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ABSTRACT

This is a supplemental report to the Probabilistic Risk Assessment for Part 1 of the North Anna
Power Station Service Water Preservation Project. Part one of this supplemental report
represents the assessment of the change in failure probability of the unit 2 Air Conditioning
system while its backup chiller is being supported by the Bearing Cooling (BC) system. Part
2 presents the justification for using the methodology (Log-Linear Model) which was utilized
for quantification of the service water pipe rupture frequency.

The results of the analysis for Part One indicate that the most significant change in failure
probability of the Unit 2 AC system is a result of the possibility of a design basis accident
(DBE). The change in the Unit 2 AC system failure probability, during the period when the
bearing cooling system is used for the Unit one chillers, will be in the range of 1.4E-6 to 6.8E-
6.

The conclusion of Part 2 is that the Log-Linear Model is a conservative method and is
appropriate for the condition of the North Anna Plant Service Water piping.
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PART 1

ASSESSMENT OF THE UNIT 2 AIR CONDITIONING SYSTEM RELIABILITY
DURING COMPLETION OF SERVICE WATER PRESERVATION PROJECT

1.1 INTRODUCTION

This 1s an assessment of the reliability of the North Anna Power Station's (NAPS) Unit 2 Air
Conditioning (AC) System during performance of the SWPP activilies associated with
replacement of seivice water piping to the Unit 1's components. The change in che reliability
will be due to the change in the operational configuration of the backup chillers for the Unit 2
control room and emergency switchgear room (CR/ESGR) AC system. Unit 1 is not evaluated
in this study, since this unit will not be in operation during the isolation of the SW supply to the
unit’s chillers.

The environmental qualificztion basis for the Unit 2 CR/ESGR AC chillers is the backup
tunction provided by the Unit | chillers. The normal supply of water for the AC chillers is
provided by the service water (SW) system. The SW system is a safety related system. Its
components are seismicaily qualified and are supported by the emergency power supply. During
performance of the service water preservation project (SWPP), the SW supply to the unit 1
chillers will be isolated and the Bearing Cooling (BC) system will be utilized to supply water
to at least one of *he unit | chillers. The BC system is not a safety related system and is not
seismically qualified or supported by the emergency power supply. This change in the source
of water to the Unit | chiliers lessens the reliability of the Unit 1 chillers and therefore the
backup chiller for the Unit 2 AC system. Virginia Power intends to submit to the NRC an
exemption request from 10 CFR 50.49 for environmental qualification basis for the Unit 2
Control Room A/C chillers for the period while Unit 1 is shutdown and its AC chillers are being
supported by the BC system. This reliability assessment of the consequence of this change in
the configuration of the supply of water to the unit I chillers is performed to support the

exemption request.




1.2 OBIECTIVES

The objective of this probabilistic assessment is to guantify the change in failure probability of
the Unit 2's CR/ESGR AC system due to the change in the configuration of the backup system
to the Unit 2 AC chillers.

1.3 SCOPE

The source of the harsh environmental stress for the Unit 2's chillers is the main steam line
(MSL) rupture in the Unit 2 Turbine Building (TB). Steam released from the ruptured line can
propagate to the Unit 2 Air Conditioning (AC) Room via a louvered wall interconnecting the
Turbine Building and the AC room. The environmental qualification of the AC chillers is based
on the availability of chillers in the other unit to provide chilled air. The major difference
between the regular configuration of the AC system and the configuration of the AC system
during the SWPP activiti. - is the source of water supply to the Unit 1 AC system chillers. The
following cases are analyzed to evaluate the stated objective of this study:

Case 1. A main steam lire rupture in the Unit 2 Turbine Building is coincidental with
failure of the BC system supply to the Unit 1 Chillers. This case is analyzed
under the following set of accident scenarios:

Accident Scenanio |- BC system fails to provide water to the Unit |
chillers and before recovery of the BC system the Unit 2 AC chillers fail
due (O the MSL  “wure in the Unit 2 Turbine Building (MSLRTB);

Accident Scenario 2- A Loss of Off-Site Power (LOSP) event occurs and

before recovery of off-site power, the Unit 2 AC chillers fail due to the
MSLRTB;



Accident Scenario 3- The Unit 2 AC chillers fail due to the MSLPTB and
before recovery of the Unit 2 chillers, the supply of water from the BC
system to the Unit 1 chillers fails.

Case 2. A Design Basis Earthquake (DBE) resulting in the main steam line rupture in the
Turbine Building and failure of the BC system. This case is analyzed under the
following accident scenario:

Accident Scenario 4- A design basis seismic event occurs causing the main
steam line rupture in the Turbine Building together with failure of the BC
System.

It is important to note that this study does not cons.der failure of the Unit 2's AC system due
to any cther failure mechanism other than the harsh environmental conditions for the Unit's
chilers caused by MSL rupture in the Unit 2 Turbine Building. Also, no evaluation of the
effects of a design basis earthquake (DBE) on the failure probability of the plant's components
and systems is included. The analysis assu. .., in an event of a DBE, all components which
are seismically qualified will remain unaffected and those not qualified will fail.

1.4 METHODOLOGY

The change in the failure probability of the Unit 2 CR/ESGR AC system induced by the change
in the configuration of the backup system for the Unit 2 AC chillers is given by:

UAC-H P;

Where

Us,c 15 the change in failure probability of the Unit 2 AC during the performance of the
SWPP and
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QUANTIFICATION OF FAILURE SCENARIOS




AFPENDIX A
Quantification of Failure § I

This appendix presents the detail calculation of the change in failure probability of the Unit 2
AC system for the postulated accident scenarios. The construction activities associated with this
phase of the SWPP is considered to be ompleted within 90 days. However, due to unforeseen
circumstances the construction activities may continue for up to 120 days. The analysis for both

construction durations are performed. The nume-" | values presented in parentheses aze for 120
davs exposure time.



Accident 1 Failure Scenario













Accident 2 Failure Scenario




where 1.1E-1 is the annual frequency of LOSP event (from Figure 3.1.3-1 of the NAPS IPE).

Also probability of the MSL rupture is quantified as described for failure scenario one but the
exposure time is only one day (24 hours). Thus,

P, = [Frequency of "A"] * [1/365) * 0.75

P = 5.0E-4 *[1/365)*0.75 = 1.0E-6
Finally, from Table A-1 it is noted that the loss of off-site power will fail the source of power
to the motorized NRVs but will not affect the main steam TVs, re-quantification of the isolation
fault tree (Figure A-3), given that failure of the NRV branch is 1, gives:

PD = lA03£’2

Therefore, the change in failure probability of the Unit 2 AC system for 90 days construction
period is given by:

Ups' = 2.8E-2 * 1.0E-6 * 1.03E-2 = 2.9E-10
and for 120 days construction period is:
Uil = 3.8E-10

Again, the change in failure probability of the Unit 2 AC system for this scenario is considered
to be too small to merit further analysis.









fable A-l

Interdependency Matrix Between Consequence of Failure Events
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NUPRA 2.0

FILE : MS100.FTP

Minimum Cut Set Solution for fault tree MS100
Performed
Cut Set Equation produced is : MS100.EQN

16:50 31 AUG 1992

ISOLATION OF THE MAIN STEAM LINE RUPTURE FAULT TREE

!

HNUS Env
Serial no.=

Top event: GMS1122
Top event unavailability (r.ev. appr)= 1.17E-0

Cutoff value used = 1.00E~10

Number of Boolean Indicated Cut Sets =
Number of MCS listed =
MINIMAL CUT SETS SORTED BY UNAVAILABILITY

3

8
-

SR B W N e
a8 & ® & @

N WWwWwWwww

«4,2-04
.44E-04
44E~04
+ 7SE~0S
. 75E-05
. 7SE-05
.66E-05

1MSCKV=-FO-TV101A HEP-1E..)=3&1l1
HEP-1E340-36&11 1MSCKV~-FO-TV101B
AEP-1E340-3611 1MSCKV~-FO-101C
1MSCKV-FO-TV101A 1MSMOV-FO-NRV101
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1MSMOV~-FO~NRV101 1MSCKV-F0-101C
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Page 1

NUPRA 2.0 FILE : MS1133.FTP HNUS Env
Minimum Cut Set Solution for fault tree MS100 , Serial no.= 3
Performed : 3J:00 1 SEP 1992

Cut Set Equation produced is MS113J.EQN

ISOLATION OF THE MAIN STEAM LINE RU PTURE FAULT TREE

Top event: GMS81133
Top event unavailability (r.ev. appr)s= 1.03E-02 _ Pob of Fa lure o

Cutoff value used = 1.00E-10 .4ate a wa LOSP
Number of Boolean Indicated Cut Sets = 4 :
Number of MCS listed 4

MINIMAL CUT SETS SORTED BY UNAVAILABILITY
3.44E-03 IMSCKV-FO-TVi01B

3.44E-03 1MSCKV=-FO-TV101A
3.44E-03 1MSCKV-F0-101C
2.66E-05 IMS-ACT-TV101ABC HEP~1E3&0-3&11

BN
U



e

.

-

Mt o ———————————— v

Fd

b
-
o
Z
«
b~
-
O
0
S
U
(v ™)
[ 4
e
o
4
—

NT
TAS AR ER ...

CONTINMENT

-

TOR

\h‘\\‘\\i“.\\\‘\A“h\.ll\t“\“\\l‘\§

REA(

OUTSIDE

Figure

NRY-MS

[
.m_
X

NRV-MS

NRYV-MS

A-4 Simpilified Diagarm of

iCIA

——————————————v—a—r

———————

1018

| ISSIDE TURBINE BUILDING

101« /

Distribution

Manifold

fhe Main Steam Lines

,. )....: m...u...:

L

Stop Yalves

e Steam Dumps
And Mam Stesm
Regulators




APPENDIX B

PIPE RUPTURE FREQUENCY QUANTIFICATION




APPENDIX B

14 » ' .

B.I. Frequency of SW Piping Rupture Using Thomas Correlation

The Thomas Correlation (Published in 1981) can be used for prediction of pipe rupture
frequencies. This methodology was used in the Oconee Study [NSAC, 1984] and is an empirical
correlation based on actual service failure statistics. in this methodology the actual pipe
thickness can be used to predi.t failure frequency.

The general approach for evaluating failure frequency was similar to that adopted in the Indian
Point Safety Study (1982).

l. Compare the generic data on pipe failure mechanisms with the North Anna Power

Station "V attributes to assess the relative frequency failure at NAPS.

2. Determine frequency of pipe ruptures in the SW system using Thomas Correlation
and correct for specific attributes of NAPS SW System.

B.1.1 SW Piping Rupture

The data upon which the Thomas Correlation is derived comes predominantly from high pressure
systems where the ratio of design pressure to system working pressure is about 1.1 to 1.5. The
ratio of the North Anna SW design pressure, 25 psig, to operating pressure of the return header
pipe (the major contributors of T6 1E) is considerably higher. This higher ratio is a measure

of additional safety margin for general causes of failure.

A representative list (extracted from Thomas, 1981) of pipe failure causes and their relative

contributions (fraction of failures by each cause) is:

B-1
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[able B-i

Pipe Failure Cause % Generic Leaks PC of Generic Leaks
\;*;’:ik.lbh' to North \p;!huthh‘ to North
Anna (After Applving Anna
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