 5.1, " Preparing Train A(B) RHR for RCS Cooldown,'
subsection 5.1, " Procedural Steps."

BREAK 00WN OF TASK: |

1. Omission error - Operator fails to open motor operated CCW heat exchanger i

valve |
t

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used ;

2. Commission error - Operator fails to open valve by selecting wrong control |

Median HEP = 0.003 Table 20-12 Select wrong control on a panel f
Mean HEP = 3.75E-03 from an array of similar- !

! Error Factor = 3 appearing controls identified |
by labels only |

'

V 3. Recovery error - Shift foreman fails to detect error by others

t Median HEP = 0.1 Table 20-22 Checking routine tasks, checker !
'

Mean HEP = 0.16 using written materials :
'

Error Factor = 5

|
,

!

;

1
1 ;

;

(1-3.75E-03)(0.00375)(0.16)+0.00375(0.16)P

OE = 5.9775E-04 + 6.0E-04 -=

= 1.198E-03 |

= 1.2E-03 i

Fault Tree Identifiers: MVCC1470E and MVCC1670E ;

1

OQ ,

'
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WESTINGHOUSE PROPRIETARY CLASS 3

p TABLEC-27(Cont)
\ l
'd SHEARON HARRIS

HUMAN ERROR CALCULATIONS

TASK: Close RHR Heat exchanger A (B) outlet flow control 1RH-30
(1RH-66).

REFERENCE: Step 3 of OP-111 Revision 2. " Residual Heat Removal System,'
Section 5.1. * Preparing Train A(B) RHR for RCS Cooldown,'
subsection 5.1, * Procedural Steps.*

BREAKDOWN OF TASK:

1. Omission error - Operator fails to close air operated heat exchanger
outlet flow control valve

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Commission error - Operator fails to close valve by selecting wrong control

Median HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean HEP = 3.75E-03 from an array of similar-
Error Factor = 3 appearing controls identified

by labels only

3. Recovery error - Shift foreman fails to detect error by others

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials
Error factor = 5

(1-3.75E-03)(0.00375)(0.16)+0.00375(0.16)P

OE = 5.9775E-04 + 6.0E 04=

= 1.198E-03
= 1.2E-03

Fault Tree Identifiers: AVRH300E and AVRH660E

O
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|
r

TABLE C-27 (Cont)- jg
kY SHEARON HARRIS !

HUMAN ERROR CALCULATIONS

!
TASK: Place in manual and open RHR Heat exchanger A(B) bypass flow

controlFCV-605A(B),1RH-20(1RH-58).

REFERENCE: Step 4 of OP-111 Revision 2. * Residual Heat Removal System,* !

Section 5.1, * Preparing Train A(B) RHR for RCS Cooldown," !
subsection 5.1, * Procedural Steps."

.

;

BREAK 00WN OF TASK: !

1. Omission error - Operator fails to open air operated heat exchanger bypass |
flow control valve :

Median HEP = 0.003 Table 20-7 Long list > 10 items !

Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used !

'

2. Commission error - Operator fails to place valve in manual by selecting
wrong control

Median HEP = 0.003 Table 20-12 Select wrong control on a panel !
Mean HEP = 3.75E-03 from an array of similar- |

Error Factor = 3 appearing controls identified
by labels onlyg

3. Commission error - Operator fails to open valve by selecting wrong control .

:

Median HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean HEP = 3.75E-03 from an array of similar- :

Error Factor = 3 appearing controls identified !

by labels only

4. Recovery error - Shift foreman fails to detect error by others i

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials ,

Error Factor = 5
t

3.75E-03(0.16)+(1-3.75E-03)(3.75E-03)(0.16)+(1-3.75E-03)2
;

P $
OE (3.75E-05)(0.16) 1

6.0E-04 + 5.98E-04 + 5.96E-04 !=
e1.794E-03=

1.8E-03=

Fault Tree Identifiers: AVRH200E and AVRH580E
*

;
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WESTINGHOUSE PROPRIETARY CLASS 3 i

:

4

TABLE C-27 (Cont)
(-]

;

'

SHEARON HARRIS
HUMAN ERROR CALCULATIONS ,

TASK: CloseRWSTtoRHRpumpA-SA(B-SB),ISI-322(1S1-323). |

REFERENCE: Step 5 of OP-111 Revision 2, " Residual Heat Removal System," !
Section 5.1, " Preparing Train A(B) RHR for RCS Cooldown," |

subsection 5.1, " Procedural Steps." :
:

BREAKDOWN OF TASK:
1

1. Omission error - Operator fails to close motor operated valve from RWST

Median HEP = 0.003 Table 20-7 Long list > 10 items i
Mean HEP = 3.75E-03 When procedures with checkoff ,

!
Error Factor = 3 provisions are correctly used

2. Commission error - Operator fails to close valve by selecting wrong control |

Median HEP = 0.003 Table 20-12 Select wrong control on a panel ;

Mean HEP = 3.75E-03 from an array of similar- r

Error factor = 3 appearing controls identified
by labels only ,

3. Recovery error - Shift foreman fails to detect error by others

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials .

Error Factor = 5 |

|

t

I

,

(1-3.75E-03)(0.00375)(0.16) + 0.00375(0.16)P

OE = 5.9775E-04 + 6.0E-04
;

=

= 1.198E-03
= 1.2E-03

Fault Tree Identifiers: MVS!3220E and MVS!3230E

'
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WESTINGHOUSE PROPRIETARY CLASS 3'-

,

:

TABLE C-27 (Cont)

SHEARON HARRIS
.

HUMAN ERROR CALCULATIONS

TASK: Close Low Head $1 Train A(B) to Cold Legs, 151-340(151-341). -

I

REFERENCE: Step 7 of OP-111 Revision 2. " Residual Heat Removal System,"
Section 5.1. " Preparing Train A(B) RHR for RCS Cooldown,"
subsection 5.1, * Procedural Steps."

BREAKDOWN OF TASK:

1. Omission error - Operator fails to close motor operated valve to cold legs

Median HEP = 0.003 Table 20-7 Long list > 10 items
Mean HEP = 3.75E-03 When procedures with checkoff ,

Error Factor = 3 provision:. are correctly used |

2. Commission error - Operator fails to close valve by selecting wrcng control
'

Median HEP = 0.003 Table 20-12 Select wrong control on a panel
Mean HEP = 3.75E-03 from an array of similar-
Error Factor = 3 appearing controls identified

by labels only ;

'

3. Recovery error - Shift foreman fails to detect error by others

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker
Mean HEP = 0.16 using written materials
Error Factor = 5

! |
|
I

,

,

F

!

,

| '

(1-3.75E-03)(0.00375)(0.16) + 0.00375(0.16)P

OE == 5.9775E-04 + 6.0E-04 |,

'

| = 1.198E-03 '

= 1.2E-03

Fault Tree Identifiers: MVS!3400EK and MVS!3410EK

1
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WESTINGHOUSE PROPRIETARY CLA S 3

!
i

TABLE C-27 (Cont) |

kJ SHEARON HARRIS I

HUMAN ERROR CALCULATIONS

TASK: Close Low Head St Train A(B) to Hot Leg Crossover, 151-326
(151-327). ;

REFERENCE: Step 8 of OP-111 Revision 2, " Residual Heat Removal System,'
Section 5.1, " Preparing Train A(B) RHR for RCS Cooldown," '

subsection 5.1, " Procedural Steps." ;

iBREAKDOWN OF TASK:

1. Omission error - Operator fails to close motor operated valve to hot leg
,

crossover
>

Median HEP = 0.003 Table 20-7 Long list > 10 items ,

Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisinns are correctly used

2. Commission error - Operator fails to close valve by selecting wrong control !

Median HEP = 0.003 Table 20-12 Select wrong control on a panel ,

Mean HEP = 3.75E-03 from an array of similar- i

Error Factor =3 appearing controls identified
r by labels only !
t

3. Recovery error - Shift foreman fails to detect error by others'

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker ;

Mean HEP = 0.16 using written materials .

'

Error Factor = 5

,

;

(1-3.75E-03)(0.00375)(0.16) + 0.00375(0.16)P

OE = 5.9775E-04 + 6.0E-04=

= 1.198E-03
= 1.2E-03

Fault Tree Identifiers: MVS13260E and MVS13270E

o m oto/oiisse C-140
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WESTINGHOUSE PROPRIETARY CLASS 3 {

l
,

TABLE C-27 (Cont).r

V SHEARON HARRIS 1

HUMAN ERROR CALCULATIONS ,!

TASK: Unlock and close the supply breakers to IRH1 (IRH39) and 1RH2 '
;

(1RH40).
f

REFERENCE: Step 13 of OP-111 Revision 2, " Residual Heat Removal System,*
Section 5.1, * Preparing Train A(B) RHR for RCS Cooldown," !

'

subsection 5.1, " Procedural Steps." ;
i

i

5
BREAKDOWN OF TASK:

1. Omission error - Operator fails to unlock and close power supply breaker -

Median HEP = 0.003 Table 20-7 Long list > 10 items
'

,

Mean HEP = 3.75E-03 When procedures with checkoff
Error Factor = 3 provisions are correctly used

2. Commission error - Operator selects wrong circuit breaker

Median HEP = 0.005 Table 20-12 Select wrong circuit breaker in !

Mean HEP = 6.25E-03 a group of circuit breakers
Error Factor = 3 densel grouped and identified i

by lab 1s only

3. Recovery error -Foreman fails to detect error by others

Median HEP = 0.1 Table 20-22 Checking routine tasks,
Mean HEP = 0.16 checker using written materials .

Error Factor = 5 i

;

:

:

;

!,

(1-3.75E-3)(0.00625)(0.16)+0.00375(0.16)P

OE = 9.96E-04 + 6.0E-04 1=

= 1.596E-03
= 1.6E-03

Fault Tree Identifiers: 1RHCBOE j

!'

omx:to/ottsas C-141
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WESTINGHOUSE PROPRIETARY CLASS 3 !

!

O TABLE C-27 (Cont)
i

SHEARON HARRIS
'

HUMAN ERROR CALCULATIONS
i

Open RCS Loop A(C)lete Attachment 11 checklist.toRHRpumpA-SA(B-58)1RH-1and1RH-2(1RH-39|TASK:
and 1RH-40). Comp |

REFERENCE: Step 14 of OP-111 Revision 2, ' Residual Heat Removal System,* |
Section 5.1 " Preparing Train A(B) RHR for RCS Cooldown,' |

subsection 5.1, * Procedural Steps." :
!

BREAKDOWN OF TASK:

1. Omission error - Operator fails to open motor operated suction valve using ,

two position switch |
Median HEP = 0.003 Table 20-7 Long list > 10 iter.. :

Mean HEP = 3.75E-03 When procedures with checkoff
Error factor = 3 provisions are correctly used

2. Commission error - Operator fails to turn control to open valve ;

Median HEP = 0.01 Table 20-12 Turn two position switch in :

Mean HEP = 1.61E-02 wrong direction when design !

Error Factor = 5 violates a strong populational
stereotype end operating

Os conditions are normal by ;

labels only .

3. Recovery error - Shift foreman fails to detect error by others !

Median HEP = 0.1 Table 20-22 Checking routine tasks.
Mean HEP = 0.16 checker using written materials i

Error Factor = 5
,
.

,

.

(1-3.75E-03)(0.016)(0.16) + 0.00375(0.16)P

OE = 2.556E-03 + 6.0E-04=

= 3.166E-03
= 3.2E-03

Fault Tree Identifiers: 1RHOEOPEN and 2RHOEOPEN.
3RHOEOPEN and 4RHOEOPEN

'

,

oschio/oiisse C-142
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WESTINSHOUSE PROPRIETARY CLAS$ 3 |

TABLEC-27(Cont)-]
v' SHEARON HARRIS 1

|

HUMAN ERROR CALCULATIONS

TASK: Open Low Head 51 Train A(B) to Cold Legs, 151-340 (151-341).
.)

REFERENCE: Step 20a of OP-111, Revision 2, " Residual Heat Removal System," )
Section 5.1, ' Preparing Train A(B) RHR for RCS Cooldown,' ;

subsection 5.1, " Procedural Steps."

BREAKDOWN OF TASK:

1. Omission error - Operator fails to open motor operated valve to acid legs
!

Median HEP = 0.003 Table 20-7 Long list > 10 items |
Mean H[P = 3.75E-03 When procedures with checkoff j
Error Factor = 3 provisions are correctly used j

2. Commission error - Operator fails to open valve by selecting wrong control |
Median HEP = 0.003 Table 20-12 Select wrong control on a panel ;

Mean HEP = 3.75E-03 from an array of similar-
Error Factor a 3 appearing controls identified i

by labels only

p 3. Recovery error -Shift foreman fails to detect error by others i

!\

Median HEP = 0.1 Table 20-22 Checking routine tasks, checker'

Mean HEP = 0.16 using written materials ,

Error factor = 5 :

;

;

i

;-

.

.

(1-3.75E-03)(0.00375)(0.16)+0.00375(0.16)P

OE == 5.9775E-04 + 6.0E-04
= 1.198E-03
= 1.2E-03

fFault Tree Identifiers: MVS13400ED and MVS13410ED

OO,

,

oso7x:1o/o11ssa C-143

- . _ _ _ _ _ ___ - . _ . -. .- -- .-_ ..- _ . . -- .



WESTINGHOUSE PROPRIETARY CLASS 3

TABLE C-28]
'd SHEARON HARRI$

DOMINANT CONTRIBUTORS I

RHR INITIATION {

MEAN PROBABILITY OF FAILURE = 3.74E-02
i

PROBABILITY CUTSET DESCRIPTION |

1. 3.20E-03 OPERATOR FAILS TO OPEN 1RH40 SUCTION VALVE f
i

2. 3.20E-03 OPERATOR FAILS TO OPEN 1RH40 SUCTION VALVE !

3. 3.20E-03 OPERATOR FAILS TO OPEN 1RH2 SUCTION VALVE

4. 3.20E-03 OPERATOR FAILS TO OPEN 1RH1 SUCTION VALVE

5, 1.80E-03 RHR HX BYPASS 1RHSB FAILS TO OPEN OPERATOR ERROR ;

6. 1.80E-03 RHR HX BYPASS VALVE 1RH2O FAILS TO OPEN OPERATOR ERROR |

7. 1.60E-03 OPERATOR FAILS TO RACK IN CIRCUIT BREAKER FOR VALVE 1RH40

8. 1.60E-03 OPERATOR FAILS TO RACK IN circuli BREAKER FOR VALVE 1RH39
,

9. 1.60E-03 OPERATOR FAILS TO RACK IN CIRCUIT BREAKER FOR VALVE 1RH2

10. 1.60E-3 OPERATOR FAILS TO RACK IN CIRCULI BREAKER FOR VALVE ;

11. 1.20E-03 CCW TO RHR HX OUTLET VALVE 10C167 FAIL OPEN OPERATOR ERROR

12. 1.20E-03 CCW TO RHR HX OUTLET VALVE 1CC147 FAIL OPEN OPERATOR ERROR |

13. 1.20E-03 TRAIN B DISCHARGE VALVE IS1341 FAIL OPEN OPERATOR ERROR

14. 1.20E-03 TRAIN A DISCHARGE VALVE 151340 Fall OPEN OPERATOR ERROR f

15. 1.20E-03 RHR CROSSOVER TO HOT LEG VALVE 151327 FAIL CLOS OPERATOR !

ERROR
,

'

16, 1.20E-03 RHR CROSSOVER TO HOT LEG VALVE 151326 FAIL CLOS OPERATOR
ERROR

,

17. 1.20E-03 DISCHARGE VALVE 151341 FAILS TO CLOSE OPERATOR ERROR

I
18, 1.20E-03 DISCHARGE VALVE 1S1340 FAILS TO CLOSE OPERATOR ERROR'

l 19, 1.20E-03 RHR SUCTION RWST VALVE 1S1323 FAILS TO CLOSE OPERATOR ERROR ,

! 20. 1.20E-03 RHR SUCTION RWST VALVE 151322 FAILS TO CLOSE OPERATOR ERROR

O
i ozonnofoness C-144
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WESTINGHOUSE PROPRIETARY CLASS 3 |
i
t

;

,

(N TABLE C-29 6

!
')\

SHEARON HARRIS !
'

DOMINANT CONTRIBUTORS
LOSS OF SHORT TERM COOLING i

WITH AUTOCLOSURE INTERLOCK ,

i

MEAN PROBABILITY OF FAILURE =.1.61E-02 |

PROBABILITY CUTSET DESCRIPTION
,

.

1. 7.20E-03 PUMP 18-SB FAILS TO RUN FOR 72 HOURS !

I
2. 7.20E-03 PUMP 1A-SA FAILS TO OPERATE FOR 72 HOURS

3. 4.18E-04 LOOP POWER SUPPLY PGY-403 FAILS ,

'

4. 4.18E-04 LOOP POWER SUPPLY PGY-402 FAILS

5. 2.09E-04 DUAL COMPARATOR PB-403 FAILS

6. 2.09E-04 OVAL COMPARATOR PB-402 FAILS

7. 2.20E-04 PRESSURE TRANSMITTER PT-403 FAILS

8. 2.02E-04 PRESSURE TRANSMITTER PT-402 FAILS

d 9. 1.44E-05 RHR HX 1B-SB FAILS TO REMOVE HEAT CCW VALVE SPURIOUSLY
CLOSE |

#

10. 1.44E-05 CHECK VALVE 1RH-70 FAILS TO OPEN
i

11. 1.44E-05 MOTOR OPERATED VALVE 151-341 SPURIOUSLY CLOSES ;

12. 1.44E-05 CHECK VALVE 151-347 FAILS TO OPEN j

13. 1.44E-05 HEAT EXCHANGER 1A-SA FAILS TO REMOVE HEAT CCW SPUR CLOSE

14. 1.44E-05 CHECK VALVE 151-34 FAILS TO OPEN :

15. 1.44E-05 MOTOR OPERATED VALVE 151340 SPURIOUSLY CLOSES

16, 1.44E-05 CHECK VALVE 151-346 FAILS TO OPEN
i

17, 6.26E-06 AUXILIARY RELAY PY/403A1 FAILS
,

18, 6.26E-06 AUXILIARY RELAY PY/402A1 FAILS

19. 1.44E-06 CLOSE CONTACT 281-2B2 SHORTS

20, 1.44E-06 LOCKIN CIRCUIT FAILURE CONTACT 42S SHORTS
,

C-145emmio/citoss
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WESTINGHOUSE PROPRIETARY CLASS 3 |
4

TABLE C-30p
O SHEARON HARRIS ;

DOMINANT CONTRIBUTORS i
'

LOSS OF SHORT TERM COOLING
WITHOUT AUT0 CLOSURE INTERLOCK

'

MEAN PROBABILITY OF FAILURE e 1.45E-02 ;

PROBABILITY CUTSET DESCRIPTION i

1. 7.20E-03 PUMP 1B-SB FAILS TO RUN FOR 72 HOURS

2. 7.20E-03 PUMP 1A-SA FAILS TO OPERATE FOR 72 HOURS -

3. 1.44E-05 RHR HX 1B-SB FAILS TO REMOVE HEAT CCW VALVE SPURIOUSLY
CLOSE

4. 1.44E-05 CHECK VALVE 1RH-70 FAILS TO OPEN
'

5. 1.44E-05 MOTOR OPERATED VALVE 151-341 SPURIOUSLY CLOSES

6. 1.44E-05 CHECK VALVE 151-347 FAILS TO OPEN

7. 1.44E-05 HEAT EXCHANGER 1A-SA FAILS TO REMOVE HEAT CCW SPUR CLOSE

8. 1.44E-05 CHECK VALVE 151-34 FAILS TO OPEN

9. 1.44E-05 MOTOR OPERATED VALV5 1S1340 SPUR 10VSLY CLOSES ,

,

10. 1.44E-05 CHECK VALVE 151-346 FAILS TO OPEN

11. 1.44E-06 CLOSE CONTACT 281-2B2 SHORTS

12. 1.44E-06 LOCKING circuli FAILURE CONTACT 42S SHORTS

13. 1.44E-06 CLOSE CONTACT 281-2B2 SHORTS

14 144E-06 LOCKIN circuli FAILURE CONTACT 42S SHORTS
'

15. 1.44E-06 CLOSE CONTACT 2B1-2B2 SHORTS

16. 1.44E-06 LOCKIN CIRCUIT FAILURE CONTACT 42S SHORTS

17. 1.44E-06 CLOSE CONTACT 2B1-2B2 SHORTS ,

18, 1.44E-06 LOCKING circuli FAILURE CONTACT 42S SHORTS

19. 2.07E-10 SAFETY INJECTION CHECK VALVE 151357 FAILS TO OPEN ;

SAFETY INJECTION CHECK VALVE 151355 FAILS TO OPEN

20. 2.07E-10 SU ETY INJECTION CHECK VALVE IS!357 FAILS TO OPEN
SAFETY INJECTION CHECK VALVE 15181 FAILS TO OPEN

o m oto/citees C-146
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WESTINGHOUSE PROPRIETARY CLASS 3

)
|

TABLE C-31q
fSHEARON HARRIS -

DOMINANT CONTRIBUTORS {

LOSS OF LONG TERM COOLING
WITH AUTOCLOSURE INTERLOCK ;

MEAN PROBABILITY OF FAILURE = 3.45E-02
i

PROBABILITY CUTSET DESCRIPTION (
!

1, 1.02E-02 RHR PUMP 1B-SB FAILS TO RUN FOR 6 WEEKS !
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS |

i

2. 5.85E-03 LOOP POWER SUPPLY PGY-402 FAILS

3. 5.85E-03 LOOP POWER SUPPLY PGY-403 FAILS

4. 2.92E-03 DUAL COMPARATOR PB-402 FAILS j

5. 2.92E-03 DUAL COMPARATOR PB-403 FAILS

6. 2.82E-03 PRESSURE TRANSMITTER PT-402 FAILS

7, 2.82E-03 PRESSURE TRANSMITTER PT-403 FAILS j

. ,D 8. 1.02E-03 RHR PUMP IB-SB FAILS TO START ;

\ PUMP 1A-SA FAILS TO RUN FOR SIX WEEKS
'

'
'

9. 2.81E-04 RHR PUMP 1B-SB UNAVAILABLE DUE TO TEST
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS ;

'
10. 1.59E-04 RHR PUMP 1B-SB UNAVAILABLE DUE TO MAINTENANCE '

PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS .,

11, 8.77E-05 AUXILIARY RELAY PY/402A1 FAILS |

12. 8.77E-05 AUXILIARY RELAY PY/403Al FAILS

13. 2.04E-05 RHR PUMP 1B-SB FxlLS TO RUN FOR 6 WEEKS
DISCHARGE VALVE 151-340 SPURIOUSLY CLOSES

14, 2.04E-05 RHR PUMP IB-SB FAILS TO RUN FOR 6 WEEKS :

HEAT EXCHANGER 1A-SA FAILS TO REMOVE HEAT CCW VALVE SPUR C

15, 2.04E-05 RHR DISCHARGE VALVE 151-341 SPURIOUSLY CLOSES ,

PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS .

16. 2.04E-05 CHECK VALVE 1RH-347 FAILS TO OPEN
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS

,

c 17. 2.04E-05 HEAT EXCHANGE 1B-SB FAILS TO REMOVE HEAT CCW VALVE SPUR C !

'( PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS
,s

oso7mio/o11eas C-147
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WEST!hGHOUSE PROPRIETARY CLASS 3 ;

.;

TABLE C-31 (Cont)
.7

~ SHEARON HARRIS
~

DOMINANT CONTRIBUTORS
LOSS OF LONG TERM COOLING '

WITH AUT0 CLOSURE INTERLOCK

MEAN PROBABILITY OF. FAILURE = 3.45E-02

PROBABILITY CUTSET DESCRIPTION

18, 2.04E-05 CHECK VALVE 1RH70 FAILS TO OPEN
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS

19. 2.04E-06 RHR PUMP 1B-SB FAILS T9 START
DISCHARGE VALVE 151-340 SPURIOUSLY CLOSES

20. 2.04E-06 CLOSE CONTACT 2B1-2B2 SHORTS
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS

1..

L
1

|
:

|

|

|
|

.

T
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WESTINGHOUSE PROPRIETARY CLASS 3 1

l

I

~,q , TABLE C-32 1

SHEARON HARRIS -

DOMINANT CONTRIBUTORS !

LOSS OF LONG TERM COOLING
WITHOUT AUT0 CLOSURE INTERLOCK

MEAN PROBABILITY OF FAILURE = .1.16E-02

PROBABILITY CUTSET DESCRIPTION,
i

1. 1.02E-02 RHR PUMP 1B-SD FAILS TO RUN FOR 6 WEEKS
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS

2. 1.02E-03 RHR PUMP 1B-SB FAILS TO START
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS

3. 2.81E-04 RHR PUMP IB-SB UNAVAILABLE DUE TO TEST
'

PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS i

4. 1.59E-04 RHR PUMP 1B-SB UNAVAILABLE DUE TO MAINTENANCE
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS

5, 2.04E-05 RHR PUMP 18-SB FAILS TO RUN FOR 6 WEEKS
DISCHARGE VALVE 151-340 SPURIOUSLY CLOSES

O 6. 2.04E-05 RHR PUMP 1B-SB FAILS TO RUN FOR 6 WEEKS ;

- (J HEAT EXCHANGER 1A-SA FAILS TO REMOVE HEAT CCW VALVE SPUR r

'

7. 2.04E-05 RHR DISCHA'tGE VALVE 151-341 SPURIOUSLY CLOSES
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS ,

8. 2.04E-05 CHECK VALVE 1RH-347 FAILS TO OPEN
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS <

9, 2.04E-05 HEAT EXCHANGER 1B-SB FAILS TO REMOVE HEAT CCW VALVE SPUR
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS

10. 2.04E-05 CHECK VALVE 1RH70 FAILS TO OPEN
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS j

11. 2.04E-06 RHR PUMP IB-SB FAILS TO START
DISCHARGE VALVE 151-340 SPURIOUSLY CLOSES

12. 2.'04E-06 CLOSE CONTACT 2B1-2B2 SHORTS
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS

IS. 2.04E-06 LOCKIN CIRCUII FAILURE CONTACT 42S SHORTS
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS

14. 2.04E-06 CLOSE CONTACT 281-2B2 SHORTS
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS

'

15. 2.04E-06 LOCKIN CIRCUIT FAILURE CONTACT 42S SHORTS
PUMP 1A-SA FAILS TO RUN FOR 6 WEEKS

|

! 0307x:1D/011988
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WESTINGHOUSE PROPRIETARY CLASS 3
:

L |
,

TABLEC-32(Cont) i
7- s
1 1
\' ' SHEARON HARRIS I

DOMINANT CONTRIBUTORS .

LOSS OF LONG TERM COOLING |

WITHOUT AUT0 CLOSURE INTERLOCK

MEAN PROBABILITY OF FAILURE = 1.16E-02 i

PROBABILITY CUTSET DESCRIPTION
.

16. 2.04E-06 RHR PUMP 1B-SB FAILS TO START i

HEAT EXCHANGER 1A-SA FAILS TO REMOVE HEAT CCW VALVE SPUR
.,

17. 2.04E-06 RHR PUMP 1B-SB FAILS TO RUN FOR 6 WEEKS
CLOSE CONTACT 2B1-2B2 SHORTS ,

IB. 2.04E-06 RHR PUMP 1B-SB FAILS TO RUN FOR 6 WEEKS 1

LOCKIN CIRCUIT FAILURE CONTACT 42S SHORTS ,

t

19. 2.04E-06 RHR PUMP 1B-SB FAILS TO RUN FOR 6 WEEKS
CLOSE CONTACT 2B1-2B2 SHORTS

20. 2.04E-06 RHR PUMP IB-SB FAILS TO RUN FOR 6 WEEKS
LOCKING CIRCUIT FAILURE CONTACT 42S SHORTS

,

| ,- ,. .

| O
1

l-

|

|

4

1

l'

..

(Ow/
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L WESTINGHOUSE PROPRIETARY CLASS 3

APPENDIX D :
,_

(v) OVERPRESSURIZATION TRANSIENTSL
o

e

i D.1 INTRODUCTION .

3

This appendix details the calculations and analyses involved in the
determination of the effect of removal of the RHR autoclosure interlock on
overpressurization transients. The first section categorizes the types of
initiating events and utilizing operating experience, the frequency of these
events is determined. The remaining sections discuss the mess input
transients and the consequences from these transients for each of the
reference plants.

$D.2 INITIATING EVENTS

This section provides the data and calculations used to determine the
frequencies of the transient events identified in Section 7.5. Table 0-1 ,

lists the transients that have actually occurred at Westinghouse PWRs by the

[/] type of transient. This information was collected from various sources,
s

including licensee event reports (LERs). Table D-2 lists the loss of residual''

,

heat removal events that have occurred at Westinghouse plants due to the-

autoclosure interlock.

In order to determine the frequency of these events, a compilation of
i operating years of experience was performed. This data is provided in Table

- D-3. This table shows, for each plant, an estimate of the total number of
I shutdown hours (in which the RHRS would be required to operate) along with the

total report period hours. The data was collected from NUREG-0020, Volume 10,

No. 12, " Licensed Operating Reactors, Status Summary Report, Data as of
11-30-86," (Reference 25).

(

0039D.l o/101189
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WESTINGHOUSE PROPRIETARY CLASS 3

'To quantify the frequency of overpressurization transients the following
.

formula was used:

# f transients
F (Transient) =

# of shutdown years

# of transients

Total shutdown years

# of transients
'

112.4 shutdown years
!

i.

Table D-4 lists the frequencies for each transient using the above formula.
For the case of ietdown isolation, RHRS isolated, the frequency was calculated

0 utilizing the number of occurrences of the loss of RHR events from Table D-2.

The modification to the autoclosure interlock does not affect the charging /S:
pump actuation event frequency or the letdown isolation RHR operable event

j frequency. However, the letdown isolation - RHR isolated frequency would be

L significantly reduced due to removal of the autoclosure interlock. This is
because many spurious closures of the RHR isolation valves cause the isolation ,

of letdown. In order to account for the reduction in the frequency for the
letdown isolation - RHRS isolated case, the' frequency for the modification f
case was assumed to conservatively decrease by one-half. Thus, the frequency j
for the letdown isolation - RHR isolated case, for the case without the I

autoclosure interlock, is 2.22E-01/ shutdown year. - |

Because the hest input transients have no effect on the removal of the
autoclosure interlock as discussed in section 7.5, these transients were not |

examined further. The following sections discuss the mass input transient
analysis performed for each of the reference plants. |

!

00390:1D/101189
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WESTINGHOUSE PROPRIETARY CLASS 3 !,

TABLE D-1 .,

) ACTUAL OVERPRESSURIZATION TRANSIENTS i

T WESTINGHOUSE PLANTS ONLY

i

PLANT DATE KEYWORDS SOURCE REMARKS
,.

OPENING OF ACCUMULATOR DISCHARGE ISOL AT!DN VALVES

SURRY 1 1/28/73 VENT TRAPPED AIR N. SAFETY FROM 450 TO 590 PSIG

PRA1R]E ISLAND 1 1/16/74 SI SIGNAL INITIATED N. SAFETY FROM 395 TO 840 PSIG

INDIAN POINT 2 2/22/74 INADVERTENT $1 N. SAFETY FROM 150 TO $60 PSIG

NORTH ANNA 1 12/16/85 FALSE PRESSURE SIGNAL LER 85-023

STARTUP OF INACTIVE LOOP

INDIAN POINT 2 3/8/72 THERMAL EXPANSION N, SAFETY FROM 400 TO 640 PSIG

PRAIRIE ISLAND 1 10/31/73 THERMAL EXPANSION N. SAFETY FROM 420 TO 1100 PSIG

IND]AN P0]NT 2 1/23/74 PRESSURE SURGE N. SAFETY FROM 425 TO 525 PSIG

FARLEY 2 10/15/83 PRESSURE SURGE APE TO 480 PSIG RHR RELIEF

TURKEY PolNT 4 11/28/81 PRESSURE SURGE IE 82-17 TO 1100 PSIG

TURKEY POINT 4 11/29/81 PRESSURE SURGE IE 82-17 70 750 PSIG

NORTH ANNA 2 5/24/82 FILLING AND VENTING AEOD PORV OPENED TWICE

NORTH ANNA 2 5/18/82 PRESSURE SURGE AEOD PORV OPENED TWICE

[D, SALEM 2 3/29/85 RCS FILL AND VENT LER 85-003 PORV OPENED TWICEI

,l SUMMER 5/6/85 DG TESTING NPE RHR RELIEF VALVE ACTUATED

NORTH ANNA 1 .8/14/85 DURING STARTUP LER 85-010 BOTH PORVS TWICE

ISOLATION OF LETDOWN WHILE CHARGING CONTINUES - RHR OPERABLE

GINNA 1969 OPERATOR ERROR N. SAFETY TO 2485 PSIG SAFETY VALVE

INDIAN PolNT 2 2/17/72 OPERATOR ERROR N. SAFETY FROM 420 TD 650 PSIG

IN0! AN POINT 2 4/6/72 OPERATOR ERROR N. SAFETY FROM 420 TD 680 PS!G

INDIAN P01MT 2 5/18/73 FRO 2EN VALVES N. SAFETY FROM 440 TO 57E PS!G

PRA1RIE ISLAND 2 11/27/74 TEST $1GNAL N. SAFETY TO 900 PSIG

BEAVER VALLEY 1 2/24/76 ELECTRICAL BUS TRANSFER N. SAFETY FROM 400 TO 1000 PSIG

BEAVER VALLEY 1 3/5/76 BUS DEENERGIZED SI SIGNAL N. SAFETY FROM 400 TO 1150 PSIG

D.C. COOK 1 4/14/76 RPS TESTING N. SAFETY TO 1040 PSIG

TNDIAN P01NT 2 9/12/76 INSTRUMENT AIR LOST N. SAFETY FROM 400 TO $15 PS]G
- NORTH ANNA 1 3/78 ELECTRICAL SHORT NPE TO 575 PS!G

|. NORTH ANNA 1 3/80 VALVE FAILED CLOSED NPE TO 570 PSIG RHR RELIEF
| FARLEY 2 10/15/83 CONTAINMENT ISOLATED NPE TO 700 PSIG RHR RELIEF

| SUMMER 12/4/84 SHURT CIRCUIT SPECIALR 84-018 RHR RELIEF

SURRY 1 5/12/85 POSITIONER OUT OF LER 85-009 PORV CYCLED TWICE

ADJUSTMEMT

/O
)

'
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L WESTINGHOUSE PROPRIETARY CLASS 3 :
'

1

i.
,

TABLE D-1 (Cont)e ,
,

.

,

|! ) ACTUAL OVERPRESSURIZATION TRANSIENTS
[ WESTINGHOUSE PLANTS ONLY

b. [
'

PLANT DATE kEvvo#0S SOURCE REMADKS
_

t

PRESSURIZER HEATERS ACTUATION *

I
NO WESTINGHOUSE PLANTS

'

t

ISOL ATION OF LETOOWN WHILE CHARGIN3 CONTINUES RHR !$0 LATED
t

; TURKEY POINT 3 12/3/74 HIGH PRESSURE AUTOMATIC N, SAFETY FROM 50 70 800 PSIG,

' ZION 1 6/3/75 OPERATOR ERROR N. SAFETY FROM 100 TO 1100 PSIG i

TROJAN 7/22/75 UNKNOWN PER$0N N. SAFETY FROM 400 TO 3326 PSIG
210N 2 9/18/75 INTERLOCK TEST N, SAFLTY FROM 95 70 1300 PSIG
POINT BEACH 2 2/28/76 OPERATIONAL REASONS NUREG FROM 400 TO 830 PSIG
IN01AN POINT 3 9/30/76 SPURIOUS CLOSURE N. SAFETY FROM 50 TO 2250 PSIG
210N 2 1/3/86 POWER SUPPLY FLUCTUATION LER 86-001 PORYS LIFTED

,

OTHER EVENTS

-

.

8YRON 1 12/28/84 RHR REPRESSURIZATION LETTER BYRON-85-0051 RHR RELIEF

-[h BYRON 1 12/30/84 RHR REPRESSURIZATION LETTER BYRON-85-0051 RHR RELIEF

) NORTH ANNA i 12/19/85 DP ERROR LETDOWN / CHARGING LER 85-025 MISMATCH

CALLAWAY 4/5/86 RCP SEAL CONTROL VALVE SPECIALR 86-03
FARLEY 11/7/86 OPERATOR ERROR LER 86-020 RHR RELIEF

!

CHARGING / SAFETY INJECT!DN ACTUATION i

ZION 1 6/13/73' OP LEFT PUMP RUNNING N. SAFETY FROM 110 TO 1290 PSIG

PRAIRIE ISLANO 1 10/74 SI $1GNAL NPE

POINT BEACH 2 12/10/74 $1 PUMP NUREG FROM 345 TO 1400 PSIG

BEAVER VALLEY 1 3/13/76 INADVERTENT $1 $1GNAL N. SAFETY FROM 425 TO 495 PSIG

ROBINSON 2 1/78 MANUAL $1 NPE FROM 360 TO 560 PSIG
NORTH ANNA 1 3/29/81 51 51GNAL LER 81-018 PORVS LIFTED f

NORTH ANNA 2 5/23/83 INADVERTENT SI $1GNAL NPE TO 387 PSIC PORV 3 TIMES ,

SURRY 1 7/7/82 INADVERTENT CHARGING AEDO ONE PORV OPENED

GINNA 6/9/83 PER$0NNEL ERROR AEDO PORV ACTUATED

SALEM 2 6/17/83 PERSONNEL ERROR AE00 BOTH FORVS ACTUATED

SURRY 1 6/1/84 PLACE CHARGING IN SERVICE NPE PORV CYCLED

TROJAN 6/30/85 !&C TESTING NPE 350 TO 420 PSIG TWICE

BVRON 1 3/18/85 ACCIDENTAL St LER 85034

ZION 2 1/3/86 INVERTER PS FLUCTUATION LER 86001 RHR ISOLATION

m
,. 't \.
'- i )
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'
,

i, i

TABLED-1(Cont) !.s y i

kf ACTUAL OVERPRESSURIZATION TRANSIENTS i

WESTINGHOUSE PLANTS ONLY :
1

[

SOURCES
'

N. $4FETY. REACTOR VES$EL TRANS!ENTS, NUCLEAR SAFETY ( ABSTRACTED FROM NUREG-0138)

!lE 82 17. 'It INFORMATION NOTICE 82-17
'

AE00 CASE STUDY REPORT - LOW TEMPERATURE OVERPRES$URE EVENTS AT TURKEY POINT UNIT 4 '

NPE NUCLEAR POWER EXPERIENCE e

'

F NUREG' NVREG-0224 REACTOR VES$EL PRESSURE TRANSIENT PROTECTION

OHR AEOD CASE STUDY REPORTa DICAY HEAT REMOVAL PR06LEMS AT U.S. PWR5 )

f-LER' LICENSEE EVENT REPORTS
I

SPECIALR SPECIAL REPORT

.

,

I
i..; .

i
;

t

I

{ 'I
t

k,

I

t
i
.

?

h
'

?

!

I

;

I

|
1

i
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WESTINGHOUSE PROPRIETARY CLASS 3

L TABLE 0-2

) LOSS OF RHR EVENTS
'~

DVE TO AUTOCLOSURE INTERLOCK
WESTINGHOUSE PLANTS ONLY

PL ANT DATE KEYWORDS SOURCE REMARKS

KEWAUNEE 9/26/74 LO$$ OF INSTR'JMENT 8U5 LER 74-17 FROM 110 TO 214F

SALEM i 9/2/76 VOLTAGE TRANS!ENT NSAC52 RHR LOST FOR 19 MINUTES

SALEM i 6/20/76 ERRATIC PRESSURE INDICAT]DN NSAC52 RHR LOST FOR 30 MINUTES

INDIAN PolNT 3 9/30/76 ROOT CAUSE UNKNOWN NSAC52 RCS PRESSURE TO 2250 PSIG

FARLEY 7/11/77 CAUSE UNKNOWN LER 77-8

TROJAN 3/20/78 ESF TESTIN3 NSAC52 RCS TEMP TO 211*F

FARLEY 1 9/18/78 SSPS DEENERG12ED NSAC52 RHR LOST FOR 7 MINUTES

FARLEY 1 9/18/78 S$PS DEENERG12ED NSAC52 RHR LOST FOR 3 MINUTES

NORTH ANNA i 11/6/79 INSTALLED WAPER NSAC52 RHR LOST FOR 5 M!NUTES

NORTH ANNA 2 4/23/B0 BLOWN POWER SUPPLY FUSE NSAC52 FALSE Hj PRESS $1GNAL

BEAVER VALLEY 1 5/21/80 PERSONNEL ERROR NSAC52 LOW DECAY HEAT RATE

FARLEY 1 11/28/80 ERRONEOUS HI PRESS S!GNAL NSACS2 RHR LOST FOR 4 MINUTES

FARLEY 1 12/25/80 INSTRUMENT LEAD SHORT CIRCulT NSAC52 RHR LOST Fod 5 MINUTES

MCGUIRE 1 4/27/81 MAINTENANCE ACT]DNS NSAC52 RHR LOST FOR 15 MINUTES

MCGUIRE i 8/4/81 MAINTENANCE ON PRESS INSTPUM. NSAC5* RHR LDST FOR 15 MINUTES

MCGUIRE i 11/18/81 CONSTRUCTION PERSONNEL ERROR NSAC52 RHR LOST FOR 22 MINUTES

IT TURKEY PolNT 4 11/28/81 STARTUP OF RCP PUMP NSAC52 PRESS INCREASE TO 1100 PS1G
,

(y/ TURKEY POINT 4 11/29/81 STARTUP OF RCP PUMP NSAC52 PRESS INCREASE TO 750 PS10 f

ZlDN 1 3/17/82 INADVERTENT C3EN OF INVERTER AE00 RHP LOST FOR 3 MINUTES

MCGUIRE 1 6/24/82 INVERTER FAILURE AEOD RHR LOST FOR 6 MINUTES

NORTH ANNA 2 7/30/82 PERSONNEL ERROR OPEN BREAKER AE0D LESS THAN 1 MINUTE LDSS

SUMMER 8/18/82 MAINTENANCE ERROR LER LER 82002

SUMMER 9/15/82 $URVEILLANCE TESTING LER LER 82004 MOMENTARY LOSS

SE0VOYAN 1 9/16/82 SSPS POWER REMOVED AE00 DURATION UNKNOWN [
'

NORTH ANNA 1 1/22/83 FAILED INVERTER AEDD RHR LOST FOR 4 MINUTES

NORTH ANNA 2 4/14/83 OPERATOR ERROR LER 83-023

NORTH ANNA 2 4/23/83 LOSS OF 120 VAC NPE

NORTH ANNA 7 4/29/83 LOSS OF V!TAL BUS AEDD LESS THAN 1 MINUTE LOSS

GINNA 5/1/83 MCC INSPECT 10N POWER RESTORED SOER SOER 85-4

SALEM 2 5/14/83 DEENERG12ED VITAL INSTR BUS AE00 DURATION OF LOSS UNKNOWN

SALEM 2 5/15/83 FA! LED COMPARATOR AEOD DURATION UNKNOWN

TURKEY PolNT 3 10/8/83 PROCEDURAL ERROR DURING TEST AEDD RHR LCST FOR 6 MINUTES

D!ABLO CANYON i 10/27/83 SURVE!LLANCE TESTING SOER 85-4 DUMP SEAL / SHAFT DAMAGE

SUMMER 1 11/12/83 120VAC BUS TRANSFER LER 83-136 RHR LOST FOR 5 MIN

SALEM 2 11/28/83 VITAL BUS TRANSFER AEUD OURAT!DN UNKNOWN

SALEM 2 12/20/83 LOSS OF BUS -PERSONNEL ERROR AEOD RHR LOST FOR 22 MINUTES

,f }
u a

Q)
1
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WESTINGHOUSE PROPRIETARY CLASS 3

TABLE D-2
, . .

C )'
.!

LOSS OF RHR EVENTS
'

DUE TO AUTOCLOSURE INTERLOCK
WESTINGHOUSE PLANTS ONLY

PLANT DATE KEYWORDS
_ SOURCE REMARKS

*
MCGU!RE 2 1/15/84 PERSONNEL ERROR DURING TEST AEDD RHR LOST FOR 49 M]NUTES

SALEM 2 2/9/84 PROCEDURAL ERROR -POPS TEST AE00 RHR LOST FOR 17 MINUTES

SUMMER 10/2/84 $$PS FUSES REMOVED LER LER 84044 2 DCCURRENCES

SUMMER 10/18/84 LOSS OF POWER TO 120VAC LER LER 84045 RHR LOSS 25 MIN
SUMMER 11/24/84 ESF BUS TRANSFER AEOD RHR LOST FOR 6 MINUTES

TURKEY P0]NT 4 11/30/84 PRESS CONTROLLER MALFUNCTION LER LER 84027 PRESS 350 TO 415

O!ABLO CANYON 1 1/20/85 PT403 REMOVED FRDM SERVICE LER 85-005
DIABLO CANYON 1 1/25/86 LDS$ OF VITAL 4KV BUS LER 85-006 RHR LOST FOR 2 MIN
FARLEY 1 5/6/85 MAINTENANCE ERROR NPE PROCEDURAL AND MAINTENANCE

SEQUOYAH 1 5/14/85 RVLIS SURVE!LLANCE TEST NPE RHR LOST FOR 16 MINUTES

TURKEY POINT 3 10/25/85 FAILED RELAY IN PRESS COMPAR LER LER 85036 RHR LOST 27 M1N

DI ABLO CANYON 2 t/17/86 POWER SUDPLY TRANSFER LER 86-002

TURKEY PO!NT 4 3/15/86 VITAL BUS BREAKER LER 86-006 RHR LOST FOR 5 MIN

O!ABLO CANYON 1 9/8/86 GROUNDED P0wtR SUPPLY LER 86-012

SOURCES

j /''g

,) NSAC52 RESIDUAL HEAT REMOVAL EXPERIENCE REVIEW AND SAFETY ANALYSIS - PWR$

AE00 AE00/C5C1 DECAY HEAT REMOVAL PRLBLEMS AT US PWRS

LER LICENSEE EVENT REPORTS

SOER SIGNIFICANT OPERATING EXPERIENCE REPORT

|

|
|

|

(-)]%
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WESTINGHOUSE PROPRIETARY CLASS 3

! TABLE D-3
! l WESTINGHOUSE PLANTS OPERATING HISTORY

) AS OF NOVEMBER 30, 1986
3

a ;,

REPORT FORCED SCHEDULED TOTAL
PLANT PER100 G(NERATOR OUTAGE OUTAGE $HUTDOWN %

NAM ( HR$ HR$ HR$ _ HRC. HD$ $HUTDOWN

l' 8eaver Valley 1 92784.0 49587.4 18780.1 24416.5 43196.6 46.6
Beaver Valley 2 0.0 0.0 0.0 0.0 0.0 0.0

'Braidwood 1 0.0 0.0 0.0 0.0 0.0 0.0
Braicwood 2 0.0 0.0 0.0 0.0 0.0 0.0''

Byron 1 10585.0 8209.7 777,0 1598.3 2375.3 22,4

Byron 2 0.0 0.0 0.0 0.0 0.0 0.0
Callaway 17078.5 14567.9 779.8 1730.8 2510.6 14.7
Catawba 1 12481.0 7926.7 2142.4 2411.9 4554.3 36.5
Catawba 2 2497.0 581.8 1915.2 0.0 0.0 0.0
Comanche Peak 1 0.0 0.0 0.0 0.0 0.0 0.0

Comanche Peak 2 0.0 0.0 0.0 0.0 0.0 0.0

Conn Yankee 165816.0 135953.0 2058.1 28694.9 30753.0 18.5 ,

!

D.C. Cook i 104443.0 73574.6 6235.9 24637.5 30873.4 29.6
D.C. Cook 2 78144.0 52499.6 9155.9 16488.5 26644.4 32.8
Diablo Canyon 1 13750.3 10922.2 363.5 2464.6 2828.1 20.6
Diablo Canyon 2 6309.0 5986.5 293.2 29.3 322.5 5.1
Farley 1 78888.0 54910.6 6500.5 17476.9 23977.4 30.4
Farley 2 46801.0 40106.7 1872.3 4822.0 6694.3 14.3
G1nna 149136.0 112909.7 4324.4 31901.9 36226.3 24.7

;
' Indian Point 2 108865.0 71319.3 7134.2 30411.5 37545.7 34.5

Indain Point 3 89881.0 51322.0 12942.5 25616.5 385P*.0 42.9
Kewaunee 109225.0 '91326.8 2819.9 15078.3 17898.2 16.4
McGuire 1 43824.0 28883.8 5685.9 9254.3 14940.2 34.1
McGuire 2 24120.0 16126.4 3160.0 4833.6 7993.6 33.1
N111stune 3 5328.0 4611.9 716.1 0.0 716.1 13.4

,J x North Anna i 74401.0 50499.0 7392.2 16509.8 23902.0 32.1
4 North Anna 2 52272.0 39898.6 4768.9 7604.5 12373.4 23.7

,

/ Point Beach 1 140856.0 111950.4 2444.3 23461.3 28905.6 20.5
s~, Point Beach 2 125641.0 108245.0 768.7 16627.3 17396.0 13.8

Prairie island i 113592.0 93148.0 3366.8 17047.2 20444.0 18.0
Prairie Island 2 104710.0 89690.8 3359.0 11660.2 15019.2 14.3
Robinson 2 138006.0 96063.5 9581.2 32361.3 41942.5 30.4
Salem 1 82585.0 48684.4 19226.0 14674.6 33900.6 41.0

Salem 2 45001.0 24775.2 14647.4 5578.4 20225.8 44.9
San Onofre i 170600.0 94422.8 12998.6 63178.6 76177.2 44.7
Seabrook 1 0.0 0.0 0.0 0.0 0.0 0.0

Sequoyah 1 47497.0 23871.0 14387.1 9238.9 23626.0 49.7
Seouoyah 2 39457.0 21494.4 13139.3 4823.3 17962.6 45.5
Shearon Harris 1 0.0 0.0 0.0 0.0 G.0 0.0 i

South Texas 1 0.0 0.0 0.0 0.0 0.0 0.0

South Texas 2 0.0 0.0 0.0 0.0 0.0 0.0

Summer 25560.0 19283.8 1433.2 4843.0 6276.2 24.6
Surry 1 122208.0 76614.9 13213.4 32379.7 45593.1 37.3
Surry 2 119088.0 76678.6 8437.9 33971.5 42409.4 35.6
Troj an 89832.0 55295.6 9248.4 25288.0 34536.4 38.4
Turkey Point 3 122625.6 84593.8 6401.4 31630.4 38031.8 31.0

I
Turkey Point 4 116353.0 77190.3 5139.8 34022.9 39162.7 33.7

|- Vogtle 1 0.0 0.0 0.0 0.0 0.0 0.0 |

Vogtle 2 0.0 0.0 0.0 0.0 0.0 0.0 [
Watts Bar 1 0.0 0.0 0.0 0.0 0.0 0.0 -

Watts Bar 2 0.0 0.0 0.0 0.0 0.0 0.0 '

Wolfereek 10895.7 8950.0 377.2 1568.5 1945.7 17.9 '

Yankee Rowe 228261.0 178236.7 8763.8 41260.5 50024.3 21.9
;

| Zion 1 113232.0 77058.1 11668.2 24505.7 36173.9 31.9
' Zion 2 106945.0 76235.8 13662.0 17047.2 30709.2 28.7
i

| TOTAL HOURS 3349579.1 2363317.3 272111.7 714150.1 984346.6 28.8
TOTAL YEARS 382.4 269.8 31.1 81.5 112.4

,

|

v
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WESTINGHOUSE PROPRIETARY CLASS 3

TABLE D-4-q

(] FREQUENCY OF OVERPRESSURE TRANSIENTS

FRE0VENCY
TOTAL EVENTS /

NUMBER OF 5HUTDOWN
OCCURRENCES YEAR

OPENING OF ACCUMULATOR

DISCHARGE ISOLATION VALVES 4 3.56E-02

STARTUP OF INACTIVE LOOP 11 9.79E-02

ISOLATION OF LETDOWN

WHILE CHARGING CONTINUES 14 1.25E-01
,

CHARGING / SAFETY INJECTION 14 1.25E-01

[.,s ISOLATION OF LETDOWN'WHILE

| 'j CHARGING CONTINUES,

'RHR ISOLATED 50 4.45E-01

!

TOTAL 93 8.27E-01
l'

;

I

l i

|. '!
l

!
L :

-!

.

i
'

1

i
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WESTINGHOUSE PROPRIETARY CLASS 3

|

D.3 MASS INPUT ANALYSIS

f L

The following section describes the assumptions and the calculations involved
in the analysis of mass input initiated overpressurization events. The effect
of these transients on the RHR System and on the RCS are categorized in order
to determine the differences between the events that lead to high
overpressure, medium or low pressure conditions.

,

This analysis utilized event trees to depict the various mitigating actions
'

that can take place af ter a mass input initiated transient.

The following assumptions and conditions were used in the development of the
event trees:

1. The plant is in the cold shutdown mode (mode 5) with a temperature
below 160'F and a pressure below 400 psig.

2. One charging pump is in operation and pumping at its maximum flowrate.

i

3. Letdown via the RHRS is in operation and the flowrate is at its'-

maximum.

4. No Reactor Coolant pumps are in operation.

5. An alarm must actuate before the operat.r can intervene and stop the

transient. This alarm can come from:

a) RHR relief valve discharge to PRT (pressurizer relief tank),
b) PORV discharge,

c) low temperature overpressure protection system operation,
or d) RHR pump low flow alarm due to closure of the RHR suction valves.

I
\j
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:

6. If the flowrate due to the transient is greater than the relief
.,

capacity of the operating mitigation systems, another system must 1

operate or the pressure will continue to increase with a rate
proportionate to the difference in input / removal rates.

7 When a pump spuriously starts, it runs at its maximum flowrate.
Furthermore, the pump is assumed to have en infinite water source.

The event tree sequences were classified into discrete consequence
categories. Each consequence category represents a number of individual
sequences that all have similar characteristics associated with them. The

consequence categories were defined by the parameters listed in Table D-5.
The consequence categories define what actions the operator must take by
determining the conditions following the transient. A description of the !

consequence categories is shown in Table D-6.

The event trees were quantified using system / component failure probabilities
along with the initiating event frequencies to determine the frequency of the
consequence categories for the current configuration and the case without the
autoclosure interlock. For each reference plant, the three mass input

transients are discussed.

.

O
00390.10/1o1189
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WESTINGHOUSE' PROPRIETARY CLASS 3

,
'

| ., TABLE D-5

l 1 CONSEQUENCE CATEGORY PARAMETERS
;V >

'

:

! SYMBOL DESCRIPTION

i
L Low Pressure (Both PORVs, 2 RHR relief valves or 1 RHR and 1

PORVoperate) .

,i

M Medium pressure (One PORV or 1 RHR relief valve operate)
'

i

H High pressure (No PORVs or RHR relief valves operate) j

'

LC Large Continuous Loss of Coolant (both PORVS, Both RHR relief .

valves or 1 PORV and 1 RHR relief operate and pump continues to

run)

SC Small continuous loss of coolant ( 1 PORV or 1 RHR relief valve
'

| operate and pump continues to run)
| .r^\ .

LF Large finite loss of coolant (Both PORVs, both RHR relief valves' -

L or 1 RHR relief valve and 1 PORV fail to resent after pump is
L stopped) ,

L SF Small finite loss of coolant (1 RHR relief valve or 1 PORV fail -

to reseat after pump is stopped)

OP Overpressure (No RHR relief valves or PORVs operate)
|
1

I RHRS Isolated from RCS

|

L 0 RHRS Open to RCS

V Interfacing system LOCA (RHRS open to RCS at high pressure)

n
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WESTINGHOUSE PROPRIETARY CLASS 3
s

i

TABLE D-6

TRANSIENT EVENT OUTCOME DESCRIPTIONS(v) ,

j

CATEGORY OUTCOME DESCRIPTION j
i

LSFO Low pressure with small loss of coolant ar:d the RHRS is open to ,

the RCS. The running pump has been stopped but the one of the ,

relief valves has failed to reseat. The operator must take,

action to reseat the valve or isolate it and then must add
makeup.

,

LSFI Low pressure with small loss of coolant and the RHRS is isolated
from the RCS. The running pump has been stopped but the one of
'the relief valves has failed to reseat. The operator must take
action to reseat the valve or isolate it and then must add
makeup. He must also reinitialize RHR operation.

LSCO Low pressure with small loss of coolant and the RHRS is open to
the RCS. The running pump has not been stopped and coolant is
exiting via one relief valve. The operator must take action to ,

stop the running pump or isolate it and then must check that the
relief valves have reseated completely.

LSCI Low pressure with small loss of coolant and the RHRS is isolated
,n, from the RCS. The running pump has not been stopped and coolant .

('-) _ is exiting via one relief valve. The operator must take action
to stop the running pump or isolate it and then must check that .

the relief valves have reseated completely. *

LLFO Low pressure with large loss of coolant and the RHRS is open to
the RCS. The running pump has been stopped but two or more of
the relief valves has failed to reseat. The operator must take
action to reseat valves or isolate them and then must add makeup.

LLFI Low pressure with large loss of coolant and the RHRS is isolated
from the RCS. The running pump has been stopped but two or more
of the relief valves has failed to reseat. The operator must
take action to reseat the valves or isolate them and then must ,

add makeup. He must also reinitialize RHR operation.

LLCO Low pressure with large loss of coolant and the RHRS is open to
the RCS. The running pump has not been stopped and coolant is
exiting via two or more relief valves. The operator must take
action to stop the running pump or isolate it and then must
check that the relief valves have reseated completely. The
operator must also be aware of possible deadheading or air .

entrainment of the RHR pumps.

p)L
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WESTINGHOUSE PROPRIETARY CLASS 3

L .

'

f' TABLE D-6 (Cont)

-/( ) TRANSIENT EVENT OUTCOME DESCRIPTIONS
v

CATEGORY OUTCOME DESCRIPTION

LLCl Low pressure with large loss of coolant and the RHRS is isolated
from the RCS. The running pump has not been stopped and coolant
is exiting via two or more relief valves. The operator must
take action to stop the running pump or isolate it and then must
check that the relief valves have reseated completely.

MSF0 Medium pressure with small loss of coolant and the RHRS is open
to the RCS. The running pump has been stopped but the one of
the relief valves has failed to reseat. The operator must take
action to reseat the valve or isolate it and then must add
makeup. He must also reduce the RCS pressure and check on the
integrity of the RHR System.

MSFI Medium pressure with small loss of coolant and the RHRS is
isolated from the RCS. The running pump has been stopped but ,

the one of the relief valves has failed to reseat. The operator
'

must take action to resent the valve or isolate it and then must
add makeup. He must also reduce the RCS pressure and then

.

reinitialize RHR operation.
/3
() MSCO Medium pressure with small loss of coolant and the RHRS is open -

to the RCS. The running pump has not been stopped and coolant'

is exiting via one relief valve. The operator must take action
to stop the running pump or isolate it and then must check that
the relief valves have reseated completely. He must also reduce
the RCS pressure and check.on the integrity of the RHR system.

MSCI Medium pressure with small loss of coolant and the RHRS is
isolated from the RCS. The running pump has not been stopped
and coolant is exiting via one relief valve. The operator must
take action to stop the running pump or isolate it and then must
check that the relief valves have reseated completely.

MLFO Medium pressure with large loss of coolant and the RHRS is open
to the RCS. The running pump has been stopped but two or more
o' the relief valves has failed to reseat. The operator must

take action to resent the valves or isolate them and then must
add makeup. He must also reduce the RCS pressure and check on
the integrity of the RHR System.

MLFI Medium pressure with large loss of coolant and the RHRS is
isolated from the RCS. The running pump has been stopped but
two or more of the relief valves has failed to reseat. The
operator must take action to reseat the valves or isolate them
and then must add makeup. He must also reduce the RCS pressure

f

(
and then reinitialize RHR operation.
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,

1ABLE D-6 (Cont) :
.

,
t ; ) TRANSIENT EVENT OUTCOME DESCRIPTIONS
p v

.

CATEGORY OUTCOME DESCRIPTION
s

MLCO Medium pressure with large loss of coolant and the RHRS is open
to the RCS. The running pump has not been stopped and coolant
is exiting via two or more relief valves. The operator must

i take ' action to stop the running pump or isolate it and then must .'

check that the relief valves have reseated completely. The
operator must also be aware of :>ossible deadheading or air
entrainment of the RHR pumps, ie must also reduce the RCS
pressure and check on the integrity of the RHR System.

MLCJ Medium pressure with large loss of coolant and the RHRS is
isolated from the RCS. The running purap has not been stopped
and coolant is exiting via two or more relief valves. The ,

operator must take action to stop.the running pump or isolate it
'

and then must check that the relief valves have reseated
completely. He must also reduce the RCS pressure. '

MOPI Medium overpressure with the RHRS isolated from the RCS. The
running pump has been stopped but no relief valves have
actuated. The operator must reduce the RCS pressure and then
reinitialize RHR operation.I

A)\?
'

|- HOPI High overpressure with the RHRS isolated from the RCS. The
running pump has been stopped but no relief valves have
actuated. The operator must reduce the RCS pressure, possibly
through the RCS vents or pressurizer safety valves.

HOPV High overpressure with the RHRS open to the RCS. The running
.

pump has not been stopped and no relief valves have actuated.
1. The RHR system integrity has assumed to be lost and an
! interfacing systems LOCA has occurred. The operator must

attempt to isolate the RHR System.

1

l.
1^
1

|'
i
|
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!
|

D.3.1 SALEM i

i r,

J
The effect of the overpressure transients identified in Section D.2 was~

,

evaluated utilizing event trees. Each mitigating system and operator action
'

'
was modeled as a top node on the event tree for the given transient. The

following describe the event tree structure, the success criteria defined for '

each transient, and the nodal probabilities utilized in the quantification and
: the results.

i The safety functions, i.e. the event tree top events or nodes, for the Salem
event trees are defined below:

l^

1. InitiatingEvent(IE): The mass input initiator that could lead to
overpressurization and/or possible RHRS damage, either charging / safety
injection pump actuation or letdown isolation.

2. RHRS isolated (RI): The RHRS will be isolated during certain periods

of shutdown. This dictates whether or not the RHRS relief valve is
available to mitigate the transient and if the possibility exists for

L
* damage to the RHRS.

3. RHRS Suction Relief Valve Lifts (RV): If the RHRS is not isolated, ;
the spring loaded relief valves will open at the setpoint pressure.

4. POPS System Operates (POP): The cold overpressure protection system
1 consists of two redundant and independent systems utilizing the!

pressurizer PORVs. When the system is enabled and reactor coolant

| temperature is below 368'F, a high pressure signal (above the POPS
setpoint) will trip the system automatically and open a PORV until the .

'

pressure drops below the reset value. For Salem, the POPS system has a
,

| fixed setpoint. The system logic will first annunciate a main control

L board alarm whenever the measured pressure approaches within a

L predetermined amount of the allowable pressure. On a further increase
in measured pressure, an actuation signal is transmitted to the
power operated relief valve. The cases examined are two PORVs actuate,

|

/3 one PORV actuates or no PORVs actuate.
V

00390;1D/101189
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'

5a. RHRS Suction / Isolation Valves Automatically Close (RSV): When the
pressure increases tu the autoclosure setpoint (700 psig), the ,

autoclosure interlock receives a pressure signal that actuates the
circuitry and closes the motor-operated valve. This node is addressed
in the case with the autoclosure interlock only.

.

Sb. Operator Detects Overpressure Alarm and Isolates the RHRS (OD): For

the modification case, an alarm would sound when the pressure reached

the high pressure setpoint. Through a revision in operating'

procedures, it is assumed that the operator will detect the
overpressure and isolate the RHRS before the pressure reaches 150% of
the RHRS design pressure.

.

6. Operator Secures Running Pump (OA1): Given an alarm, either by
actuation from the RHRS relief valve opening to the pressurizer relief
tank (PRT), or from the operation of at least one train of POPS, or
from an RHRS pump low flow alarm (on autoclosure of the RHRS suction
valves) or from the high pressure alarm on the RHRS suction valves (in
the modification case only), the operator will stop the extra running
pump (either an SI or charging pump). If the operator stops the
running pump, the overpressure event is halted.

7. Operator Opens a PORV (OA2): Given an alarm, if no or one relief
,

valve operates successfully and the pressure still continues to rise,

| the operator may ooen a PORV in o der to reduce the pressure. The

operator may also open a PORV if he fails to stop the running pump inj

i order to increase the time available to mitigate the transient.

8. RHRS Relief Valve Reseats (RVR): Given that the RHRS relief valve
successfully operates and the transient was terminated, the relief
valve must reseat or coolant would be lost to the PRT. If the
transient is not stopped, the relief valve will cycle open and closed
and is assumed to eventually fail open.

>

O
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9. Pressurizer PORVs Reseat (POR): Given that one or more of the PORVs i

'( ) has opened and the transient has been stopped, the valve must close in
"

order to avert a loss of coolant condition. If the transient is not
stopped, the valve (s) will cycle until failure occurs.

:

For each of these nodes, failure probabilities were calculated. These nodal

probability calculations are shown in Table D-7 for Salem.

The success criteria for the event trees was determined based on conservative,

estimates of the flow rates and relieving capacities of the relief valves.
For the charging / safety injection pump actuation case, because the charging
pump maximum flow rate and the safety injection pump maximum flow rate
combined is 1200 gpm (conservative assumption that both pumps operate at
maximum flow rates), it was assumed that two PORVs or one PORV and one RHR

relief valve are required to mitigate the transient. The following
assumptions were also utilized in the analysis of the charging / safety
injection mass input transient:

f 1. No credit is taken for the RCS vents.

2. The detection time for failure was assumed to be 24 hours for the
suction valve components while 6 weeks (1008 hours) was assumed for
the PORVs and block valves (based on the average time for a refueling

outage).

Figure D-1 illustrates the event tree for Salem for the charging / safety
injection initiating event.

| The success criteria for the letdown isolation cases was also determined based
on conservative estimates of the flow rates and relieving capacities of the

relief valves. Because the charging pump's maximum flow rate is 550 gpm, it
was assumed that only RHR relief valve, or one PORY must operate to mitigate
the transient. The following assumptions were utilized in the letdown

I isolation case.

1. No credit is taken for the RCS vents.

00390.1D/101189
|

D-18

.

- - , - - - - - - - - - - - . . - - _ . - - _ - - - - - - -



F l
e

t

WESTINGHOUSE PROPRIETARY CLASS 3 1

2. The detection time for failure was assumed to be 24 hours for the
suction valve components while 6 weeks (1008 hours) was assumed for .

'

the PORVs and block valves.
;

L .The event tree for the letdown isolation cases is similar to the ,

charging / safety injection pump actuation event tree. However, the success
criteria for the various nodes is changed due to the type of transient. The- ,

event tree for the letdown isolation cases are shown in Figures 0-2 and D-3.

The results from the quantification of the event trees for Salem are shown in
Tables D-9 to D-11. The results show that most of the overpressure-
consequence categories remain unchanged with deletion of the autoclosure ;

. interlock. For the charging / safety injection case, consequence categories
MSF0, MSCO, and HOPV increased. However, the increase is in the range of
1E-10'to 1E-11/ shutdown year. This is a very insignificant increase in the ,

frequency of these events. For the letdown isolation - RHR operable case, the
consequence category MSCI decreased slightly while the HOPV category increased
to 1.5E-11/ shutdown year. In the letdown isolation - RHR isolated case, the

consequence categories affected all decreased due to the reduction in the
initiating event frequency. The conclusion to be drawn from the results is
that the removal of the autoclosure interlock has a small impact on
overpressurization transients for Salem.

,

|

|

l

|

|

t

|
,

O
i
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TABLE D-7
,
,

t/ SALEM NODAL PROBABILITY CALCULATIONS

1. RHR Isolated (RI)

Description: This node divides into two branches. The upper branch
indicates that the RHR System is isolated from the RCS while the bottom
branch indicates that the RHR System is open to the RCS. For this node,
it was assumed that the RHR System may be isolated for a period of time
during cold shutdown. The nodal probabilities for the charging / safety i

injection actuation case are based on assumptions that the one RHR inlet
line would be isolated only 10 percent of the time. Thus, the RHR System
would be open 90 percent of the time. For the letdown isolation case with
the RHR operable, the nodal probability is 1.0 while for the case with the
RHR isolated, the nodal probability is 0.0.

Failure probabilities: The probabilities for this node for each case are
shown below:

Charging / Safety Injection pump actuation

Both trains isolated 0.10
No trains isolated 0.90

Letdown Isolation

b RHR operable 1.0
'

RHR isolated 0.0

i
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;

TABLE D-7 (Cont)
fx.,
( ,) SALEM N0DAL PROBABILITY CALCULATIONS

2. RHR Relief Valve Operates (RV)

Description: This node divides into two branches. When the RHR inlet -

line is open to the RCS, the one operable RHR relief valve can open (the
top branch) or can fail to open (the bottom branch).

.

- s The RHR relief valves are spring-loaded relief valves set to actuate at
375 psig. Each relief valve can relieve 840 gpm at 375 psig.

Failure probabilities: The failure of a relief valve to open is 3E-04 per
demand. Thus the probability for this node are:

,

One (of 1) RHR relief valve fails to open = 3E-04

,

'

| O

,

1
|

L

1

'

|

|

|
~

|
. --

\,.)
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TABLE D-7 (Cont)

O SALEM N0DAL PROBABILITY CALCULATIONS

3. POPS system operates at P=375 psig (POP)

Description: The event tree divides into three branches at the POP node. ,

The top branch symbolizes that both trains of POPS operate, the middle |

branch shows only one train of POPS operates while the bottom branch
signifies both trains cf POPS have failed to operate.

The POPS (pressurizer overpressure protection system) utilizes two
pressurizer relief valves (PORVs). The operator must enable the system
when the cold leg RCS temperature is less than 312'F. An alarm is
actuated thereby alerting the operator to arm the POPS. The isolation
valves for the PORVs are automatically opened when the operator arms the
POPS system. The POPS setpoint was 375 psig).

Failure probabilities: The failure probabilities associated with this
node were calculated utilizing fault trees. Figure D-6 shows the fault
tree developed for two trains of POPS failing to operate while the failure
of one train is shown in Figure D-7. The operator error in failing to
enable the POPS system is shown below:

Task: Operator fails to arm the POPS via procedures,

(og 1. Ommission error

Median HEP = 0.003 Table 20-7 When procedures with checkoff
Error factor = 3 provisions are correctly
Mean HEP = 3.75E-03 used-long list, > 10 items

2. Commission error

1 Median HEP = 0.001 Table 20-12 Select wrong control from an
' Error factor = 10 array of similar-appearing
| Mean HEP = 1.25E-03 controls arranged in well-

delineated functional groupsi

3. Recovery factor

|- Median HEP = 0.1 Table 20-22 Checker fails to detect error
| Error factor = 5 by others - routine tasks

Mean HEP = 0.161

|
|

|
|

|
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|

TABLE D-7 (Cont) !

V SALEM NODAL PROBABILITY CALCULATIONS

3. POPS system operates at P=375 psig (POP) (Cont).

P(operator fails to arm POPS) = 3.75E-03(0.161) +
(1-3.75E-03)(1.25E-03)(0.161) ,

= 6.04E-04 + 2.00E-04
= 8.04E-04

The basic event probabilities utilized in the fault trees are shown in
Table D-8. The failure probabilities quantified from the fault trees is: .

Two trains of POPS Fall = 3.01E-04
One train of POPS Fails = 1.18E-02

('
\

|
|

|

|

1

!

!
|

!
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; _ TABLE D-7 (Cont)
IA) SALEM NODAL PROBABILITY CALCULATIONS

4a) RHR Suction Valves Clore at P-700 psig (' )

De:cription: The node catermines whether or not the RHR suction valve
autoclosure interlock : loses the v:1ves when the RCS pressure reaches
700 psig. For Salem, P. was assumed that only one valve of the two
isolation valves must close for succe?s. Failure was considered to be
the RHRS open to the RCS (i.e. the autcc10sure interlock failed to close
one of two valves),

Failuro probabilitie:.: The failure probability associated with this nodei

was calculated using the fault tree snown in rigure D-4. The basic event
probabilities used to quantify the fault tret are shown in Table 0-8.
The failure probability for this node is:

RHR suction valves f ail to isolate = 1.80E-07

,

G

,

C
(
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TACLE 0-7 (Cont) ;
'

- x ;

V SALEM NODAL PROBABILITY cal.CULATIONS |
i
.

4b) Operator Isolates RHR System Given Overpressure Alarm (OD)

Description: The proposed modification deletes the autoclosure interlock
and adds an alarm to alert the operate when the pressure exceeds the high
pressure setpoint and an isolation valve is in the open position. Given j
an overpressure transient and this alarm the operator will close at least !
one RHR suction valve on the drop line to isolate the RHR system. The i

probability of operator failure is conditional on the time he has in j
which to act. If a mitigating system operates successfully ( a PORV or
RHR relief valve opens), it was assumed that the operator has 20 minutes !
in which to act. If no mitigating system operates, the operatur has )

approximately 10 minutes to act, i

Failure Probabilities: The failure probability associated with this node
was calculated utilizing the fault tree shown in Figure D-5. The i

operator error probabilities shown in the fault tree are calculated below:

TASK: Operator closes isolation valve given high pressure alarm. |
,

1 Diagnosis within time i by control room personnel of abnormal event
annunciated

f Median HEP = 0.1 within 10 minutes Table 20-3
( Error Factor = 10

Mean HEP = 0.266

Median HEP = 0.01 within 20 minutes Table 20-3 :

Error factor = 10 ;

haan HEP = 2.66E-02 ;
;

2. Operator failure in operating manual controls

Median HEP = 0.001 Table 2-12 Select wrong control from an i

Error factor = 10 array of similar-appearing
Mean HEP = 1.25E-03 controls arranged in well-

delineated functional groups

3. Recovery factor - special short term one-of-a-kind checking
t

i

| !4edian (EP = 0.05 Table 20-22 i

| Error tactor = 5
Mean HEP = 8.07E-02

i

r

L
i

p\
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i

TABLE D-7 (Cont) |
,,,

(). SALEN NODAL PROBABILITY CALCULATIONS |

i

P(Fail in 20 minutes) = P(Fail in 10 minutes)= |

2.66E-02(8.07E-02) + 0.266(8.07E-02) + i

(1-2.66E-02)(1.25E-03)(8.07E-02) (1-0.266)(1.25E-03)(8.07E-02) !
= 2.15E-03 + 9.82E-05 = 2.15E-02 + 7.40E-05 i

'

= 2.25E-03 = 2.16E-02
!

The basic event probabilities are shown in Table D-8. The results of the !

quantification of the fault trees is shown below: !

!Operator isolates RHR in 20 minutes = 5.72E-06
Operator isolates RHR in 10 minutes = 4.73E-04 |

t
;

i

,

!
;

!

I

'[ l,

\ |
'

!
?

I

i
;

,

?I

! !
'

!
,

,

!l

L !
!

!

t

P

O
'
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|
|

TABLE D-7 (Cont) |

SALEM NODAL PROBABILITY CALCULATIONS |

|

S. Operator Secures Running Pump (OA1)
,

Description: For any operator action to occur, an alarm must be j

RHR),RHR$pumplowfloworhighpressurealarnorinthemodif(PORVoractuated. This alarm can occur by actuation of a relief valve i

ication ;

case, the high pressure alarm on the RHR suction valves. For the ;

charging / safety injection actuation case, this pump is the safety
injection pump. In the letdown isolation case, the charging pump must be j
stopped. ,

!

Failure Probability: The human error probability is calculated belcw: i

4

1. Failure to diagnose transient in time T
i

Median HEP = 0.1 within 20 minutes Table 20-1 !
Error factor = 10 !
Mean HEP = 0.266 3

~;

2. Select wrong control j

Median HEP = 0.001 Table 20-12 Select wrong control on a f
Error factor = 3 panel from an array of

' ' Jean HEP = 1.25E-03 similar-appearing controls [/'
\ arranged in well-delineated

functional g oups [,

:

|

I

!
P(Fail in 20 minutes) = 0.266 + (1-0.266)(1.25E-03) !

= 0.267 |

!
c

,

i

!

!

!

,

!

!

)

U !
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TABLED-7(Cont)

. h' SALEM NODAL PROBABILITY CALCULATIONS

6. Operator Opens PORY (OA2)

Description: If the mass input is greater than the relieving capacity or
if no relief valve operates, the operator can open a PORV to reduce the
pressure, given an alarm has actuated. if the operator fails to secure
the pump, he can open a PORY in order to increase the time he has
available in which to act.

Failure Probabilities: This action was modelled as dependent on the
operator's success or failure to stop the running pump. The failure
probabilities are:

Given failure of previous task

CP = 0.36 Table 20-18 Medium dependence

Given succesa of previous task

CP = 0.21 Table 20-19 Medium dependence

O

O.
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i TABLE D-7 (Cont)
O
Q SALEM NODAL PROBABILITY CALCULATIONS

|
7. RHR Relief Valve Reseats (RVR) |

. i

Description: Given that the transient is successfully mitigated, the RHR ;

relief valve must ressat (close) in order to prevent a loss of coolant, !

!

Failure Probability: The probability that the relief valve will not :

E rescat is 3E-2 per demand. Thus the failure probability is:

One relief valve fails to close = 3E-02 |
|

!
!

|

!

|

1

I

O i

!

:

f
>

I
:

;

f

I

i

!

:
>

.'

O !
,
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TABLE D-7 (Cont)

SALEM NODAL PROBABILITY CALCULATIONS ,

! 8. PORVs Resent (POR)

Description: Given that the transient is successfully mitigated, the i

PORVs must close in order to prevent a loss of coolant. If the FORVs fail
to close, the operator can isolate the open PORV using the associated t

block valve. !

Failure Probability: The failure probability for both PORVs to reseat was |
calculated utilizing the fault tree shown in Figure D-8. The basic event !

probabilities are shown in Table D-8. The human error calculation for :

the operator failing to close the block valve is shown below:

TASK: Operator close block valve

1. Operator Fails to detect leaking PORV |

Median HEP = 0.001 Table 20-11 Error of commission in check
Error factor = 3 reading display (digital
Mean HEP = 1.25E-03 indicators) ;

2. Operator selects wrong control '

( ') Median HEP = 0.001 Table 20-12 Select wrong control from an
V Error Factor = 3 array of similar-appearing i

Mean HEP = 1.25E-03 controls arranged in well- 1

delineated functional groups
'

3. Recovery factor - special short term one-of-a-kind checking

Median HEP = 0.05 Table 20-22
Error factor = 5
Mean HEP = 8.07E-02

,

P(Fail to close block valve) = 1.25E-03(8.07E-02) +
(1-1.25E-03)(1.25E-03)(8.07E-02)

= 1.01E-04 + 1.01E-04
= 2.02E-04

1 Thus, the failure probabilities for the node are:

Both PORVS fail to close = 5.28E-05
One PORV fails to close = 2.64E-05 ,

|
'

/~~N

|
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!
TABLE D-8 I

( ) SALEM BASIC EVENT PROBABILITIES FOR FAULT TREES
U

|

FAILURE DETECTION j
FAULT TREE RATE (/HR TIME FAILURE i

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY |

1RHFU30PHA FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1RHFU30PHB FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1RHFU30PHC FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06 !

1RHCN9CPHA CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

1RHCN9CPHB CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

1RHCN9CPHC CN RELAY CONTACTS Fall 1.000E 06 1.200E+01 1.20E-05 '

1RHOL49PHA OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06 ;

'

1RHOL49PHB OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

1RHOL49PHC OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

<m 1RHCBB CB CIRCULI BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

\- 1RHCT230 CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06
.

,

1RHFV15A1 FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1RHFUiSA2 FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06
'

1RHOLCN49 CN RELAY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07 I

'

1RHREC09C C0 RELAY C0ll FAILURE 3.000E-06 1.200E+C1 3.60E-05
,

IRHRECN90 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

1RHOS17 05 TOROUE SWITCH Fall T 2.000E-07 1.200E+01 2.40E-06

1RHCN9XC CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

1RHCN9C CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

1RHREC09XC C0 RELAY COIL FAILURE 3.000E-06 1.200E+01 3.60E-05
>

IVPC403R IV l-E CONVERTER ALL FA 2.000E-07 1.200E+01 2.40E-06

IVPM403R IV l-E CONVERTER ALL FA 2.000E-07 1.200E+01 2.40E-06

V(3
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WESTINGHOUSE PROPRIETARY CLASS 3,

TABLED-8(Cont)

(' ) SALEM BASIC EVENT PROBABILITIES FOR FAULT TREES

FAILURE DETECTION
FAULT TREE RATE (/HR TIME FAILURE

RENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY

TPRS403 RS RESISTOR STANDARD QU 4.900E-09 1.200E+01 5.88E-08

PSP 0403 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

STCT403 ST TOGGLE SWITCH ALL MD 2.330E-07 1.200E+01 2.80E-06

1P403 TP PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05

1 REC 063Y C0 RELA) C0ll FAILURE 3.000E-06 1.200E+01 3.60E-05

1RECN63Y CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05'

B1403B BI BISTABLE LOW OUTPUT 3.650E-06 1.200E+01 1.98E-05

1PS118VAC PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

CH403AB CM COMPARATOR ALL MODES 2.900E-06 1.200E+01 3.48E-05

o 2RHFU30PHA FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

I'") 2RHFU30PHB FU FUSE ALL MODES 1.500E-07 1.200E+01 1. 80E-Of'

2RHFU30PHC FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

2RHCN9CPHA CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

2RHCN9CPHB CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

2RHCN9CPHC CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

2RHOL49PHA OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

2RHOL49PHB OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

2RHOL49PHC OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

2RHCB8 CB CIRCULI BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

2RHCT230 CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

2RHFU15A1 FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

A
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WESTINGHOUSE PROPRIETARY CLASS 3 |

t

TABLED-8(Cont)
'

,

(t) SALEM BASIC EVENT PROBABILITIES FOR FAULT TREES

f

FAILURE DETECTION l

FAULT TREE RATE (/HR TIME FAILURE 1

10ENTIFIER CORP FAILURE MODE OR /0) (HR) PROBABILITY !

'

2RHFU15A2 FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E 06

2RHOLCN49 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07
,

i

2RHREC09C CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05 ,

2RHRECN90 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

2RHQS17 05 TOROVE SWITCH Fall T 2.000E-07 1.200E+01 2.40E-06

2RHCN9XC CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05 4

2RHCN9C CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

2RHREC09XC C0 RELAY C0ll FAILURE 3.000E-06 1.200E+01 3.60E-05 :

'

IVPC405R IV I-E CONVERTER ALL FA 2.000E-07 1.200E+01 2.40E-06

IVPM405R IV I-E CONVERTER ALL FA 2.000E-07 1.200E+01 2.40E-06 -

''' TPRS405 RS RESISTOR STANDARD 00 4.900E-09 1.200E+01 5.8BE-08

PSPQ405 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05
.

,

STCT405 ST TOGGLE SWITCH ALL MD 2.330E-07 1.200E+01 2.80E-06 ,

TP405 TP PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05
'

2 REC 063Y C0 RELAY C0ll FAILURE 3.000E-06 1.200E+01 3.60E-05

2RECN63Y CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

B1405B Bl BISTABLE LOW OUTPUT 1.650E-06 1.200E+01 1.9BE-05
t

2PS118VAC PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05 '

CM405AB CM COMPARATOR ALL MODES 2.900E-06 1.200E+01 3.4BE-05

8.04E-04OPARMPOPS DE OPERATOR FAILS TO AR 8.040E-04 ---

AVIPR1F A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03

0
00390;10/101189

D-33



WESTINGHOUSE PROPRIETARY CLASS 3

i

TABLE 0-8(Cont)

( ) SALEM BASIC EVENT PROBABILITIES FOR FAULT TREES !

t,

FAILURE DETECTION
FAULT TREE RATE (/HR TIME FAILURE .

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBASILITY |

AVIPR151G TP P TRANSMiiTER ALL MO 1.730E-06 5.040E+02 8.72E-04 i

!

AV1PR2F A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03 '

AVIPR251G TP P TRANSMITTER ALL MO 1.730E-06 5.040E+02 8.72E-04
,

i

AV1PR1K A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03 i

MV1PR6K MV FAILURE TO CLOSE 1.000E-05 5.040E+02 5.04E-03 |
r

2.02E-04OPMVIPR6 CE OPERATOR FAIL BLOCK 2.020E-04 ---

5.'40E+02 5.04E-03 iAV1PR2K A0 FAILURE TO OPERATE 1.000E-05 0

MVIPR7K MV FAILURE TO CLOSE 1.000E-05 5:040E+02 5.04E-03 |

2.02E-04OP1PR7 OE OPERATOR Fall BLOCK 2.020E-04 ---

f}
.

!
c

r

*
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WESTINGHOUSE PROPRIETARY CLASS 3

-__
TABLE D-9 ,

-

),

''/ SALEM'

CHARGING / SAFETY INJECTION ACTUATION
RESULTS

COWSE0VENCE FRE0VENCY FRE0VENCY FREQUENCY .

'

CATEGORY WITH ACI WITHOUT ACI CHANGE

SUCCESS 8.91E-02 8.91E-02 :-

LSFO 2.47E-03 2.47E-03 i
-

,

LSCI O O -

LSCO O O -

|LLFO 4.30E-06 4.30E-06 -

LLCO 3.00E-02 3.00E-02 -

LLCI 3.30E-03 3.30E-03 -

LSFI 3.95E-13 9.38E-12 +9E-12 |

!LLF1 4.82E-07 4.82E-07 -

MSF0 2.63E-12 8.34E-11 +8.1E-11 |

MLF0 0 0 -
i

f,, MSFI 7.74E-05 7.74E-05 -

,() MLFI O 0 !
-

'

MSCO 4.54E-12 1.44E-10 +1.4E-10 ,

C

MSCI 5.56E-05 5.56E-05 -

MLCO O O
-

,

.MLCI O O -

MOPI 1.45E-05 1.45E-05 -

HOPI 1.96E-05 1.96E-05 -

HOPV 5.10E-15 1.34E-11 +1.3E-11

.

I

TOTAL 1.25E-01 1.25E-01

:

i
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>' WESTINGHOUSE PROPRIETARY CLASS 3
'

i TABLE D-10

( ) SALEM
'

LETDOWN ISOLATION RHR OPERABLE
RESULTS

CONSEQUENCE FREQUENCY FREQUENCY FRE0VENCY
CATEGORY WITH ACI WITHOUT ACI CHANGE

;

SUCCESS 8.89E-02 8.89E-02 -

LSF0 2.75E-03 2.75E-03 -

LSCI O O -

LSCO 3.34E-02 3.34E-02 -

Lt F0 1.43E-09 1.43E-09 -

LLC 0 9.89E-06 9.89E-06 -

LLCl 0 0 -

LSFI 4.81E-13 4.812-13 -

LLFI O O -

MSFO O O -

MLFO O O -

MSF1 0 0 -

7_
( MLFI O O -

MSCO O O -

MSCI 5.38E-09 5.37E-09 -1E-11

MLCO O O -

MLCl 0 0 -

MOPI 4.84E-09 4.84E-09 -

HOP 1 3.02E-09 3.02E-09 -

HOPV 5.66E-15 1.49E-11 +1.5E-11

TOTAL 1.25E-01 1.25E-01

0
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!
TABLE D-11

( ) SALEM i''
LETDOWN ISOLATION RHR ISOLATE 0

RESULTS ,

:

CONSE0VENCE FRE0VENCY FREQUENCY FREQUENCY i

CATEGORY WITH ACI WITHOUT ACI CHANGE (
i

SUCCESS 3.26E-01 1.63E-01 -1.63E-01

LSF0 0 0 -
;

!

LSCI 1.40E-03 6.99E-04 -7E-04

[LSCO O O -

'

LLFO O O

||
-

LLC 0 0 0 -

LLCl 1.17E-01 5.85E-02 -5.8E-02 |

LSF1 1.02E-07 5.07E-08 -5.1E-08

LLFI 1.70E-05 8.48E-06 -8,5E-06

MSF0 0 0 -

MLF0 0 0 -

MSF1 0 0 -

MLFI O 0 -

MSCO O O -

MSCI O O -
,

;MLCO O O
-

'

MLCl 0 0 -

MOP 1 0 0 t-

HOPl 3.73E-04 1.86E-04 -1.9E-04

HOPV 0 0 -

TOTAL 4.45E-01 2.22E-01

.

V
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|
|

D.3.2 CALLAWAY ,

( ) i

# The effect of the overpressure transients identified in Section D.2 for
Callaway was evaluated utilizing event trees. Each mitigating system and
coerator action was modeled as a top node on the event tree for the given
transient. The following describe the event tree structure, the success |

'

criteria defined for each transient, and the nodal probabilities utilized in
the quantification and the results.

The safety functions, i.e. the event tree top events or nodes, for the ;

Callaway event trees are defined below: |

1. Initiating Event (IE): The mass input initiator that could lead to !

overpressurization and/or possible RHRS damage, either charging / safety !

injection pump actuation or letdown isolation.

2. RHRS isolated (RI): The RHR$ will be isolated during certain periods

of shutdown. This dictates whether or not the RHRS relief valve is
^

(V')
available to mitigate the transient and if the possibility exists for

| damage to the RHRS. For Callaway, the event tree allows for both
trains of RHRS to be isolated, one train or no trains,

3. RHR$ Suction Relief Valve lifts (RV): If the RHRS is not isolated,

the spring loaded relief valves will open at the setpoint pressure.
If one trair. of RHRS is isolated, only one RHR relief valve is
available and if both trains are isolated, there are no RHR relief
valves available to mitigate the transient.

4. , M System Operates (COP): The cold overpressure protection system'

ec.nsists of two redundant and independent systems utilizing the

pressurizer PORVs. When the system is enabled and reactor coolant

|
tamperature is below 368'F, a high pressure signal (above the COPS

| setpoint) will trip the system automatically and open a PORV until the
pressure drops below the reset value. For Callaway, the COPS system

i

[ has a variable setpoint. An auctioneered system temperature is

|

| 00390;1D/101189
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,

-
.

continuously converted to an allowable pressure and then compared to
'

the actual RCS pressure. The system logic will first annunciate a
main control board alarm whenever the measured pressure approaches i

within a predetermined amount of the allowable pressure. On a further
increase in measured pressure. an actuation signal is transmitted to
the power-operated relief valve. For this analysis, it was assumed ;

that the COPS would actuate at its lowest setpoint (530 psig). The i

cases examined are two PORVs actuate, one PORV actuates or no PORVs |

actuate.

Sa. RHRS Suction / Isolation Valves Automatically Close (RSV): When the

pressure increases to the autoclosure setpoint (682 psig), the
autoclosure interlock receives a pressure signal that actuates the |

circuitry and closes the motor-operated valve. This node is addressed
in the case with the autoclosure interlock only.

Sb. Operator Detects Overpressure Alarm and Isolates the RHRS (OD): For
'

the modification case, an alarm would sound when the pressure reached

the high pressure setpoint. Through a revision in operating
procedures, it is assumed that the operator will detect the
overpressure and isolate the RHRS before the pressure reaches 150% of 1

ine RHRS design pressure.
,

6. Operator Secures Running Pump (OA1): Given an alarm, either by ;

actuation from the RHRS relief valve opening to the pressurizer relief ,

tank (PRT), or from the operation of at least one trair. of COPS, or '

from an RHRS pump low flow alarm (on autoclosure of the RHRS suction
valves) or from the high pressure alarm on the RHRS suction valves (in
the modification case only), the operator will stop the extra running
pump (either an 51 or charging pump). If the operator stops the
running pump, the overpressure event is halted. ;

i

:
,

O
00390.1D/101189 ,
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i
,'

7. Operator Opens a PORV (OA2): Givsn an alarm, if no or one relief !
,

'

(] valve oport.tes successfully and the pressure still continues to rise,
the operator may open a PORV in order to reduce the pressure. The !

operator may also open a PORV if he fails to stop the running pump in
order to increase the time available to mitigate the transient.

I
'

8. RHRS Relief Valve Reseats (RVR): Given that the RHRS relief valves !

successfully operate and the transient was terminated, the relief
valve must ressat or coolant would be lost to the PRT. If the |

transient is not stopped, the relief valve will cycle open and closed
and is assumed to eventually fail open.

,

,

9. Pressurizer PORVs Reseat (POR): Given that one or more of the PORVs
has opened and the transient has been stopped, the valve must close in

order to avert a loss of coolant condition. If the transient is not
stopped, the valve (s) will cycle until failure occurs. !

!
!

For each of these nodes, failure probabilities were calculated. These nodal
probability calculations are shown in Table 0-12 for Callaway..

The success criteria for the event trees was determined based on conservative
estimates of the flow rates and relieving capacities of the relief valves.
For the charging / safety injection pump actuation case, because the charging
pump maximum flow rate and the safety injection pump maximum flow rate |

combined is 1200 gpm (conservative assumption that both pumps operate at
maximum flow rates), it was assumed that two PORVs or two RHR relief valves or
one PORV and one RHR relief valve are required to mitigate the transient. The

following assumptions were also utilized in the analysis of the
charging / safety injection mass input transient:

1. No credit is taken for the RCS vents.

2. The detection time for failure was assumed to be 24 hours for the
,

suction valve components while 6 weeks (1008 hours) was assumed for

the PORVs and block valves.
O '

V
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Figure 0-9 illustrates the event tree for Callaway for the charging / safety
,

i injection initiating event.

The success criteria for the letdown isolation cases was also determined based
on conservative estimates of the flow rates and relieving capacities of the
relief valves. Because the charging pump's maximum flow rate is 550 gpm, it
was assumed that only RHR relief valve, or one PORV must operate to mitigate
the transient. The following assumptiens were utilized in the letdown
isolation case.

1. No credit is taken for the RCS vents.

2. The detection time for failure was assumed to be 24 hours for the
suction valve components while 6 weeks (1008 hours) was assumed for

the PORVs and block valves.

The evant tree for the letdown isolation cases is similar to the
charginc/ safety injection pump actuation event tree. However, the success
criteria for the various nodes is changed due to the type of transient. The
event trees for the letdown isolation cases are shown in Figures D-10 and D-11.

The results from the quantification of the event trees for Callaway are shown
in Tables D-14 to D-16. The results show that most of the overpressure

consequence categories remain unchanged with deletion of the autoclosure

interlock. For the charging / safety injection case, consequence categories
MSF0, MSCO, and HOPV increased. However, the increase is in the range of
IE-11 to 1E-12/ shutdown year. This is a very insignificant increase in the
frequency of these events. For the letdown isolation - RHR operable case, the

consequence category LSCI decreased slightly while the HOPV category increased
to 3E-15/ shutdown year. In the letdown isolation - RHR isolated case, the

consequence categories affected all decreased due to the reduction in the
initiating event frequency. The conclusion to be drawn frota the results is
that the removal of the autoclosure interlock.has a small impact on
overpressurization transients.
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Several t' actors that were not taken into account in the analysis but are worth
,

(G mentioning are presented below. The following precautions are noted in the '

)
,

Callaway FSAR which are designed to reduce the chances of an
overpressurization event. .

!

1. If all reactor coolant pumps have stopped for more than five minutes
i

during plant heatup and the reactor coolant temperature is greater ,

!than the charging and seal injection water temperature, a steam bubble
will be formed in the pressurizer prior to restarting a reactor ,

coolant pump. This precaution minimizes the pressure transient when ,

the pump is started and the cold water previously injected by the i

charging pumps is circulated through the warmer reactor coolant ,

components. The steam bubble wt11 accommodate the resultant expansion
,

as the cold water is rapidly warmed.
.

r

2. To preclude inadvertent emergency core cooling system actuation during
heatup and cooldown, procedures requiring blocking the pressurizer
pressure and low steam line pressure signal actuation logic at 1,900

O psig.
'Q ,

'

! 3. During further cooldown, closure and power lockout of the accumulator
isolation valves and power lockout of the nonoperating charging pumps 1

I

and safety injection pumps will be performed at 1,000 psig.
I approximately 425'F RCS conditions.

4. The recommended procedure for periodic emergency core cooling system

pump performance testing will be to test the pumps during normal power
operation or at hot shutdown conditions. This precludes any potential

for developing a cold overpressurization transient. Should cold -

| shutdown testing of the pumps be desired, the test will be done when
the vessel is open to the atmosphere. .

5. SIS circuitry testing, if done during cold shutdown, requires RHRS
1
' alignment and nonoperating charging pump and safety injection pumps

power lockout to preclude developing cold overpressurization ,

transients.
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)
<

TABLE D-12 i

( ') CALLAWAY NODAL PROBABILITY CALCVLATIONS |
v' |

I

1. RHRlsolated(RI)

Description: This nodo divides into two branchec. The upper branch !
iindicates that the RHR system is isolated from the RCS while the bottom

branch indicates that the RHR system is open to the RCS, For this node, !
it was assumed that the RHR system may be isolated for a period of time ,

during cold shutdown. The nodal probabilities for the charging / safety j

injection actuation case are based on assumptions that both trains of RHR
would be isolated only five percent of the time and one train would be |.
isolated 10 percent of the time. Thus, both trains of RHR would not be '

isolated from the RCS 85 percent of the time. For the letdown isolation i

case with the RHR operable, the nodal probability is 1.0 while for the
'

case with the RHR isolated, the nodal probability is 0.0.

failure probabilities: The probabilities for this node for each case are
shown below. ,

t

Charging / Safety Injection pump actuation |
Both trains isolated 0.05
One train isolated 0.10
No trains isolated 0.85

i Letdown Isolation

RHR operable 1.0
'

RHR isolated 0.0

ti

,

,

4

I
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TABLE D-12 (Cont)

( CALLAWAY NODAL PROBABILITY CALCULATIONS !
_

2. RHR Relief Valve Operates (RV) .

l

Description: This node divides into three branches if both trains of RHR )
are open to the RCS and into two branches if only one train of RHR is not ;

isolated from the RCS. If both trains of RHR are open to the RCS, two RHR ;

relief valves can operate (indicated by the top branch), one RHR relief .

valve can operate (indicated by the middle branch), or both relief valves !
can fail to open (indicated by the bottom branch). When only one train of -

RHR is open to the RCS, the one operable RHR relief valve can open (the ;

top branch) or can fail to open (the bottom branch). ;

The RHR relief valves are spring-loaded relief valves set to actuate at ;

450 psig. Each relief valve can relieve 770 gpm at 450 psig and 5200'F. i
t

Failure probabilities: The failure of a relief valve to open is 3E-04 per ;

demand. Thus the probabilities for this node are:
'

2 (of 2) RHR relief valves fail to open = (3E-04)(3E-04)=9E-08 ,

One of 2) RHR relief valve fails to open = 3E-04 +3E-04=6E-04
One of 1) RHR relief valve fails to open = 3E-04

O
U,

n
Qi
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TABLE D-12 (Cont)

O) O'
CALLAWAY NODAL PROBABILITY CALCULATIONS |

i

I3. PORV COPS system operates at P=530 psig (COP)

Description: The event tree civides into three branches at the C0P node.
'

'*

ihe top branch symbolizes that both trains of COPS operate, the middle
~

branch shows only one train of CO^S operates while the bottom branch
signifies both trains of COPS have failed to operate.

The COPS (cold overpressure system) utilizes two pressurizer relief valves"

(PORVs). The operator must enable the system when the cold leg RCS
temperature is less than 368'F. An alarm is actuated thereby alerting the
operator to arm the COPS. The COPS has a variable pressure setpoint
deiermined by the measured RTD temperature. For this analysis, the
setpoint was assuaed to be constant at 530 psig (the lowest setpoint
allowed).

'

Failure probabilitiec:. The failure probabilities associated with this '

node were calculated utilizing fault trees. Figure D-14 shows the fault '

tree developed for two trains of COPS failing to operate while the failuro |

of one train is shown in Figure D-15. The operator crror in failing to
er,able t N COPS system is shown below:

Task: Operator fails to arm the COPS following alarm.

j b Median HEP =0.0001 Table 20-23 Failure to initiate some kind
i 's r.rror setor a 10 of intended corrective action
!- Mean h:P = 2.66E-04 as required

The basic event probabilities utilized in the fault trees are shown in
Table D-13. The failure probabilities quantified frem the fault trees is:

Two trains of COPS Fail = 3.01E-04
One train of COPS Fails = 1.18E-02

r
x
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TABLED-12(Cont) [
'

CALLAWAY NODAL PROCISILITY CALCULATIONS $(-)/

4a) RHR Suction Valves Close at P=682 psig (RSV)

Description: The node determines whether or not the RHR suction valve
autoclosure interlock closec the valves when the RCS pressure reaches
682 psig. For Callaway, it was assumed that only one valve on each train
must close for success. Failure was considered to be both trains of RHR :

open to the RCS (i.e. the autoclosure interlock failed to close one valve -

on each train).

Failure probabilities: The failure probability associated with this node
was calculated using the fault tree shown in Figure D-12. The basic event
prcbabilities used to quantify the fault tree are shown in Table D-13.
The failure probability for this node is:

Both trains of RHR fail to isolate = 2.23E-07
One train of RHR fails to isolate = 1.24E-07

,

|

.; i

_Y
p .

1

-

I T

1
|

|

|
|

|

L

l'

L
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TABLE D-12 (Cont) !
( i CALLAWAY N0DAL PROBABILITY CALCULATIONS ,

~/'

,

4b) Operator Isolates RHR System Given Overpressure Alarm (00)

Description: The proposed modification deletes the autoclosure interlock
and adds an alarm to alert the operate when the pressure exceeds the high

,

pressure setpoint and an isolation valve is in the open position. Given
an overpressure transient and this alarm the operator will close at least
one RHR suction valve on each drop line to isolate the RHR System. The
probability of operator failure is conditional on the time he has in which
to act. If a mitigating system operates successfully ( a PORV or RHR
relief valve opens), it was assumed that the operator has 20 minutes in
which to act, if no mitigating system operates, the operator has
approximately 10 minutes to act.

Failure Probabilities: The failure probabilities associated with this
node were calculated utilizing the fault tree shown in Figure D-13. The
operator error probabilities shown in the fault tree are calculated below:

TASK: Operator closes isolation va',ve given high pressure alarm.

1. Diagnosis within time T by control room personnel of abnormal evert
annunciated

,

Median HEP = 0.1 within 10 minutes Table 20-3t
,

i. Error Factor = 10
Mean HEP = 0.266

Median HEP = 0.01 within 20 minutes Table 20-3
Error factor = 10
Mean HEP = 2.66E-02

2. Operator failure in operating manual controls

Median HEP = 0.001 Table 20-12 Select wrong control from an
Error factor = 10 array of similar-appearing
Mean HEP = 1.25E-03 controls arranged in

well-delineated functional
groups

! 3. Recovery factor - special short term one-of-a-kind checking

Median HEP = 0.05 Table 20-22
Error factor = 5

| Mean HEP = 8.07E-02
l

l
p

t,.

1
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I
. TABLE D-12 (Cont)

,[ N CALLAWAY NODAL PROBABILITY CALCULATIONS).''

,

4b) Operator Isolates RHR System Given Overpressure Alarm (OD)(Cont)
,

P(Fail in 20 minutes) = P(Fail in 30 minutes)=
2.66E-02(8.07E-02) + 0.266(8.07E-02) +
(1-2.66E-02)(1.25E-03)(8.07E-02) (1-0.266)(1.25E-03)(8.07E-02) ,

= 2.15E-03 + 9.82E-05 = 2.15E-02 + 7.40E-05
= 2.25E-03 = 2.16E-02

The basic event probebilities are shown in Table D-13. The results of the
quantification of the fault trees is shown below:

Operator Isolates RHR in 20 minutes = 1.11E-05
Operator Isolates RHR in 10 minutes = 9.42E-04

.

4

\ /-

e
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TABLED-12(Cont) !

'[ } CALLAWAY NODAL PROBABILITY CALCULATIONS
v

5. Operator Secures Running Pump (OA1)
,

Description: For any operator action to occur, an alarm must be
actuated. This alarm can occur by actuation of a relief valve (PORV or
RHR), RHRS pump low flow or high pressure alarm or in the modification .

case, the high pressure alarm on the RHR suction valves. For the ;

charging / safety injection actuation case, this pump is the safety ,

injection pump. In the letdown isolation case, the charging pump must be
stopped.

Failure Probability: The human error probability is calculated below:

1. Failure to diagnose transient in time T
'

Median HEP = 0.1 within 20 minutes Table 20-1
Error factor = 10 !

Mean HEP = 0.266

2. Select wrong control ,

Median HEP = 0.001 Table 20-12 Select wrong control on a
Error factor = 3 panel from an array of

.

Mean HEP = 1.25E-03 similar-appearing controis|-

O) arranged in well-delineated!

| functionr1 groups'

I

(

) P(Fail in 20 minutes) = 0.266+(1-0.266)(1.25E-03)
L = 0.267
1 .

|

|

i

|

1.

;

|

|
>

|.

,

#

.

|
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TABLE D-12 (Cont) !

I() ' CALLAWAY NODAL PROBABILITY CALCULATIONS !
xj .

6. Operator Opens PORV (OA2) !
,

Description: If the mass input is greater than the relieving capacity or
if no relief valve operates, the operator can open a PORV to reduce the
pressure, given an alarm has actuated. If the operator fails to secure <

the pump, he can open a PORV in order to increase the time he has
'

available in which to act.
,

Failure Probabilities: This action was modelled as dependent on the
operator's success or failure to stop the running pump. The failure
probabilities are-

:
Given failure of previous task

CP = 0.36 Table 20-18 Medium dependence

Given success of previous task

CP = 0.21 Table 20-19 Medium dependence

t.

V

,

1

|

|

| !

|

|
|
|

.

|
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V
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TABLE D-12 (Cont) -

l' 'l CALLAWAY NODAL PROBABILITY CALCULATIONS ,

v
7. RHRReliefValveReseats(RVR)

Description: Given that the transient is successfully mitigated, the RHR ,

relief valve must reseat (close) in order to prevent a loss of coolant.

Failure Probability: The proba'/ t.'', that the relief valve will not
reseat is 3E-2 per demand. If but " A relief valves actuated, both

*

relief valves must close. Thus the failure probabilities are:

Both relief valves fail to close = 3E-02 +3E-02 = 6E-02
One relief valve fails to close = 3E-02

A
'\ -]

,

t

V

13
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! TABLE D-12 (Cont)

![v CALLAWAY NODAL PROBABILITY CALCULATIONS

'
8. PORl's Reseat (POR) ,

Description: Given that the transient is successfully mitigated, the
PORVs must~close in order to prevent a loss of coolant. If the PORVs fail
to close, the associated block valves receive a signal to automatically
close if the PORY fails to completely close, thus eliminating the need for
operator action.

Failure Probability: The failure probability for both PORVs to reseat was
calculated utilizing the fault tree shown in Figure D-16. The basic event
probabilities are shown in Table D-13. The failure probabilities are:

,

Both PORVS fail to close = 5.08E-05
One PORV fails to close = 2.54E-05

,

"(
'
. <J

:

/ \

%.)
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,

TABLE D-13

bT CALLAWAY BASIC EVENT PROBABILITIES FOR FAULT TREES
LJ

FAILURE DETECTION

FAULT TREE RATE (/HR TIME FAILURE
IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY

2ACN42C/A CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

2ACBE2 CB circuli BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

2AFU40 APHA FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

2AFU40APHB FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

2AFU40APHC FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06
.

2AOL49A OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E 06

2AOL49B OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

2AOL49C OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06 |

2AMSCN42CA CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

p 2AMSCN42CB CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

2AMSCN42CC CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

2AFU1 APHA FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

2AFU1APHB FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

2ACT480120 CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

2AFU2 AMP FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

2AOLCN49AB CN RELAY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07

2AOLCN49BB CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07 |

2AOLCN49CC CN RELAY CONTACTORS SPU 2.0006-08 1.200E+01 2.40E-07
|

2AQSWS17 QS TCRQUE SWITCH FAIL T 2.000E-07 1.200E+01 2.40E-06 ,

2ACN4208 'CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

2AMSREC042 C0 RELAY C0ll FAILURE 3.000E-06 1.200E+01 3.60E-05
,
,

p
i
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TABLE D-13 (Cont) j
. CALLAWAY BASIC EVENT PROBABILITIES FOR FAULT TREES

FAILURE DETECTION
FAULT TREE RATE (/HR TIME FAILURE )
IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY '

2ALSZS8 LS LIMIT SWITCH ALL MOD 7.220E-06 1.200E+01 8.66E-05
.i

2ACNK735 CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

RSOS403 RS RESISTOR STANDARD QU 4.900E-09 1.200E+01 5.88E-08

CMPB4038 CM COMPARATOR ALL MODES 2.900E-06 1.200E+01 3.48E-05

PSPQY40S PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

BIPS403B BI BISTABLE LOW OUTPUT 1.650E-06 1.200E+01 1.98E-05 -

TPPT403 TP PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05

1ACN42C/A CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05
.

1ACB52 CB CIRCUIT BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

; r] 1AFU40 APHA FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1AFU40APHB FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1AFU40APHC FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06
i

'

1AOL49A OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

i 1AOL49B OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

{ 1AOL49C OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

1AMSCN42CA CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

1AMSCN42CB CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

- 1AMSCN42CC CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05
1

1AFU1 APHA FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06
i

|

1AFU1APHB FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1ACT480120 CT CURP.ENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

0
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TABLE D-13 (Cont)

[)D -
CALLAWAY BASIC EVENT PROBABILITIES FOR FAULT TREES

%

FAILURE DETECTION
'

FAULT TREE RATE (/HR TIME FAILURE
.

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PRO 3 ABILITY
'

1AFU2 AMP FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1AOLCN49AB CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

1AOLCN49BB CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

1AOLCN49CB CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07 -

1AQSWS17 QS TORQUE SWITCH Fall T 2.000E-07 1.200E+01 2.40E-06

1ACN420B CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

'1AMSREC042 C0 RELAY C0ll FAILURE 3.000E-06 1.200E+01 3.60E-05

1ALSZS8 LS LIMIT SWITCH ALL MOD 7.220E-06 1.200E+01 8.66E-05

1ACNK735 CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

RSPS405 RS RESISTOR STANDARD QU 4.900E-09 1.200E+01 5.88E-08

L (ex)|

| CMPB405B CM COMPARATOR ALL MODES 2.900E-06 1.200E+01 3.48E-05"

PSPQY405 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.9GE-05 .[

BIPS405B BI BISTABLE LOW OUTPUT 1.650E-06 1.200E+01 1.98E-05

TPPT405 TP PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05

2BCN42CA CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

2BCB52 CB CIRCUIT BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

2BFU40 APHA FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06 -

2BFU40APHB FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

2BFU40APHC FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

280L49A OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

2BOL49B OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

()%
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TABLE D-13 (Cont)
\ CALLAWAY BASIC EVENT PROBABILITIES FOR FAULT TREES 1

L|O |
1

I
FAILURE DETECTION

FAULT TREE RATE (/HR TIME FAILURE ;

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY

2BOL49C OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

2BMSCN42CA CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

2BMSCN42CB CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

2BMSCN42CC CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

2BFU1 APHA FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

2BFV1APHB FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

2BCT480120 CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

2BFU2 AMP FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

2BOLCN49AB CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

| O 2BOLCN49BB CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07
! i I ,

\d
2BOLCN49CB CN RELAY CONTACTOR3 SPU 2.000E-08 1.200E+01 2.40E-07

2BQSWS17 QS TOROVE SWITCH FAIL T 2.000E-07 1.200E+01 2.40E-06

2BCN420B CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

2BMSREC042 C0 RELAY COIL FAILURE 3.000E-06 1.200E+01 3.60E-05

| 2BLSZS8 LS LIMIT SWITCH ALL MOD 7.220E-0S 1.200E+01 8.66E-05

2BCNK735 CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05 '

1BCN42CA CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

1BCB52 CB CIRCUIT BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

| 1BFU40 APHA FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

IBFU40APHB FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1BFU40APHC FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06'

1

i
'

,
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WESTINGHOUSE PROPRIETARY CLASS 3 |
j
l

TABLE D-13 (Cont) I

['v) CALLAWAY BASIC EVENT PROBABILITIES FOR FAULT TREES

FAILURE DETECTION |

FAULT TREE RATE (/HR TlHE FAILURE

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY

1BOL49A OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

180L49B OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 '1.80E-06

1BOL49C OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

IBMSON42CA CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

1BMSCN42CB CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

1BMSCN42CC CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05 :

IBFU1 APHA FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1BFV1APHB FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1BCT480120 CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

fN 1BFU2 AMP FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

''')4

150LCN49AB CN RELAY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07

1BOLCN49BB CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

1BOLCN49CB CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

1BOSWS17 QS TORQUE SWITCH Fall T 2.000E-07 1.200E+01 2.40E-06

IBCN420B CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

1BMSREC042 C0 RELAY C0ll FAILURE 3.000E-06 1.200E+01 3.60E-05

IBLSZS8 LS LIMIT SWITCH ALL MOD 7.220E-06 1.?00E+01 8.66E-05

IBCNK735 CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

2.66E-04OPARMCOPS DE OPERATOR FAILS TO AR 2.660E-04 ---

AVPCV455AF A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03

AV455ASIG TP P TRANSMITTER ALL MO 1.730E-06 5.040E+02 8.72E-04

'
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D-65

|

v -,m y -, - - w ,



. -- ;

WESTINGHOUSE PROPRIETARY CLASS 3

TABLE 0-13 (Cont)'

() CALLAWAY BASIC EVENT PROBABILITIES FOR FAULT TREES

'

FAILURE DETECTION

FAULT TREE RATE (/NR TIME FAILURE

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROCABILITY

AVPCV456AF A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03
,

,
,

AV456ASIG TP P TRANSMITTER ALL MO 1.730E-06 5.040E+02 8.72E-04
'

AVPCV455AK A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03

MV455AK MV FAILURE TO CLOSE 1.000E-05 5.040E+02 5.04E-03

AVPCV456AK A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03

MV456AK MV FAILURE TO CLOSE 1.000E-05 5.040E+02 5.04E-03

|
1 |

|

l

!

i

L

|

|
|
|

/~"
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WESTINGHOUSE PROPRIETARY CLASS 3

TABLE D-14
'

1

;r s,
( ,), . CALLAWAY

'

CHARGING / SAFETY INJECTION ACTUATION
RESULTS

CONSEQUENCE FREQUENCY FREQUENCY FREQUENCY

CATEGORY WITH ACI WITHOUT ACI CHANGE

SUCCESS 8.67E-02 8.67E-02 -

LSF0 2.76E-04 2.76E-04 -

,

LSCI O O
-

' -

,

LSCO O O
-

LLFO 4.67E-03 4.67E-03 -

LLC 0 3.17E-02 3.17E-02 -

,

LLCI 1.66E-03 1.66E-03 - -

LSFI 0 0 -

LLFI 2.32E-07 2.32E-07 -

MSF0 7.33E-14 6.54E-12 +6.5E-12

MLF0 0 0 -

MSFI 1.36E-05 1.35E-05 -1E-07
,

.

L/ MLFI O O
-

MSCO 4.58E-14 4.08E-12 +4E-12

MSCI 7.74E-06 7.74E-06 -

MLCO O O
-

MLCI 0 0 -

MOPI 5.82E-07 5.82E-07 -

HOPI 2.24E-06 2.24E-06 -

HOPV 1.41E-16 1.07E-12 +1.1E-12

i

TOTAL 1.25E-01 1.25E-01

(''h .uJ
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WESTINGHOUSE PROPRIETARY CLASS 3

TABLE D-15
/IQ) CALLAWAY f

LETDOWN ISOLATION RHR OPERABLE
RESULTS

'

C0 HSE 0VENCE FRE0VENCY FREQUENCY FREQUENCY

CATEGORY WITH ACI WITHOUT ACI CHANGE
,

SUCCESS 8.61E-02 8.61E-02 -

LSF0 2.75E-06 2.75E-06 -

c

LSCI 5.79E-13 5.78E-13 -1E-15

LSCO 2.00E-05 2.00E-05 -

LLFO 5.49E-03 5.49E-03 -

LLC 0 3.34E-02 3.34E-02 -

'
LLCI O 0 -

'
LSFI 4.98E-17 4.98E-17 -

LLFI O O -

MSFO O O
-

MLFO O O
-

MSFI O O -

( MLFI O O
-

MSCO O O
-

MSCI O O
-

MLCO O O
-

'

MLCI O O
-

M0PI 5.21E-13 5.21E-13 -

HOPI 3.25E-13 3.25E-13 -

HOPV 7.55E-19 3.19E-15 +3.2E-15

TOTAL 1.25E-01 1.25E-01

0
003901D/101189
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WESTINGHOUSE PROPRIETARY CLASS 3 _-,

1

i

TABLE D-16
. ;m
( )- CALLAWAY
~ ~ " - LETDOWN ISOLATION RHR ISOLATED

RESULTS

CONSE0VENCE FREQUENCY FREQUENCY FRE0VENCY
CATEGORY WITH ACI WITHOUT ACI CHANGE ;

1

SUCCESS 3.26E-01 1.63E-01 -1.63E-01

LSF0 0 0 -

LSCI 1.40E-03 6.99E-04 -7E-04

LSCO O O -

LLFO 0 0 -

'

LLC 0 0 0 -

LLCI 1.17E-01 5.86E-02 -5.8E-02

LSFI 9.7bE-08 4.88E-08 -4.9E-08

LLFI 1.64E-05 8.17E-06 -8.2E-06

MSF0 0 0 -

MLF0 0 0 -

MSFI O O -
,

( MLF1 0 0 -

L MSCO 0 0 -

MSCI O O -

MLCO 0 0 -

MLCI O O -

MOPI O O -

HOPI 1.34E-04 6.68E-05 -6.7E-05 .

HOPV 0 0 -

[ ,

!

|
'

TOTAL 4.45E-01 2.22E-01

, e

,

'|s'

|

|

O
' Q
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WESTINGHOUSE PROPRIETARY CLASS 3

D.3.3 NORTH ANNA
|3
V 'he effect of the overpressure transients identified in Section D 2 was

evaluated utilizing event trees. Each mitigating system and operator action
was modeled as a top node on the event tree for the given transient. The

following describe the event tree structure, the success criteria defined for i

each transient, and the nodal probabilities utilized in the quantification and
,

the results.
~ t

The safety functions, i.e. the event tree top events or. nodes, for the North
Anna event trees are defined below:

1. InitiatingEvent(IE): The mass input initiator that could lead to
overpressurization and/or possible RHRS damage, either charging / safety

'

injection pump actuation or letdown isolation.
;

2. RHRSisolated(RI): The RHRS will be isolated during certain periods

of shutdown. This dictates whether or not the RHRS relief valve is

' (~') available to mitigate the transient and if the possibility exists for
' ' '' damage tc the RHRS.

3. OPS System Operates (OPS): The cold overpressure protection system
consists of two redundant and independent systems utilizing the
pressurizer PORVs. When the system is enabled and reactor coolant
temperature is telow 375'F, a high pressure signal (above the OPS
setpoint) will trip the system automatically and open a PORV until the
pressure drops below the reset value. For North Anna, the OPS system
has two fixed setpoints. The system logic will first annunciate a
main control board alarm whenever the measured pressure approaches

within a predetermined amount of the allowable pressure. On a further
increase in measured pressure, an actuation signal is transmitted to
the power-operated relief valve. The cases examined are two PORVs
actuate, one PORV actuates or no PORVs actuate.

/)t

'd'
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I

4. RHRS Suction Relief Valve Lifts (RV): If the RHRS is not isolated,

the spring loaded relief valves will open at the setpoint pressure.

Sa, RHRS Suction / Isolation Valves Automatically Close (RSV): When the

pressure increases to the autoclosure setpoint (582 psig), the
. autoclosure interlock receives a pressure signal that actuates the

circuitry and closes the motor-operated valve. This node is addressed
in the case with the autoclosure interlock only, i

5b. Operator Detects Overpressure Alarm and Isolates the RHRS (OD): For

the modification case, an alarm would sound when the pressure reached

the high pressure setpoint. Through a revision in operating i

procedures, it is assumed that the cperator will detect the
overpressure and isolate the RHRS before the pressure reaches 150% of

the RHRS design pressure.
.,

6. Operator Secures Running Pump (OA1): Given an alarm, either by
actuation from the RHRS relief valve opening to the pressurizer rolief
tank (PRT), or from the operation of at least one train of OPS, or j

from an RHRS pump low flow alarm (on autoclosure of the RHRS suction |
valves) or from the high pressure alarm on the RHRS suction valves (in

|
the modification case only), the operator will stop the extra running

!
pump (either an SI or charging pump). If the operator stops the

.

running pump, the overpressure event is halted. |

|

7. Operator Opens a PORV (OA2): Given an alarm, if no or one relief
!valve operates successfully and the pressure still continues to rise,

| the operator may open a PORr in order to reduce the pressure. The i

| operator may also open a PORV if he fails to stop the running pump in ;

order to increase the time available to mitigste the transient.

| 8. Pressurizer PORVs Reseat (POR): Given that one or more of the PORVs ;

has opened and the transicnt has been stopped, the valve must close in
,

order to avert a loss of coolant condition. If the transient is not
,.

stopped, the valve (s) will cycle until failure occurs. ]

O
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9. RHRS Relief Valve Reseats (RVR): Given that the RHRS relief valve
(p) successfully operates and the transient was terminated, the relief
' ~ '

valve must reseat or coolant would be lost to the PRT. If the
,

transient is not stopped, the relief valve will cycle open and closed
'and is assumed to eventually fail open.

For each of these nodes, failure probabilities were calculated. These nodal
probability calculations are shown in Table D-17 for North Anna.

3

The success criteria for the event trees was determined based on conservative
estimates of the flow rates and relieving capacities of the relief valves.
For the charging / safety injection pump actuation case, because the maximum
flow rate of two charging pumps is 1300 gpm (conservative assumption that both
pumps operate at maximum flow rates), it was assumed that two PORVs or two RHR
relief valves or one PORY and one RHR relief valve are required to mitigate |

the transient. The following assumptions were also utilized in the analysis |
of the charging / safety injection mass input transient:

4 ) 1. No credit is taken for the RCS vents.'

2. The detection time for failure was assumed to be 24 hours for the
suction valve components while 6 weeks (1008 hours) was assumed for

the PORVs and block valves.

Figure D-17 illustrates the event tree for North Anna for the charging / safety i

injection initir. ting event.

The sue:ess criteria for the letdown isolation cases was also determined based i

on conservative estimates of the flow rates and relieving capacities of the
relief valves. Because the charging pump's maximum flow rate is 650 gpm, it

n
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was assumed that only RHR relief valve, or one P0kV must operate to mitigate ;
'

the transient. The following assumptions were utilized in the letdown
isolation case.,

1. No credit is taken for the RCS vents.

2. The detection time for failure was assumed to be 24 hours for the
suction valve components wblie 6 weeks (1008 hours) was assumed for

the PORVs and block valves.
.

The event tree for the letdown isolation cases is similar to the ;

charging / safety injection pump actuation event tree. However, the success
'

criteria for the various nodes is changed due to the type of transient. The
.

event trees for the letdown isolation cases are shown in Figures D-18 and D-19.
.

The results from the quantification of the event trees for North Anna are
shown in Tables D-19 to 0-21. The results 3how that most of the ov9tpressure

consequence categories remain unchanged with deletion of the autoclosure ,

:interlock. For the charging / safety injection case, consequence categories
4SF0, MSCO, and h0PV increased. However, the increase is in the range of
IE-14 to 1E-15/ shutdown year. This is a very insignificant increase in the i

frequency of these events. For the letdown isolation - RHR operable case, the

HOPV consequence category increased to 4.5E-15/ shutdown year. In the letdown
'

isolation - RHR isol6tsa case, the consequence categories affected all
decreased due to the reduction in the initiating event frequency. The '

conclusion to be drawn from the results is that the tenioval of the autoclosure
interlock has a ; mall impact on overprassurization transients for North Anna.

Several factors that were not taken into account in the analysis but are worth
mentioning are presented below. The following precautions are noted in the

'

Nor+h Anna FSAR whleh are designed to reduce the chances of an '

overpressurization event. i

,

1. The pressurizer pressure safety injection signal actuations are -

blocked when the reactor coolant system pressure decreases to less

than 1990 psig, g
' oo400;10 " Y.189
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!
i

2. The accumulator discharge motor-operated valves are closed when the
__

I ') pressure is below 1000 psig (approximately 950 psig). The breakers .

''
are de-energized and locked open,

t

3. When the RCS cold leg temperature is at 320'F, all but one (two pumps)
charging pump is placed in pull-to-lock and one LhSI pump is placed in !

pull-to-lock, j

4. When the RCS temperature is less than 200'F end the pressure is !

between 300-325 psig, the remaining low head injection pump is placed
in the pull-to-lock position. !

.

5. To start a reactor coolant pump while the reactor coolant system in in
a water-solid condition, the operating procedures require: 1)special
permission from th0 ooerating supervisor and 2) that the associated
steam generator secondary-side bulk water temperature is not greater i

that 50'F above the reactor coolant system pressure.

I''*\
\/ *

s

i

.

,

i
!

i

,

[

|
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TABLE D-17
!

(n-) NORTH ANNA NODAL PROBABILITY CALCULATIONS

1. RHRlsolated(RI)

Description: This node divides into two branches. The upper branch
indicates that the RHR system is isolated from the RCS while the bottom ;>

branch indicstes that the RHR system is open to the RCS. For this node, t

it was assumed that the RHR system may be isolated for a period of time '

iduring cold shutdown. The nodal probabilities for the charging / safety
injection actuation case are based on assumptions that the one RHR inlet |

line would be isolated only 10 percent of the time. Thus, the RHR system !
would be open 90 percent of the time. For the letdown isolation case with i

the RHR operable, the nodal probability is 1.0 while for the caee with the i

RHR isolated, the nodal probability is 0.0,
'

Failure probabilities: The probabilities for this node for each case are
shown below.

Charging / Safety Injection pump actuation |

Both trains isolated 0.10 |
No trains isolated 0.90 :

1

ILetdown Isolation
7s
( ) RHR operable 1.0
'' RHR isolated 0,0

*

,

!

!

t

b

,
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TABLE D-17 (Cont) ;

(G) 9 RTH ANNA NODAL PROBABILITY CALCULATIONS .

I
,

2. OPS system operates at P=345 psig (OPS) j

Description: The event tree divides into three branches at the OPS node. !

The top branch symbolizes that both trains of OPS operate, the middle !

branch shows only one train of OPS operates while the bottom branch |
signifies both trains of OPS have failed to operate. !

t

The OPS (overpressure protection system) utilizes two pressurizer relief !

valves (PORVs). The operator must enable the system when the RCS !

temperature is less than 375'F. For North Anna, the PORV setpoints are !

variable for each PORV. The setpoints are: !

'
185'F<T <375'F T <185'F

c e

PCV-1455C 415 psig 345 psig
PCV-1456 420 psig 350 psig |

!

For this analysis, the OPS setpoint was assumed to be 345 psig for both i

PORVs.
~

,

Failure probabilities: The failure probabilities associated with this
node were calculated utilizing fault trees. Figure D-22 shows the fault :

'

tree developed for two trains of OPS failing to operate while the failurep) of one train is shown in Figure 0-23. The operator error in failing to :i
enable the OPS system is shown below: ;

v -

!

Task: Operator fails to arm the OPS via procedures, j

1. Omission error

Median HEP = 0.003 Table 20-7 When procedures with checkoff i

Error factor = 3 provisions are correctly
'

Nean HEP = 3.75E-03 used-long list, > 10 items |

2. Con: mission error

Median HEP = 0.001 Table 20-12 Select wrong control from an ,

Error factor = 10 array of similar-appearing ,

Mean HEP = 1.25E-03 controls arranged in well- i
delineated functional groups

3. Recovery facter
'

Median HEP = 0.1 Table 20-22 Checker fails to detect error
Error factor = 5 by others - routine tasks
Mean HEP = 0.161

oodoo:1D/101189
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TABLE D-17 (Cont) |

( NORTH ANNA NODAL PROBABILITY CALCULATIONS

.

?. OPS system operates at P=345 psig (OPS) (Cont)

P(operator fails to arm OPS) = 3.75E-03(0.161) + l

(1-3.75E-03)(1.25E-03)(0.161) !

= 6.04E-04 + 2.00E-04 i
= 8.04E-04 |

!
The basic event probabilities utilized in the fault trees are shown in !

'

Table D-18. The failure probabilities quantified from the fault trees is:

Two trains of OPS Fail = 8.39E-04
One' train of OPS Fails = 1.18E-02 |

|
,

I

l

I

|
!

O
3
|
>

|
' |

|
}

i

!
!
:

f

!
;

I
!
!
t

O :

I
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!
1

TABLE D-17 (Cont) !
'

( ) NORTH ANNA NODAL PROBABILITY CALCULATIONS |
v

3. RHR Relief Valve Operates (RV) I
J

Description: This node divides into three branches when the RHR is open !

to the RCS. Two RHR relief valves can operate (indicated by the top |
branch . one RHR relief valve can operate (indicated by the middle
branch , or both relief valves can fail to open (indicated by the bottom !

branch . !
i

The RHR relief valves are spring-loaded relief valves set to actuate at
'

467 psig. Each relief valve can relievo 900 gpm at 467 psig.
,

failure probabilities: The f ailure of a relief valve to open is 3E-04 per
demand. Thus the probability for this node are:

2 (of 2) RHR relief valves fail to open *(3E-04)(3E-04)=9E-0B
One (of 2) RHR relief valve fails to open = 3E-04 +3E-04=6E-04

i

.

.

f

!

i

!

:
!

,

&

|
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TABLE D-17 (Cont) f,_

( ) NORTH ANNA NODAL PROBABILITY CALCULATIONS |
K/ i

|

4a) RHR Suction Valves Close at P=582 psig (RSV) f

Description: The node determines whether or not the RHR suction valve
autoclosure interlock closes the valves when the RCS pressure reaches 5B?. ,

'psig. For North Anna, it was assumed that only one valve of the two
isolation valves must close for success. Failure was considered to be the
RHR$ open to the RCS (i.e. the autoclosure interlock failed to close one
of two valves).

Failure probabilities: Th failure probability associated with this node |
was calculated using the fault tree shown in Figure D-20. The basic event |

probabilities used to quantify the fault tree are shown in Table D-18. j

The failure probability for this node is:

RHR suction valves fail to isolate = 1.42E-07
,

3

l
s

,

!

g .x

.

'

v
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TABLE D-17 (Cont)

( ) NORTH ANNA NODAL PROBABILITY CALCULATIONS

!

4b) Operator Isolates RHR System Given Overpressure Alarm (OD)
1

Description: The proposed modification deletes the autoclosure interlock .

and adds an alarm to alert the operate when the pressure exceeds the high |
pressure setpoint and an isolation valve is in the open position. Given j
an overpressure transient and this alarm the operator will close at least ,

one RHR suction valve on the drop line to isolate the RHR system. The :

probability of operator failure is conditional on the time he has in which ,
,

to act. If a mitigating system operates successfully ( a PORV or RHR '

relief valve opens), it was assumed that the operator has 20 minutes in !
'

which to act. If no mitigating system operates, the operator has
approximately 10 minutes to act.

Failure Probabilities: The failure probability associated with this node I
was calculated utilizing the fault tree shown in Figure D-21. The ;

operator error probabilities shown in the fault tree are calculated below: ;

.

TASK: Operator closes isolation valve given high pressure alarm. |

1, Diagnosis within time T by control room personnel of abnormal event i
$annunciated

Median HEP = 0.1 within 10 minutes Table 20-3 !p,

Error Factor = 10 .

| (
Mean HEP = 0.266 t'

''

Median HEP = 0.01 within 20 minutes Table 20-3
Error factor = 10
Mean HEP = 2.6CE 02 !

2. Operator failure in operating manual controls

Median HEP = 0.001 Table 20-12 Select wrong control from an
Error factor = 10 array of similar-appearing
Meen HEP = 1.25E-03 controls arranged in well-

delineated functional groups

3. Recovery factor - special short term one-of-a-kind checking ,

Median HEP = 0.05 Table 20-22 -

| Error factor = 5
|

Meen HEP = 8.07E-02 *

|

|

,

(D
V
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|

TABLE D-17 (Cont) !
_

( NORTH ANNA NODAL PROBABILITY CALCULATIONS

[ Ab) Operator Isolates RHR System Given Overpressure Alarm (OD) (Cont) I
i
;

P(Fail in 20 r.inutes) = P(Fail in 10 minutes)= I

2.66E-02(8.07E-02) + 0.266(8.07E-02) + ;

(1-2.66E-02)(1.25E-03)(8.07E-02) (1-0.266)(1.25E-03)(8.07E-02) j
= 2.15E-03 + 9.82E-05 = 2.15E-02 + 7,40E-05
= 2.25E-03 = 2.16E-02 !

'

The basic event probabilities are shown in Table D-18. lne results of the !
.

quantification of the fault trees is shown below: ;
;

Operator Isolates RHR in 20 minutes = 5.87E-06 |
Operator Isolates RHR in 10 minutes = 4.74E-04 ;

i

i

!

!

!,

"

I

'

t

!

;

!
,

!

i

,

!

f

h
;

i

,
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i

p_ TABLE D-17 (Cont)

( ) NORTH ANNA NODAL PROBABILITY CALCULATIONS
x- / ;

!

5. Operator Secures Running Pump (OA1) ,

Description: For any operator action to occur, an alarm must be
actuated. This alarm can occur by actuation of a relief valve (PORV or
RHR), RHRS pump low flow or high pressure alarm or in the modification ;

case, the high pressure alarm on the RHR suction valves. For the charging
pump actuation case and the letdown isolation case, the charging pump must '

be stopped.

Failure Probability: The human error probability is calculated below:
.

1. Failure to diagnose transient in time T

Median HEP = 0.1 within 20 minutes Table 20-1
'

Error factor = 10 ;

Mean HEP = 0.266 ;

2. Select wrong control
.

Median HEP = 0.001 Table 20-12 Seiert wrong control
Error factor = 3 on a panel from an array of
Mean HEP = 1.25E-03 similar-appearing controls

f'~'c arranged in well-delineated,

( ) functienal groups .

,,
,
.

P(Fail in 20 minutes) = 0.266 + (1-0.266)(1.25E-03)
= 0.267

i

i

t

("'%L)
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;

'

. _ TABLE D-17 (Cont)

( ). NORTH ANNA NODAL PROBABILITY CALCULATIONS |
r,

6. Operator Opens PORY (OA2) !

Description: If the mass input is greater than the relieving capacity or
if no relief valve operates, the operator can open a PORV to reduce the
pressure, given an alarm has actuated. If the operator fails to secure
the pump, he can open a PORV in order to increase the time he has
available in which to act. |

Failure Probabilities: This action was modelled as dependent on the
'

operator's success or failure to stop the running pump. The failure
probabilities are: |

Given failure of previous task

CP = 0.36 Table 20-18 Medium dependence .

Liven success of previous task

CP = 0.21 Table 20-19 Medium dependence

.

I

v

.

T

1s_,7

|
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TABLE D-17 (Cont) f
I )- NORTH ANNA NODAL PROBABILITY CALCULATIONS
L:

7. PORVs Resent (POR)
,

Description: Given that the transient is successfully mitigated, the !
PORVs must close in order to prevent a loss of coolant. If the PORVs fail

!to close, the operator can isolate the open PORV using the associated
block valve. ;

Failure Probability: The failure probability for both PCRVs to reseat was
calculated utilizing the fault tree shown in Figure D-24. The basic event .

probabilities are shown in Table 0-18. The human error calculation for !
the opsrator failing to close the block valve is shown below:

:

TASK: Operator closes block valve :

1. Operator fails to detect leaking PORV '

Median HEP = 0.001 Table 20-11 Error of ecmmission in check f
Error factor = 3 reading display (digital
Nean HEP = 1.25E-03 indicators)

,

2. Operator selects wrong control !

,

(~N Median HEP = 0.001 Table 20-12 Select wrong control from an
'

( / Error Factor = 3 array of similar-appearing
'

Mean HEP = 1.25E-03 controls arranged in well-
delineated functional groups

!

3. Recovery factor - special short term one-of-a-kind chetking

Median HEP = 0.05 Table 20-22 !
Error factor = 5
Mean HEP = 8.07E-02

.

P(Fail tc close block valve) = 1.25E-03(8.07E-02) +
(1-1.25E-03)(1.25E-03)(8.0)E-02)

= 1.01E-04 + 1.01E-04
= 2.02E-04

Thus, the failure probabilities for the node are:

Both PORVS fail to close = 5.28E-05 ,

iOne PORV fails to close = 2.64E-05

n.
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TABLE D-17 (Cont)
' .

(/ NORTH ANNA NODAL PROBABILITY CALCULATIDh3 |\
,

x_-

{
8. RHR Relief Valve Resents (RVR) ;

i
Description: Given that the transient is successfully mitigated, the RHR t

relie'/. valve must resent (close) in order to prevent a loss of coolant. !
!

Failare Probability: The probability that the relief valve will not ,

rest,at is 35-2 per demand, if both RHR relief valvss actuated, both j
relief vahes must close, if only one RHR relief valve actuates, it must ;'

c ir>se. Thus the failure probabilities are: .

Both relief valves fail to close = 3E-02 +3E-02 = 6E-02
One relief valve fails to close = 3E-02

:

h

i

!

!
:

.(~'s
'

( I

:

h
i

.

f

;

;

;

t
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'
TABLE 0-18m

( ) NORTH ANNA BASIC EVENT PROBABILITIES FOR FAULT TREES
wj

FAILURE OETECTION !

FAULT TREE RATE (/HR TIME FAILURE '

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY ;

PT140?F TP PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05 |

'

RSPS1402 RS RESISTOR STANDARD 00 4.900E-09 1.200E+01 5.8BE-08

PSPQ1402 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

CMPC1402 CM COMPARATOR ALL MODES 2.900E-06 1.200E+01 3.48E-05

BIPS14022 BI B! STABLE LOW OUTPUT 1.650E-06 1.200E+01 1.98E-05

REC 014022X C0 RELAY COIL FAILURE 3.000E-06 1.200E+01 3.60E-05

RECN14022X CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

1700CBU CB CIRCUIT BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

OL49AF OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06 |

(y OL49CF OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

MSCN52CA CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05
'

MSCN52CB CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

MSCN52CC CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

CT480/120V CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

FU6 AMP 1 FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06
t

FU6 AMP 2 FU FUSE ALL MODES 1.500E-07 1.200F.+01 1.80E-06

OLCN40U CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

LS8U LS LIMIT SWITCH ALL MOD 7.220E-06 1.200E+01 8.66E-05
|

~

OSTS17U OS TOROUE SWITCH FAIL T 2.000E-07 1.200E+01 2.40E-06 '

; CN5200 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07 |

REC 052CF CO RELAY C0ll Fall'JRE 3.000E-06 1.200E+01 3.60E-05

i

O
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TABLE D-18 (Cont)

(' ') NORTH ANNA BASIC EVENT PROBABILITIES FOR FAULT TREES i

|a
'

FAILURE DETECTION

FAULT TREE RATE (/HR TIME FAILURE i

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY
,

PT1403F TP PRESSURE SENSORS ALL 2.800E-0C 1.200E+01 3.36E-05

RSPS1403 RS RESISTOR STANDARD OU 4.900E-09 1.200E+01 5.8BE-08 |

PSPQ1403 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

CMPC1403 CH COMPARATOR ALL MODES 2.900E-06 1.200E+01 3.48E-05

81PS14032 BI B1 STABLE LOW OUTPUT 1.650E-06 1.200E+01 1.9BE-05 ;

REC 014032X C0 RELAY C0ll FAILURE 3.000E-06 1.200E+01 3.60E-05

'

RECN14032X CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05
'

1701CBU CR circuli BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

10L49AF OL THERMAL OVERLOAD PRE 1.500E-07 1.2cCE+01 1.80E-06

(3 10L49CF OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.POE-06

1MSCN52CA CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

1MSCN52CB CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

1M3CN52CC CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05 .

ICT480120V CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

1FU6 AMP 1 FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1FU6 AMP 2 FU FUSE ALL MODES 1.500E-C7 1.200"*01 1.80E-06
,

10LCN49U CN RELAY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07

11.58U LS LIMIT SWITCH ALL MOD 7.220E-06 1.200E+01 8.66E-05

10STS17U 0S TOROVE SWITCH FAIL T 2.000E-07 1.200E+01 2.40E-06

1CN520U CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

1. REC 052CF CO RELAY C0ll FAILURE 3.000E-06 1.200E+01 3.60E-05

I
V
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WESTINGHOUSE PROPR!ETARY CLASS 3

TABLE D-18 (CDnt) [

>I I NORTH ANNA BASIC EVENT PROBABILITIES FOR FAULT TREES |V ;

i

FAILURE DETECTION '
'

FAULT TREE RATE (/HR TIME FAILURE
IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBADILITY j

8.04E-04OPARMOPS OE OPERATOR FAILS TO AR 8.040E-04 ---

1

AVPCi1455C A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03
!

AY1455CSIG TP P TRANSMITTER ALL MO 1.730E-06 5.040E+02 8.72E-04

AVPCv1456F A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03

AV1456SIG TP P TRANSMITTER ALL MO 1.730E-06 5.040E+02 8.72E-04 r

AVPCV1455C A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03

MV1455C MV FAILURE TO CLOSE 1.000E-05 5.040E+02 5.04E-03

2.02E-04OPNV1455C OE OPERATOR Fall BLOCK 2.020E-04 ---

AVPCV1456K A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03

MV1456K MV FAILURE TO CLOSE 1.000E-05 5.040E+02 5.04E-03 *

V 2.02E-04OPMV1456 OE OPERATOR Fall BLOCK 2.020E-04
'---

:

?

i

I /^N
-
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WESTINGHOUSE PROPRIETAR) ^.LS$ 3

TABLE D-19 l
/ T |

1''/ NORTH ANNA 1

CHARGING / SAFETY INJECTION ACTUATIOh |
RESULTS |

.

CONSE0VENCE FREQUENCY FRE0VENCY FRE0VENCY |

CATEGORY WITH ACI WITHOUT ACI CHANGE |
)

SUCCESS 9.15E-02 9.15E-02 -

|LSFO 4.17E-08 4.17E-08 -

ILSCI 1.42E-05 1.42E-05 -

LSCO O O -
>

LLFO 6.68E 15 6.68E-05 -

LLC 0 3.00E-02 3.00E-02 t-

iLLCl 3.32E-03 3.32E-03 -

LSF1 0 0 -
;

LLFI 4.82E-07 4.82E-07 -

1

MSFO 1.25E-15 5.13E-14 +5.0E-14 |
MLFO 0 -. 4

MSFI 2.27E-05 2.27E-05 -

f3(y MLF1 0 0 :-

MSCO 7.80E-16 3.20E-40 +3.1E-14 ,

MSCI 9.69E-09 9.6CE-09 -

MLC0 0 0 ;
-

MLCl 0 0 !
-

MOPI 8.72E-09 8.72E-09 -

fHOP 1 ).05E-05 1.05E-05 -

HOPV 1.21E-18 4.03E-15 +4.0E-15

TOTAL 1.25E-01 1.25E-01 !

!

,

r

i

'

s

'
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WESTINGHOUSE PROPRIETARY CLASS 3 |
!

1ABLE C-20'

y s

( ) NORTH ANNA
'

LET00WN ISOLATION RHR OPERABLE !
''

'

RESULTS !

CONSEQUENCE FDF00ENCY FREQUENCY FREQUENCY

1ATEGORY WITH ACI WITHOUT ACI CHANGE i

ts !

SUCCESS 9.36E-02 9.16E-02 -

| LSFO 2.99E-08 2.99E-08 |-

- LSCI O O -
,

!LSCO 3.94E-04 3.94E-04 -

!LLFO 9.39E-06 9.39E-06 -

LLCO 3..02-02 3.30E-02
'f

-

LLCI O O -

!LSF1 0 0 -

LLF1 0 0 - '

MSF0 0 0 -

'

MLFO C 0 -

MSF1 1.44E-16 1.44E-16 '-
.

r,8
( $ MLFI O O -

V :
MSCO O O 1-

MSCI 1.61E-12 1.61E-12 -
,

MLCO O O -

!MLC1 0 0 -

'
MOP 1 1.45E-12 1.45E-12 -

HOPl 9.07E-13 9.07E-13 -

|

HOPV 1.35E-18 4.47E-15 +4.5E-15 }

>

TOTAL 1.25E-M 1.25E-01 ;

;

r

5

(%
(
C

00400.1D/101189
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WESTINGMOUSE PROPRIETARY CLASS 3 !

'

I
t

.

TABLE 0-21 |,

< L, s I

i ~ *j NORTH ANNA ri

LETDOWN ISOLATION RHR ISOLATED t
RESULTS i

i. :

CONSE0VENCE FREQUENCY FREQUEhCY FREQUENCY

CATEGORY WITH ACI WITHOUT ACI CHANGE {
b

SUCCESS 3.26E-01 1.63E-01 -1.63E-01 }

|LSFO O O -

! LSCI 1.40E-03 6.99E-04 -7E-04 |

][, LSCO O O -

b LLFO O O !
-

|
'

LLCO O O -

LLCl 1.17E-01 5.85E-02 -5.8E-02 i

LSFI 1.02E-07 5.07E-09 -5.1E-08

LLFI 1.70E-05 8.48E-06 -8,5E-06 .;

MSFO O O |
-

MLFO O O ;
-

MSFI O O i-

fI MLF1 0 0 -

MSCO O O t-

-|MSCI O O -

{MLCO O O -

d MLCl 0 0 -

MOP! 0 0 -

HOPI 3.73E-04 1.86E-04 -1.9E-04 |
HOPV 0 0 -

>
:

!

I

TOTAL 4.45E-Gi 2.22E-01
i
!
I

t

i

!

.

!
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WESTINGHOUSE PROPRIETARY CLASS 3

. |'. D.3.4 SHEARON HARRIS j

( \ |

|

\"/ The effect of the overpressure transients identified in Section 0.2 was |
evaluated utilizing event trees. Each mitigating system and operator action |
was modeled as a top node on the event tree for the given transient. The

following describe the event tree structure, the success criteria defined for j

each transient, and the nodal probabilities utilized in the quantification and i

the results. 1

j

The safety functions, i.e. the event tree top events or nodes, for the Shearon :'

Harris event trees are defined below:

1. Initiating Event (IE): The mass input initiator that could lead to -

'

overpressurization and/or possible RHRS damage, either charging / safety

injection pump actuation or letdown isolation.

2. RHRSisolated(RI): The RilRS will be isolated during certain periods |
of shutdown. This dictates whether or not the RHRS relief valve is

O available to mitigate the transient and if the possibility exists for ,

Q ,

damage to the RHRS. For Shearon Harris, the event tree allows for both ;
trains of RHRS to be isolated, one train or no trains.

3. COPS System Operates (COP): The cold overpressure protection system
consists of two redundant and independent systems utilizing the ;

pressurizer PORVs. When the system is enabled and reactor coolant [
temperature is below 335'F, a high pressure signal (above the COPS
setpoint) will trip the system automatically and open a PORV until the
pressure drops below the reset value. For Shearon Harris, the COPS f
system hat, a variable setooint. An auctioneered system temperature is
continuously converted to ai, allowable pressure and then compared to
the actual RCS pressure. The system logic will first annunciate a
main control board alarm wheneser the measured pressure approaches

within a predetermined amount o' the allowable pressure. On a further
increase in measured pressure, at actuation signal is transmitted to

p
1

0040D.1o/101189
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WESTINGHOUSE PROPRIETARY CLASS 3

- the power operated relief valve. For tnis analysis, it was assumed h'

that the COPS would actuate at its lowest setpoint (390 psig). The
cases exaiined are two PORVs actuate, one PORV actuates or no PORVs

AIUnta.

4. RHRS Suction Relief Valve Lifts (RV): If the RHRS is not isolated,
- '

the spring loaded relief valves will open at the setpoint pressure.

{
If one train of RHRS is isolated, only one RHR relief valve is
available and 9 both trains are isolated, there are no RHR reliefi

valves available to mitigate the transient.

[r
Sa. RHRS Saction/ Isolation Valves Automatically Close (RSV): When the

pressure increases to the autocloture setpoint (700 psig), the
autoclosure interlock receives a pressure signal that actuates the
circuitry and closes the motor-operated valve. This node is addressed

;
in the case with the autoclosure interlock only.

Sb. Operatcr Detects Overpressuro Alarm and Isolates the RHRS (OD): For
the modification case, an alarm would sound when the pressure reached

the high pressure setpoint. Thrcugh a revision in operating
procedures, it is assumed that the operator will detect ths

.

overpressure and isolate the RHRS before the pressure reaches 150% of

.

the RHRS design pressure.

=

6. Operator Secures Running Pump (OA1): Given an alarm, either by
actuation from the RHRS relief valve opening to the pressurizer relief
tank (ORT), or from the operation of at least one train of COPS, or
frc.m an RilRS pump low flew alarm (on autoclosure of the RHRS suctioni

valves) or from the high pressure alarm on the RHRS suction valves (in
the modification case only), the operator wili stop the extra running
pump (either an Si or charging pump). If the opeiator stops the
running pump, the overpressure event is halted."

O
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,

| 7. Operator Opens a PORY (OA2): Given an alarm, if no or one relief

.( ) valve operates successfully and the pressure still continues to rise, '

the operator may open a PORV in order to reduce the pressure. The

operator may also open a PORV if he fails to stop the running pump in
order to increase the tbae available to mitigate the transient.-

8. Pressurizer PORVs Reseat (POR): Given that one or more of the PORVs
has opened and tho transient has been stopped, the valve must close in
order to avert a loss of coolant condition. If the transient is not
stopped, the valve (s) will cycle until failure occurs.'

9. RHRS Relief Valve Reseets (RVR): Given that the RHRS relief valves
successfully operate and the transient was terminated, the relief

'

valve must reseat or coolant would be lost to the PRT. If the
transient is not stopped, the relief valve will cycle open and closed
and.is' assumed to eventually fail open.

'
For each of these nodes, failure p-obabilities were calculated. These nodal

O probabilicy calculations are shown in Table D-22 for Shearon Harris,
d

The success criteria for the event trees was determined based on conservative
estimates of the flow rates and relieving capacities of the relief valves.
For the charging / safety injection pump actuation case, because the charging

'

pump maximum flow rate and the safety injection pump maximum flow rate
combined is 1300 gpm (conservative assumption that both pumr.s operate at
maximum flow' rates), it was assumed that two PORVs or two RHR relief valves or
one PORV and rae RHR relief' valve are required to mitigate the transient. T!s

following assumptions were also utilized in the analysis of the
charging / safety injection mass input transient:

I

1

| 2. No credit is taker. for the RCS vents.
1 :

1

I

) 2. The detection time for failure was assumed to bc 24 hours for the
suction ' i, components while 6 weeks (1008 hours) was assumed for

i the PORW end block valves.

( |

\j
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.n.

Figure D-25 illustrates the event tree for Shearon Harris for the
'

charging / safety injection initiating event.

The success criteria for the letdown isniation cases was also determined based ,

on conservative estimates of the flow rates and relieving capacities of the
relief valves. Because the charging pump's maximum flow rate is 650 gpm, it ,

was assumed that only RHR relief valve, or one PORY must operate to mitigate

the transient. The following assumptions were utilized in the letdown

iso'ation case.

1. No credit is taken for the RCS vents. !

2. The detection time for failure was assumed to be 24 hours for the
'

suction valve components while 6 weeks (1008 hours) was assumed for

the PORVs and block valves. !

The event tree for the letdown. isolation cases is similar to the
charging / safety injection pump actuation event tree. However, the success
criteria for the various nodes is changed due to the type of transient. The
event trees for the letdown isolation cases are shown in Figures D-26 and D-27.

.The results from the quantification of the event trees for Shearon Harris are
shown in Tables D-24 to D-26. The results show that most of the overpressure
consequence categories remain unchanged with deletion of the autoclosure

interlock. For the charging / safety injection case, consequence categories
| MSF0, MSCO, and HOPV increased. However, tha increase is in the range of

IE-11 to 1E-12/ shutdown year. This is a very insignificant increase in the
frequency of these events. For the letdown isolation - RHR operablo case, the

.onsequence categories LSCI and MSCI decreased slightly while the H0FV
L

category increased to 3E-15/ shutdown year. In the letdown isolation - RHR
isolated case, the consequence categories affected all decreased due to the
reduction in the initiating event frequency. The conclusion to be drawn from

the results is that the reroval of the autoclosure interlock has a small
impact on overpressurizath transients.

O
.
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>

TABLE D-22

I
'

SHEARON HARRIS NODAL PROBABILITY CALCULATIONSv) .
1. RHRisolated(RI)

Description: This node divides into two branches. The upper branch'

indicates that the RHR system is isolated from the RCS while the bottom
branch indicates that the RHR system is open to the RCS. For this node,
it was assumed that the RHR system me.y be isolated for a period of time
during cold shutdown. The nodal prcbabilities fcr the charging / safety ,

injection actuation case are based on assumptions that both trains of RHR
would be isolated only five percent of the time and one train would be
isolated 10 percent of the time. Thus, both trains of RHR would not be
isolated from the RCS 85 percent of the time. For the letdown isolation
case with the RHR operable, the nodal probability is 1.0 while for the
case with the RHR isolated, the nodal probability is 0.0.

Failure probabilities: The probabilities for this node for each case are
shown below:

Charging / Safety Injection pump actua. ion

Both trains isolated 0.05
One train isolated 0.10
No trains isolated 0.85

Letdown Isolation
1

L- RHR operable 1.0
1 RHR isolated 0.0

|

|

|

|

|

(~)
&J

.

-
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I

TABLE D-22 (Cont) i

[; SHEARON HARRIS NODAL PROBABILITY CALCVLATIONS
x

2. C0P system operates at P=390 psig (COP)
'

Description: The event tree divides into three branches ct the C0P node.
The top branch symbolizes that both trains of COPS operate, the middle
branch shows only one train of COPS operates while tie bottom branch
signifies both trains of COPS have failed to operate.

The COPS (cold overpressure protection system) utilizes two pressurizer
relief valves (PORVs). The operator must enable the system when the cold
leg RCS temperature is less than 335'F. An a~larm is actuated thereby
alerting the operator to arm the COPS. If the isolation valves for the
PORVs ars closed when the RCS auctioned temperature is below a set val e,
alarms will sound to indicate tha'. the C0P is unavailable. The COPS has a
variable pressure setpoint determined by the measured RTD temperature.
For this analysis, the setpoint was assumed to be constant at 390 psig
(the lowest setpoint allowed).

Failure probabilities: The failure probabilities associated with this
node were calculated utilizing fault trees. Figure D-30 shows the fault
tree developed for two trains of COPS failing to operate while the failure
of one train is shown in Figure D-31. The operator error in failing to
enable che COPS system is shown below:

n() Task: Operator fails to arm the CD S following alarm.

Median HEP =0.0001 Table 20-23 F6ilure to initiate some kind
Error Factor = 10 of intended corrective
Mean HEP = 2.66E-04 action as required

The basic event probabilities utilized in the fault trees are shown in
Table D-23. The failure probabilities quantified from the fault trees is:

Two trains of COPS Fail = 3.01E-04
One train of C0PS Fails = 1.18E-02

m
A
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;.q TABLE D-22 (Cent) ,
'

) SHEARON HARRIS N0DAL PROBABILITY CALCULATIONS

'
,
'

3. RHR Relief Valve Operates (RV)
t'

Description: This node divides into three branches if both trains of RHR
are open to the RCS and into two branenes if only one train of RHR is not
isniated frem the RCS. If both trains of RHR are open to the RCS, two RHR
relief valves can operate (indicated by the top branch), one RHR relief
valve can operate (indicated by the middle brar,:h), or both relief valves
can fail to open (indicated by the bottom branch). When only one train of
RHR is open to the RCS, the one aperable RHR relief valve can open (the
top branch) or can fail to open (the bottom branch).

The RHR relief valves are spring-loaded relief valves set to actuate at
450 psig. Each relief valve can relieve 900 gpm at 450 psig.

Failure probabilities: The f ailure of a relief valve to open is 3E-04 per
demand. Thus the probabilities for this node are: -

Two (of 2 RHR relief valves fail to open = (3E-04)(3E-04)=9E-08 :

One (of 2 RHR relief valve fails to open = 3E-04 +3E-04u6E-04
One (of 1 RHR relief valve fails to open = 3E-04

! )
'q)

l

|

l.
|
|

L

|t,

|

|

f)
L.)
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.,

TABLE D-22 (Cont)
'D SHEARON HARRIS NODAL PROBABILITY CALCULATIONS

-

. C /- t

4a) RHR Suction Valves Close at P=700 psig (RSV)
'

Description: .The node determines whether or not the RHR suction valve
istoclosure interlock closes the valves when the RCS pressure reaches 700

,

psig. For Shearon Harris, it was assumed that only one valve on each
traili must close for success. Failure was considered to be both trains of
RHR open to the RCS (i.e. the autoclosure interlock failed to close one
valve on each train).

Failure probabilities: The failure probability associated with th.s node
was calculated using the fault tree shown in Figure D-28. The basic event
probabilities used to quantify the fault tree are shown in Table D-23.

! The failure probability for this nooe is:

Both trains of RHR fail to isolated = 2.62E-07
One train of RHR fails to isolate = 1.54E-07

:

L

:

| |D
| ij
1

,

,
.

1
l

l

|
|
l

i
A

%

l'
''
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TABLE D-22 (Cont)

.

SHEARON HARRIS NODAL PROBABILITY CALCULATIONS

4b) Operator Isolates RHR System Given Overpressure Alarm (OD)

Description: The proposed modification deletes the autoclosure interlock
and adds an alarm to alert the operate when the pressure exceeds the high
pressure setpoint and an isolation valve is in the open position. Given
an overpressure transient and this alarm the operator will close at least
one RHR suction valve on each drop line to isolate the RHR system. The
probability of operator failure is conditional on the time he has in which
to act. If a mitigating syctem operates successfully ( a PORV or RHR
relief valve opens), it was assumed that the operator has 20 minutes in
which to act. If no mitigating system operates, the operator has
approximately 10 minutes to act.

Failure Probabilities: The failure probabilities associated with this
node were calculated utilizing the fault tree shown in Figure 0-29. The
operator error probabilities shown in the fault tree are calculated below:

TASK: Operator closes isolation valve given high pressure alarm.

1. Diagnosis within time T by control room personnel of abnormal event
annunciated '

n Median HEP = 0.1 within 10 minutec Table 20-3
)

-( d Error Factor = 10
Mean HEP = 0.266

Median HEP = 0.01 within 20 minutes Table 20-3
Errer factor = 10
Mean HEP = 2.66E-02 {

2. Operator failure in operating manual controls ;

Median HEP = 0.001 Table 20-12 Select wrong control from an
Error factor = 10 array of similar-appearing |
Mean HEP = 1.25E-03 controls arranged in well-

'

delineated functional groups
4

3. Recovery factor - special short term one-of-a-kind checking
.

1

!
Median HEP = 0.05 Table 20-22
Error factor = 5
Mean HEP = 8.07E-02

,

m
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>

' . , . ' TABLE D-22 (Cont)
L

,

[ ) SHEARDN HARRIS NODAL PROBABILITY CALCULATIONS

4b) Operator Isolates RHR System G'.ven Overpressure Alarm (OD) (Cont)

i

P(Fail'in 20 minutes) = P(Fail in 10 minutes)= r

2.66E-02(8.07E-02) + 0.266(8.07E-02) +
(1-2.66E-02)(1.25E-03)(8.07E-02) (1-0.266)(1.25L-03)(8.07E-02)
= 2.15E-03 + 9.82E-05 = 2.15E-02 + 7.40E-05
= 2.25E-03 = 2.16E-02

,

The basic event probabilities are shown in Table D-23. The results of the
quantification of the fault trees is shown below:

|. Operator Isolates RHR in 20 minutes = 1.09E-05
Operator Isolates RHR in 10 minutes =.9.40E-04

2''N
U

i-

~

,

|

'
.

. (M
'
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-
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I
'- TABLED-22(Cont)

[)J SHEARON HARRIS N00AL PROBABILITY CALCULATIONS
L.-

5. Operator Secures Running Pump (OA1)

Description: For any operator action to occur, en alarm must be
a-tuated. This alarm can occur by actuation of a relief valve (PORV or |

IRHR), RHRS pump low flow or high pressure alarm or in the modification
'

case, the high pressure alarm on the RHR suction valves. For the
charging / safety injection actuation case, this pump is the safety
injection pump. In the letdown isolation case, the charging pump must be

,

stopped.

Failure Probability: The human error probability is calculated belcw:
,

1. Failure to diagnose transient in time T

Median HEP = 0.1 within 20 minutes Table 20-1
drror factor = 10
Mean HEP 0.266$

,

2. Select wrong control
. ..

0.001 Table 20-12 Select wrong controlMedian HEP =

Error factor = 3 on a panel from an array of
1.25E-03 similar-appearing controlsMean HEP =p<

3 arranged in well-delineated
'- functional groups *

P(Fail in 20 minutes) = 0.266 + (1-0.266)(1.25E-03)
= 0.267 -

|
|

|

|
|

|

!

.

N.)

|
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L TABLE 0-22(Cont),.

I i SHEARON HARRIS NODAL PROBABILITY CALCULATIONSxy
it

6. Operator Opens P0kV (OA2)

Description: I.' the mass input is greater (nan the relieving capacity or
if no relief valve operates, the operator can open a PORV to reduce the '

pressure, given an alarm has actuated. If the operator fails to secure
the pump, he can open a PORV in order to increase the time he has

;. available in which to act.

Failure Probabilities: This action was modelled as dependent on the
operator's success or failure to stop the running pump. The failure
probabilities are:

1

Given failure of previous task ,

CP = 0.36 Table 20-18 Medium dependence ,

Given success of previous task

CP = 0.21 Table 20-19 Medium dependence

/ \
,,Y-\

,

t
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TABLED-22(Cont)._
' '

) SHEARON HARRIS NODAL PROBABILITY CALCULATIONS
v-

,

7. PORVs Reseat (POR)

Description: Give, that the transient is successfully mitigated, the
.

PORVs must close in order to prevent s loss of coolant. If the PORVs fail '

to close, the operator can isolate the open PORY using the associated !

block valve.

Failure Probability: The failure probability for both PORVs to reseat was ;

calculated utilizing the fault tree shown in Figure D-32. The basic event :

probabilities are shown in Table D-23. The human error calculation for '

the operator failing to close the block valve is shown below:

TASK: Operator close block valve
^

1. OperPor Fails to detect leaking PORV

Median HEP = 0.001 Tablo 20-11 Error of commission in check
Error Factor = 3 reading display (digital
Mean HEP = 1.25E-03 indicators)

i. Operator selects wrong control

| (~x Median HEP = 0.001 Table 20-12 Select wrong control from an
L. ) Error Factor = 3 array of simile.r-appearing
- Mean HEP = 1.25E-03 controls arranged in well-

deliteated functional groups

3. Recovery factor - special short term one-of-adind ch. king

Median HEP = 0.05 Table 20-22
Error Factor = 5
Mean HEP = 8.07E-02

,v

P(Fail to close block valve) = 1.25E-03(8.07E-02) +
(1-1.25E-03)(1.25E-03)(8.07E-02)

= 1.01E-04 + 1.01E-04
= 2.02E 04

Thus, the failure probabilities for the node are:

Both PORVS fail to close = 5.28E-05
One POP.V fails to close = 2.64E-05

.

v
,
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TABLED-22(Cont)

(v)'. SHEARON HARRIS NODAL FROBABILITY CALCULATIONS
,

:6. RHR Relief Valve Reseats (RVR)

Description: Given that the transient is successfully mitigated, the RHR
relief valve must reseat (close) in order to prevent a loss of coolant.

Fa'1ure Probability: The probability that the relief valve will not
reseat is 3E-2 per demand. If both RHR relief valves sctuated, both
relief valves must close. Thus the failure probabilities are:

Both relief valves faii to close * 3E-02 +3E-02 = 6E-02
One relief valve fails to close = 3E-02

.

?

q
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:

TABLE D-23

[ j) . SHEARON HARRIS BASIC EVENT PROBABILITIES FOR FAULT TREES

FAILURF. CETECTION

FAULT Tr.iE RATE (/HR T:ME FAILURE'

IDENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY

ILSACU LS LIMIT SWITCH ALL MOD 7.220E 06 1.200E+01 8.66E-05
c
'

IPS118VAC PS LOOP POWEk SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

REPY403A2 RE RELAY ALL FAILURE MD 8.700E-08 1.200E+01 1.04E-06

CMPB403 CM COMPARATOR ALL MODES 2.900E-06 1.200E+01 3.48E-05

ISEEPV403C EE ISOLATOR E-E CONVERT 4.800E-07 1.200E+01 S.76E-06

PSPGY403 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

RSPS403B RS RESISTOR STANDARD OU 4.900E-09 1.200E+01 5.88E-08

TPPT403 TP PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05

1CN2A12A2V CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

1.CNK735 CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05|
-~

' ' ( 's)
1CBU CB CIRCUIT BREAKER OPEN 1.000E-08 1.200E+01 1.200-07'-

1CT480120V CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

10L49MRA OL THERMAL OVERLOAD PRE 1.500E-07 1 ?00E+01 1.80E-06

10L49MRB OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

'10L49MRC. OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

1RECN42SA CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

1RECN42SB CN RELAY CONTACTS FAIL 1.000_-06 1.200E+01 1.20E-05

1RECB42SC CN RELAY CONTfCTS TAIL 1.000E-06 1.200E+01 1.20E-05

10STCU 05 TOROUE SWITCH FAIL T 2.000E-07 1.200E+01 2.40E-06

1CN420U CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

1 REC 042S C0 RELAY COIL FAILURE 3.000E-06 1.200E+01 3.60E-05

,-
%,
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? WESTINGHOUSE PROPRIETARY CLASS 3

I TABLE D-23 (Cont)
.

[ j'; SHEARON HARRIS BASIC EVENT PROBABILITIES FOR FAULT TREES
L

FAILURE DETECTION

FAULT 1REE RATE (/HR TIME FAILURE

IDENTIFIER COMP FAILURE MODE OR /0) (HR) PROBABILITY ,

I N ,C789 CN RELAY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07

1FU1 FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

1CN5557U CN RELAY LONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

10LCN49MR1 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07 +

10LCN49MR2 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

10LCN49MR3 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

2LSACV LS LIMIT SWITCH ALL MOD 7.220E-06 1.200E+01 8.66E-05

2PS118vAC PS L000 POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05
i

REPY402A2 RE RELAY ALL FAILURE MO 8.700E-08 1.200E+01 1.04E-06
t

CMPB402 CA COMPARATOR ALL MODES P.900E-06 1.200E+01 3.48E-05q
'd ISEEPV402C EE ISOLATOR E-E CONVERT 4.800E-07 1.200E+01 5.76E-06

PSPGY402 PS LOOP POWER SUPPLY AL 5.800E-06 1.200E+01 6.96E-05

RSPS402B RS RESISTOR STANDARD QU 4.000E-09 1.?00E+01 5.88E-08

TPPT402 1P PRESSURE SENSORS ALL 2.800E-06 1.200E+01 3.36E-05

2CN2A12A2U CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-0'i

2CNK735 CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

2CBU CB CIRCUIT BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

2CT480120V CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

20L49MRA OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

10L49MRB OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

20L49MRC OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

(D
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TABLE D-23 (Cont)

() SHEARON HARRIS BASIC EVENT PROBABILITIES FOR FAULT TREES

:

FAILURE DETECTION
FAULT FREE RATE (/HR 11ME FAILURE
IDENTIFIER COMP FAILURE MODE- 't /0) (HR) PROBABILITY-

,

2RECN42SA CN RELAY CONTACTS FA!.L 1.000E-06 1.200E+01 1.20E-05
,

2RECN42SB CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

2RECG42SC CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

20STCU 0S TOROVE SWITCH Fall T 2.000E-07 1.200E+01 2.40E-06

2CN420U CN MOTOR STARTER SPURIO 3.000E-0P 1.200E+01 3.60E-07
,

2 REC 042S C0 RELAY C0ll FAILURE 3.000E 06 1.200E+01 3.60E-05

2CNCR1789 CN RELAY CONTACTORS SPU ?.000E-08 1.200E+01 2.40E-07

2FU) FU FUEE ALL MODES 1.500E-07 1.200E+01 1.80E-06

2CN5557U CN RELAY CONTACTORS SPV 2.000E-08 1.200E^01 2.40E-07

p 20LCN49MR1 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

'
20LCN49MR2 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E 07

20LCN49MR3 CN RELAY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07 i
,

1

9LSACU LS LIMIT SWITCH ALL MOD 7.220E-06 1.200E+01 8.66E-05

9CN2A12A2V CK RELAY CONTACTORS SPL' 2.000E-08 1.200E+01 2.tCE-07

9CNK735 CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05
,

9CBU CB CIRCUIT BREAKER OPFN 1.000E-08 1.200E+01 1.202-07

9*,T480120V CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

90L49MRA OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

90L49MRB OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

90L49MRC OL THERMAL OVERLOAD PRE 1.?SOE-07 1.200E+01 1.80E-06

9RECN42SA CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

f)
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TABLED-23(Cont)
SHEARON HARRIS dASIC EVENT PROBABILITIES FOR FAULT TREES

v 1,

FAILURE DETECTION |
FAULT TREE RATE (/HR TIME FAILURE |

IDENTIFIEk COMP FAILURE MODE OR /D) (HR) PROBABILITY

9RECN42SB CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05 |

9RECB42SC CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

90STCU QS TORQUE SWITCH Fall T 2.000E-07 1.200E+01 2.40E-06

9CN4200 CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

9 REC 042S C0 RELAY C0ll FAILURE 3.000E-06 1.200E+01 3.60E-05
'

9CNCR1789 CN RELAY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07
'

9FU1 FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

9CN5557U CN RELAY CONTACTORS SPU 2.000E-08 1.200E+31 2.40E-07

90LCN49MR1 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07 :

90LCN49MR2 CN RELAY CONTACTORS S?ll 2.000E-08 1.200E+01 2.40E-07,q
'd 90LCN49MR3 CN RELAY CONTACTORS SPU 2.. N -08 1.200E+01 2.40E-07

4LSACU LS LIMIT SWITCH ALL MOD 7.220E-06 1.200E+01 8.66E-05 ,

4CN2A12A2U CN RELAY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07 -

4CNK735 CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

4CBU CB CIRCUIT BREAKER OPEN 1.000E-08 1.200E+01 1.20E-07

4CT480120V CT CURRENT TRANSFORMER 3.500E-07 1.200E+01 4.20E-06

40L4SMRA OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

40L49MRB OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

40L49MRC OL THERMAL OVERLOAD PRE 1.500E-07 1.200E+01 1.80E-06

4RECN42SA CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E-05

4RECN42SB CN RELAY CONTACTS Fall 1.000E-06 1.200E+01 1.20E-05

/ \
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e

WESTINGHOUSE PROPRIETARY CLASS 3 I

i

TABLE D-23 (Cont) )+
,

(j SHEARON HARRIS BASIC EVENT PROBABILITIES FOR FAULT TREES |

FAILURE DETECTION
FAULT TREE RATE (/HR TIME FAILURE |

1DENTIFIER COMP FAILURE MODE OR /D) (HR) PROBABILITY I

I
4RECB42SC CN RELAY CONTACTS FAIL 1.000E-06 1.200E+01 1.20E 05

40STCU QS TOROVE SWITCH FAIL T 2.000E-07 1.200E+01 2.40E-05

4CN4200 CN MOTOR STARTER SPURIO 3.000E-08 1.200E+01 3.60E-07

4 REC 042S CO RELAY C0ll FAILURE 3.000E-06 1.200E&01 3.60E-05 I

dCNCR1789 CN RELAY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07

4FU1 FU FUSE ALL MODES 1.500E-07 1.200E+01 1.80E-06

4CN5557U CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

40LCN49MR1 CN REi AY CONTACTORS SPV 2.000E-08 1.200E+01 2.40E-07

40LCN49MR2 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

n 40LCN49MR3 CN RELAY CONTACTORS SPU 2.000E-08 1.200E+01 2.40E-07

2.66E-04OPARMCOPS DE OPERATOR FAILS TO AR 2.660E-04 ---

,O FAILURE TO OPERATE 1.000E-05 5.040C+02 5.04E-03AV1RC116F A

AV1]ASIG TP P TRANSMITTER ALL MO 1.730E-06 5.040E+02 8.72E-04

AV1RC118F A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03

AV118SIG TP P TRANSMITTER ALL MO 1.730E-06 5.040E+02 8.72E-04

AV1RC116K A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03

MV115K MV FAILURE TO CLOSE 1.000E-05 5.040E+02 5.04E-03 |
1

2.02E-04 |OPMV115 OE OPERATOR FAIL BLOCK 2.020E-04 ---

IF

AV1RC118K A0 FAILURE TO OPERATE 1.000E-05 5.040E+02 5.04E-03

MV117K MV FAILURE TO CLOSE 1.000E-05 5.040E+02 5.04E-03

2.02E-04OPMV117 OE OPERATOR FAIL ELOCK 2.020E-04 ---

|
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; u. WESTINGHOUSE PROPRIETARY CLASS 3 ;
'

,

TABLE D-24 |,,
,

( ,s/ SHEARON HARRIS .
' ~ ~

CHARGING / SAFETY INJECTION ACTUATION ,

RESULTS

CONSE0VENCE~ FRE0VFNCY FREQUENCY FREQUENCY
CATEGORY WITH ACI WITH0'JT ACI CHANGE

,

SUCCESS 9.15E-02 9.15F-02 -

LSF0 3.28E-06 3.28E-06 1
-

'LSCI O O
'-

LSCO O O -

,

LLFO 6.11E-05 6.11E-05 i
-

1.LCO 3.17E-02 3.17E-02 -

LLCI 1.66E-03 1.66E-03 -

|LSF1 0 0 -

LLFI 2.41E-07 0.41E-07 -

MSF0 9.11E-14 6.42E-12 +6.3E-12 |
7

MLF0 0 0 -

MSFI 1.35E-05 1.35E-05 '-

),
T ) MLFI O O- -

MSCO 5.68E-14 4.01E-12 +4E-12

MSCI 7.74E-06 7.74E-06 ;-

MLCO O O -

,

MLCl D 0 -

MOPI 5.82E-07 5.82E-07 -

H3P1 2.24E-06 2.24E-06
*

-

HOF / 1.75E-16 1.06E-12 +1.1E-12 I

L TOTAL 1.25E-01 1.25E-01 ,

p ,

|}'

|.

|
|:

|

T. r

L 1.J
1'
1'
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WESTINGHOUSE PROPRIETARY CLASS 3
,

TABLE D-25
-/,

* l. I
. '/ SHEARON HARRIS
'

LETDOWN ISCLATION RHR OPERABLE
! RESULTS

CONSEQUENCE FREQUENCY FRE0VENCY FREQUENCY

CATEGORY WITH ACI WITHOUT ACI CHANGE

SUCCESS 9.16E-02 9.16E-02 -

LSFO 2.90E-08 2.90C-08 -

LSCI 0 0 -

'

LSCO 3.94E-04 3.94E-04 -

LLF0 6.43E 06 6.43E-06 -

LLCO- 3.30E-02 3.30E-02 -

LLCl 0 0 -

LSFI 5.13E-17 5.17E-17 -1E-19

LLFI O O - ,

MSFO O O -

MLF0 0 0 -

MSFI O 0 -
,

. tj MLFI O O -

MSCO O O -

MSCI 5.79E-13 5.78E-13 -1E-15
,

MLCO 0 0 -

MLUI O O -

MOPI 5.21E-13 5.21E-13 -

HOPI 3.25E-13 3.25E-13 -

HOPV 8.87E-19 3.18E-15 +3.2E-15

|

|

TOTAL 1.25E-01 1.25E-01
,

L
j. .

;

l

1'

.r

k)m
l.
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WESTIN3 HOUSE PROPRIETARY CLASS 3- ,

':f
TABLE D-26

<

. ,r3

V SHEARON HARRIS'

LETDOWN ISOLATION RHR ISOLATE 0
RESULTS t

CONSEQUENCE FREQUENCY FREQUENCY FREQUENCY
'

*

; CATEGORY- WITH ACI WITHOUT ACI CHANGE

SUCCESS 3.26E-01 1.63E-01 -1.63E-01 r

LST0 0 0 -

LSCI 1.40E-03 6.99E-04 -7E-04

LSCO O O -

'
LLFO O 0 -

LLCO O O -
.

LLCl 1.17E-01 5.86E-02 -5. m'
LSFI 1.02E-07 5.07E-08 - 5 .1. ) :

LLF; 1.70E-05 8.49E-06 -8,5E-06 :

.MSF0 0 0 - ,

MLF0 0 0 -

7
. MSFI 0 0 -

i ) MLFI O O -

MSCO O O -

MSCI O O
-

MLC0 0 0 -

MLCI O O
-

MOPI O O -

HOPI 1.34E-04 6.68E-05 -b.7E-05

HOPV 0 0 -

TOTAL 4.45E-01 2.22E-01
'

(

Q:
%d
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