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Revision one 1s produced to reflect two additional cables in the Appendix A Cable List.
Additional cables and their functions are shown in Appendix A and are identified by correction
mark on the right hand column of the page.
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corrected items are underlined.
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installed on 6" main headers west of Unit 2 (outside the auxiliary boiler rocm), on 24"
auxiliary service water lines in the north yard and below the basement of the Turbine Building.

The service water system is shared between the two units. It provides the ultimate heat sink
capability for normal plant operation and for mitigating the consequences of a design basis event.
Performing these restoration projects will require isolation of one train of service water for brief
periods to instnll and subsequently remove blocking devices 10 the affected sections. Unit
operation at power with a single train of service water is ailowed for periods of up to seven days
by plan: technical specifications (Reference 1). However, reducing the redundancy of the
service water system through repeated use of the seven day action statement may contribute to
increasing the risk of an accident resulting in core damage.

Excavation of the buried service water lines will expose the lines and some electrical conduit ;
ducts to possible hazards which may interrupt power to critical equipment. The normal design
basis protection against natural phenomena afforded by the earth and concrete will be
temporarily removed during the excavation. This will require a temporary exemption, to be
approved by the Nuclear Regulatory Commissior, from 10 CFR Part 50, Appendix A, “General
Design Cnitena (GDC) for Nuclear Power Plants”. Specifically, criteria 2 (GDC-2) requires
design protection against the effects of natura) phenomena (e.g., earthquake, tomadoes) for
components, systems, and structures important to safety.

To evaluate these possible risks, a PRA of apglicable parts of the service water preservation
project will be performed. This report documents the PRA of Part | of the project, affecting
the Unit | service water lines. Tle PRA analyses of other parts of the project will be

documented separately.
1.2 ANALYSIS ORJECTIVES

The principal objective of this PRA analysis of Part | of the service water preservation project
is to determine the effects, if any, of the project activities n the core damage frequency (CDF)
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of the operating units. An additional objective is to identify specific measures to further reduce
the risks associated with the project. The third objective of the analysis is to provide a
documented basis for a temporary exemption GDC-2 of 10 CFR Part 50, Appendix A, "Design
Basis for Protection Against Natural Phenomena, "
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The second step in the approach was to revise the North Anna IPE model to quantify the Units

| 'and 2 CDF during the construction period. In revising the model, the planned unavailability
of portions of the SW system wis accounted for by failing that portion of the service water
header. Potential initiating events and system unavailabilities which could result from the
hazards identified in step one were also included. An additional modification to the model was
to remove the following maintenance unavailability terms for planned maintenance actions which

would not be conducted during the one header operation of the SW system:

Three out of four SW pumps and both Auxiliary SW pumps
0 4160 VAC bus 1H, 1J, 2H, and/or 2J
0 Diesel Generators which would power operable SW Pumps

Q

This modification was based on the assumption that during the periods that one SW header is
unavailable, no maintenance will be performed on components affacting the reliability of the
other SW header.

The revised IPE model was used to determine the change in Units | and 2 CDF during the
construction period. The result of this step is the quantification of the increase in the probability
of a core damage event during part one of the SW preservation task as compared to the baseline
value determined from the IPE.

The third step was to evaluate the effectiveness of any countermeasures to reduce CDF during
the construction period. Candidate countermeasures include methods to accurately locate
underground ducts prior to excavation, barriers to prevent damage, or changes to maintenance
and test schedules for systems important to accident mitigation.

Based upon review of the planned activities for the Unit 1 SW system preservation work and a
survey of the work area, it was determined that the planned approach involved two sets of
activities which could potentially increase the risk of the operating units. These activities are
summarized as follows:



1. Excavation of the Unit 1 SW lines will be performed prior to the outage while the
unit is operating. Backfill of the area may be performed after restart, depending
on the duration of the preservation task and other ....age activities. During the
excavation and backfill, there is a possibility of damage to the SW lines or the
overlaying cable ducts resulting from construction mishaps. Additionally, the SW

lines and cable ducts may be more vulnerable to damage from external events
(e.g., carthquake).

ra

During the restoration work, each SW header must be isolated and partially
drained to install and remove blocking devices on the Unit | SW lines. This will
result in a loss of redundancy in the SW system for the operating Unit 2 for six
periods of up to seven days.

Tne approach for assessing the possible risk impact and effective countermeasures for each of
these items is discussed in the following sections.

2.2 DESCRIPTION OF EXCAVATION AND PACKFILL ACTIVITIES

The excavation site for the Unit 1| SW lines 1s located between the Quench Spray Pump House
and the Main Steam Valve House to the south, and the Service Building to the north (see Figure
2.2). This area is called Unit ! alleyway.

The SW lines are composed of four 24" pipes, two supply and two return headers, to and from
the Unit | Recirculation Spray heat exchangers. In additon, four 4" SW pipes for the Unit |
control room air conditioning condensers, each connected to a 24" SW line at an elevation of
approximately 258'-0°, are present (see Figure 2.3).

FLs

Cable duct lines P and N are buried directly above the SW lines. Figure 2.3 shows a cross-
sectional view of the planned excavation site.

L4
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The project consists of replacing the 24" SW pipes in the Unit | alleyway and will be performed
in three steps. In Step |, the excavation will start and will proceed to the level of the SW pipes
Step | is planned to take about 30 days and will be performed prior to the Unit | shutdown
Following Unit 1 shutdown, Step 2 will begin. [his stcp 15 anticipated to last about 120 days
or the entire outage period. During this step, the SW pipes will be replaced and repairs to some
parts of SW pipes will be performed. Step 3 is the backfill of the excavation site which may
be performed after Unit | restant.



The following specific steps will be performed during the excavation and backfilling operations.

Excavation Steps

L ]

Breaking of the existing pavement, between the service Building
and MS Valve House, within the alleyway will be performed using
pneumatic equipment (i.e., air compressor and jackhammers).
Removal of debris will utilize a hackhoe-loader (v heel type) to
dymp the material into dump trucks.

The subgrade directly below the pavement will be machine
excavated with a backhoe-loader. Machine excavation will be
performed up tu a point approximately 2 feet above the N and P
electrical duct ‘-3, All excavated material will be transported

away from the excavation area with dump trucks as in item 1.

All remaining excavation will be perfo.med with hand powered
tools and conventional pick and shovel tools. Excavated material
will be hauled out of the pit using a conveyor that will transport
the material directly into dump trucks for removal. Excavation
will proceed until four SW pipes are exposed and will continue
approximately 2 feet pelow the bottom of the pipes for a total
depth of 28°-6" below the alleyway pavement.

Shoring of the excavation will be required, aithough the method of
shoring has not yet been determined. In any case, pile dnving
equipment will not be used. It is aniicipated that soldier piles,
installed in short segments, with timuer lagging spanming
horizontally between the piles will be utilized. Installation of the
piles and lagging will be with a truck mounted crane. It is
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During these excavation and backfill steps, there may be a potential for damage to the cable
ducts or SW lines due to construcdon mishaps. The possible nisk effects of damage to these
systems were reviewed as described in the following sections.

2.2.1 POSSIBLE CONSEQUENCES OF DAMAGE TO DUCTS

A review of electrical loads supplied by cables in the exposed duct lines was performed. A list
of al! the cables in the N and P duct lines was prepared to determine the potential consequence
of the damage to the duct lines (Reference 2). The review was conducted in several steps,
including:

1. Review of the cables to screen out, based on the system designators, non-risk
contributing cables.

v

Identification of the origin (FROM) and tne destination (TO) of all the remaining
cables.

3. Identification of the Loads (Affected Components). Using the data banks, and
pertinent engineering drawings the affected components were identified.

The resuits of the cable review are presented in Appendix A. No component (or group of
components) failures which would result in an initiating event (plant trip, either manual or
automatic) were identified. Accident mitigating components which could be disabled as a result
of the cable damage include:

0 two (2) Outside Recirculation Spray (ORS) pumps,

0 two (2) motor driven Auxiliary Feedwater (AFW) pumps,
0 two (2) Low Head Safety Injection (LHSI) pumps.
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Plant technical specifications require the plant to commence shutdown within 72 hours if any of
these pumps are inoperable. Therefore, the worst case consequence of damage to the P or N
cable ducts would be a reduced capability for Unit | safety systems during the brief period prior
to unit shutdown.

The IPE model was modified to include damage to the cable duct as a common mode failure
resulting in unavailability of the affected pumps. This revised model was used to determine the
effect of the probability of damage to the cable ducts on Unit | CDF.,

2.2.2 POSSIBLE CONSEQUENCES OF DAMAGE TO UNIT | SERVICE WATER LINES

The SW lines to be excavated are the supply and return headers for the recirculation spray heat
exchangers in Unit 1. There are no valves to isolate these lines from the main SW headers. '
Technical specification require both units to be shutdown if orie SW header becomes inoperable
and cannot be restored within seventy-two hours. This allowable outage time is extended to 168
hours for service water upgrades.

Damage to one SW line which resulted in a small leak would interrupt the excavation activities
and ultimate'y require shutdown of the SW header to accomplish repairs. A large break would
require immediate shutdown of the affected SW hezder and probably result in shutdown of both
units within several days. Neither a small or large break in a single SW line would, by itself,
initiate a core damage sequence.

The IPE model was revised o represent Unit | operation with one train of SW unavailable.
This model was used to determine effect of the probability of SW line damage on units 1 and
2 CDF.

Damage to two SW lines connected to train A and B SW headers which resulted in a large break
or rupture could cause a total loss of SW. This initiating event has been analyzed in the NAPS
Individual Plant Examination (IPE). The loss of SW accident sequence, designated T6, can

13



result in core damage due to one of the following reasons. Loss of SW will result in loss of
cooling to emergency switchgear which induces a station blackout. Loss of SW will also result
in a loss of RCP seal cooling, a loss of component cooling te the RCPs, and a loss of instrument

air compressors. Each one of these initiators can result in a plant trip.

The IPE model was revised to include damage to two SW lines as a contributcr to the T6 event
frequency. This model was used to determine the effect of the probability of this event on CDF.

2.3 CONSTRUCTION HAZARD ASSESSMENT

The probability of a construction mishap resulting in damage to the cable ducts or SW iines is
dependent on a wide range of situational factors and is very difficult, if not impossible to
quantify. For this reason, a qualitative hazard assessment was performed, to identify the
possible hazards to the electrical ducts and service water lines during excavation and hackfill.
The assessment was conducted by reviewirg the existing project work plans, surveying the site
of the excavation and surrounding areas and interviewing plant personnel with exper..nce in
previous projects of a similar nature. The hazard assessment was performed by a civil engine *

with extensive experience in excavation projects accompanied by a risk analyst.
Each step of the excavation was carefully analyzed to identify possible hazards, their causes, and
possible preventive measures. The assessment results were reviewed with project engineers and

construction personnel to ensure the completeness of the hazards evaluation and the feasibility
of the preventive measures. The resuits of the hazard assessment are presenteu in Section 4.

2.4 ASSESSMENT OF HAZARDS FROM EXTERNAL EVENTS

During the period of excavation and backfill, the SW lines and cable ducts will not hiave the
level of protection from external events normally provided by the soil and concrete pavement.

14
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2.4.1 EREQUENCY OF SEISMIC EVENTS

Excavation activities will remove the surrounding and supporting soil for the safety-related cable
ducts, N and P, during the Unit | alleyway excavation. As a result, these structures will not
remain qualified for seismic loads during the excavation period. Therefore, an evaluation of the
change in the plant operational risk, as measured by the change in the Core Damage Frequency
(UDF), will be necessary, if appropriate seismically qualified supports are not provided.

Cor servative analyses were performed to evaluate the feasibility of dismissing the increase in
risk from seismic cvents, at a low level of detail. Th- analysis included an evaluation of the
probability of an earthquake event during the period that L :it | is operating v.'th the excavation
or backfill in progress. To determine earthquake frequency, hazard curves were taken from two
sources (Reference 4 and §5). The first set of hazard curves was from the NRC-sponsored .
Eastern US Seismic Hazard Characterization Program, performed by Lawrence Livermore
Jational Laboratories (LLNL). A second set of hazard curves was obtained from the industry-
sponsored Electric Power Research Institute Seismic Hazard Methodology Development
program. These curves are shown in figures 2.4 and 2.5 respectively.

18
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25 ASSESSMENT OF RISK FROM SW UNAVAILABILITY

The overall objective of this assessment was to perform a probabilistic analysis of the SW system
with particular emphasis on the change in the Unit 2 Core Damage Frequency induced by
1s0i2"ing each train of SW for periods of seven (7) days to install blocking devices. The analysis

includes:

0 A reliability study of the North Anna Station SW System in normal operation (i.e.
two main headers operable);

0 A reliability study of the SW System in an LCO condition with 168 hours (7
days) as the mission time;

0 Deiermination of the change in CDF as a result of SW System being in a LCO
condition of seven (7) days duration.

The general procedure used to perform SW system fault tree analysis is outlined in HNUS
General Task Procedure Task FT (Reference 8) with exceptions noted in the North Anna IPE
task plan for system modelling (Reference 9). The starting point for the deveiopment of the
fault tree models is obtained from the North Anna Power Station IPE (Reference 10). The

NUPRA computer code (Reference 11) was used to generate the fault trees and to quantify these
trees.

The major inputs and sources used for performance of the analysis are those used for the North
Anna Power Station (NAPS) IPE. The IPE has used North Anna P&IDs (FM series drawings)
to develop system flow paths, and the FE and ESK series drawings to determine power
requirements. System descripu‘on‘s were obtained from the various training manuals, vendor
manuals, and the UFSAR. Additional information has been obtained during plant walkdowns,
through the video disc information management system (VIMS), or directly from the system
engineers at the plant. The North Anna operating procedures, abnormal procedures, emergency
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CHANGE IN CDi PER YEAR
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Table 3.1

Hazard Assessment of the Unit 1 SW Excavation and Backfhill

Possible Hazards
Damage to umdentified buned
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and/or electnal duct lines
with backboe and/es jackhammers

Damage to clectncal duct hines trom
hand tools.

Dump truck or other large
equipment falhng mto open
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the duct hines and/or service walter
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Human Eior®

Equipment Failure
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Provide protective harmers,
of sufficient strength to
prevent the largest vehicle
anticipated for this work
from falimg nto the
excavaton.
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Tabie 3.1 Continued
Hazard Assessment of the Unit | SW Excayation and Backfill

' ! Design of supports for the
duct hnes, service water
pipe. and mstallation of
shorng should include
provisions to prevent a
progressive collapse of the
supports and should also
allow tor multuple support
damage with no affect 0
the supported clements.

The shonng sctivities
should be scheduled such
that, mstallation of the
shoning would take place
prior to excavation of SW
hines.

K Ensure only expenenced
tramed personnc! are
assigned.

L. Provide direct verbal
comMuUNICation, via
dedicated radio of requrred,
as well as visual
commumcation between the
equ pment operators and the
workmen responsible for
placement and removal of
maternals .
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TABLE 3.3
PROBABILITY OF EXTERNAL EVENTS DURING EXCAVATION/BACKFILL PERIOD

PROBABILITY
EVENT ANNUAL FREQUENCY PER 60 DAYS
Earthquake 0.18g 0.4-2E-3 0.65-3 4E-4
Tornado 1-3.3 E-§ 1.6 10 5.4 E-6

For high winds, the results indicate that the prooability of occurrence is less than 6 E-6. The
probability of damage to the structures from wind missiles is conservatively estimated to be 25
percent of this value (1.e., <1.2 E-6). With this probabi'ity of damage for the cable ducts and
SW lines, the increase in CDF 1s less than 1E-6 in all cases.

The results of the nsk calculations for possible hazards to the SW lines and electrical ducts are
summarized in Tabie 3.4. The results show that, given adequate seismic supports for the cable
ducts, the increase in CDF and the probability of a core damage event during the excavation and
backfill periods will be less than 1E-6.
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Table 3.4:

HAZARD

Increase in Probability of a Unit 1 CD Event During Excavation/Backfill

Probability of
Occurrence During
6l-dayvs

Increase in
Unit 1 CDF

Increase

in Unit 1
Core Damage
Probability




SERVICE WATER UNANVAILABILITY




Table 3.5
Contribution of SW Unavailability to
Core Damage Probability

Increase in
Increase in Core Damage
LU'nit 2 CDF Probability
SW Configuration (Events/Year) During 6 Prriock
One Train Isolated 44 E-5 5.1 E®6
One Train Isolated, 1.2 E-§ 1.4 E-6
Capability for Emergency
Pipe Repair
One Train Isolated, 26E-S JOE-6
Capability for Beanng
Cooling to HVAC Chiller
One Train [solated, 6.5 E-6 7.4 E-7

Capability for Pipe
Repair and Bearing Cooling
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SECTION 4
CONCLUSIONS AND RECOMMENDATIONS

A summary of the conclusions and recommendations resulting from the PRA are presented in

this section.

4.1 CONCLUSIONS

The conclusion of the PRA analysis of the Unit 1 SW line restoration project is that project will

not have a significant effect on the risk of a core damage event for Unit | or 2.

Performing the excavation and backfill activities while Unit 1 is operating wi'. result in a
negligible (< 1E-6) contribution to CDF and the probability of Core Damag. (CD) event
occurring during these periods. This conclusion is based on the assumption that the cable ducts

are seismically supported and appropriate measures are in place to p-event construction mishaps.

The probability of a construction mishap which would damage the cable ducts would have to be
greater than 0 1 t2 have a significant effect on core damage probability. With the recommended
preventive measures, the iikelihood of a mishap of this type is conservatively estimated to be less
than 0.01. Therefore, the probability of mishaps during excavation and filling will have no
significant effect on risk.

External events other than earthquake< and tornadoes/ high winds were qualitatively screened and
\t was determined that they have no or an extremely unlikely effect relevant to the project. The
probability of a seismic event during the periods wher Unit | is operating with the duct lines
exposed was found to he significant. Therefore, the - ducts will require supports designed to
meet seismic qualification standarhs. The CD contribution of tormado/wind carried missile
damage to the duct lines was found to be negligible.
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¥

CABLE NUMBER FROM

IMSSANKDOL
IMSECNKOO!
TQSSNNKOO!

ISWEAOK 100

ISWEBOK1U)

IRSOAOHMOE

1SILAOHOO!

SPARE DUCT
SPARE DUCT
LEPCB48A

1-ER-CB-19A

EPCB-S0A

EROM
1-EESW-O1-HI0

1-LESWOI-H3

I-EE-SW O1-H9

TABLE A ! UNIT | DUCTS ASSOCIATED *VITH SERVICE WATER
REPAIKS (SERVICE BUILDING-QUENCH SPRAY EXCAVATION;

T0
(NCABLE)
(NCABLE)
LS-QS103
IB-730
(ATTACH 1)

iB-740
(ATTACH. 1)

I0

1-RS-POZA
(ATTACH D)

10

I-FW-PO3A
(ATTACH. 1)

10

1 SLPO1A
(ATTATH. |}

¥

UNIT | RWST TANK

SOV-SWIDIA-L
(718 SW-03T)
AND TV-SWi01A

SOV LWI0IB-1
{11715 SW.038)
AND TV SWi0I8

1DHOOTOAL
AFFECTED COMPONENT

1-RS P-O2A
(FE SBM)

1DHOOTOA2
AFFeCTED COMPONENT

1-FW-P-063
(FE-BBE)

C
AFFECTED COMPONENT

1-Si-POIA
(FE-8BL)

COMMENTS
TYPE |
TYPE |

TYPE 3 THE ABILITY TO MONITOR RWST MAY BE LOST

TYPE J LOSS OF THIS CABLE WILL RENDER SOV SWIOLA- | INOPERARLE

AS A RESULT TV-SWI10iA CANNOT BE OPENED IF NEEDED

TYPE 3- LOSS OF THIS CABLE WILL RENDER SOV SWIOIA § INOPERAFLE
AS A RESULT TV-SWIOIA CANNOT BE OPENED IF NEEDED

COMMENTS

MOTOR FOR 1-RS PO2A WILL BE MADE UNAVAILABLE.

COMMENTS
MOTOR FOR | FW-P-03 WILL BE MADE UNAVAILABLE.

COMMENTS
MOTOR FOR | SEP-O1A WILL BE MADE UNAVAILABLE



B WILL BI

DEGRADED




-y

1 DCOOTOA2

CABLE NUMBER FROM 10 AFFECTED COMPONENT — COMMENTS
FHVRNNCOS 2 COILED (NCABLE) TYPE 2
ISVSNOC11S 1 ELCBOS AEP IB6OS TV-SVIO2AL SOV-SVIG2-2 CANNOT BE ENVRGIZED, NOT ALLOWING TV -SVi02.2
(ATTACH 1) (FE 460) TO OPEN
ISVSNOC 3 I EFCB-OS-AEN IBH00 TV-SOI02A-1 IMSABLES LS FOR TV SVICY 1 (NG TESTS ARE A’ LOWED)
(ATTACH 1) (FE 46
ISWEAOC TG iB-730 1-EI.CBO7 SOV SW 101 A-] POSITION INDICATION L1WGHTT ON THE TEST PANEL WILL BE LOST
(FE3ICF) OPEKABILITY OF THE SOV Wi L NOT BE AFFECTED
ISWEBC "0 1B 740 LELCBAT SOV SW 101B-} POSITION INDICATOIN L1CHT L ON THE TEST PANEL WILL BE LOST
(FE-ICF) OPERABILITY OF THE SOV AL NOT BE AFFECTED
1DX00NBI
ITHANNXS10 TYPE 3
IRMSNNXO01 -
TRMSNNX 002 y
IRMSNNX003 5
IRMSNNX007 g
IRMSMNXO021 &
IRMSNNX022 )
IRMSNNXi23 )
IRMSNNX027 -
IMSSFNX001 1-ENCB-44 FT-MS108 NEAR |- FW-p-2 ASSUME FLOW TRANSMITTER IS DISABLED
(NCABLE) (FE-46R)
I FWSNNXE20 FE4 T W iB-i0is PCV-FW 159A ABILITY TO MEASURE AFW DISCHARGE PRLESSURE IS DEGRADED

(NCABLE) (FW-053)



DUCT LINE P
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O MONTT
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9-¥

CABLE NUMBER FROM
HHANNC459

THIHANNCH93

IRHSANCH)2 L EESW.O1 - HI4
ISILANCOO4 1-EE SWO1 H9
CABLE NUMBER FROM
IRSOANCOO7 1-EE-SW#8!.H!10
1QSSTNCDIS 8520
THVRANCHO3 1-EE-S5-01 H?
THVRANCODS 1-EE-SS- 0217
THVRNNCO62 COILED
IFWEANCOO% I-EESW-0t H3
IFWEBNCOOR I-EE-SW 0203

1 EPCRBS4A1
(NCABLE)

I EPCB 84A1
(NCABLE)
10

1-EP-CB-84A

1-EP-CB- 2%

I-EP-CBBaA

(NCABLE)

1-EPCB-R4A
(NCABLE)

(NCABLE)

I-EPUB-B4A
(NCABLE)

1-EP-CB-34B
(NCABLE)

1DCO7PE2

I RH POl
(FE-9HK)

LSEPOIA
{(FE-9HK)

1DCOOTPR2
AFFECTED COMPONENT

LRS-PUZA
(FE-9HF)

I-RS-P-2A, 1-QS-P-2B
(Q5-14)

I-HV-F0I1C
(FE-9HF;

1-HV - FOI1C
(FE-9HF)

I-FW-P-O3A
(FE-9HF)

SPARE
(FE 9HF)

COMMENTS
TYPE 4
TYPE 4

TYPE 3- SWITCH FOR | RH-POIA MOTOR HEATER

TYFE 3. SWITCH FOR |- SIPO!A MOTOR HEATER

COMMENTS

SWITCH FOR | RS PO2A MOTOR HEATER

ONE OF THE CONTACTS FOR RWS TANK CHILLER PUMPS WILL BE L/ ST

SWITCH FOR |-HV-F-01C MOTOR HEATER

- ¥CH FOR |- HV-FOICMOTOR HEATER.

TYPE 2

SWITCH FOR |-FW-P-03A MOTOR HEATER



Table A-2
Complete Description of the References

Reference Code Fuli Description
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Table A-3
Complete Description of Type Designators

Cable Type Full Description
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wdas caiculalicd

was performed using th tem, developed by the Hal
Environmental Corporation. NUPRA is a PC-based user friendly safety/Reliability workstation
for probabilistic risk/safety assessments (PRA/PSA)
methodclogy used to perform the IPE for North Anna Power Stauon Units | and 2 15 based
n the performance of a Level | PRA. The approach used for the plant models is based
use of event trees 10 develop the sequence of events following a plant transient or loss-of-coolant
(LOCA). and fault trees to model the system failures and successes at eacn phase of
Each individual sequence is quantified by linking together the fault trees for the
support system failures that lead to a given sequence of events. Each sequence

ieadin € ] INE ¢ ne core ihe Core damag

i

K - - 5 - ,‘ - -y -
Dy adding a ‘ nich resuit in core gamage

ge in CDF was calculated by first establishing the base case CDF. The base case (

was calculated by quantifying the NAPS IPE models that existed as of June J, 1992. Then

IPE models were modified to account for the mishaps during the SW Preservation Project

nodified [PE models were quantified to obtal ‘ )F. The difference between the

CDF values represents the increase in risk due to construction mishaps There are two distin

ontributions from th mishaps to the increase in CDF. The first contnbutior
4

i 4 - te AC 2 : ” — 4 - 1
as aresult o mage th ‘ t line(s) and the second is as a result of damage to the SW

'DF due to damage to duct line(s) and SW pipe line(s)




B-2 Change in CDF due to Duct Line(s) Failure

The specific steps performed in finding the change in CDF during the costruction period of

interest (60 days) are as follows:

rJ

The IPE model, existed as of June 3, 1992, was quantified to establish the base case

CDF.

The IPE model was modified to account for mishaps during construction.
Specifically, the Auxiliary Feed Water (AFW), Low Head Safety Injection
(LHSI), and Outside Recirculation Spray (ORS) fault trees were modified by
adding the failure of Ducts N and P independently or by common cause to the
failure of relevant pump branches. For example, the LHSI fault tree was
modified by adding the FWLHRS-CC-1PUMPS and FWLHRS-SF-1APUMP
basic events to the train A failure branch. This means that, in addition to other
pump failure modes, the LHSI train A pump can aiso fail due to failure of the
Duct line N or due to the common cause failure of boih Ducts (N and P) during
the construction period {see Figure B-1). The train B of the LHSI pump is
maodified in the same manner.

All newly added basic events (FWLHRS-CC-1PUMPS, FWLHRS-SF-1APUMP, and
FWLHRS-SF-1BPUMP) were set to 0.1 in the Basic Event Data (BED) file. This was

performed to ensure that most cutsets with newly added basic events are preserved by

beiny ~.0ve the t.uncation value.
All fauit trees were updated from the BED file.
Re-solved the entire IPE model. The following steps were followed:

a. Fault trees were linked together using Table 7A of the NAPS
Quantification Analysis File.



Updated the linked trees based on relevant house event BED and
then soived for the appropriate gates. The ‘runcation values used

for solving each top eveni unavailability were based on Table 7A

The merge control files or OCLs, which quantifies each individual

accident sequences, were solved.

The Sequence probability or SEQ file, which contains records for
the no..-OK sequences in the event trees, was updated from the
newly solved cut set equations assigned to the functional events

challenged in the sequence.

The concatenation and truncation of all sequence cutset, which is
the ANDing together of all the core melt sequence equations into
a single plant damage equation, was performed.

A sensitivity analysis on the plant damage equation was performed
to assess the impact of variations of single and both Duct failure

prnbabilitie to the core damage frequency.

The change in CDF for various duct failure probabilities during
the construction pericd was calculated. The change in CDF equals
the CDF calculated in step | minus the COF calculatea in step Se,
the r=sult of which was plotted on a logxlog scale (see Figure 3-1).



B-3 Change in CDF due to SW Line(s) Failure

The vav vation of the SW lines during the construction process, will expose the lines to
construction hazards. The SWPP PRA results indicate that the change in core damage frequency
due to loss of SW (when in one header nneration) during an accident is negligible. On the other
hand, loss of both SW header during an accident, caused by corsiruction mishaps, is considered
to be insignificant, based on the assumption that if an accident would occur, the construction
activities will be stopped. Thus only change in CDF due to rotal loss of SW during normal
operation of the plant (ie no accident) is evaluated here. To quantify the change in CDF due
to consequence of the construction hazard (construction mishaps) on the availability of the SW

system, the following steps were taken:

) The fault tree for the loss of SW initiating event frequancy (T6) was modified to .
account for the probability (Py) of the SW header(s) rupture due to construction
mishaps. The T6 fault tree was then requantified to obtain the new Initiating
Event (IE) frequency (f**;).

2) Based on the new T6 [E frequency, the contribution of the T6 to the CDF was
evaluated by requantification of the T6 event tree (C°°%,,).

3) +he change in CDF was then obtained by subtraction of the contribution of the
IPE T6 initiating event to the base case CDF, C®%,, ., from the CPF,.

The above evaluatiois were perfcrmed for different values of P,. The results of the
quantification is presented in Figure B-2, and the modified fault trees for T6 initiating event
frequency given damage to one or both headers are shown in Figures B-3 and B-4 respectively.
It should be noted that during two heade: operation (if hazard fr.m construction activities are
not considered) the probability of header rupture is considered to be insignificant.
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CHANGE IN CDF PER YEAR
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FIGURE B-2: CHANGE IN CDF VS
PROBABILITY OF DAMAGE TO SW LINES
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. containment air recirculation coolers, and

The sources of cooling water for the SW system are the SW reservoir and Lake Anna. These

two independent sources of water form the ultimate heat sink for the North Arna Power Station.
Flow Paths

The SW System has two modes of operation: reservoir-to-reservoir and lake-io-lake. It is
normally operated in the reservoir-to-reserveir mode which uses the SW reservoir as the ultimate
heat sink. The SW reservoir is a large pond with sufficient supply of treated water to provide
cooling for four operating units with one of the four units suffering from loss of coolant accident
(LOCA). There are two spray headers in the reservoir that spray returning SW into the air to
assist in dissipating the heat acquired while cooling the various plant components. Each spray '
header consists of two pairs (four total) of individual contivllable spray arrays. The spray arrays
can be bypassed by two spray bypass lines (one per header) leading directly to the reservoir,

There are four SW pumps, of which one pump per unit is normally in operation. The pumps
draw SW from the reservoir through a set of traveling screens that filter out debris. The SW
pumps provide the motive force for the flow of the SW through the various compor=nts cooled
by the SW System,

The SW System supplies cooling water through the plant with two supply headers. Two return
headers collect the SW from the cooled components and return the water to the reservoir. At
the reservoir, the return headers divide the returning SW among the two spray headers or spray
bypass lines. Radiation monitors are used to ensure that no radioacti e contamination has leaked
into the returning SW.

In the lake-to-lake mode of operation, two auxiliary SW pumps draw water directly from Lake
Anna through the Circulating Water (CW) System traveling screens. The lake-to-lake mode is
used as a backup and during SW System maintenance. The auxiliary SW pumps discharge the
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Sump subsystems. The SW sump subsystems remove any leakage and runoff water from
the SW Pump House, SW Valve House and SW Tie-In Vault. Drainage from vario:s

components collects in the sumps in the lower levels of the structures. The sump pumps
periodically return the collected water from the SW Pump House and the SW Valve House to
the reservoir. Drainage from the SW Tie-In Vault is discharged to grade outside the Vault,

System Interfaces

Circulating Water (CW) System. The CW System provides filtered lake water to the
suction of the auxiliary SW pumps and the makeup pumps. The auxiliary SW return header
directs returning water into the Unit 2 discharge tunnel for ultimate return to the lake.

Instrument Air System. Service Water flows through an Lutermediate cooling loop (part
of the IA system) for both instrument air compressors in the Auxiliary Building. |A Compressor
and aftercooler temperature control is a function of the 1A system.

Egedwater System. The SW System provides a backup source of water 1o the auxiliary
feedwater pumps. The auxiliary feedwater pumps provide feedwater to the steam: generators on
a loss of normal feedwater capability. SW is the last source of water to be used to supply the

auxiliary feedwater pumnps because of the chemical contamination that would result in the steam
generators.

Chemical and Volume Control System (CVCS). The SW System provides cooling water
to the charging pumps in the CVCS. Cooling water is provided to the seal coolers, gear
reducers, and lube oil coolers.

Radiation Monitoring System. The Radiation Monitoring System provides a number of
radiation monitors that are used to detect possible radioactive leakage into the SW System.
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Primary Ventilation Sysiem. The SW System provides cooling water to the MCR air
conditioner condensers. The SW System also provides a backup source of water 1o the

containment air recirculation coolers that are normally supplied with water from the Chilled
Water System.

Spent Fuel Pit System. The SW System provides a backup source of water to cool the
spent fuel pit coowers. The coolers are normally cooled by CC, but they can be cooled by SW
if CC is not available.

Component Cooling System. SW is provided to cool the CC heat exchangers. Mos
the components for which SW is the backup source of water are normally cooled by the CC
System.

Recirculation Spray System. The RS heat exchangers are covled by SW on receipt of
a containment depressurization actuation (CDA) signal. The RS Sys*em is used to depressurize

containment during a LOCA or main steam liie break in Containment and to provide long term
containment cooling during a LOCA.

Reactor Protection System (RPS:. The RPS generates the CDA and safety injectior (SI)
signals that alter the SW lineup. The CDA signal initiates SW flow through the RS neat
exchangers and isolates SW flow through the CC heat exchangers. SW, which is not normally
supplied to the containment air recirculation coolers, 1s also isolated on receipt of a CDA signal.
The SI signals starts the SW pumps and ensures that all of the SW reservoir spray header
isolation valves are open and the spray bypass valves are closed for maximum SW cooling
capability.

C.2  ldentification of Computer Code Used and Computer Employed

The NUPRA computer code was used for fault tree input and solution. NUPRA was wnitten by
HALLIBURTON NUS Environmental Corporation (formerly NUS Corporation) and is a
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2 since the SW System is shared between the two units. This schematic was developed by
taking Figure 1.-2 from training manual #13 and detailing it per the following drawings:

Lauwing Revision
11715-FM-078A Sh. | 35
11715-FM-0O78A Sh. 3 26
11715-FM-078A Sh. 4 4]
11715-FM-078B Sh. | 18
11715-FMQ78C . 2 31
11715-FM-078G 5h. | 11
12050-FM-077A Sh. | 16
12050-FM-077A Sh. 2 13
£33 Support System Interfaces

The SW fault tree support sysiem interfaces are identified with Dependency Matriccs. The
dependency matrices for the SW System are obtained from the IPE system notebook. Ali SW
suppor systems are modelled hased on these dependency matrices.

Test and Maintenance Matrices

The Test and Maintenance matrices serve two functions. First, they summarize a review of
North Anna Periodic Test and Preventive Maintenance procedures to identify scheduled PT's or
PM’s at power. These events can lead to component unavailability and can be modeled in the
fault trees with the TM (Scheduled Test and Mairitenance) fault. Second, the Test and
Maintenance matrices provide input to the Data Base task for quantifying TM faults identified
by tne System Analysts,

The Test and Maintenance matrices for the Service Water System components is provided in the
IPE system notebook, From these matrices, it can be seen that TM fauits are not required for
any of the components because none of the Periodic Testing procedures require any components
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15.

16.

17.

18.

19.

the screen wash flow past the surface of the strainer through 2-CW-MOV-204A/B. It
is assumed that the closure of these valves lead to plugging of the strainers.

During the periodic testing for the SW and Auxiliary SW pumps, certain valves are
realigned. A restoration fault for these valves was not included in the fault tree because
the procedure includes a check-off list that should verify that these valves are retored
to their previous position and these valves are also visually inspected monthly to venfy
that their position is correct.

Opening the cross-tie between the two Auxiliary SW pumps was not modeled as a
recovery action for the loss of a pump because as part of the success criteria it is
necessary to have SW available to both units. Therefore, it was decided that each
Auxiliary SW pump would be available as an aiternate supply of SW for only one unit. '
The training manual for the CW system states that,

“Normally the screen wash pumps are secured. The operator monitors screen

water, manually initiates washing of the individual screen.”

Based on this information, the screen wash pumps and traveling screens were modeled

to start running when manually started and not through the use of the automatic timer.

SW pumps 2-SW-P-1A and 2-SW-P-4 are assume< to be dedicated to Unit 2 and no
credit for their availability is taken for Unit 1.

Per 1-MOP-49.07, for one supply header operation, 3 SW pumps are aligned to the

operable supply header, with alignment of the fourth pump optional. In this analysis it
is assumed that all four pumps are aligned to the operable h2ader.
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When one h ader operation, the following additional assumptions have been made:

(1) 3 out of 4 SW pumps and both auxiliary SW pumps are available
(i.e., no maintenance is scheduled for 3 out of 4 SW pumps and
both auxiliary SW pumps, during the one header operation).

(2)  No maintenance activity is schedule for Electrical Emergency Bus
IH. 2H, 1], and 2J.

(3) No maintenance activities on the DGs associated with the pumps

taken credit for to satisfy assumption 1.

SW Induced Change In Core Damage Frequency

The loss of SW System contributes to the plant operational risk under two failure scenarios. The
first scenario is the loss of service water system during an accident. That is, after occurrence
of an accident inducing plant trip and during the cooldown process, the SW System may fail to
provide its intended function. The second scenarios is the loss of SW System during normal
operation of the plant, resulting in a plant trip. This analysis will address contribution from both
these risk incucing scenarios,

Loss of SW During an Accident (CASE 1)

The North Anna Power Station (NAPS) Incividual Plant Examination (IPE) project models
several accidents which would :.ecessitate tripping of the plant (Called Initiating Events (IE)).
Upon tripping of the plant (i.e., occurrence of an [E), several systems and measures (accident
mitiganng systems/measures) are taken credit for as being functional to achieve successful safv
shutdown of the affected umi*. The IPE mocels also evaluate the probability of failure of these
accident mitigating systems/measures. Service water system acts as a support system for several
Accident Mitigating Systems (AMS) and its failure wiil render the AMS ineffective. Thus, any
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1)

i)

i)

iv)

Evaluating th= frequency of the T6 initiating event, based on the historical data
(i.e. frequency of T6 as used in the IPE project) .

Evaluating the contribution of the Té Initiating Event (IE) to CDF with the
frequency of T6 as evaluated in step (i), Cyage™™ . This step is carried out by
quantification of the 16 IE event tree.

Evaluating the frequency of the T6 initiating event, assuming that the system
would be in one header operation for an entire year.

Evaluating the contribution of the T6 initiating event to CDF with the frequency

of T6 as evaluated in step (i1i), C,,,“"" and requantification of the T6 IE event
tree.

Evaluating the change in the CDF by subtracting C,,“™ from Caase ™.

Mathematically, these steps are presented by:

where

Delta CDFyy = (Cp* - Ciy™™)

CDF,;, = Change in CDF induced by the increase in the frequency of T6
initiating event

Service Water Reliability (CASE 3)

In addition *~ the above failure scenarios, the SW reliability in two (CASE 3A) and one header
(CASE 3B) operation modes, for any 7 day mission time, was also evaluated. The purpose of
this evaluation was:

1)

To identify the most significant contributors to the increase in the unreliability of

the SW system during one header operatipn and recommend mitigating measures

C-15



10 reduce the unreliabtinty




C-4 Evaluation of the impact of the SWPP PRA Recommendations on the Change in
CDF

The SWPP PRA idenufied several modifications which if implemented »ould reduce the nsk
associated with the pipe preservation project even further. This section describes the proposed
modifications and the methodology used to evaluate their impact.

C-4.1 RECOM. 1- Providing Backup Cooling to the Unit 2 Emergency Switch Gear
Room when in One Header Operation.

One of the most important functions of the SW system is to support the ESGR HVAC system.
NAPS IPE project has identified that, under the present plant configuration, loss of SW system s
will render the ESGR HVAC system unavailable, which will have severe adverse effect on the
plant accident mitigating capabilities. During normal operation of the plant (2 header operation),
due to high reliability of the SW system, the loss of the ESGR HVAC caused by the loss of SW
system is not considered as a likely event. In one header operation mode, on the other hand,
the probabiiity of the loss of SW system, and consequently the loss of ESGR HVAC system, will
increase significantly. However, operation of the SW system in one header configuration is
limited and the SWPP PRA study indicates that the impact on the plant operational risk is not
signiticant. Additionally, during one header operation, the Fire Protection System (FPS) is
aligned to be used as a back up for the SW system to the HHSI pumps component coolers (AP
12).

However, if ESGR is lost, the HHSI pumps will trip rendering the AP 12 measures ineffective.
Thus any operadonal, procedural, or physical modification of the plant that will reduce the
probability of the loss of ESGR (due to excessive heat) in an event of SW failure will reduce
the nsk even further. Using the Bearing Cooling System (BCS) as a backup for the SW system
to the ESGR HVYAC chillers is an option which is recommended and its effect has been evaluated
in this study.
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implementation of the above modification is | 42E-S compared to 4.65E-S which is the
contribution of the T6 initiating event frequency, in one header operation, before the

modification.

C.4.3 RECOM. 1 and RECOM. 2

The most beneficial measure is to implement both of the modifications descnibed above. The
impact of the both modifications was evaluated by taking the T6 initiating event frequency as
calculated for RECOM. 2 and re-evaluate the contribution to CDF using tne modified T6 event
tree developed for RECOM. |. The resulting contribution to the CDr was found to be 8. 53E-6.
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ABLE C-1

\ccident Mitigating Sysiems/Measures Supported by the SW System

SYSTEM IPE FAULT TREE

Component Cooling Water (CCW) System CC100
Chemical Addition System CH100
Feed and Bleed Measure FB400
High Head Safety Injecton System HH100

)-Emergency Swiich Gear Room Cooling HVI100

-Recirculaton Spray System RS100
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fable C-2 Continued
SW Piping Sections Contributing to 16 1

Frequency
Components Best




Table C-3
SW Piping Sections Contributing to T6 IE
if Recon, 2 is Implemeated

Frequency
Components Best

1- 2 36" dia. EJ on the SW Header in the SWPH 6.5E-07

2- 36" dia. Piping up to the Point the Piping Enters 1.6L-08
the Ground

3- 4" d.a. Piping supply to the Unit 2 Air Cond. Unit 4.2E-06
up to the Isvlation Valve

4- 4" dia. Marua! Isolation Valve for thz Unit 2 Air Cond. Unit 6.3E-06

5- one 24" dia. MOV on the Aux. SW Supply to the Norma! Supply Header 1.JE-05

6- Piping Section Between the Aux. SW Isolation Vaive and the 24" 1.7E-06
Normal Supply Header

7- 4" dia. Man. Isolation Valve to the Charging Pumps Lube Oil Coolers 6.3E-07

8- 4" dia. Piping Downstream of the Manual Isolation Valve for the 4.9E-07
SW Supply to the Charging Lube Oil Coolers

9- 4" dia. Man. Isolation Valve on the Return from the Charging 2.5E-07
Pumps Lube Oil Coolers

10- 4" dia Piping Upstream of the Manual [solation Valve on the 2.0E-07
Return Header from SW Supply to the Charging Pumps Lube Oil Coolers

I1- 10" dia. Isolation MOV for the Return Header from the SW Supply 8.3E-06
to the CCW Fuel Pit Coolers

12- 10" dia. Piping Upstream of the [sol. MOV for the Return Header 1.1E-6
from the SW Supply to the CCW Fuel Pit Coolers

13- 24" dia. Isolation MOV on the Return Header to CW Discharge Tunnel 3.5E-06
CW Discharge Tunnel

14- 24" dia. Piping from the Normal Return Header up to the Isolation 3.4E-07
MOV on the Return Header to CW Discharge Tunnel



Table C-3 Continued
SW Piping Sections Contributing to T6 IE
if Recom. 2 is Implemented

Frequency
Components Best
15- 4" dia. Isolation Valve for Return Header from the Unit | Air 6.3E-07
Cord. Unit
16- 4" dia Piping Between the Return [solation Valve for the Unit | 1.1E-06
Air Cond. Unit and the Normal Return Header
Total Rupture Frequency per year 4 2E-08
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