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FOREWORD

This is one of numerous documents that support the preparation of the
NUREG-1150 document by the NRC Office of Nuclear Regulatory Research,
Figure 1 illustrates the front-end documentation, There are three
interfacing programs performing this work: the Accident Sequence
Evaluation Program (ASEP). the Severe Accident Risk Reduction Program
(SARRP), and the Phenomenology and Risk Uncertainty Evaluation Program
(PRUEP). The Zion PRA was performed at the ldaho National Engineering
Laboratory and at Brookhaven National Laboratory,

Table 1 is a list of the original primary documentation and the
corresponding revised documentation., There are several items that should
be noted, First, in the original NUREG/CR-4550 report, Volume 2 was to
be a summary of the internal analyses. This report was deleted, 1In
Revision 1, Volume 2 now is the expert judgment elicitation covering all
plante, Volumes 3 and 4 include external events analyses for Surry and
Peach Bottom, respectively.

The revised NUREG/CR-4551 covers the analysis included in the original
NUREG/CR-4551 and NURECG/CR-4700. However, it is different from NUREG/CR-
4550 in that the results from the expert judgment elicitation are given
in four parts to Volume 2 with each part covering one category of issues,
The accident progression event trees are given in the appendices for each
of the plant analyses.

Originally, NUREG/CR-4550 was published without the designation "Draft
for Comment." Thus, the final revision of NUREG/CR-4550 is designated
Revision 1. The label Revision 1 is used consistently on all volumes
except Volume 2, which was not part of the original documentation,
NUREG/CR-455]1 was originally published as a "Draft for Comment" so, in
its final form, no Revision 1 designator is required to distinguish {t
from the previous documentatation.

There are several other reports published in association with NUREG-1150.
These are:

NUREG/CR-5032, SANDE7-2428, Modeling Time to Recovery and Initiating
Event Frequency for Loss of Off-site Power Incidents at Nuclear Power

Plants, R. L. Iman and S, C. Hora, Sandia National Laboratories,
Albuquerque, NM, January 1988,

NUREG/CR-4840, SAND88-3102, Procedures for External Event Core Damage
Emmmu_mlxm.jﬂn_mn&m&. M. P. Bohn and J. A. Lambright,
Sandia National Laboratories, Albuquerque, NM, November 1990,
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Table 1.

KUREG-1150 Analysis Documentation

Original Documentation

NUREG/CR-4550
Analysis of Core Damage Frequency
From Internal Events

Volume 1 Methodology

2 Summary (Not Published)
3 Surry Bnit 1

4 Peach Bottom Unit 2

5 Sequoyah Unit 1

6 Grand Gulf Unit 1

'

Zion Unit 1
Revised Documentation

NUREG/CR-4550, Revision 1
Analysis of Core Damage Frequency

Volume 1 Methodology

NUREG/CK-4551
Fvaluation of Severe Accident
Risks and the Potential for
Risk Reduction
Volume 1 Surry Unit 1
2 Sequoyah Unit 1
3 Peach Bottom Unit 2
4 Grand Gulf Upit 1

NUREG/CR- 4700
Containment Event Analvsis
for Potential Severe Accidents

Volume 1 Surry Umit 1

2 Sequovah Unit 1

3 Peach Bottom Unit 2
4

Grand Gulf Unit 1

NUREG/CR-4551, Evaluation
of Severe Accident Risks

Volume 1 Methodology

2 Part 1 Expert Judgment Elicit.--Expert Pamnel 2 Part
Part 2 Expert Judgment Elicit.--Project Staff Part

2 Part 1 Surry Unit 1 Internal Events Part
Part 2 Surry Unit 1 Intermal Events App. Partc
Part 3 Surry Unit I External Events Part
4 Part 1 Peach Bottom Unit 2 Internmal Events Part
Part 2 Peach Bottor Unit 2 Internal Events App. Part
Part 3 Peach Bottum Unit 2 External Events Fart

5 Part 1 Sequoyah Unit 1 Internal Events 3 Parc
Part 2 Sequoyah Unit 1 Internal Events App. Part

6 Part 1 Grand Gulf Unit 1 Internal Events 4 Part
Part 2 ©Grand Gulf Unit 1 Internal Events App. Part

7 Zion Unit 1 Intermal Events 5 Part
Parc

6 Part

Part

7 Parc

Parc

PO bt RO bt KD et A et N = 08 S N WA B W R

Expert Judgment Elicit.--In-vessel
Expert Judgment Elicit. --Contaimment
Expert Judgment Elicit, --Structural
Expert Judgment Elicit.--Source-Term
Expert Judgment Elicit.--Supp. Calc.
Expert Judgment Elicit.--Proj. Staff
Expert Judgment Elicit. --Supp. Calc.
Expert Judgment Elicit.--MACCS Input
Surry Unit 1 Anal. and Results

Surry Unit 1 Appendices

Peach Bottom Unit 2 Anal. and Results
Peach Bottom Unit 2 Appendices
Sequoyah Unit 2 Anal. and Results
Sequoyah Unit 2 Appendices

Grand Gulf Unit 1 Anal. and Results
Grand Gulf Unit 1 Appendices

Zion Unit 1 Anal. and Resuilts

Zion Unit 1 Appendices

: 3i
e e L i S Lkl

e L e D e Il e e






FRONT-END ANALYSIS

NUREG/CR-4550
REVISION 1

PLANT DAHACE STATE FREQUENCIES

BACK-END ANALYSIS

HUREG/CR-4551
SURRY

SURRY
UNIT 1

& RISK REDUCTION AND
UNCERTAINTY HEASURES

HUREG/CR-4550C REVISION 1
VOL.

1 HETNODOLOGY
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VOL. 2 EXPERT OPINION
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EVENTE METHODS

NUREG/CR-4772
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Peach Bottom
NUREG/CR-4697, EGG-2464, Containment Venting Analysis for the Peacl
Bottom Atomic Power Station,

D. J. Hansen et al., Ildaho Nalivaal
Engineering Laboratory (EG&C Tdaho, Inc.) February 1987.

NUREG/CR-4550, Volume 4, Revision 1, Part 1, SAND86-2084, Analysis of

NUREG/CR-4550, Volume 4, Revision 1, Part 2, SAND86-2084, Analysis of
Core Damage Frequency. Peach Bottom Unit 2 Internal Events Appendices.

NUREG/CR-4550, Volume 4, Revision 1, Part 3, SAND86-2084, Analysis of
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The external event analysis began with a review of the FSAR, related
design documents and the systems descriptions in the internal events FRA,
laportant components were located on general arrangement drawings. The
utility fire study prepared to meet Appendix R of 1O0CFR50 requirements
formed the basis for the initial i{dentification of fire and flood area
boundaries and barriers, Shortly thereafter, a plant visit of 3 days
duration was made, involving an integrated team of specialists in the
various external events. Based on the plant walkdown and the screening
analysis described in Chapter 3, all external hazards were screened out
based on probability considerations except for seismic and fire events,

The seismic risk assessment was the critical path item due to the time
required to assemble the structural drawings and models. A best estimate
structural dynamic response calculation for each building containing
equipment important to safety was made using models used in the original
design. The results were distributions for floor slab accelerations, and
estimates of variability and correlations. Component fragilities were
obtained either from a generic data base or derived on a plant-specific
basis 48 needed. Dual probabilistic screening methods were used to
determine important cutsets while allowing for explicit incorporation of
correlation. The seismic hazard itself was obtained by extrapolation
from the results of the NRC-sponsored Eastern Seismic Hazard
Characterization Program performed at Lawrence Livermore National
Laboratory (LLNL) and the industry-sponsored Electric Power Research
Institute (EPR1) Seismic Hazard Methodology for the Central and Eastern
United States Program.

The detailed fire analysis tasks were perfcrmed in parallel. Fire
iniciator frequencies were obtained from an updated historical data set
developed at SNL, Partitioning of building fire frequencles (for which
data are available) down to sub-area frequencies was based on cable
loading, electrical cabinet locations and transient combustible estimates
based on walkdown observations and a transient combustible data base
developed at Sandia, Component damage temperatures (rather than auto-
ignition temperatures) were based on SNL fire tests. The COMPBRN 111
code was used to predict component temperatures in fire areas where
growth and separation are important considerations. Critical area
analyses using the SETS code provided sequence cut sets for
quantification, including barrier failure and rvandom failures as
appropriate. A fire detection/suppression histogram developed at SNL was
used to incorporate firefighting timing into the analysis.

Similar approaches were used for internal and external floods, tornadoes,
winds, etc, A major economy i{s achieved by analyzing fires and floods
together, and seismic, wind and tornado events together, due to the
commonality of the analysis processes. For example, it is a minor task
to extend the seismic fragility derivations to be applicable to wind
fragilities. Similar economies arise in the screening steps for fires
and floods. :

EXEC =2



Detailed analysis of internal fires resulted in a total (mean) core
damape frequency of 1,13E-5 per year, A detailed seismlic analysis
resulted in a total (mean) core damapge frequency of 1, 16E-4 per year
using hazard curves developed by lLawrence Livermore National Laboratory.
The mean selsmic core damage frequency was also calculated using hazard
curves developed by the Electric Power Research Institute and found to be
2.50E-5 per year. Uncertainty analyses were performed for both fire and
seismic events and dominant components and sources of uncertainty were
identified.

In general, it was found that only a iew accident sequences dominated the
seismic and fire analysis reeuits. For the selsmic analysis, the most
dominant sequence is a loss of offsite power (LOSP) transient sequence in
which the auxiliary feedwate. system falls (due to loss of a condensate
storage tank) and the high pressure injection (HPl) system (and hence,
the feed and bleed function) fails due to either failure of the refueling
water storape tank or fallures of the onsite AC power syste - The sgecond
most significant seismic sequence 18 also & loss of o.fslte power
transient sequence, except that this transient sequence leads to a seal
LOCA. This is caused by failure of both the HPI system and the component
cooling water (CCW) system which leads to the seal LOCA, The HPI system
fails as described above while the CCW system falls due to loss of onsite
AC power. Together, these two sequences constitute approximately 67% of
the computed seismic core damage frequency,

The fire core damage frequency was found to be due to hypothesized fire
events in four areas: (a) the emergency switchgear room, (b) the
auxiliary building, (¢) the control room, and (d) the cable vault/tunnel.
In the case of the emergency switchgear room, cable vault/tunnel, and the
auxiliary building, a reactor coolant pump seal LOCA leads to core
. damage. The fire itself fails cabling for both the HPI and CCW systems
f resulting in a seal LOCA. For the contrel room, a general translent with
. a subsgequent stuck-open PORV leads to a small LOCA. Fallure to control
i the plant from the auxiliary shutdown panel results in core damage.
Together, these four areas gave rise to 99% of the fire risk.

EXEC»13
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1.0  INTRODUCTION

1.1 The NUREG-1120 Risk Analyses

This report describes the Level 1 external events probabilistic risk
assessment (PRA) performed for the Surry commercial nuclear power plant
as part of the NRC-sponsored Accident Sequence Evaluation Program (Ref.
1) power plant risk reevaluations, often referred to as the NUREG-1150
progranm (after the principal document summarizing the results cof the
program). In contrast to the original WASH-1400 risk assessments (Ref.
2), both internal and external events risk analyses are being performed
in this program,

A Level 1 PRA consists of an analysis of plant design and operation
focusing on accident sequences that could lead to core damage, their
basic causes, and frequencies, Two kinds of accident initiators are
considered for a Level 1 PRA, initiating events that occur within the
powar plant systems themselves and accident initiators caused by events
external to the power plant systems. Examples of external initiators
include earthquakes, floods and high winds. The results of both analyses
provide assessments of plant safety, design and procedural adequacy, and
insights into how the plant functions from the perspective of preventing
core damage. This report documents work performed for the level 1
external events PRA. It describes the methodology used, assumptions,
data and models that provide the basis for the work, and the final
results,

The wethods utilized in the NUREG-1150 external events PRAs represent
both advancements, and, in many cases, simplifications over techniques
that have been used in past years. They include the most up-to-date data
bases on equipment seismic fragilities, fire occurrence frequencies and
fire damageability thresholds. In addition, they provide for
minimization of execution time and cost reduction through the use of past
PRA experience, generic data bases and defensible methodological
simplification where possible. A full description of these procedures is
given in Bohn and Lambright (Ref. 3). The methods were developed to meet
the following objectives:

a. To be consistent with the internal event PRA analyses. The same
event trees/fault trees and random, commun mode failure and test and
maintenance data are used,

b. To be transparent. A standard report format provides the data te¢
enable the reader to reproduce the any of the point estimate results.

¢. To be realistic. Best estimate data and models are used. All
important plant-specific failure modes are analyzed.

d. To be consistent., The external event analyses are intended to be

consistent with the internal event analyses due to common generic
data, and methodology, and common level of detail.

1-1

T —



1.2 The External Event Methodology

The simplified PRA procedures described in this section are based on the
following general concepts:

a. The external event analyses are brsed on the internal event risk
assessment plant system models and fault trees, and (other than
preliminary data gathering) are not started until the internal events
systems analysis (event trees and fault trees) has been finalized.

b. Vigorous and systematic screening of the full range of external
events to which the plant could conceivably be exposed (e.g.,
aircraft crash, external flouding, tornado, extreme wind, etc.) is
performed to eliminate early all unimportant contributing events.

¢, Simultaneous and coordinated evaluation of all non-negligible
external events is performed to minimize data gathering efforts and
prevent duplication of effort. For example, building fragilities for
extreme winds can be derived directly from seismic fragilities.
Also, simultaneous evaluation produces insights into interactions
(for example, seismic-fire interactions) not otherwise readily
perceived.

d. 1In the analysis of each types of external event, computer-aided
screening techniques and generic failure data are used prior to
detailed component failure analysis calculations.

The general steps in the analysis of any external event risk analysis are
shown below!

a. Determine the hazard.
b. Model plant and systems.

¢. Solve fault trees with screening techniques to determine non-
negligible cut sets.

d, Determine responses, fragilities, and correlation for basic events in
non-negligible cut sets.

e. Evaluate point estimate sequence and core damage frequencies.

f. Perform uncertainty analysis and sensitivity studies.

These general steps apply to the full range of external events to which a
power plant may be exposed. Table 1.1 presents a reasonably complete
list of such events., Past PRA experience (Ref. 3) shows that only a very

few of these are significant contributors to risk at any given site. In
fart, the seismic and fire events are commonly the mec~t important

1-2
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contributors, In addition, external flooding, tornado or aircraft
crashes are less frequant (and usually less significant) contributors.

Simplifications in Step (a), hazard determination, have been identified
for both the seismic and fire analyses. Computer-alded screening
techniques are used for Step (c¢) for fire, flood and seismic analyses to
reduce the required number of plant-specific component failure
caleculations. For Step (d), response determination, seismic design
fixed-base structural models are utilized in conjunction witu an accurate
and fully defensible soil-structure interaction model. While not a
simplification, this process has been made very efficient by
standardization, and use of variabilities and correlation factors derived
from previous detailed seismic PRA work. Thus, in each step, defensible
simplificaticns are identified which results, overall, in a cost-
effective yet defensible analysis.

The procedures used here have been applied (in whole or in part) to six
pow:r plants as part of the U.S§, NRC-sponsored Unresolved Safety Issue A-
45 resolution program (Ref. 4), and have been applied at the N-Reactor
(Ref. 5) and Savannah River (Ref. 6) Department of Energy reactor
facilities.

Table 1.1

List of External Events

Major PRA Consideration Minor PRA Consideration
Seismic ' Lightning
Fire Low Lake/River Level
Internal Flood Ice Cover

Avalanche

Forest Fire

Industrial Facility Accident

Landslide

Meteorite

Volcanic Activity

Hail
Qccasional PRA Consideration

External flood
Transportation accidents
Pipe line accidents
Alrcraft impact

Extreme winds

Tornado
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vas made to accurately compute the responses of all walls and floor slaby
tu the Zion structures, moments in the all fwpovtant plping systems,
accelerations of all important valves, and the spectral acceleration at
each safety system component (pump, electrical buss, motor control
center, ete.). Correlation between the responses of all components was
computed from the detalled dynamic response calculations., The important
safety and suxiliary systems functions were analyzed, and fauli trees
vere developed which traced failure down to the individual ¢ mponent
level., Event trees related the system failures to accident seque ces and
radioactive release modes. Using these detailed models and c. leu ations,
it was possible to evaluate the selsmic risk at Zlon, and d termine
gquantitatively the risk importance of the components, inltiating svents,
and ac¢ldent sequences.

The second is the NRC.sponsored Eastern Selsmic Hazard Characterization
program (Ref. 11) which performed a detailed earthquake hazard assessment
of all sites east of the Rocky mountains. Results of thes. two programs
formed the basis for a number of simplifications used in the eelsnmic
methodology reported heve.

There are seven steps required for calculating the selsmic risk at a
nuclear power plant:

4, Determine the local earthquake hazard (hazard cure and site spectra).

b. ldentify aceident scenarios for the plant which lead to rediocactive
release (inftiating events and event trees).

¢, Determine failure modes for the plant safety and support systems
(fault trees),

d, Determine the responses (accelerations or forces) of all structures
and components (for each earthquake level).

¢. Determine fragilities (probabilistic failure ecriteria) for the
important structures and components.

f. Compute the probability of core damage using the information from
Steps (a) through (e).

g. Estimate uncertainty in the core damage frequencies.

Unly the level of detail differentiates a simplified seismic analysis
from a detailed seismic PRA. The seven steps of the NUREG-1150 selsmic
risk analysis procedure are summarized below.

Step o - Seismic Hazard Chavacterization

The NUREG-1150 seismic analyses make use of hazard curves obtained fron
two recent programs aimed at developing sets of hazard curves based on




sonsistent data bases and assunptions. The firet s the Eastern United
States Seismiec Mazard Characterization Program supported by the UENRC at
Lawrence Livermore National Laboratory. The second is the industy-
sponsored Selsmlc Hazard Methodology program performed by the Electrie
Power Research Institute. In both these programs, hazard curves were
developed for all U.§. commercial nuclear power plant sites east of the
Rocky Mountains.

Step b - Indtiating Events and Event lrecs

The scope of NUREG-1150 in.ludes all potential initiating events,
including loss of coolant accldents (vessel rupture, and large, wmedim,
and small LOCAs) and transient events, Two types of transients are being
considered: those in which the power conversion system (PCS) is initially
avallable (denoted Type T3 transients) and those in which the PCS is
failed as a direct consequence of the initiating event (denoted Type Tl
transients), The event trees derived for the internal event analyses are
utilized,

The reactor vessel rupture and large LOCA event frequencles were based on
a Monte Carle analysis of steam generators and reactor coolant pump
support fallures. The medium and small LOCA event frequencies are
obtained from detailed piping failure calculations performed in the
SSMRP .

The frequency of Type T1 transients is based on the probability of
selsmically-induced loss of offsite power (LOSF). This is the dominant
type of transient (for the majority of plants for which LOSP causes loss
of main feedwater), ‘The frequency of the Type T3 initiating event is
computed from the cendition that the sum of the initlating event
probabilities must be unity. The hypothesis is that, given an earthguake
of reasonatle size, at least one of the inftiating events will ocour,

Fault trees for the safety systems at Surry have been developed in the
internal events analysis for random failures only. These fault trees arve
used, with modification to include basic events for seismie failure
modes. The trees are re-solved ! pertinent seismic cut sets to be
included in the probabilistic calculations. Probabilistic culling is
used in re-solving these trees in such a way as to assure that important
correlated seismic failure modes arc not lost,

Step d - Component and Structure Failure Descriptions

Component seismic fragilities are obtained both from a generic fragility
data bage and from plant-specific frapilities developed for components
fdentified during the plant walkdown.

The generic data base of fragility functions for selsmically-induced
failures was originally developed as part of the SSMRP (Ref. 10).
Fragility functions for the peneric categories were developed based on a
combination of experimental data, design analysis reports, and an
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extennive expert opinden survey, The exporimentsl data utilized in
developing fragility curves were obtained from the results of component
manufacturer's qualification tests, Independent testing lab failure data
and data obtalned from the U.§5, Corps of Engineers extensive SAFECUAKRD
Subsystem MHardness Assurance Program (Ref. 12). These data were
statistically combined with the expert opinion survey data to produce
fragility eurves for each of the generie component categories as reported
in Refesence 10, This generie data base was then updated by an
evaluation of 19 site-specific selsmic PRAs to yeild the final generic
frapilicy data base used for the Surry and Peach Bottom NUREG-1150 PRAs,

Detailed structural fragility analyses were performed for all important
safety related structures at the Surry plant, 1In addition, an analysis
of liquefaction for the underlying solls was performed. These were
included directly in the risk assessment,

Building and component seismic responses are estimated from peak ground
uccelerations &t several probabllity {intervals on the hazard curve,
Three basic aspects of seismic response--best estimates variability, and
correlation--are generated. Zion analysis results from SSMRP and
simplified methods studies form the basis for assigning scaling,
varfability and correlation of responses.

In each case, SHAKE code (Ref, 13) caleulations are performed to assess
the effect of the local soil column (1! any) on the surface peak ground
acceleration and soil structure interactions, This permits an evaluation
of the effects of non-homogenous underlying soil conditions which can
strongly affect the bullding responses.

Fixed base mass-spring (eigen-system) models are either obtained from the
plants architect/engineer or are developed from the plant drawings as
needed, Using these wodels one can comwpute the flootr slab accelerations
using the CLASS] code (Ref. 14). This code takes a flixed-base
eigensystem model of the structure and input:-specified frequency
dependent soll impedances and computes the structural response (as well
as variation in structural response if desired).

Variability in responses (floor and spectral accelerations) is assigned
based on the SSMRP results. The recommended uncertainties (expressed as
standard deviations of the lopgarithms of the responses) are shown below:

Quantity Random
Peak Ground Acceleration 0,25
Floor Zero Period Acceleration 0.35
Floor Spectral Acceleration i A8

Correlation between component failures is being included explicitly. In
computing the correlation between component fallures (in order to
quantify the cut sets) it is necessary to conslder correlations both in
the responses and in the frapilities of each component. Inasmuch as
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somevhat competing and should be balanced in & weaningful risk assessment
study. The first objective is to maximize the possibility that all
fmportant locations are analyzed, and this leads to the consideration of
& potentially large number of candidate locations, The second objective
s to winimize the effort spent in the quantification of event trees and
fault trees for fire locations that turn out to be unimportant. A proper
balance of these objectives is one that results in an ideal allocation of
recources and efficiency of assessment,

The screening analysis is comprised of:
1., ldentification of relevant fire zones,

2, Screening fire zones on probability of fire-induced initiating
events,

3. Screening of fire zones on both order and frequency of cut sets.

&, Numerical evaluation and culling based on probability for each
remaining fire zone.

C. Quantification

After the screering analysis has eliminated all but the
probabilistically-significent fire zones, quantification of dominant cut
sets 18 completed as follows:

1. Determine temperature response in each fire zone.

2. Compute component fire fragilitvies.

3. Assess the probability of barrier failure for all remaining
combinations of fire zones.

4. Perform & recovery aialysis.
Finally, an uncertainty analysis is performed to estimate error bounds on

the computed fire-induced core damage frequencies. The Surry fire
analysis is presented in Chapter 5,
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2.0 PLANT DESCRIFTION
2.1 Elant, Site snd Cencral Characteslstics

The twin PWR units (Surry 1 and Surry 2) of Virginia Electric and Power
Company are each vated at 781 MW. The reactor and generator for both the
units were supplied by Westinghouse Electric Corporation. The plant
begen commercial operation in 1972-1973. Stone and Webster Engineering
Corporation was the Architect/Engineer/Constructor for these plants A
type 3D containment design was used, Other Class 1 structures include
the auxiliary building, control room area, including switchgesr and relay
rooms; fuel building; auxiliary generator cubicles; auxiliary containment
buildings that contain main steam and feedwater {sclation valves;
recirculation spray and low-head safety injection pump cubicles;
safeguards ventilation roowm and circulating water intake structures,
including the high-level canal. All these structures have been designed
to meet both earthquake and tornado crite:ia.

2.2 Description of Plant Systems
2.2.1 1Introduction

This section discusses the system descriptions and system models of the
major frontline and support systems identified as important to safety,
In addition to the event trees discussed in Section 2.3, component fault
trees also developed by the internal events analysts were utilized. Use
of the same event trees, fault trees, and accident sequences developed
during the internal events analysis ensured consistency between these
major studies,

The discussion of the systems that follow includes:

a. A brief functional description of tiue system with reference to the
one-line diagrams that were developed te indicate which components
were included in the model;

b, Safety-related success criteria that were applied to the system;

¢. Interfaces and safety actuation provisions between the frontline
systems and the support systems.

2.2.2 Containment Spray System

The containment spray svetem (CSS) provides the initial containment
pressure reduction following an accident by spraying cool water from the
reactor water storage tank (RWST) to condense steam in the containment.

The 'urry €$§ is composed of two 100 percent capacity spray injection
trains., The CSS has no recirculation or pump cooling capability. Each
spray train draws water from the RWST through independent suction lines,

D — —— o — e T e R————— I ————



Each €88 pump takes suction turough & normally open MOV and an in-line
filter assembly. Each €SS pump discharges through a pair of normally
closed MOVs arranged in parallel and through a check valve to its
associated containment spray header. Both CS§ pumps also feed a common
third spray header (located on the outside of the crane wall) through
separate check valves. A simplified schematic of the CSS is shown in
Pigure 2.1.

The CSS automatically starts on receipt of a Hi-Hi (25 psia) containment
pressure signal from the consequence limiting contrnl system (CLCS). The
CLCS signals open the pump inlet and outlet valves and start the CS§
pumps. An agastat timer in the pump start circuit delays pump start for
30 seconds after receipt of the signal. The success criterion for the
¢85 ir one of the two €55 trains that provides flow to any one
containment spray header.

2.2.3 High Pressure Injection/Recirculation System

The Surry charging system provides normal coolant makeup to the reactor
coolant system (RCS) and cooling flow to the reactor coolant pump (RCP)
seals under normal operating conditions. The high pressure injection/
recirculation (HPI/HPR) system uses the same charging pumps to provide
primary coolant injectiorn and recirculation following an accident, as
well as maintaining flow to the RCP seals. The HPI1 system also functions
to deliver boric acid to the RCS from the boric acid transfer system if
emergency bor .ion is required.

Under norr.. operating conditions, one of the three charging pumps pio-
vides normal RCS makeup and cooling to the RCP seals by taking suction
from the volume control tank (VCT) through two motor-operated valves
(MOVs) in series.

Upon indication of a loss of RCS coolant or steam line break (i.e., low
pressurizer level, high containment pressure, high pressure differential
between main steam header and any steam line, or high steam flow with low
average temperature (T,y) or low steam line pressurs), the safety
injection actuation system (SIAS) initiates emergency coolant irjection.
The SIAS signals the normal charging line isolation valves to clecse, the
standby charging pumps to start, the valves from the VCT to close, the
normally open pump inlet and outlet MOVs to open, and a parallel set of
normally closed MOVs to open to provide suction from the RWST. Also on
receipt of an SIAS signal, a parallel set of normally closed ¥ open to
provide flow from the pump discharge header to the three RCy» cold legs.
An additional path to the RCS cold legs through a manually operated
normally closec MOV is also available. Flow through this line to the RCS
{s treated as a recovery action. The line to the RCP seals remains open
throughout the event. The HPl system may also be used in the "feed and
bleed" cooling mode. The only difference in this mode of operation from
that discussed sbove is that a SIAS signal is not necessarily generated
so the HP1 system is manually placed in service.

In the recirculation mode of operation, the charging pumps draw suction
from the discharge of the low pressure safety injection pumps in the low
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2.2.5 Low Pressure Injection/Recirculation Systen

The Surry low pressure injection/recireculation (LP1/LPR) system provides
energency coolant injection and recirculation following & loss ¢f coolant
accident when the RCS depressurizes below 300 psig. In addition to the
direct recirculation of coolant during the recirculation phase once the
RCS is depressurized, the LPR discharge provides the suction savrze tor
the HPR system following drainage of the RWST

The Surry LPI/LPFR system is compesed of two 100 percent capacity pump
trains, The LPI/LPR has no heat removal capability. In the injeccion
mode, the pump trains share a common suction header from the RWST. Each
punp draws suction from the header through a normally open MOV, check
valve, and locked open manual valve in series. Each pump discharges
through & check valve and normally open MOV (n series to & common in-
jection header, The injection header contains a locked open MOV and
branches to three separate lines, one tu each cold leg. Each of the
lines to the cold legs contain two check valves in series to provide
isolation from the high pressure RCS.

In the recirculation mode, the pump trains draw suction from the contain:
ment sump through a parallel arrangement of suction lines to a common
header. Flow from the suction header is drawn throug! a normally closed
MOV and check valve in series. Discharge of the puips is directed to
either the cold legs through the same linz: used for injection or to a
parallel set of headers which f¢ed the charging pumps, depending on the
RCS pressure.

In che hot leg injection mode, system operation is identical to normal
recirculation with the exception that the normally open cold leg
injection valve must be manually closed from a remote location and one o
more normally closed hot leg recirculation valves must also be manually
opened from a remote location,

Upori indication of & loss of RCS coolant or a main steam line break
(1.e., low pressurizer level, high containment pressure, high pressure
differential between main steam header and any steam line or high steam
flow with low T,y or low steam line pressure), the safety injection
actuation system (S1AS) initiates LPI operation. The SIAS signals the
low pressure pumps to start All valves are normally aligned to their
injection position. If primary system pressure remains abeve the LPI
pump shutoff head, the pumps will discharge to the RWST through two
normally open minimum flow recirculation lines until the RCS pressure is
sufficiently reduced to allow inflow.

Upon receipt of a low RWST level signal, the recirculation mode transfer
system (RMTS) signals the low pressure pump suction valves from the RWST
and the valves in the minimum flow recirculation lines to the RWST to
¢lose and the suction valves from the containment sump to open. A
simplified schematic of the LPI/LPR system is shown in Figure 2.4.

R R R R R R R R R R R R R R R R R R R R BRI,



I IRWIYDS WIISAS yoialEInoajIey/uelioefu] sanssaly meo] v 7 @andii

|

HEDEVHD O
O
:I. weass wiisaan
i et o can GUSd wiemi
i, T
. s
b SO0 DAY 10N f:’ﬂ -oo - — |®|‘0|4 3
utel‘ »isd
£ 4001 931 60 Ol?ﬁJ 0 po— ) 1654 wases
Wi o8 ™ e
u!pv ssa uﬁn BAD  Oom
& 2001 831 GWO 01.70 .I:l‘.. s .
el .! > a3a0m 3 sisd — g P
' 4001 931 G0 <D Siim’ — . s
wi O @ -ais i)
prp seAx LSS BINs
200 B3 on 0|.7Qz - =yt Wonnt . g_ﬁ .chtﬂ
L :.w»al —
e N !ﬂ—.’.‘.u. HIMOd | g uom e 1 i OL =—9
[y e mag goaras ASIAK
. BIGV I 1300 amad
asesi w Do Gl sS4
aON
Seesi
Y BOn




e A

R = — R R iy - - i r—— - R R RO TTRO R~ T ——— —

The success criterion for the LPI mode of operation is flow from one or
more low pressure pumps to the RCS cold legs in response to a loss of
primary coolant inventory, The success criteria for the LPR modes of
operation are continued flow from either of the two low pressure pumps to
the cold legs and switchover to hot leg recirculation at lé hours or
sufficient flow from either of the two low pressure pumps to the charging
pump suction header.

2.2.6 1Inside Spray Recirculation System

The inside spray recirculation (ISR) system provides long term contain-
ment pressure reduction and containment heat removal following an acci-
dent by drawing water from the containment sump and spraying the wvater
into the contalinment atmosphere.

The Surry 1SR system is composed of two independent 100 percent capacity
recirculation spray trains. Each spray train draws water from the con-
talnment sump through independent suction strainers and lines. The ISR
and outside spray recirculation system (OSR) draw from the same sump,
although the sump {s compartmentalized and each ISR train has a separate
sump compartment. Each ISR system pump discharges to a service water
heat exchanger. The cooled water is then directed tc an independent
spray header, In order to ensure adequate net positive suction head
(NPSH) for the 1SR pumps during the initial phases of & LOCA, a
recirculation line diverts a small amount of the cooled ISR flow back to
the sump, close to the pump inlet. A simplified schematic of the 1SR
system is shown in Figure 2.5,

The ISR system automatically starts on receipt of a Hi-Hi (25 psia) con-
tainment pressure signal from the consequence limiting control system
(CLCS). The CLCS signals start the 1SR pumps. An agastat timer in the
pump start circuit delays pump start for two minutes to ensure adequate
sump inventory and the correct diesel generator loading sequence in the
event of loss of offsite power. The success criterion for the Surry ISR
system {8 that at least one of the two ISR trains provides flow to {ts
containment spray header with service water he'ng supplied to the heat
exchanger.

2.2.7 Outside Spray Recirculation System

The outside spray recirculation (OSR) system provides long term contain-
ment pressure reduction and containment heat removal following an acci-
dent by drawing water from the containment sump and spraying the water
into the containment atmosphere.

The Surry OSR system is composed of two independent, 100 percent capacity
recireulation spray trains, The spray trains draw water from the con-
tainment sump through two parallel suction strainers and lines which are
headered together., The OSR and ISR draw from the same sump, although the
sump is compartmentalized, Each OSR train has its own separate com-
partment. Each OSR system pump has an individual suction line from the
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2.2.9 Primary Pressure Relief System

The primary prossure vellief system (PPRS) provides protection from over-
pressurization of the primary system to ensure that primary integrity is
maintained. The FPRS also provides the means to reduce the RCS pressure
if necessary.

The Surry PPRS s composed of three code safety relief valves (SRV) anu
two power operated rellef valves (PORVs)., The code safety valves were
important only for the ATWS analysis. The PORVs provide RCS pressure
relief at & set point below the SRVs. The PORVs discharge tc the
pressurizer relief tank. Each PORV is provided with a motor operated
block valve, A simplified schematic of the PPRS {s shown in Figure 2.8,

The PORVs automatically open on high RCS pressure or are manually opened
at the discretion of the operator. The block valves are normally open
unless & PORV {8 leaking.

The success criterion for the PPRS following a transient event demanding
PORV opening is that the PORVs successfully reclose. The success eri-
terion for the PPRS following a transient and failure of the AFWS {s that
both PORVs successfully open on demand. The success criterion for the
PPRS following & small LOCA with failure of the AFWS and for the support
system function provided to HP1 in the emergency boration mode is that
one ¢ more PORVs succe .fully open on demand,

2.2.10 Power Conversion System

The power conversion system (PCS) can be used te piovide feedwater to the
steam generators following a transient,

The PCS, as modeled in this study, consists of the main feedvater pumps,
the condensate pumps, the condensate booster pumps, and the hotwell
inventory. Because Larry has electrically driven MFW pumps, it is
possible to supply feedwater using the MFW system, without having the
turbine bypass and steam condensing systems available. The inventory of
the hotwell (with the CST as a backup supply' was calculated to be
sufficient for all mission times of interest. The feedwater regulating
valves will close after a reactor scram, due to plant control logic. The
feedwater pumps remain on, and the miniflow valves will open. Feedwater
can then be provided to the $Cs, through the feedwater regulating valve
bypass valve, The success criterion for the PCS are restoration of flow
from one or more main feedwater pumps to one or more steam generators.

2.2.11 Charging Pump Cooling System
The charging pump cooling (CPC) system is a support system which provides

lube oil cooling and seal cooling to the three charging pumps in the
HPI/HPR system.

2=13
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The Surry CPC system provides two spreific ceoling functions for the
charging pumps, lube oil cooling and seal cooling., The CPC system is
composed of two subsystems, the charging pump service wate” system and
the charging pump cooling water system. The charging pump service water
syistem ls an open cooling system which provides cooling to the lube oil
coolers aud to the intermediate seal coolers in the charging pump cooling
water system, The charging pump cooling water system is a closed cycle
system which provides cooling to the charging pump seal coolers.

The charging pump service water system (s composed of two 100 percent
capacity pump trains, each providing flow to one intermedlate seal cooler
and all three charging pump lube oil coolers. Flow is drawn from the
condenser inlet lines through independent lines by the charging pump
service water punps. Upstream of each pump are two separate, independent
strainer assemblies.  Each pump discharges through two check wvalves.
Downstream of the check valves the flow i{s split with a portion of the
flow directed to an intermediate seal cooler and the other portion
directed to a common header feeding the lube oll coolers. From this
header, flow is dirented through the lube c¢il »olers for the operating
charging pumps. Temperature control valves control the flow through the
lube oil coolers to prevent overcooling of the lube oll. The service
water flow is discharged to the discharge canal.

The charging pump cooling water system i{s a closed cycle system composed
of two 100 percent capacity pump trains, each containing a charging pump
cooling water pump and intermediate seal cooler which provide cooling
water to the charging pump seal coolers. Each pump dcaws suction from
the outlet of either of the two intermcdiate seal coolers and discharge
to a common header, The common header provides flow to the seal coolers
for each charging pump. Two seal coolers in parallel are provided for
each charging pump, The discharge of the seal coolers is returned to the
intermediate seal coolers where it is cooled by the charging pump service
water system, Makeup to the charging pump cooling water system to ac-
count for seal leakage {s provided by a surge tank which is supplied by
the component cooling water system. A simplified schematic of the CPC
system is shown in Figure 2.9,

One of the charging pump service water pumps and one of the charging pump
cooling water pumps are normally in operation. Upon indication of low
discharge pressute of one of the pumps, the parallel pump receives a
signal to start. With the exception of the pumps and the lube oil cooler
temperature control valves, all other components in the system are manu-
ally actuated.

2.2.12 Service Water System

The service water system (SWS), as defined for this analysis, is a sup-
port system which provides cooling to the heat exchangers in the ISR
system and OSR system. The SWS provides heat removal from the contain-
ment following an accident.
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shared diesel penerator, and their associated motcr control centers,
breakers, transformers, chargers, inverters, and batteries,

Each 4160 V AC bus (s normally powered from cffsite power sources. On
loss of offsite power the breakers open, the diesel generators start and
their associated breakers close to load the diesels on the emergency
buses. Surry has three diesel generators, one dedicated to each unit and
a third sving diesel generator shared by the units. The dedicated diesel
at Unit 1 {s attached to the 1H 4160 V AC bus while the swing diesel can
be connected to the 1J 4160 V AC bus. In the event that the swing diesel
is demanded by both units, the diesel will be aligned to the unit at
which a safetv-injection actuation system SIAS or CLCS Hi-Hi exists. 1f
signals exist at both units, the diesel will be aligned to the unit whose
breaker closes first. Each diesel i{s a self-contained, self-cooled unit
with {ts own battery for starting power. The 4160 V AC buses provide
power to the large pumps such as the high pressure injecticn pumps, the
stub buses which each power ore CCW and residual heat removal pump and is
shed on undervoltage on the main bus, and the 480 V AC buses through
transformers,

The following description applies to the 1H related buses, Since the 1H
and 1J related buses are symmetrical, the description is equal’ * aspli-
cable to the 1J related buses with the aprropriate changes to the cesig-
nators.

The 1H 4160 V AC bus feeds two 4RO V AC buses (lH and 1H-1) through
transformers. The 1H 480 V AC bus {s primarily used to power pumps such
as the A train low pressure injection pump. The 1H-1 480 V AC bus feeds
two motor contro. centers (MCCs), MCC 1Hl1-1 and 1H1-2, which provide
power to a multitude of MOVs and small pumps such as the charging pump
cooling water pumps. MCC 1lHl-1 also provides power to two battery char-
gers used tc charge DC battery A, and to the 1-1 120 V AC wvital
instrumentation by DC bus 1A through an inverter.

The 1A 125 V DC bus provides control power to the switchgear for the
pumps powered from the 1H buses, The 1A 125 V DC bus is powered from a
480 V AC bus, as noted above, and in the event of loss of the AC power
source is powered from DC battery A.

A simplified electrical diagram of the EPS is included in Figure 2.12.
2.2.15 Safety Injection Actuation System
The safety injection actuation system (SIAS) avtomatically initiates the

high and low pressure injection systems following an indication of the
need for primary coolant makeup.

The Surry SIAS s composed of two independent trains used to auto-
matically actuate the low and high pressure injection systems and the
motor driven AFW pumps. The signals which actuate SIAS are shown in
Figure 2.13.
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2.2.16 Consequence Limiting Control System

The consequence limiting control system (CLCS) automatically actuates the
containment safeguards systems following receipt of an inulcation of
Hi-Hi (25 psia) containment pressure.

The Surry CLCS {s composed of four containment pressure sensors, each
feeding & signal comparator. The output of each signal comparator is
input into two separate three out of four logle trains. These logic
trains automatically actuate the contalnment safeguards system com-
ponents. A simplified CLCS logic diagram is shown in Figure 2 14,

2.0.17 Recirculation Mode Transfer System

The recirculation mode transfer (RMT) system automatically initiates the
switchover of the suction of the low pressure injection pumps from the
RWST to the containment sump and the suction of the high pressure
injection pumps from the RWST to the low pressure injection pump dis-
charges on low RWST level.

The Surry RMT system is composed of four independent RWST level sensors,
each feeding two separate two out of four relay matrices. 7iese two re-
lay matrices automatically actuate the components required to perform the
swit:shover to the recirculation mode of the low and high pressure sys-
tems, A simplified RMT system logic dlagram is shown in Figure 2.15.

2.2.18 Residual Heat Removal System

The residual heat removal (RHR) system provides shutdown cooling when the
reacter coolant svstem (RCS) depressurizes below 450 psig and is less
than 350°F. The RHR is a front line system (although ronsafety grade)
designed to provide long-term decay heat removal. The following sections
provide a physical description of the RHR system, and identify the
interfaces and dependencies of the RHR system with other front line and
support systems. A simplified RHR system schematic is shown in Figure
2.16.

The Surry RHR system is composed of two pumps and two RHR heat exchangers
in parallel. The RHR pumps take suction from the RCS loop 1 hot leg
through two normally shut motor-operated valves (MOVs) and a manual iso-
lation valve., The discharge of the pumps is headered together and feeds
two heat exchangers arranged in parallel. The RHR pumps and heat ex-
changers are cooled by component cooling water (CCW). An air operated
valve (AOV) controls bypass flow around the heat exchangers, another
controls flow through the haat exchangers. The two AOVs work together to
control the cooldown rate of the RCS., The discharge of the flow control
valves feeds into the SI/accumulator piping and is delivered to the RCS
loop 2 and loop 3 cold legs. Each path has & normally shut MOV isolating
the LHR from the high pressure RCS during normal plant operations. Make-
up to the RHR system {s provided by the RCS.

The RHR is ma. wally initiated. An interlock prevents opening the RHR
{solation MOVs wuntll RCS pressure (s below 450 psig. Following a loss

2:26
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of offsite power, the stub buses powering the RHR pumps are shed {rom the
emergency buses and must be manually reconnected to restore power to the
RHR pumps .

2.3 Initiating Events and Accident Sequences

2.3.1 Introduction

This task involved the identification of potentially significant external
event induced initiators at nuclear plants, identifying the applicability
of them to the Surry plant, and grouping the initiators into categories
based on similar plant response and similar success criteria for
successful initiator mitigation. It is not the intent of a focussed PRA
to explicitly evaluate (i.e., perform event sequence quantification)
every possible initfating event. The intent {s rather to evaluate those
initiators which have previously been shown to be important and to ensure
that all other potential initiators can be adequately represented by
those initiators chosen for explicit evaluation,

The final list of initiating events which formed the basis for accident
sequence quantificatio~ are shown in Table 2. 1. These 2ither seismically
or fire-induced event sequences are described in the following sections.

Table 2.2 details a description of the event headings for the event
trees.

From this list of potential initlating events the non-recoverable loss of
a DC bus was eliminated because the frequency of fire-induced failures
was an order of magnitude below that of the internal event frequency and
it is judged to be highly unlikely that the portulated fire would spread
beyond these buses and cause other damage. Also, interfacing LOCAs wcre
screened because a valid fire-related mechanism that had not been
addressed by the Appendix R submittal could not be identi.ied, It should
also be noted that small LOCA (S;) fire and very small LOCA (S,) fire and
seismic sequences had to be transient-induced.

2.3.2 T, (Loss of Offsite Power) Event Tree

This se2tion presents and discusses the event trees for the offsite power

initiacing event., This event is identified by the symbol T, in the event
tree.

Loss of offsite power will deenergize the normal and emergency &160V
buses, which will de-energize all lower level buses., The DC buses and

the vital buses would be available, unless random failures of these buses
were postulated,

The reactor protection system will de-ernergize, thus signaling the
control rods to insert. The main feedwater and condensate system will be
uncvailable for the duration of the event.




Table 2.1

Initiating Event Categories Used in the External Events Analysis

External Event

Abbreviation Nescription category

T, Loss of Offsite Power Seismic/Fire
T, Transients with MFW Initially Available Seismic/Fire
Toa lion-Recoverable Loss of DC Bus A Fire

Tes Non-Recoverable loss of DC Bus B Fire

A Large LOCA, 6 in, to 29 in. Seismic

8 Medium 10CA, 2 in. to 6 in. Seismic

S, Small LOCA, 1/2 in. to 2 in, Seismic /Fire
Sy Very Small LOCA, less than 1/2 in. Seismic/Fire
v Interfacing LOCA Fire

The T, »vent will affect both Unit 1 and Unit 2. Sheuld DG 2 (dedicated to
Unit 2) fail to start or run, DG 3 would be aligned to Unit 2, thereby
making it unavailable for Unit 1. In the event that both DG 1 and DG 7
fail to start, DG 3 was always assumed to align to Unit 2,

The four primary functions required in response to T, are reactor scram,
primary system integrity, auxiliary feedwater, and RCP senl cooling, If
all these functions are provided, the transient is mitigated at a very
early stage., Failure to provide reactor scram transfers to the ATWS tree.
Failure of PORVs to reclose transfers to the §; LOCA tree. Fallure to
provide RCP seal cooling results in a seal vulnerable condition which is
evaluated separately.

Failure to provide AFW leads to a demand for "feed and bleed" cooling. For
feed and bleed, failure to provide charging flow and open two PORVs leads
to core damage. Successful feed and bleed cooling leads to a demand for
the containment systems and coolant recirculation systems. These sequences
are developed on the tree,

The event tree for T, is shown in Figure 2.17. One event tree was usec o

evaluate the loss of offsite power initiating event which assumes at lc
one diesel initially available at Unit 1,

2-31






————

Avbr, _Heading

oD

Pl

PL

QC

sl

52

§3

8L

Tl

13

Wi

Table 2.2 (Continued)

Event Tree Headings

Description of Events

OPER DEPRES

PRV

PORV
PWR LEVEL

RCI

RC1

MAN SCRAM

KEDIUM
LOCA

SMAT L LOCA

VER: .#AaLL
LOCA

RC SEAL
LOCA

LOSP

TURB TR1P
W/MFW

CCW

RHR

Pescription of Event

Operator fails to depressurize RCS during
small break initiators

Failure of both PORVs to open for feed and
bleed

Failure of one PORV to open for §,L sequences
Power level less than 25% of rated power

Failure of pressurizer SRV/PORV to close after
transient

Failure of PORV to reclose after very small
OCA (S1 causes relief valve to open)

Failure to effect manual reactor trip

1E - medium LOCA (2 in. to 6 * .)

IE - small LOCA (1/2 in. to 2 in.)

1E - very small LOCA (less than
1/2 in.)

RCP seal leakage, limited to less
than 2 1b/sec/pump

IE - loss of offsite power

IE - turbine trip with MFW available

Failure of component cooling water to thermal
barriers of all reactor cooling system pumps

Residual heat removal in shutdown cooling mode
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Table 2.2 (Continued)
Event Tree Headings

Part 2: Definition of Events

lLess than 1/2 CS5 trains taking suction from RWST and injecting
into associated containment spray sparger.

Less than 1/3 high pressure injection pumps taking suction from
RWST and injecting through MOV 1R67 C/D into 1 of 3 RCS cold legs.
Initiated by S1 signal.

Same as D,, except must be initiated by operator.
Less than 1/3 charging pumps injecting through MOV 1370.

Less than 1/3 charging pumps injecting through the normal charging
lines with the BAT pumps on fast speed, MOV 1350 open, and one
PORV open within 10 ain from initiator. SI1 alignment not re-
quired.

For A, less than 2/2 accumulators injecting into their assoclated
cold legs. For §,, less than 2/3 accumulators injecting into
their associated cold legs.

Less than 1/. LHSI trains taking suction from the RWST and
injecting through MOV 18%0C to 1/3 RCS cold legs.

Less than 1/¢ ISR trains taking suction from the sump and
injecting through associated spray sparger, with service water
being provided to the secondary side of the heat exchanger.

Less than 1/2 OSR trains taking suction from the sump and
injecting through associated spray sparger, with service water
being provided to the secondary side of the heac exchanger.

Less than 1/2 LHSI pumps taking suction from the sump and
injecting to MOV 1890C, or injecting to the charging pump suction.
Plus switch to hot leg recirculation et 16 hr for A and §, LOCAs.

Less than 1/3 charging pumps taking suction from the LHSI
discharge and injecting through MOV 1867 C/D.

Failure of automatic insertion of sufficient control rods to pro-
duce subcriticality at hot shutdown.

Less than 1/3 AFW pumps delivering water to 1/3 steam generators

2:34



Tauble 2.2 (Concluded)
Event Tree Headings

Part 2: Definition of Events

L, - Less than 2 motor-driven feed water pumps (MDFWP) or 1 turbine-
driven suxiliary feed water pump (TDAFWP) delivering flow to 2 tc
3 stream generators,

Ly - Less than 1/ AFW pumps delivering water to 1/2 steam generators,

M - Fallure of at least 1 main feedwater pump delivering flow to at
least one steam generator, and a source of water from the hotwell
or CST which is sufficient for 24 hr.

P + Failure of at least 2 PORVs and associated block valves to open.
Initisted by manual action,

P. - Less than 1/2 PORVs and associated vlock valves open., Initiated
by operator,

Q - Failure of pressurizer PORVs to reclose or be manually isolated
after a transient.

W « Failure of component cooling water supplied to the lower bearing
h-at exchanger of all reactor coolant pumps.

The T, event tree represents sequences where at least one diesel is
available at Unit 1. Sequence 1 of the T, event tree represents
successful mitigation o: the initiator; diesel generators start,
auxiliary feedwater is available, and the charging system provides seal
injection flow to the RCP seals. The plant is in a stable condition and
attention can be directed to restoration of the offsite power. Sequence
2 is similar to 1, except that seal injection flow from the charging
system is unavailable. RCP seal cooling is provided by CCW to the
thermal barrier heat exchangers. Sequence 3 represents a condition with
no seal cooling available. Both CCW to the thermal barriers and seal
injection flow have failled. Auxiliary feedwater is available, however,
and al. essential safety functions are being provided at the time seal
cooling {s lost. This represents a seal vulnerable condition and is
handled with the seal LOCA m del. Sequence & represents failure of all
steam generator heat removal with successful core cooling via feed and
bleed, using one charging pump and opening of both PCRVs. ECCS
recirculation from the sump and successful operation of the containment
spray recirculation heat exchangers provide long term cooling. Sequences
5 and 6 lead to core damage through failure to provide long term feed and
bleed cooling in the recirculation mode. Sequence 5 is due to failure of
the high pressure recirculation system. Sequence 6 is due to failure of
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the low - essure recirculation system. Sequences 7 Chrough 10 represent
the oece -+ &of a core vulnerable state and its possible outcomes. A
core vy , state occurs when containment heat removal falls after
feed atv. bleed is initiated. Coolant makeup to the core is being
proviced and heat is being removed from the RCS through the PORVs.
However, contajinment heat removal (CHR) has failed, thereby leading to
gradual containment pressure increase. Should the containment pressure
increase continue, unmitigated by containment venting or restorat.on of
CHR system: containment overpressure failure will ocecur. Events
oceurring during containment failure could cause failure to ECCS systems,
which in turn would lead to core damage. This {s represented by Sequence
10, Sequence 7 represents containment fallure, but survival of the ECCS
and continued core cooling. Sequences 8 and 9 represent containment
fallure, followed by ECCS failure due to causes other than containment
failure.

Sequerce 11 represents fail .ve of steam generator heat removal followed
by failure to establish feea and bleed cooling, due to failure to open
both PORVs, Sequence 12 is similar to 11, except feed and bleed core
cooling fails due to failure to establish safaty injection flow with the
charging system. Sequence 13 represents transient induced LOCAs caused
by a transient related PORV demand, followed by fallure te reclose PORV.
This condition transfers to the §, event tree for further evaluation.
Sequence 14 is an ATWS condition.

2.3.3 T, (Turbine Trip with MFW Available) Event Tree

This section presents and discusses the event tree for the turbine trip
initiating event group in which the main feedwater system remains availa:
ble. Transients in which one or both MFW pumps remain available are
cersidered. This event is {dentified by the symbol Ty in the event tree.

This initlating event group represents a fire or seismic induced manual
scram or turbine trip. PORV demand for this class of initiators is con-
sidered to be a random occurrence, due to degraded control system perfor-
mance or degraded balance-cf-plant (BOP) components performance. The
probability of PORV demand was assigned a value of .014, for high power
initiators only, based on historical Westinghouse experience. The MFW
control system at Surry is such that if the reactor trip breakers are
closed and Tayy 18 less than 543°F, the main feedwater regulating valves
will close, the miniflow lines will open, and the MFW pumps will stay on,
This was assumed to be the course of all T, initiating events. Although
the MFV pumps are isolated from the steam generators, they remain a
viable source of SC inventory makeup, should AFW be unavailable. AFW is
the preferred source of SC makeup, but MFW pumps can easily be used by
opening the feedwater regulating valve bypass valve, Because AFW is the
preferred source of SC makeup, it appears on the tree before main
feedwater,

Four primary functions were required o successfully mitigate the T,
events, These functions are reactor scram, RCS integrity, SC inventory
makeup, and RCP seal cooling. 1f all these functions are provided, the
transient will be mitigated at a very early stage. Fallure to provide

=137



reactor scram transfers to the ATWS tree. Failure of PORVs to reclose
transfers to the §, LOCA tree. Failure to provide RCP seal cooling leads
to a seal vulnerable condition,

Failure to provide feedwater leads to & demand for "feed and bleed"
cooling. For feed and bleed, failure to provide charging flow and open
two PORVs leads to core damage. Successful feed and bleed and cooling
leads to a demand for containment systems and coolant recirculation
systems

The event tree for T, is shown in Figure 2.18, The first sequence re-
presents successful stabilization of the reactor at hot shutdown.
Reactor scram is successful, AF. starts and provides water to at least
one of three steam generators, Heat removal is via the steam dumps to
the condenser., Seal cooling is provided by seal injection flow., At this
juncture in the tree, the reactor is stable in hot shutdown. This is
considered successful termination and no further syst o availability
questions are asked, Particularly, the availability of RHR which is
necessary to reach cold shutdown is not asked. Sequence 2 is also a
success state, with seal cooling being provided by CCW to the thermal
barrier. Sequence 3 is a seal vulnerable ~ondition. All critical safety
functions are being provided, but RCP seal cooling is not available. The
potential for this sequence to lead to core damage deperds on the sus-
ceptibility of seals to failure after loss of all cooling and the
potential recovery options to restore seal cooling prior to seal failure.
The seal vulnerable evaluation will be cone on an individual sequence
basis, should the quantification show this state to be important.

Sequence & represents stable hot rhutdown with 8C inventory being pro-
vided by main feedwater, after failure of auxiliary feedwater. This is a
success state similar to Sequence 1, except of a much lower probabllity.
Questions of seal cooling were not asked on this branch, because the
additional sequences would be subsets of Sequences 2 and 3. Sequence 5
represents loss of auxiliary feedwater and all main feedwater, but suc-
cessful feed and bleed cooling, using containment heat removal systems
and reactor coolant recirculation systems. Long term feed and bleed
cooling requires high pressure coolant recirculation. Sequence 6 repre-
sents core damage due to failure to provide high pressure recirculation
for long term cooling. Sequence 7 is similar to 6, except that the low
pressure recirculation systems are unavailable.

Sequences 8 through 11 represent successful feed and bleed cooling, but
failure of containment heat reimoval. In Sequence 8, containment failure
does not lead to structural ovr phenomenological failure of the ECCS,
therefore, core cooling is successful. Sequences 9 and 10 represent ECCS
survival of the containment faflure, but failure due to random other
causes. Sequence 11 represents ECCS fallure due to contalnment failure.
Thus. Sequence 11 represents containment failure prior to core damage.

Sequences 12 and 13 represent failure to initiate feed and bleed cooling
after loss of auxiliary feedwater In Sequence 12 feed and bieed fails
due to fallure of 2 of 2 PORVs to open, while in Sequence 13, feed and
bleed fails due to failure to establish safety injection flow.
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2.3.5 Medium LOCA Event Tree

This section presents and discusses the event tree for the medium LOCA
initiating event. This event is {identified by the symbol 8. in the event
*ree and covers leak sizes ranging from 2 to 6 in,

Success criteria for §; are distinctively different A and §,. These
differences were derived from requirements for AFW, accumulators, HFPI/R
and LPI/R.

The §, events will maintain the reactor moderately pressurized during the
carly time frame, thus requiring early inventory makeup from HPI. As the
pressure declines the accumulators and LP1 are required. A requirement
for high pressure reclirculation is not necessary, because pressure will
be below shutoff head for low-head safety injection (LHSI) pumps at tne
time of recirculation. The event tree for medium LOCAs {is shown in
Figure 2.20.

Sequence 1 represents a completely successful response to the initlator
in which all systems function as intended. High pressure injection im-
mediately provides the high pressure initial flow required for core
cooling. The accumulators inject water to accommodate the initial high-
volume surge of water from the reactor cooling system. The containment
heat removal systerms successfully maintain containment pressures and
temperatures at acceptable levels, and low pressure injection and recir-
culation cooling are established to provide long term cooling.

Sequence 2 leads to core damage because of the fallure to provide low
pressure recirculation cooling. No other system can provide the volume
of flow needed under the low pressure conditions that follow a medium
LOCA. Sequence 3 denotes fallure to establish low pressure injection,
which is required befoure enough water accumulates in the containment sump
to allow recirculation cooling.

Sequences 4, 5, 6, and 7 represent the occurrence of a core vulnerable
state and its possible outcomes. A core vulnerable state occurs when
containment heat removal (CHR) fails aftcc core cooling has been es-
tablished by high pressure injection. Under such circumstances, heat is
being transferred from the core to the containment via the weter flowing
through the opening in the RCS pressure boundary. As a result, the pres-
sure and temperature in the containment rise due to the failed contain-
ment heat removal capability. 1f the containment pressure continues to
{ncrease without being mitigated by containment venting or restoration of
CHR systems, containment overpressure failure will occur. Events occur-
ring during containment failure could cause ECCS systems to fail, which
would lead to core damage. Such a scenario is represented by Sequence 7.
Sequence 4 represents containment failure, but the ECCS survives and
continues to cool the ocore. Sequences 5 and 6 represent containment
failure together with independent failure of the ECCS (i.e., due to
causes other than the containment failure).

In Sequence B the accumulatore fail to inject water immediately as the
pressure in the reactor coolant system drops suddenly as a result of the
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B
medium break in the cooling system pressure boundary This sudde
of coolant inventory ceuses ceocre damape Sequence 9 represents fai
of the ECCS to respond early in the scenario to provide the high pres ¢
injection flow needed to cool the core, thereby leading to core danmag
2.3.6 Small LOCA Event Tree
This sect. n presents and discusses the event tree for the small L
initiating event This event is {identified by the symbol §; in the event
tree and covers leak sizes rang.ng from 1/2 to 2 {r
S; success criteria are a coudination of trarsient and LOCA type
criteries Ths break is not sufficient to depressurize the reactor, s
that large volume ECCS systems are not effective Thus the need for
control rod inserticn, because the ECCS boration function will not be
performed
ATW {s required for successful S, mitigation, because the break size
iteelf {s not sufficient to carry away decay heat and pump reat 1f AFW
is unavailable, "feaed and bleed" cooling is viable {f the operator oper
one PORV. The event tree for §; {s shown in Figure 2.21
Sequence 1 represents a completely successful tesponse to the initiat
in which all systems function as intended The reactor protection systen
successfully scrams the reactor High pressure injection provides the
initial high pressure flow required to replace the lost inventory The
auxiliary feedwater system provides core heat removal via the tea
generators. The containment heatr removal systems successfully maintai
containment pressures and temperatures at acceptable levels The oper
ator successfully depressurizes the RCS, and recirculation coeling i
established to provide long-term cooling, using the low pressure recix
culation systens low pressure recirculation from the sump was require
for successful mitigation, because shutdown cooling on RHR may not be
possible due to breuk location
Scquence 2 leads to core damage because of a failure to provide low
pressure recirculation cooling Sequence J represents successful miti
gation sfter the fsilure of the operator to depressurize the RCS
Failure to depressurize the RCS leads to the requirement for higt
pressure recirculation If either low or high pressure recirculatio:

fails, core damege results as indicsted by Sequences & and &
7 e |

Sequences € through 11 cover the case in which the containment heat
mova. systems fail after core inventory {s being maintained via
pressure infection and core cooling has been established by the
systew Whether or not this can lesd to a core vulnerable state dep
on whether or not the operator depressurized the RCS 1f operator
pressurization occurs, SC heat removal s not effective and a
vulnerable state can occur Under such circumstances, heat is grad
being transferred frox the core to the containment via the water fl
tnhrough the opening in tue RCS pressure boundar As a resul!
pressure &nd temperature in the containment rise gradually due t
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The system success criteria are very similar to the §; criteria.
However, timing considerations due to the impact of the very small leak
rate have a significant impact on the recirculation requivements.

Heat removal from the RCS by the AFW combined with t'.e containment fan
coolers ad natural coeling/condensation processes are expected to main-
tain containment pressure well below the spray actuition point. With
only the HPI flow draining the RWST, §; breaks could remain in the in-
jection phase for a long time,

1f the operator takes action to depressurize the RCS, thus reducing the
leak rate from the RCS, the reactor can be depressurized and in cold
shutdown long before depletion of RWST inventory forces a switch to
recirculation. The event tree for S, is shown in Figure 2.22.

Sequence 1 represents a completely successful response to the initiator
in which all systems function as intended. The reactor protection system
successfully scrams the reactor. High pressure injection provides the
high pressure initial flow required for continued core cooling. The RCS
relief valves reclose if opened, auxiliary feedwater cooling is initi-
ated, the operator depressurizes the RCS, and the residual heat removal
system {s available to provide shutdown cooling.

Sequence 2 addresses the case where residual heat removal system is uu-
availahle and low pressure recirculation cooling is required to provide
long-term core cooling. 1f LPR fails (as in Sequence 3), then core
damage will result.

Sequences 4, 5, and 6 address the cases where the operator does not
depressurize the RCS. Continued blowdown leads to RWST depletion which
forces recirculation. Seguence &4 represents successful switch to high
pressure recirculation. Sequences 5 and 6 represent core damage due to
failure of high and low pressure recirculation.

Sequences 7 through 21 represent all cases in which the primary mode of
steam generator feedwater supply is lost. In Sequences 7 through 13,
main feedwater supplies steam generator feed flow. These sequences have
much the same characteristics as Sequences 1 through 6.

Sequences 14 through 21 address the case that both AFW and MFW have been
lost. 1In this instance, it is necessary to establish feed and bleed
cooling. Both PORVs must open to allow water to flow from the RCS, to
remove decay heat. A single charging pump is required to supply makeup
to replenish the PORV discharge. If feed and bleed cooling is lost

(Sequence 21), then core damage results, Sequence 14 represents suc-
cessful feed and bleed cooling followed by long term cooling in the
recirculation mode. 1f either high pressure or low pressure recir-

culation cooling is lost (as in Sequences 15 and 16), then core damage
results.

Sequences 17 through 20 represent the occurrence of a core vulnerable
state during successful feed and bleed cooling. A core vulnerable state
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occurs when containment heat removal falls after core cooling has been
established in the feed and bleed mode. Under such circumstances, heat
is being transferred from the core to the containment, (A core vulner-
able state cannot occur in Sequences 2 through 13 in the event tree
because an insufficient amount of hot water is transferred into the con-
tainment to cause overpressure.) As a result, the pressure and temper-
ature in the containment rise due to the lost containment heat removal
capability. If the containment pressure continues to increase without
being mitigated by containment venting or restoration of CHR systems,
containment overpressure failure will occur. F nts occurring during
containment failure could cause ECCS systems to ~ which would lead to
core damage. Such a scenario is represented by - quence 20. Sequence 17
represents containment failure, but the ECCS survives and continues to
cool the core. Sequences 18 and 19 represent containment failure togeth-
er with independent failure of the ECCS (i.e., due to causes other than
the containment failure). Sequence 22 represents the case in which SI
flow causes the RCS relief valves to open, and one of the valves fails to
reseat. This leads to a larger LOCA size, which requires analysis via
the small LOCA event tree. In Sequence 23 the ECCS fails to respond to
the LOCA initiating event and to provide the initial high pressure injec-
tion flow needed to cool the core. In Sequence 24 the RPS falls to scram
the reactor,



3.0 SCOPING QUANTIFICATION STUDY

A scoping quantification study was performed for Surry Power Station site
to determine which external events should be included in the detailed PRA
study. This scoping study considered all potential exterr:' hazards at
the site except for seismic and fire events, since these Uw LS were
already scheduled for a detailed risk analysis. The PRA Proc. es Guide
(Ref. 1) was used as a guidoline for systematic ldentification of the
external events at the site, Next, an initlal screening process was
carried out to eliminate as many events as possible from the list. For
this purpose, a set of screening criteria was developed and then each
external event was examined for possible elimination based on these
criteria, After the iInitial screening process was completed, 1t was
tound that the following events could not be screened out based on the
geneval screening criteria.

Aircraft lmpact

External Flooding

Extreme Winds and Tornados

Industrial or Military Facility Accidents
Pipeline Accidents

Release of Chemicals from On-Site Storage
Transportation Accidents

Turbine Cenerated Missiles

Internal Flooding

—m mme O TR

A bounding analysis was done for each of these events The degree of
sophistication in the bounding analysis for each event dipended on
whether the event could be eliminated based on only a hazavd analysis or
whether a complete analysis including hazard analysis, fragility
evaluation and plant response analysis was required.

This chapter covers the screening and bounding analyses for the external
events as part of the scoping quantification study of the Surry Fower
Station. Section 3.1 is a general description of the plant and its
location, Section 3,2 deals with the idencification and screening of
external events for this site. A number of the events could be screened
based on the Surry Updated Final Safety Analysis Report (FSAR) (Ref. 2)
and its supporting documents as discussed in Section 3.3. Finally, the
remaining external hazards were screened out using a bounding analysis as
described in Section 3.4, Section 3.5 summarizes the results of the
screening study,

3.1 Ceneral Description
3.1.1 Site

The Surry Power Station is located in CGravel Neck, Virginia at approxi-
mately 37° 10 fr N, 76° 42 ft W. The peninsular site is bordered by the
James River and the Hog Island Waterfowl Refuge. This wildlife area is
marshy and covered by many streams and creecks. The site is 8 miles from
the town of Surry and is at the end of Route 650 (a state secondary
route). This road provides the only land access to the area. Also, a
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public access road to the waterfowl refuge runs through the powor plant
gite, The topography in macro and micro scales ig shown in Figures 3.1
through 3.3,

The site occupies 840 acres and the area within 10 miles of the site is
predominantly rural, with a few small urbanized segments. The neighbor-
ing area is characterized by farmlands, marshy wetlands, swamps, and
small streams., The water table is near the surface throughout the area
and drainage is toward Hampton Roads, on the Atlantic Ocean and near the
mouth of the Chesapeake Bay. The ground surface at the site is generally
flat, with steep banks sloping towards the river and to the low-level
waterfowl refuge. Pre-construction elevation w!*hin the site boundaries
varied from river level to 39 ft, with a mean elevation of 34 ft,
Station ground grade for the site was established at 26.5 ft above the
mean sea level.

The resident population in 1980 was estimated to be 1,759 within 5 miles
of the site and 61,711 within 10 miles. The nearest city is Newport
News, with a population of 114,903 which is, however, only 4-1/2 miles
across the James River. In addition, there is a transient population of
25,000 per year at the public recreational facilities (beaches, boat
landings, fishing areas, etc.), 2,16 million at the Busch Cardens/
Anheuser-Busch brewery (6 miles north of the site), and 1.5 million to
2.5 million per year at the historical attractions in the Williamsburg-
Jamestown aree (4 to 7 miles north of the site). Further details
regarding population projections are available in FSAR,

The roads, rallways, and airperts in the vicinity of the site are shown
in Figures 3.2 and 3.4. The location of the natural gas pipelines is
shown in Figures 3.3 and 3.5. As seen from these, two pipelines cross
the southeast corner of the site. The closest industrial facilities to
the site are a brewery plant (6 miles), a synthetic fibers factory (5
miles), and some food processing units, The U.S. Army Transportation
Center at Fort Eustis is within 5 miles of the site. There are no known
mines or stone quarries within 5 miles of the site,

The Surry site experiences a high variability in temperature extremes,
For example, extreme temperatures recorded at nearby Richmond range from
<12°F to 105°F. Temperature data from Norfolk indicates a range of 5°F
to 104°F., The maximum recorded precipitation for a 24-hour period was
8,79 in. at Richmond and 1!'.4 in., at Norfolk, The maximum 24-hour
snowfall observed at the two stations was 21.6 in., and 12.4 in.,
respectively. The local climatological data indicates an average of 29
days per year of heavy fog (i.e., visibility of 1/4 mile or less) for
Richmond and 21 days for Norfolk. The site experiences a wide spectrum
of extreme winds and tornadoes. The one hundred year wind speed is
estimated to be 105 mph and ~sing a gust factor of 1.3, the highest
instantaneous gust expected is 137 mph. During the period 1951 through
1982, a total of 30 tornadoes were reported within 50 miles of the site.
In addition, an average of two storms/hurricanes per year bring
torrential rainfall to the tidewater areas, and high tides result in
flood conditions for low-lying areas along the coast.

3-2
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3.1.2 Plant

The twin PWR units (Surry 1 and Surry 2) belonging to the Virginia Power
Company are each rated at 781 MW. The reactor and generator for both the
units were supplied by Westinghouse Electric Corporation, The plant
began commercial operation in 1972-73., Stone and Webster Engineering
Corporation was the Architect/Engineer/Constructor for these plants.

The reactor containment structure is a steel-lined, reinforced concrete
unit with vertical cylindrical walls and a hemispherical dome. The sup-
porting flat base of the foundation mats is approximately 66 ft below
finished ground grade. The containment siructure below grade is con-
structed inside a cofferdam. Dimensions for each of these units are as
follows:

a, Inside diameter 126 ft-0 in.

b. Springline of dome above the top of 122 fe-1 in.
foundation mat

¢. Thickness of mat 10 fe-0 in.

d. Thickness of dome 2 ft-6 in,

e. Thickness of cylindrical walls 4 ft-6 in.

f. Thickness of steel liner:

(1) base mat 0.25 in.-.75 in.
(ii) hemisphere 0.5 in.
(iii) eylindrical wall 0.375 in.

Access to the containment stracture for personnel and equipment is pro-
vided by two hatch penetrations with internal diameters of 7 ft-0 in. and
14 ft-0 in., respectively. Besides these, there are several smaller
penetrations for pipes and conduits.

Other Class 1 structures (i.e., exrept the reactor containment) are the
auxiliary building; control room area, including switchgear and relay
rooms; fuel building; auxiliary generator cubicles; auxiliary containment
buildings that contain main steam and feedwater isolation valves; recir-
culation spray and low-head safety injection pump cubicles; safeguards
ventilation room and circulating water intake structures, including the
high-level canal. All these structures were designed to meet both earth-
quake and tornado design criteria.

3.7.3 Slte Visit
The screening analysis began with a site visit conducted in April 1987,

The purpose of the site visit was twofold: first, to confirm the infor-
mation in the FSAR which was used in the Surry scoping quantification

3-8
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study, and second te collect new information and look for possible
changes in the plant and site conditions which could affect the risk from
external hazards to the site. The site visit included a tour of the
plant structures as well as a survey of the plant boundary and
surrounding areas. Following is a highlight of the issues which were
resolved by the site visit:

a. No major changes or deviations from the information in the Surry FASR
(which could affect the external event screening) were observed in
the plant or its surroundings.

b. A survey of the structures in Surry revealed that all the doors which
open to the outside of the plant are above the plant grade which is
considerably higher than the probable maximum hurricane-induced flood
level. The circulating water intake structure and emergency service
water pumphouse have doors and air intake louver openings at levels
below the probable maximum surge level. However, the doors are
leaktight and the air intake is not used in the event of a probable
maximum surge.

¢, During the site visit, a survey of the objects in the plant boundary
which could potentially become tornado-generated missiles was carried
out. The site visit confirmed that the potential number of missiles
at the Surry site is less than the number used in the tornado missile
simulation study (Ref, 3) utilized in the bounding analysis study
discussed in Section 3.4.2.

d. The site visit confirmed that there are no new industries, major air-
ports, pipelines, or major highways in the vicinity of the site that
are not described in the Surry FSAR.

3.2 Initial Screening of External Events

An extensive review of information on the site region and plant design
was made to identify all external events to be considered. The data in
the Surry FSAR as well as other data obtained from the utility, and the
information gathered in the site visit were reviewed for this purpose.

A set of screening criteria was utilized to identify those external
hazards which could be screened from further consideration based on very
general consideractions, as described in Section 1.3.2. These criteria,
based on those in the PRA Procedures Guide (Ref. 1), are listed again
below:

An external event can be excluded from further consideration if:

Criterion 1 The event is of equal or lesser damage potential than
the events for which the plant has been designed. This requires an
evaluscion of plant design bases in order to estimate the resistance
of plant structures and systems to a particular external event,
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Table 3.1

Preliminary Screening of External Events for
Surry Nuclear Power Station

Events

Adreraft lmpact

Avalanche

Biological Events

Coastal Erosion

Drought

B e 1 B E e —

Applicable
Screening

Criteria _

Remarks

A bounding analysis is performed for
this event.

Topography is such that no avalanche
is possible.

The only bilological event which may
affect the safety of the plant is
fish in the river, {.e., fish may
block flow of water in the intake
structure, This event {is not
further considered because there
would be adequate warning, and
therefore, remedial action can be
taken before supply of the intake
canal is exhausted,

The site is located on the banks of
the James River on three sides. The
area is covered by marshy wetlands
and swamps, Therefore, erosion is
not a significant possibility,

The stretch of the river between
Richmond and the mouth of the river
is essentially a tidal estuary.
There are no known or planned river
control structures and the
possibility of water shortage Iis
unlikely. However, under certain
circumstances, wir ~ from the
northeast could cause .ionormally low
river levels at the .ite for up to
24 hours. However, the design of
the plant can accommodate this
event, The high-level intake canal
contains a minimum of 45 million
gallons of water for use in
recirculation spray-heat exchangers
during a LOCA incident in one unit
combined with loss of power in both

units., This storage wvolume can be
used up to 100 hours to maintain the
station in a safe shutdown

condition.
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Table 3.1 (Cont'd)

Preliminary Screening of External Events for
Surry Nuclear Power Station

Events

High Summer
Temperature

Hurricane

Ice Cover

Industrial or
Military Facility
Accident

Internal Flooding

Landslide

l.ow Lake or River
Wacer Level

Low Winter
Temperature

Applicable
Screening

Criteria*
1

1,4

1.

13

Remarks

As mentioned under drought, it is
possible to safely shut down the
plant due to wunavailability of
water. Therefore, high temperatures
on record were indirectly ingcluded
under drought conditions.

The effects are included under
flooding and tornado effects.

Ice or snow loading is considered in
the plant design. Ice blockage of
the river is included in flood.

A bounding analysis is performed for
this event,

A bounding analysis is performed for
this event,

The Surry plant is built on flat
land where landslides are not
possible.

under

This event 1is considered

drought,

Thermal stresses and embrittlements
are insignificant and are covered by
design codes and standards for plant
design, GCenerally, there is ade-
quate warning of icing on the ulti-
mate heat sink (i.e., river) so that
remedial action could be taken.
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Table 3.1 (Cont'd)

Preliminary Screzuing of External Events for
Surry Nuclear Power Station

Applicable
Screening

R 11 119 S— Criterls Remarks

Meteorite 2 This event has a very low
probability of occurrence. A study
by Solomon et al. (Ref. 4) showed
that the probability of a metecrite
impacting any nuclear power plant in
the U'.8§. is neglligible, and
therefore, meteorites need not be
considered in this study.

Pipeline Accident .. A bounding analysis is performed for
this event.

Intense Precipitation 4 Included under internal and external
flooding.

Release of Chemicals .. A bounding analysis is done for this

in On-site Storage event,

River Diversion 3 This event is not credible for the
site under consideration.

Sandstorm 3 This is not relevant for this re-
gion,

Saiche 4 Included under external flooding.

Snow 1 Plant is designed for snow load,
ponding effects, and combinations of
snow with other loads,

Soil Shrink-Swell 1 Piant structures are all designed

Consolidation for the effects of consolidation.
Such effects occur over a long
period and they do not pose a hazard
during plant operation, i.e.e, the
plant can be safely shut down if
needed.

Storm Surge b Included under external flooding.

Transportation . A bounding analysis is done for this

Accidents event,
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3.3 Screening of External Events Based on FSAR and Site Hazard
Studies

This section describes the external events which could be screened out
based on the updated FSAR information supplemented with new data.
Section 3.3.1 discusses the military and industrial facilities accidents,
Section 3.3.2 deals with the transportation accidents and Section 3.3.3
covers on-site chemical release. It is concluded that these events can
be screened out.

3.3.1 Accidents in Industrial and Military Facilities

According to the Surry FSAR, the areas to the north and south »f the
site, except for the Williamsburg area, are principally rural anc agri-
cultural. The nearest industrial facility is located 4-1/2 miles from
the site, and this is the only industrial facility within a five mile
radius, Table 3.2, which is duplicated from an NUS Corporation study on
toxic chemicals at the Surry site (Ref. 5), lists all the chemical
compounds used by, and/or stored, at this facility

There are three possible effects from an industrial accident near the
site: (1) incident over-pressure on plant structures due to an explosion,
(2) seepapge of toxic chemicals into the control room, which could
incapacitate the operators, and (3) flammable vapor clouds leading to a
heat hazard at the site. Industrial accidents at distances farther than
5 miles to the site are not expected to cause significant over-pressure
loads on the plant structures. For example, of all the chemicals stored
at the industrial facility (Table 3.2), only acrylonitrile and methyl
acrylate are explosive. Assuming an explosion of the entire quantity of
these chemicals, the peak over-pressure experienced on wall panels at the
site would be less than 1 psi. As the Surry plant Category 1 structures
are designed for tornado wind loads, with a minimum capacity of 3 psi
against blast loads, an over-pressure hazard due to industrial accidents
can be screened out,

Release of toxic chemicals near nuclear power plants can potentially
resusi -n the control room being uninhabitable. This condition can
happen i{f (1) large quantities of toxic chemicals are released, (2) there
are favorable wind conditions and insufficient dilution of chemicals such
that these chemicals reach the control room air intakes, and (3) there
are no detection systems and air isolation systems in the control room.
According to Regulatory Guide 1,78 (Ref. 6), chemicalis stored or situated
at distances greater that 5 miles need not be considered as an external
hazard. This is due to the fact that if a release occurs at such a
distance, atmospheric dispersion will dilute and disperse the incoming
plume to such a degree that there should be sufficient time for the
control room operators to take appropriate action. As the amount of
stored chemicals is small and at a distance of nearly 5 miles from the
site, the accidents in the only industrial facility near the plant do not
pose an unacceptable risk. This same conclusion was reached in the NUS
Corporation study (Ref. 5).
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3.3.2 Transportation Accidents

The plant {s located on the banks of the J mes River, which is a
navigable river used for transportation of bul goods. The type of
chemicals and their quantities are shown in Table 5.3, Virginia Highway
10 is the only major surface route near the plant besides the state
secondary access Route 650 to the site. The access road ends at the Hog
Island Waterfowl Refuge, north of the site. Small amounts of chemicals
required in plant operations are transported along the access road and
these hazards are considered under on-site chemicals in Section 3.3.3.
The chemicais transported on Virginia 10 are given in Table 2.4 (from
Reference 5). There is no rail traffic within a five mile radius of the
station and the risk from the air transport mode {s considered separately
in Section 3.4.5,

A transport accident near the site can pose risk in one of the following
ways! (1) a chemical explosion due to a transportation accident may cause
damage to Category 1 structures and safety-related equipment, and (2)
toxic chemicals which are spilled in a transportation accident may drift
into the control room and cause incapacitation of the operators. A
chemical explosion near the plant structures may cause over-pressure,
dynamic pressures, blast-induced ground motion, or blast pgenerated
missiles. However, from previous research in this area, it has been
determined that over-pressures would be the controlling consideration for
explosions resulting from transportation accidents (Regulatory Guide
1.91, Ref. 7). An accident over-pressure at the site can also occur due
to vapor cloud explosions drifting towards the structures. This type of
explosion involves complex phenomena which depend on the material
involved, combustion process, and topographical and meteorological
conditions. According to a study by Eichler and Napadensky (Ref. 8),
present theoretical and empirical knowledge is too limited to
quantitatively evaluate realistic accidental vapor cloud explosion
scenarios. However, vapor cloud explosions are implicitly included in
the TNT equivalents whic! are used to represent transportation accidents,
According to the Reg'.atory Guide 1.91 (Ref. 7), chemical explosions
which would result in free-field over-pressures of less than 1 psi at the
site do not need to be considered in the plant design. Based on
experimental data on hemispherical charges of TNT, a 1 psi pressure would
be translated into a safe distance R (ft) which is defined as:

R > kwl/?
where k = 45 and w is an equivalent weight of TNT charge.

According to Table 3.4, the maximum possible explosive charge is due to
€,500 gallons of gasoline, which is an (approximate) equivalent of 50,000
lbs. of TNT charge. Using the relation given above, the distance for a
pressure pulse less than 1 psi is calculated to be 1,658 ft, Based on
this result, {t is concluded that explosions on Virginia 10 highway will
not pose an over-pressure hazard to the plant structures,
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Table 3.3

Chemical Compounds Shipped on the James River

Chemical

Container
Size

Quantity
per Unit

Diaminocyclio Nexane
Corrasive Liquid

Ethanol/Inflammable
Ligquid

Tiazinetrione Dry
Oxidizer

Napthyl Methyl
Carbonate - Poison

Ethyl Alcohol
Fiammable Liquid

Sodium Meta
Periodate - Oxidizer

Nitro Imidayol
Poison - Solid

Ethyacloxysilane
Corrosive Liquid

Dinitrochloro
Benzene - Poison

55 gal/barrels
80 to 140

55 gal/barrels
80 to 140

50 1b bags
Pelletized

50 1b bags
Pelletized

55 gal/barrels
80 to 140

50 1b bags
Pelletized

50 1b bags
Pelletized

55 gal/barrels
80 to 140

50 1b bags
Pelletized

4 400 to
7,700 gal

4 400 to
7,700 gal

43,000 to
60,000 1b

40,000 to
&G, 000 1b

4,400 to
7,700 gal

40,000 to
80,006 1b

40,000 to
60,000 1b

4 400 to
7,000 gal

40,000 to
60,000 1b

Type
Container

Ciosed Van
Ocean Vessel

Closed Van
Ocean Vessel

Closed Van
Ocean Vessel

Closed Van
Ocean Vessel

Closed Van
Ocean Vessel

Closed Van
Ocean Vessel

Closed Van
Ocean Vessel

Closed Van
Ocean Vessel

Closed Van
Ocean Vessel

Distance

gl les

1

1/2

1/2

1/2

1/2

172

1/2

1/2

1/2

1/2
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Table 3.3

Chemical Compounds Shipped on the James River (Continued)

Chemical

Container
Size

Monochloracetic Acid
Corrosive

2-Methox 4-2-3 Dyhydro
4-H Inflammable Liquid

Ortho-Phenylenediamine
Peison

Chlore Benzo Tri Fluoride
Inflammable Liquid

Caustic Alkali
Liquid Corrosive

Thionyl Chloride
Corrosive

Gasoline, #6 Oil,
Diesel 011, =2 0il

Phenol

Ol eum

50 1b bags
Pelletized

55 gal/barrels
80 to 140

50 1b bags
Pelletized

55 gal/barrels
80 to 140

55 gal/barvrels
80 to 140

55 gal/barrels
80 to 140

Steel Tanks
8 Compartments

Steel Tanks
2 Compartments

Steel Tanks
2 Compartments

OQuantity
—per Unit

40,000 to
60,000 1b

4 400 to
7,700 gal

40 000 to
60,000 1b

4 400 to
7,700 gal

4 400 to
7,700 ga’

4 400 to
7,700 gal

168,000 gal ea
1,300,000 total

1.325 tons ea
2,650 total

1,500 tons ea
3,000 total

Type
_Container

Closed Van
Ocean Vessel

Closed Van
Ocean Vessel

Closed Van
Ocean Vessel

Closea Viu. -
Ocean Vessel

Closed Van
Ocean Vessel

Closed Van
Ocean Vessel
Barge

Barge

Barge

Distance

1172

11/2

1172

1172

1 172

1 172

1172

1 172

1172
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Table 3.3

Chemical Compounds Shipped on the James River {Concliuded)

Container Quantity Type
— Chemical == Size ——pex Unit _Lontainer
Sulfur (Liquid Steel Tanks 10,000 tons ea Barge
at 260°F to 275°F) 2 Compartments 20,000 total
Liquid Fertilizer Steel Tanks 5,000 tons ea Barge
{(Uran) 2 Compartments 10,000 total
Ammonium Sulfate 50 1b bags 1,500 to Barge
Pelletized 12,000 tons
Ammonium Sulfate 50 1b bags 8,000 to Closed Van

Pelletized 25,000 tons Ocean Vessel

Distance

1172

1172

1172

1172
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Chemical Compounds Transported by Truck on Virginia Highway 10

Table 3.4

Chem 'cal

Sulfuric Acid
Nitric Ac'd
Muratic Acid

Petroleum
GCasoline, 0il

Container
Size

25

25

25

25

ton truck tank

ton truck tank

ton truck tank

ton truck tank

Quantity

3,300 gal
4 000 gal
5,000 gal

8,500 gal

Type
Contajiner

Metal Tank
Metal Tank
Metal Tank

Metal Tank

Distance

R y—



Assuning & typleal maximum probable equivalent TNT charge of 1 x 107 lbs,
for any of the chemicals transported on a viver barge and the distance of
the barge from the neavest plant structure to be 1.5 miles, an over-
pressure of ground 1 psi will be experienced, This Is well within the
desipn limit of 3 psi, positulated for tornado-designed structures,

Flammable wvapor clouds also do not present any explosive havard., Ac-
cording to a study by Elchler, Napadensky and Mavec (Ref. 9), the
accldents in an empty bairge due to vaporization of 1fquid left in *he
tank wou'd lead to & maximam INT equivalent explesive load of 1090 lbs

Since this type of accideat doss not produce a more severe condicion, it
is not considered further

A toxie chemical spill near the site wou.d pose a danger to the piani if
toxic chemicals penetrate into the contrel room through alr intakes.
This can happen if (1) large quantities of toxic chemicals are released,
(2) theve sre lavorable wind conuitiens which would cause a drift of
Jdemicals towards the contrel veom ailr intakes av excessive concentra-
tiong, and (3) *here are no detection systems and alr isolation systems
in the contrel roon.

Among the various transportation modes neatr the site, a barge accident in
the James River would result in the largest amount of chemical spill.
The NUS Corporation study (Ref. 5) also estimated the danger from toxle
chemicals spilled in an off-site transportation accident. Accovding to
this report, from the quantities, distances and properties of the
chemicals, the toxielity limit and the estimated cloud center
concentration at the control room air intake of most chemicals were not
cause for concern, Only concentrations of gasoline exceeded the toxicity
limit, 1t was estimated that the control room persannel would have 2,390
seconds (40 min.) of warning if notified immediately ot the accident,
This time includes the time required for the vapor cloud to drift to the
air intake and then to bulld up to the voxicity limit in the contvel
room. The awount of warning time available without knowledge of the
sccident 18 192 seconds, if detectors ave placed at the air intake.

In respunse to NRC review of this study, VEPCO agreed to modifications to
sssure control room habitability. With these modifications, the risk to
zontrol room personnel due to & transportation accident will be
negligible.

3.3.3 Release of On-gite Chemicals

The chemicals stored on-site at thz Surry plant are listed in Ta*'e 3.5
and their sterage locations are shown in Table 3.6 The NUS Corporstion
study (Ref. ) analyzed the consequence of release of a single contuiner
of these chemicals, its disrersion and sups~ uont build-up in the contvol
rour air. The amounts of eesch chemical .. alyzed for splll and their
toxicity limits are listed in Table 3.5. The results in terms of peak
concentration of chemicals in the control room are given in Table 3.7.
This  table shews that mwost of these chemicals (morpholine, acetone,
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Table 3.5

Surry On-8ite Chemica) Spill Analysis |

Toxicity
Quantity Limit

U #1111} U S— ~Asguped Spilled {mg/ul).
Morpholine 55 gal 105
Acetone 55 gal 4,800
Cyclohexylamine 55 gal 40
Sulfuric Acid 8,000 gal )
Ammonium Hydroxide 3,000 gal 70 E
Carbon Dioxide 1" tons 18,000 :
Diesel Fuel 210,000 gal 1,355
Chlorine 64 1b 45
Hydrazine 55 gal 0.3
Dimethylamine 135 1b 28

cyclohexylamine, sulfuric acid, ammonium hydroxide, and diesel fuel)
present no hazard to contro room personnel. The peak concentration in
the control room exceeds the toxicity limits due to release of
dimethylamine, carbon dioxide, chlorine and hydrazine. The time required
to reach the limits are also indicated. Time t; gives the warning time
if detectors are present at tne chemical storage location whereas t,
represents the warning time available for detectors ac the air intake.

Pacific Northwest Laboratories reviewed the NUS Corporation report on
control reom habitability (Ref. 10) for the NRC. VEPCO agreed to
certain modifications listed in USNRC letter of June 28, 1982 (Ref. 11).
These modifications will provide safe, habicable conditions within
control room under both normal and accidental toxic gas conditions and
the risk from these hazards can be expected to be negligible.

3.4 Ppounding Analyses

The bounding analyses for the external events which could not be screened
out by the general criteria as described above are given in this section.



Table 3.6

Surrv 1 and 2 Toxic Chemical Source locatlons

ORI+ {13 €1 ¥ §

Jistance From
Alr Intake
(ft)

lecatiop

Dimothylacine, Argon, Helium
Hydrogen, Nitrogen, Oxygen,
Carbon Dioxide, Acetylene,
Breathing Alx, Speclalty Cas
Mixes

Horpholine, AnhyJdrous
Hydrazine Acetone, Sodium
Hypochloride, Cyclohexylamine

Hydrogen Bank

Sulfuric Acid

Anmoniwn Hydroxide

Hydrazine

Carbon Dioxide

Sulfuric Actd

3-25

125

190

276

410

426

374

157

131

Outside NN of Intake East
of Securiry Bullding

Outside NNW of Intake East
of Sveurivy Bullding

Outside W of Intake, SW of
Condensats bdtorage Tanks

Room Within Condensats Pol-
ishing Building, Berm With-
in Room, 7 (Self-Closing)
Doors Between Emergency
Intake. 567 ft. From Con-
densate Polishing Building
HVAC Exhaust Stack to Nor-
mal Intake

Room Within Condensate Pol-
ishing Building, 2 (Self-
Closing) Doors Between
Emergency Intake. 620 ft,
From Ammonium Room Exhaust
Stack to Normal Intake

Condensate Polishing Bulld-
ing. 1 (Self-Closing) Door
Between Emergency Intake

Qutside Adjacent to Double
Doors South Side of Turbine
Building

Inside Turbine Building
Across From Emergency
Intake

e e e L s e
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Table 3.6

Surry 1 and 2 Toxic Chemical Source Locations (Concluded)

Distance From

Alr Intake

SRR ¢ 1151 ) £ 9§ (fe) L logation
Diesel Fuel 400 Outside Separate Tank

60'x 60'x 9" Dike
Chlerine Wi? Inside Sewerage Treatment

Building - Off Flot
Hydrazine 1,476 Inside Warehouse Bullding -
Ammon {um Hydroxide Off Plot

The probabllistic models used in these bounding analyses Integrate the
randomness and uncertainty assoclated with loads, response analysis, and
capacities to predict the annual frequency of the plant damage from
conservative models. If the mean frequency computed with a conservative
model is predicted to be sufficlently low (e.p., less than 10°%/year), the
external event may be eliminated from further consideration. The bounding
analyses thus provides a second screening of the external hazards, allowing
additional hazards to be deleted from further consideration, and
fdentifying those remaining external events which need to be analyzed in
detail as part of the FRA.

In additien to caleulating and screening on a best estimate frequency of
core damage, the uncertainties in hazard and component fragilities may be
used to find the high confidence (95 percent) bounds on the frequency of
core damage. However, such an uncertainty analysis is required only if the
best estimate of the core damage frequency of the external event leads to a
value which is close to the (usual) mean rejection frequency of 10°%/year.

Often, simplifications in the above antlyses are introduced, As an
example, In case of alreraft impact, back-face (inside) scabbing of the
exterior barrier walls of safety-related structures can be assumed to
result in core damage even though, actually, a suitable combination of
componient failures is necessary to lead to thls damage state. However, if
the resulting frequency of cerve damage computed with the conservative model
is sufficliently small, no further consideration s required,

In addition, for some external events, it Is possible to perform a bounding
analysis without performing a structural response analysis. In effect, one
shows that the frequency of exceeding the design loads is very small, and
thus, infers that the hazard can be neglected due to the conservatism in
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Table 3.7
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Peak Concentration of Chemicals in Control Room

——themical . -
Morpholine 105
Acetone 4,800
Cyclohexylamine 40
Sulfuric Acid 2
Hydrazine 0.3
Diesel Fuel 3,588
Ammonjum Hydroxide 70
Carbon Dioxide 1.8x10¢
Carbon Dioxide 1.8x104
Chlorine 45
Dimethylamine 28
TL = Toxicity Limit (mg/m®).

RN« S—
9,2x1074

2.7x100

4, 3x107
2.1x10?
5.2x10!
3.8
3.9x104
2.2x10%(E)
8.9x10%

6.5x10?

Cx = Peak concentration in centrol room (mg/m®).

;e

159
180(E)
280

68

€l
B2(E)
17

t; = Time from spill until TL is reached in control room air (seconds),

* indicates TL not reached,

t; = Time from reaching TL at intake to reaching TL in control room.

Emergency air intake.
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Table 3.8

Structures and Components Designed for Seismic and Tornado Criteria

Earthquake Tornado Typical Thickness
ltew Criterion  Criterion Note of Concrete
Structures
Reactor Containment Na
Reinforced-concrete substructure I P 54" {(Cylinder Walls)
Reinforced-concrete superstructure I T 30~
Reinforced-concrete interior
shields and walls I NA NA
Steel plate limer I P ? for containment NA
integrity,
= Piping, duct, and electrical I T T for shield wall 14~
~ penetrations and shield wall and critical
. system penetra-
tions only
Personnel access harch I P NA
Equipment access hatch i 4 NA
Cable Vault and Cable Tumnel 1 T 26"
Pipe Tumnel to Contaimment from
Auxiliary Building I ; 3 25~

Auxilfiary Steam-Cenerator Feed Pump
Cuhicle I T 36"

-
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Table 3.8

Structures and Components Designed for Seismic and Termade Criteria {(Coatinued)

Litem

Structures

Cubizle for Main Steam and
Feedwater Isolation Valves

Recirculation Spray and Low-Head
Safety Injection Pump Cubicle
and Pipe Tunnel

Safeguards Ventilation Room

Auxiliary Building
Reinforced-concrete Structure
Steel superstructure
Vacuur equipment area

Fuel Building
Reinforced-concrete structure
teel superstructure
Spent-fuel storage rack

Earthquake

o el

et

Ternado

g

s B B |

Typical Thickness
_of Concrete

T for horizontal
missile only,

T for tormado

P for horizental
missile only

s~

Na

18" te 267
KA
NA

Drawings
Not
available




Table 3.8

Stru.tures and Components Designed for Seismic and Tormado Criteria (Continued)

Earthquake Tornado Typical Thickness
ltem Criveriop  CLriterjon Note of Concrete
Structures
Fuel Building (continued)
Fuel-handling trolley support I i 4 T for tornado NA
structure winds only
Control Room 1 T 8~
Emergency Switchgear and Relay Room I T 18" to 24"
Battery Rooms I T 1z*
Air-Conditioning Equipment Rooms I " For contrel room 18" to 24"
and relay room
only
Reactor Trip Breaker Cubicle I T
Auxiliary Diesel-Generator Cubicles
Reinforced-concrete floor I T 24"
Walls, exclnding louvers | T 24"
Structural steel-supported ronf I T Protected by

and roof slab missile rack
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Table 3.8

Structures and Components Designed for Seismic and Ternado Criteria (Conc’uded)

Earthquake Tornado Typical Thickness
Item Criterion  (Criteriom Note of Concrete
Structures
Fire-Pump House I T Engine-driven pump 26"
only
Fuel-0il Transfer Pump Vault | T 26"~
Boron Recovery Tank Dikes I T 24"

I - Refers to Seismic Class I criteria. All Class I components and structures are designed teo resist
the operating-basis earthquake within allowab.e working stresses. A check has been made to
determine that faiilure to function will not occur with a design-basis earthquake.

T - Refers to structures, systems, and components that will not fail during the design tornade.

P - Refers to systems and components that will not fail during the design tornmado since thevy are
designed to be protected by tornado resistance structures.

NA - Not applicable.

i
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According to Ravindra and Banon (Ref. 15), if the plant has been desipned
against tornado effects, there are no-metal-sided walls or roofs in
seismic category 1 buildings, if the reinforced concrete walls of seismic
category 1 buildings are at least 18 in. thick, and if there are no non-
redundant outdoor unprotected safety-related equipment, the contribution
of tornado and extreme wind-induced accidents to the plant risk is judged
to be very low. A review ¢f the engineering drawings revealed that there
are no metal sided walls or roofs in Selsmic Category 1 buildings and the
walls of these buildings are either 18 in. or more in thickness, It was
also confirmed that the outdoor equipment such as the condensate storage
tank and refueling water storage tank are either protected against
tornado missiles or have redundant items that ere protected from tornado
effects. 1t is therefore concluded that the risk of damage from tornado
and tornado missile impacts is negligibly small.

3.4.2 Pipeline Accidents

There are two natural gas pipelines passing through the southeast end of
the site. These pipelines are operated by Commonwealth Natural Gas
Corporation and Colonial Pipeline Company and come from across the James
River and join another pipeline with a northwest-southeast orientation
(Figure 3.5). The pipelines c¢ross the canal near the intake structure
(Figure 3.4) and one branch of the pipeline supplies natural gas to the
combustion turbine building located south of the cooling canal. There
are no automatic check valves in the vicinity of the power plant. The
Surry FSAR shows that the probability of damage to plant structures due
to & pilpeline eccident is negligibly small. However, according to
Ravindra and Banon (Ref. 15), if there are pipelines transporting natural
gas, propane and other flammable explosive or toxic gases near the
nuclear power plant, a scoping analysis of the hazard posed by the
pipelines should be pe:iformed. The safety hazards posed by pipelines
include thermal radiation, blast overpressure, missile generation, and
plant contamination by gas at an unacceptable concentration, Among
these, hazards due to thermal radiation, missile generation and plant
contamination by gas at an unacceptable concentration are negligible.

The annual frequency of failure of a large pipeline near the plant, P, is
calculated as:

P=NDfs fw ft fd/L
where

N = number of gas transmission line failures per year in the United
States

-
]

miles of transmission pipeline in the United States

L=
L}

length of pipe near site (miles)

fs

fraction of failures that are large
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3.4,3.1 Probabilistic Methodology

The probability of serious damage from turbine missiles to a specific
system in the plant {5 calculated as (Bush, Ref. 18):

P. - P‘ Pz ?3
where
P; = probability of turbine failure leading to wissile generation

P; = probability of missiles striking a barrier which encloses the
safety system given that the missile(s) have been generated

Py = probability of unacceptable damage to the system given that one
or more missiles strike the barrier

In practice, the evaluation of P, should include consideration of differ-
ent speed conditions, distribution of missiles and all the safety-related
components and systems in the plant,

Turbine missile damage in the older plants was usually considered on the
basis of a deterministic safety review according to RG 1.115 and SRF2.2.3
(NUREG-0800, Ref. 19), i.e., the probability of unacceptable damage from
turbine missiles (P,) was implicitly shown to be less than 107 per year.
The new guidelines concerning safety of nuclear power plants against
turbine missile strikes are best summarized in NUREG-1068 which is a
review of the Limerick PRA (Ref. 20)., The following paragraphs have been
reproduced {rom NUREG-1068 describing the NRC position on calculating the
probabllity of turbine missile damage:

In the past, analyses for construction permit and operating
license review assumed the frequency of missile gencration
(Py) to be approximately 10°* per turbine year, based on
the historical failure rate, The strike probability (P;)
was estimated (SRF 3.5.1.3) based on postulated missile
sizes, shapes, and energies, and on available
plant specific information such as turbine placement and
orientatjon, number and type of intervening barriers,
target geometry, and potential missile trajectories. The
damage probaubility (P,;) was generally assumed to be 1.0,
The overall frequency of unacceptable damage to safety-
related systems (P,), which is the sum over all targets of
the product of these frequencies, was then evaluated for
compliance with the NRC safety objective. This logic
places the regulatory emphasis on tre strike probability.
That is, having established an adividual plant safety
objective of about 10°7 per yiar, or less, for the
probability of unacceptable dauwge to safety-related
systemsa as a result of turbine mi, siles, this procedure
requires that P, Py be lers than or e ual to 107

Although the calculation of strike probability (P;) is not

difficult in principle, for the most part reducing it to a
straightforward ballistics analysis presents a problem in
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practice. The problem st s from the fact that numerous
model ing approximations and simplifying assumptions are
required to wmake tractable the incorporation into
acceptable models of avallable data on the (1) properties
of missiles, (2) interactions of misgiles with barriers and
obstacles, (3) trajectories of missiles as they finteract
with or perforate (or are deflected by) barriers, and (4)
fdentification and location of safety-related targets., The
particular approximations and assumptions made tend to have
a large effect on the resulting value of P;. Similarly, a
reasonably accurate specification of the damage probability
(Py) 1s no simple matter because of difficulty of defining
the missile impact energy required to make given safety-
related systems unavailable to pevform their safety
function, and the difficulty of postulating sequences of
events that would follow a misslle-producing turbine
failure.

Because of the uncertainties Involved in calculating P,
the NRC staff concludes that P, analyses are "ball park" or
‘order of magnitude" type calculations only, Based on
slmple estimates for a variety of plant layouts, the NRC
staff further concludes that the strike and damage
probability product can be reasonably taken to fall in a
characteristic narrow range that i{s dependent on the gross
features of turbine-generator orientation because (1) for
favorably oriented turbine generators, P, P, tend to lie on
the range 10°* to 109, and (2) for unfavorably oriented
turbine generators, P; P, tend to lie in the range 10°% to
1072, For these reasons (and because of weak data,
controversial assumptions, and modeling difficulties), in
the evaluation of P,, the NRC staff gives credit for the
product of the strike and damage probabilities of 10 for
an unfavorably oriented turbine, and does not encou-age
calculations of them. In the opinion of the NRC staff,
these values represent where P, P, lie, based on
calculations done by the NRC staff and others.

It is the view of the NRC staff that the NRC safety
objective with regard to turbine missiles is best expressed
in terme of criterion applied to the missile generation
freauency which requires the demonstrated value of turbine
wissile generation frequency (P;) be less than 10°% for
inftial startup and that corrective action be taken to
return Py to this value if it should become greater than
10°% during operation.

1t 1s the staff’'s view that the frequency ¢f unacceptable
damage to safety-related structures, systems and components
as a result of turbine missiles {s acceptably low (i.e.,
“ess than 1077 per year) provided that the above criterion
on turbine missile generation is met. This criterion is to
be met by the maintenance of an appropriate in service
inspection and testing program on the turbine throughout
the plant's life as discussed in detail in the Limerick
FRA .
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£t the preceding pavagraphs, it is seen that the emphasis is on turbine
martenance and in service inspection to assure a value of the frequency
of turbine missile generation (P,) less than 10°° per year.

Aiwo, 1f a plant has an In service Inspectlon program which assures
mizsile generation frequency of less than 10°% per yoar, then based on &
minimum Py Py value of 10°% per year, turbine missiles can be excluded
fre~ external events analysis., For plants which do not have an inspec-
tion program, but have a favorable turbine orientation, the argument for
e¢xeluding turbine missiles from further consideration is as follows,
Based on historical failure data (Ref. 18), the probabllity of turbine
missile generation has been caleculated to be approximately 10°¢ per year.
Also, Patton, et al (Ref. 21) conducted a comprehensive study which
estimated the probabilities of turbine missile generation at operating
speed and overspeed as 1.2x10°* per year and 0. 44x10°% per yesr,
respectively. Since damage due to turbine missiles in a favorably
oriented turbine is almost entirely due to the high trajectory missiles,
the P; Py probability estimate of 10°? per year which was accepted by the
NRC staff s judged to be conservative. Therefore, the frequency of
turbine missile damage in plants which have favorsbly oriented turbines
ig conservatively estimated to be on the order of 1077 per year,

3.4.3.2 FSAR Analysis

Westinghouse turbine generators which have never experienced any disk
failure have teen used at the Surry plant, 1t has been estimated that
for failure at the normal rated speed or at 120 percent of rated speed,
enly 2 shrunk - on disks out of 16, in the low-pressure turbine could
generate external missiles, All other fragments would be incapable of
penetrating the turbine casing and would remain within the stationary
turbine parts. It was judged that the external missiles produced by the
two disks will range from 3,711 1b at 287 fps te 2,805 1lb at 416 fps at
120 percent of rated speed. As all class 1 structures are designed for
tornado, the penetration of these structural barriers by missiles is not
expected, In addition, most important areas of the containment and other
structures are also shielded by moisture separators/reheaters or other
parts of the turbine building structure. The probability of turbine
missiles entering the spent fuel-pool is estimated as approximately 10°%

According to NRC, if turbines are maintained and in service inspection {sg
carried out periodically, the frequency of turbine missile generation
less than 10°® per year can be assured and the frequency of turbine
missile damage can be expected to be less than 1077 per year and a
bounding analysis is not required, Site data on the frequency of
inspection at Surry was not known. However, as per Surry "T:R, in
addition to design provisions associated with turbine control and
protection system, valves are exercised on a regular basis during unit
operation to minimize the possibility of valve stem sticking. Analyses
of oil samples are performed regularly, The turbine is periodically
oversped to check the tripping speed. The remaining tripping devices are
regularly checked. In addition, design, manufacturing and inspection
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technigue for turbine rotors and disk forgings make the possibility of an
undetected flaw very remote., Thus, likelihood of a turbine risk hazard
is considered negligible.

3.4.4 External Flooding

The Surry Nuclear Power Station is located on the banks of the James
River on a peninsular site, The ground surface at the site {s tlat with
a station grade of 26.5 ft above the mean sea level and steep banks
sloping tovards the river and to the low-level waterfowl refuge. Much of
the region is characterized by marshes, swamps and streams. The water
table is approximately at an elevation of 4 ft and drainage is towards
Hampton Roads, on the Atlantic Ocean and near the mouth of the Chesapeake
Bay. The effects of flooding on the plant components may include (1)
inundation, (2) hydrostatic or dynamic forces, (3) Erosion, (4) sedimen-
tation, and (5) corrosion, All these consequences, except inundation,
are insignificant,

The water level in the James River at any time is determined by three
components: (1) freshwater discharge from the James River watershed, (2)
flow due to the oscillatory ebb and flood of the tide, and (3) flow due
to circulation patterns caused by intrusion of saline water within the
estuary. Therefore, the water level rise due to river discharge, high
tide, hurricane, intense local precipitation, storm surge, ice blockage
and the effects of waves is to be considered for the Surry site.

The drainage area of the river above the station site {s 9517 square
miles. The river between Richmond and the mouth of the river is a tidai
estuary and is subjected to tidal motion, The semidiurnal tide has two
high waters and two low waters in each lunar day. The oscillatory tides
constitute the dominant motion near the site, much larger than downstream
flow required to discharge the freshwater to sea. 1n addition, there is
& net nontidal circulation due to movement of less saline water towards
the sea and deeper saline layers up the estuary. The volume rate of this
flow is smaller than the oscillato~y tida)l flow, but it is several times
larger than the river discharge,

Due to the wide flood plain at the site, even severe meteorological
events produce only a small rise in water leve!. For example, it is
estimated in FSAR that for a 50 year river flood, the level at the site
will not rise more than 1 ft. Even during Hurricane Agnes in 1972, peak
flood discharge due to excessive rainfall led to flocd levels of 4 ft to
S5 ft in Richmond, but negligible levels at the site. Based on 11 years
of observations at the site, there has been no significant high water
level due to storm surge during the hurricanes. The highest water level
ever reached at Norfolk in 100 years of records is 8.6 ft. A study of
meteorclogical means and extremes in the Surry site region leads one to
conclude that ice formation ¢~ the river is unlikely to obstruct the flow
and cause flooding due to salinity of river below the site.

The analysis in FSAR i{dentifies the fiooding resulting due to storm surge

from the probable maximum hurricane given below to be the most severe
source of flooding at the site.
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Central Pressure [ndex 26 .97 in. of mercury
Radivus of Maximum Winds 35 nautical miles

Forward Speed of Translation 22 knots

Maximum Wind Speed 135.4 mph

Based on theoretical models, the surge at the power station was computed
and is shown in Figure 3.6. Thies ncludes the contributior of the
highest astronomical tide, an initia ..se to account for short period
anomalies, and the rise due to atmoupheric pressure reduction, For this
hurricane, the size, perfod and length of the waves impinging cn the east
and west ends of the site, and the resulting run up on the slopes, was
found to be small,

Calculations indicate that the probable maximum hurricane would not pro-
duce a high enough level of water at the site to be considered as a
source of risk. For example, the maximum water elevation at the site was
calculated to be approximately 22 ft, which is considerably less than the
plant prade elevation of 2¢.5 ft. As only eight hurricanes have passed
within a 100 mile radius of the site in the last 100 years, the
likelihood of water level reaching the peak for the probable maximum
hurricane is considered to be negligibly small. 1In any case, further
protection is offered by engineered structures such as berms, secawalls,
levees, etc. Moreover, for a flood to pose any danger to the plant, the
wvater level has to reach the openings of safety rolated structures, most
of which are either at or above the station ground grade (Table 3.9).
Only the circulating water intake structure and emergency eervice water
pumphouse located above it, are the exception. As the sill of the pump
room door entrance and air intake louver openings are at 21 ft 2 in.,
assuning the maximum probable hurricane plus maximum wave run up on the
east side, inundation of emergency service water pump diesels is
possible, but leak tight construction for doors will prevent this,.
Moreover, external flooding events likely to damage the plant
generally take time to develop., It can be safely assumed that ample
warning time is available for emergency procedures. As per FSAR, air
intake louvers can be sealed with warning of a design basis flood and air
for the operation of diesel-driven emergency service water pumps can be
provided by the motor-operated dampers located in the top of the pump
house structure with a roof elevation of 33 ft 6 in., and beyond the
reach of waves. Hence, the risk of external flooding is considered
negligible.

3.4.5 Alrcraft Impact
An assessment of the risk from aircraft crashes into the Surry structures
is presented in this section. For this purpose, information in the FSAR

was used, Section 3.4.5.1 describes the information in FSAR, and
Section 3.4.5.2 describes the bounding analysis,
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Table 3.9

Maximum- Probable-Flood Protection

levels for Class 1 Structures

——lARA L _BLTuCtULE
Containment Structure
Cable Vault and Cable Tunnel

Pipe Tunnel Between Containment and
Auxiliary Building

Main Steam and Feedwater Isolation
Valve Cublcle

Recirculation Spray and Low-Head
Safety Injection Pump Cubicle

Safeguards Ventilation Roow
Auxiliary Building

Fuel Building

Control Room

Emergency Switchgear and Relay Room
Relay Room

Battery Room

Mr-Corditioning Equipment Room
Reactor Trip Breaker Cubicle
Auxiliary Diesel-Generator Cubicle

Cireulating Water Intake Structure
(Emergency Service Water Pump House)

High-Level Intake Structure

Seal Pit

Flood Protec 'icn Level,
-————n:—-ﬂ&m

26.5
26.5
26.5

27.5

26.5
26.5
26,5
45.25
26.5
24,0

36.0

Not Applicable
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Table 3,10

Alrports Within 25 Miles of the Site

Distance Number of Type of
| Felker AAF , Sk 81,500  F, M (30)
Melville 6 SW o £, R (29)
2 Williamsburg-Jamestown 5 NiiW 45,000 E, P (32)
| Patrick Henry 1 ESE 172,000 F, C (80)
| Langley AFB 19 ESE . F, M
| (100)
NAS Norfolk 24 SE . F, M (37)

P« Public use
¢ - Civil

M - Military

R - Restricted

F - Aerodromes with facilities (land)
E - Aerodromes with emergency or no facilitles (land)

()« Length of longest runway in hundreds of ft
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Table 3.11

Surry Flooding Critical Area Analysis Summary

4 S gty . 1 et B3 4 S e B - S . e 3 8. S e At e A

Single Zone fingle Zoone FPlus Randoms Rouble Zoues

f Zone 1 Zone 15 None

i Zone 3 Zone 19

| Zone 5 Zone 31

| Zone 17 Zone 45

: Zone 54 Zone 54

J

J

D

| Note: Zones are identical to the fire zones defined in Sect. 5.2
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presents all the zones that survived the screening analysis and these ave
the zones which were analyzed for the possible occurrence of floads in
this section. Note that the same zone (for example, Zone 2) can occur
elther as a single or as a single plus trandom iv different accident
sequences, (Of course, the same zone cannot occur as a single and as a
single plus randow in he same accident sequence or it would be non-
sindmal), As can be seen, a total of only ten zones survivad the
screening process. Four zones were identified as singles, while eleven
zones In econjunction with randown fallures were identified. Note that
cach of these zones in general was associated with a number of different
random failures, so each zone {tegelf could actually occur in a number of
differeny single plus random cut sets, Finally, eight combinations of
two zones (again, some In cowbination with random failures) were
identified. In the following, each one of these zones or zone plus
random failure combinations are analyzed to determine any potential non-
negligible flooding scenarios.

Lable Vault/luunel (Zoue 1)

This area adjacent to the emergency switchgear room on 9'6" elevation,
Most of the safety cabling for Unit 1 passes through the cable vault and
tunrel . The only water source within this zone 1s & deluge fire
suppression system. Two doors enter this area; ono from the emergency
switchgear room and the second via a spiral staircase leaves tie area at
4 higher elevation pgoing to the outside. The only water source in
adjacent rooms {8 a 3 inch pipe running through the emergency switchgear
room in & channel in the fleoor. Any break from this 3 inch line would be
detected by one or more of the three existing flood alarms. The eritical
equipment in this area are power and control cables for the HP1 and COCW
systems., The lowest point that this cabling is relative to the floor is
approximately three feet above floor level, As a consequence, water
level In the tunnel would have to be approximately three feet high before
postulated damage ocould occur, Given that the only adjacent water source
is in the emergency room this scenario can be bounded and neglected in
comparison to flooding within the emergency switchgear room itself which
containg both safety trains of the emergency 4KV switchgear., Since the
switchpear are lower relative te the floor than the cabling in the cable
vault/tunnel it is clear that flooding in the emergency switchgear roowm
would effect the 4KV switchpear which would result in station blackout)
long before any failures of the PPl and CCW system cccurred in the cable
vault/tunnel area. Hence, this scenarlo may be screened out,

Emergency Switchgear Room (Zone 3)

This room is at elevation 9'6". As mentioned above, the only water
source in this roow is a three inch pipe lald in the channel in the floor
and protected by three flood alarms. There are two doors {nto this area
for Unit 1. It i& connected to the Turbine Bullding (through the Unit 2
emergency switchgear room) through a fire door and a 2 foot fleod
barrier. This door leads out to the bottom floor of he Turbine Building
also at elevation 9'6". Secondly, there is the it into the cable
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vault/tunnel described above., This zene is a single inasmuch as failure
of both 4KV switchgear due to flocding would result in station blackout
and also a seal LOCA, It {s estimated that flooding at least one foot
high in the entire area would be required to fail the 4KV switchpear.

Two scenarios need be considered for the emergency switchgear room., The
first is the case of the break of the 3 inch pipe within the room. 1In
this case, for a problem to occur it would be necessary for all three
flood alarms to simultaneously fail and for the sump pumps also to fail.
Given the small volume of water available through the 3 inch pipe, and
the low probability that all three flood alarms would fail this scenario
can be screened from further consideration,

The second scenaric would involve an unisolatable flood in the adjacent
Turbine Building, raising the water level of the Turbine Bullding above
the two foot flood barrier allowing water to flood the entire emergency
switchpear room (of both Units 1 and Units 2),

An unisolatable flood is possible because intake canal level is
(normally) approximately 8 feet above Turbine Building basement level.
If the inlet piping falled (low pressure lines) two random value failures
would also have to occur to make this scenario valid, Therefore, fal ure
of the inlet piping can be eliminated from further consideration. Sump
pump capacity is such that failure of the shell side of the condenser
would not provide a sufficient water source to exceed the 2 foot barrier

at the entrance to the emergency switchgear room. Therefore, any
postulated mechanism for an unisolatable flood can be screened,
Mechanical Equipment Room (Zone 45)

This room contains a service wa.er system which provides cooling to the
lube oil supply for the HPI system. If this equipment were to fail, it
would fail the HPl system. There is only one door inte this room (from
the emergency switchgear room) and the only water sources in the room are

from the small pony pumps t *ives and the three inch supply line in a
channel in the floor. Thi. . is in a cut set :n conjunction with two
random failures. The two ,. '+ e scenarios are flood induced failure of

the HPI in conjunction with . e stuck open relief valve (random) and
random failure of the remaining service water pump located in a different
flood zone. The second scenario would involve flood induced failure of
the HPI system in conjunction with random failures of the CCW system and
again, random failure of the other service water pump. These two
scenarios can be eliminated based on the random failure probabilities and
a4 conservative pipe break frequency estimate of 1E-3/yr.

This zone is a single room on the wall of the Turbine Building (on the
opposite side of the wall from the mechanical equipment room #3) and has
a single door connecting this area into the Turbine Bay at elevation
9'6", This area contains one of the two charging pump service water
system pumps and in addition, contains a cable for the other charging

3=30
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pump service water system pump. ‘The flood scenarios in this room could
damage both trains of the charging prump service water system and hence,
fail the HPI. Again, two scenarios can occur which are a small LOCA
involving flood induced failure of the HPI in conjunction with a stuck
open safety relief valve or a seal LOCA due to flood induced failures of
the HPI in conjunction with random failure of the component cooling water
sysiem. The only water sources in the room are two small capacity pony
punps . However, Jlnods in the Turbine Building could enter this area
under the av.c. These two scenarios can be subsumed with the flooding
scenaring associated with the emergency switchgear room inasmuch as both
these scenarivs require additional random failures whereas scenarios
associated with the emergency switchgear room lead directiy to a station
blackout scenario. The cable associsced with the charging pump service
water system pump in the adjacer: mechanical equipment room enters
through the common Turbine Bullding wall at an elevation of approximately
4 foot ahove the floor level and tien exits through the ceiling. Hence,
a flood in “his room would have to floed the entire area over 4 feet in
order to fai. ooth of the service water pumps. With a 1E-3/yr pipe break
frequency, which is clexrly conservative, and the stuck opeu relief valve
probability of approximately 1E-4/demand this scenario can be screened
out. Similarly, random failure of the component cooling water system is
associated with a failure probability of approximately 1E-3/demand and
thus, would also screen out in conjunction with failures of the pon;
notors or pipes within the room alone. Also, for the secl LOCA case, a
readily available recovery action is to cross connect to the unit #2
component cooling water system,

Iurbine Building (Zone 31)

The Turbine Building elevation 9'6" was found to be a single zone in
conjunction with random failures in the vital area analysis, This arose
due to the fact that cables from both charging pump service water system
pumps enter the wall of the Turbine Building at approximately 7 foot
elevation above the floor and hence, any flood which shorted those cables
out would fail the HPI system in exactly the same scenarios as dir~ussed
for zones 45 and 54. However, a flood in the Turbine Building up to
elevation 7 foot above the floor level would Ly then have exceeded the
barrier into the emergen. switchgear room and hence, gave rise to the
scenarios associated with that zone which are more severe (station
blackout)} than the scenarios which would result in this case. In
addition, these scenarios for the Turbine Building require random
failures of the component cooling water system or stuck open relief valve
as discussed for zone 45 Hence, this flood zone can be screened since
it is subsumed by the scenario: associated with the emergency switchgear
room.

Control Room (Zone 5)

| This is at elevation 27 foot adjacent to the Turbine Building. The
control room itself has no water sources other than those associated with
alr conditioning and normal domestic water supply, Rooms surrounding the
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control room consists of lunch room and office space, Again, these
adjacent areas have no significant sources of water. Above the control
room is the normal (non-emergency) cable spreading room which has no
water sources. Hence, the only flooding that could occur in this room
would be due to flooding in the Turbine Building. This would require
flooding the Turbine Building to elevation 27 feet which, as discussed
above, would have already resulted in flooding of the emergency
switchgear room with its associated station blackout scenarios. Hence,
floods in the con*rol room (which is a sinzle vital area analysis) are
subsumed by floods in the emergency switchgear .oom,

Auxiliary Bullding (Zone 17)

The Auxiliary Bullding is a single vital area analysis zone because it
contains both the component cooling water pumps and the high pressure
injection pumps 2nd failure of those systems together leads to a seal
LOCA. All thes~ pumps are located at the bottom (two foot elevation)
level, The cubicles for the high pressure injection pumps flood are
isolated at the 2 foot floor elevation from the main floor area which
contains the CCW pumps, These walls extend to the 13' elevation., Since
there are no significant water sources either above or adjacent to this
area and flooding would have to reach the 13' elevation, this zone was
eliminated from further consideration.

This area is comprised of the rooms surrounding the containment and
contains the auxiliary feedwater system pumps and the low pressure
injection pumps., There are several elevations in the safeguards area.
The auxiliary feedvater and LPI pumps are on the ground floor elevation
level. This zone occurs in cut sets associated with additional random
fallures and two types of scenarios avre possible. The first is
associated with a random failure of the feed and bleed function in
conjunction with flood induced failure of the auxiliary feedwater system.
Random f~'" «res of feed and bleed are due, for example, to random
failures ot ae PORV or random failures of the HPI system. The second
type of scenirio is associated with a stuck open safety relief valve and
involves flood induced failure of both the auxiliary feedwater system and
the LPI1 system which thus results in failure of the long term
recirculation function. Since the random failure probabilities for the
I'ORVs, safety reiief valves, and the HPI system are approximately 1E-
4/demand and random pipe break frequency which might lead to a flood is
smaller than 1lE-3 per year it can be seem that these sequences
(conservatively) are less than 1lE-6/yr and hence, can be screened out
from further consideration.

Containment (Zone 15)

The containment occurs as a single zone in conjunction with random
failure of the auxiliary feedwater system. The containment flood must
fail a PORV. The PORVs are located on the top of the pressurizers.
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Cabling for the PORVs runs down the pressurizer, then is routed along the
containment wall out through the upper elevaticns of the safeguards area
and then directly into the cable vault/tunnel This would require
flooding of the contaimnment structure to approximstely the 18 foot
elevation, This scenario can be screened by virtue of a frequency of
pipe break being bounded by 1E-3 per year, the probability of a spurious
actuation Induced by the flood in the PORV (approximately 1lE-1 per
demand) and the random failure probability of the auxiliary feedwater
system which is approximately 1E-3/demand. Taken together these factors
demonstrate that the scenario can be screened from further consideration.

3.5 Summary

The scoping quantification study considered all possible external events
at the site except for seismic and fire events, since these two events
were included in a detailed external events analysis. The PRA Procedures
Gulde (Ref. 1), suitably augmented with other available information, was
used as a guldelines for identification of all possible external events
at the Surry site, Next, an initial screening process was carried out to
¢liminate events not applicable to Surry from the 1list. For this
purpose, a set of screening criteria was developed and then each external
event was examined for possible elimination based on these criteria,
After the initlal screening process was completed, the following events
were found to be potential contributors to the plant risk,

Alrcraft Impact

External Flooding

Extreme Winds and Tornadoes

Industrial or Military Facility Accident
Pipeline Accidents

kelease of Chemicals from On-Site Storage
Transportation Accidents

Turbine Generated Missiles

Internal Flooding

T LOCD

—
s

The degree of sophistication in the bounding analysis for each event
depended on whether the event could be eliminated based on only a hazard
analysis or a complete analysis including hazard analysis, fragility
evaluation and plant response analysis. The detailed plant response
analysis was conservatively neplected in evaluating the impact of these
external events,

The risk due to an alrcraft striking the plant structures and causing
unacceptable radiological consequences was screened out on the basis of
the probability of strike and the design of different structures.

Evaluation of the potential for flooding as a result of the most
conservative combination of Probable Maximum Flood (computed from

conservo’ ive estimates of probable maximum precipitation) and wind-
geners waves showed that the essential structures in the plant are
lovate: 've the probable maximum surge level and the risk of flooding

is neg. ibly small.
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Tornadoes and tornado missile impacts were eliminated on the basis of a
detailed computation of tornado strike probability and other features of
plant structures and components designed to withstand the effects of a
Design Basis Tornado.

The information availabl  from the Virginia Power Company was used as the
basls to assumed the safety of essential plant structures from damage due
to turbine missiles.

Finally, explosions due to pipeline accidents, transportation accidents
and both on-site and off-site chemical release were determined have a low
probability of affecting the site.

Thus, all external hazards except fire and seismic events were found to
be negligible contributors to the risk of core damage at the Surry plant,
Detailed evaluations of fire and seismic events are contained in the
remainder of this report,
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4.1.2 Hazard Curves Used For Surry

The hazard curves used in the NUREG 1150 PRAs were taken from two
sources. The first set of curves was obtained from the USNRC-sponsored
Eastern US Seismic Hazard Characterization FProgram (Ref. 1) being
performed by Lawrence Livermore Laboratories  _LINL), From this program
one can obtain a median hazard curve and an ¢stimate of the distribution
about the median curve. This is shown in Figure 4.1 where the mean,
mecdian, the 15th percentile and 85th percentiles are shown. According to
the principal investigator of this prograa, the distribution about the
median is nearly log normal so for use in the NUREG 1150 analyses a log
normal distribution was fit using the median and mean curves. From this
fit any particular percentile curve of the hazard curve family can be

| computed, Table 4.1 lists the numerical values used in fitting the LLNL
hazard curves,

A second set of hazard curves was obtained from the industry-sponsored
Electric Power Research Institute's Seismic Hazard Methodology
Development program (Ref. 2). The corresponding curves are shown in
Figure 4.2. These were also fit with a log normal model. The numerical
values used in fitting the EPRI curves are listed in Table 4.2,

Note that the mean hazard curves of Figure 4.1 and 4.2 are near or above
the 85th percentile hazard curve shown. This mean hazard curve will be
found to drive the calculation of mean core damage frequency estimates as
explained in Section 4.4.

The two sets of hazard curves shown in Figures 4.1 and 4.2 are
significantly different, buth in regard to location of the mean hazard
curve as well as to the range of uncertainty about the median curve.
This is not too surprising inasmuch as the emphasis of the t programs
was somewhat different. The EPRI Program focused on very detailed
geclogical studies of the sites in question, and resulted in a somewhat
finer zonation of each site. However, only three attenuation (ground
motion) models were used. Further, while a number of teams of
seismological and geclogical experts were .ssembled, each team was
proscribed to reach a consensus on the final hazard curve families
developed by that team.

By contrast, in the LINL program, considerable emphasis was placed on the
full range of attenuation models, and rather than a number of teams, a
total of 11 seismicity experts and five ground motion experts were
individually polled, and a full set of 2750 hazard curves were develcped
for each site by considering each expert's input equally likely. The
curves developed in this process encompass somewhat more uncertainty than
those produced by the EPRI process, and the increased uncertainty leads
to higher probabilities of nonexceedance for the LINL mean curve peak
ground acceleration values than are obtained from the EPRI distributions.

At this time, both sets of hazard curves are viewed by the US NRC staff
as being equally credible. As such, calculations of the seismic core
damage and plant damage state frequeucies at Surry are presented for both
sets of hazard curves in this report.

42



1.0E-01

1.0E-02

1.0E-03

1.0E-04 &

1.0E-06

1.0E-06

1.0E-07

Figure

Probability of Exceedance (per year)

'
E

B S 2 B TR N 02 AN e O R 010 AN O A 6 G

1 W H - A ik

Mean

0 0.2 0.4 0.6 0.8

Peak Ground Acceleration (g)

4.1, LINL Surry Hazard Curve: Meen, Median,

and 85th Percentile Curves

4-3

15th



0 F . ‘: |

D
m
'
O
o

0E-03

OE-04

QE-05;

CE-06

0.2 0.4 0.6

Peak Ground Acceleration |

Probability of Exceedance (per year)

0.8

a)

-

2
(@




B T T v ey T T T Y . R e o e st S -

Table 4.1

LINL Mean and Median Hazard Curve Values

Mean Hazard Median Hazard

PGALR) BexceedanceREL YOAL PexceedanzeREL YeEAL
0.05 4.,10E-3 1.67E-3
0.15 4. 26E-4 9.45E-5
0.25 1.2%E-4 2.03E-5
0,35 S, 40E-5 6.85E-6
0.45 2.78BE-5 2.92E-6
0.55 1,61E.-5 1.43E-6
0.65 1.01E-5 7.75E-7
0.75 6.74E-6 4,77E-7

Table 4.2

EPRI Mean and Median Hazard Curve Values*

Mean Hazard Median Hazard
ECA(R) EexcesdancepEL year EeoxceedanceREL year
0.05 1.92E-3 1.11E-3
0.15 1.35E-4 4.68E-5
0.25 3.28E-5 8.52E-6
0.35 1.21E-5 2.56E-6
0.45 5 .54E-6 1.01E-6
0.55 2.92E-6 4.77E-7
0.65 1.67E-6 2.38E-7
0.75 1.07E-6 1.19E-7

*Note that numerical values for the EPRI curve shown here differ
slightly from those published in the final version of Reference 2. The
final core damage frequency results reported here would be decreased by
12% using the latest EPRI hazard curves, with the relative importance of
components and sequences being unchanped.
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4.2 Response Calculations
4.2,1 Introduction

As previously described, seismic probabilistic risk assessments (PKAs)
can be considered in a series of steps: seismic hazard characterization,
seismic response of structures and components, structure and component
failure descriptions, plant logic models, and probabilistic failure cal-
culations. Section 4.2 deals with the frequency characteristics of the
free field ground motion (an element of the seismic hazard characteriza-
tion) and the sei:mic response of structures and components.

In a seismic PRA of a wuclear power generating plant's safety systems,
only the components affecting the operation of the systems and those
structures housing or supporting these components need to be analyzed,
FPlant logic models identify the components. Plant general arrangement
and mechanical drawings are then used to locate the components and
identify the relevant supporting structures. For the Surry Power Station
the specific safety-related components are housed in the Reactor
Building, Auxiliary Building, Safeguards Area, Emergency Generator
Enclosure, Containment Spray Pump Enclosure, Contrcl Room, and Intake
Structure. Figure 4.3 illustrates the general plant layout showing
relative location of these structures.

Seismic PRAs require as input best-estimate structural response, varia-
tions of response and correlation of response. A seismic PPA considers
earthquakes over the entire range of the seismic hazard curve: hence,
seismic responses must be determined over this range. Often, seismic
response determined as part of the plant design process is available.
However, this data reflects the conservatism associated with the seismic
design analysis methodology and considers only low seismic excitation
levels.

To determine structural response at the higher excitation levels required
by a seismic PRA, either the design analyses must be extrapolated or
reanalyses of the structures must be made. For this study, analytical
models of each structure identified above as housing safety-related
components were developed and used in a probabilistic response analysis
to determine the best-estimate seismic response of these structures,

The balance of this section will describe and summarize:

a, site and seismic characteristics

b. probabilistic response analysis of each structure

¢, 1in-structure responses which define the response .
safety-related components

-6
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4.2.2 8Site and Seismic Characteristics
4.2.2.1 B8ite Description,

The Surry Power Station site is characterized as a deep soil site of
alternating strata of clay and sands of the Pleistocene age., The
Pleistocene age strata lie unconformably on Miocene clays beginning at
elevation -38, Original ground elevation through the area of the site
was +34 ft. Finished pgrade exists at an elevation of 426.5 ft. The
Miocene clay 1is heavily over-consolidated extending to -280 ft in
elevation, Formations of the Eocene, Paleocene, Cretaceous and
Crystalline age exists beyo.d the Miocene clay strata. Figures 4.4a and
4.4b show the Pleistocene and Miocene age strata and foundation
elevations for the Surry Power Station structures.

4.2,2.2 Soil Properties and Earthquake Definition.

Two interrelated objectives for the initial portion of this investigation
were to!

a, define strain compatible soil properties over the range of
seismic excitation levels defined by the seismic hazard curves.

b. define the input motion for the probabllistic response analyses
of the structures

The safe shutdown earthquake (SSE) for the Surry site is defined to have
a peak horizontal ground accelevation of 0.15g. Three seismic excitation
levels were considered and defined by their peak ground acceleration in
the horizontal direction -- 0.15g (1 SSE), 0.30g (2 SSE), 0.45g (3 SSE).
They are denoted acceleration ranges 1, 2, and 3 in subsequent
discussions. These excitation levels were treated explicitly -- input
motions and probabilistic response for other levels defined by the hazard
curve can then be interpolated from the results,

In general, soil properties such as shear modulus and damping are a func-
tion of soil strain and consequently a function of excitation level,
i.e., acceleration ranges 1, 2, and 3 defined above. With higher
excitation levels, soil shear modulus tends to decrease while soil
damping tends to increase. Equivalent linear visco-elastic soll
properties as a function of excitation level were developed using the
program SHAKE (Ref, 2). The soil depesit is idealized as a series of
horizontal layers. Low strain soil properties were derived by
relationships between blow counts and shear wave velocity for the sand
strata (Ref. 4). The blow counts for the sand layers are given in
Reference 5. Shear modulus for the clay strata, both Pleistocene and
Miocene deposits, are reported in Reference 5 as derived from quick shear
test results on undisturbed samples. There are three principle layers of
strata with varying low strain soil properties as given in Table 4.3,
Estimation of equivalent linear strain compatible properties 1s preceded
by defining the relationship between soil shear modulus and straln (shear
modulus degradation curve), and soil material damping and strain, No

4-8
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Surry Power Station specific dalz were available, thus curves developed
by Seed and ldriss (Ref. ) were wused in the present investigation,
Vertically propagating shear waves are assumed to be the wave progation
mechanism by which horizont.] metion propagates to the soil free surface.
Nominal strain compatible soil properties for the three acceleration
ranges computed using the SHAKE code are shown in Table 4.4 and
Figure 4.5,

Table 4.3

Surry Power Station Low Strain Soil Properties

Shear Wave Unit
Thickness Velocity Welght
Layer No. R 3 5 M. G 47D - ~(pef)
1 20 740 110
2 40 610 110
3 280 820 110

-

The input motion used to develop these values and also to perform the
probabilistic analysis was developed from recorded earthquakes at soil
sites. A suite of ten earthquake acceleration time histories was defined
and scaled to each of the three excitation levels. F ' of the
acceleration time histories consists of recorded motions Lf actual
earthquakes from similar soil sites. A total of five recorded earthquake
acceleration time histories were selected and listed in Table 4.5 For
the purpose of the analyses a total of ten input acceleration time
his“ories in each orthogonal horizontal direction was created by rotation
of the two horizontal components, The median acceleration response
spectrum of the ten horizontal components is shown in Figurv. 4.6, along
with median response spectra for two types of similar soil sites: soft to
medium clay and deep cohesionless soil as reported in Reference 7. The
comparison shows that frequency content and amplification for the median
response of the ten horizontal components adequately the represent the
expected motion at the Surry Power Station,

4.2.3 Probabilistic Rcsponse Analysis

In recognition of the importance of tne effects of embedment and soil
structure interaction (881), probabilistic soll-structure interaction
building response analyses were used to generate median respenses for the
Surry Pover Station structures housing safety-rvelated components. The
methodology used is that of SMACS (Ref. 8) as implemented in the computer
program CLASSI (Ref. 9) utilizing the substructure approach. The
substructure approach to 851 is composed of the following elements:
specification of the free-field ground motion; determination of the
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Table 4.4a

Surry Power Station Strain Compatible Soil

Properties -- Acceleration Range 1
Elevation Shear Modulus Shear Wave
e ¢ 1 -2 T P < ) o - Velocity (fps) Damping
27.5 1805, 727 016
21.5 1172, 586, 026
16.5 883, 508. 033
338 699, 452, .038
6.5 825, 491, .039
3.9 755, 470, 041
-3.5 684, 447, 044
-13.5 620, 426, 047
+23.5 580. 412, 049
-33.5 588. 415, 049
-43.5 585. 414, 049
-53.5 596, 418, 049
-63.5 612, 423, 047
«73.5 624, 427, 047
-83.5 652. 437, 046
+93.5 628 429, 047
Table 4.4)b
Surry Power Station Strain Compatible Soil
Properties -- Acceleration Range 2
Elevation Shear Modulus Shear Wave
P £ o - I (KSE) Velocity (fps) Dawping
27.5 1388, 637, 022
21.5 722, 460 . .037
16.5 534, 395, 046
3.3 410, 346, .055
6.5 490, 379. .055
3.3 435, 357, 061
-3.5 374. 331, .068
«13.5 -3 308. 074
«23.5 319, 306, 074
-33.5 ST, 330, 069
-43.5 388, 337, .068
-53.5 398, 341, .066
-63.5 344, 317. 072
-73.8 291, 292. .078
-83.5 278. 285, .080
-93.5 241, 266, .088
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Table 4.4c
Surry Power Station Strain Compatible Soil
Properties -- Acceleration Range 3
Elevation Shear Modulus Shear Wave
BT (KSF) Velocity (fps) Damping

279 1190, 590, 026
21.5 623, 427, .04
16.5 444, 361, .050
b B 346, 318, .063

6.5 409, 346, 06w

38 358, 324, 070
-3.5 302. 298, 076
-13.5 266. 279. 082
«23.5 252. 272. 084
-33.5 264, 278, .083
-43.5 266, 279. .083
-53.5 273. 283. .082<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>