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ABSTRACT

The core vulnerable risk resulted from Reactor Building flooding events is
addressed as a part of the SNPS PRA.(1) The analysis was reviewed and
re-evaluated at BNL and the results are presented in this report. The BNL
review includes both qualitative and quantitative analyses of flooding
initiators, operator errors, and accident sequences which result in a- _
vulnerable core state. An es;im&te of the uncertainty for the coré vulnerable
risk is also included. :
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1.0 INTRODUCTION

At the Shoreham Nuclear Power Staticn (SNPS) the 6ajority of
safety-related equipment are located in the Reacter Building (RB). The
Shoreham Reactor Buiiding is a cylindrical building surrounding the MARK Il
containment structure. Water leakage from equipment in the reacter building
will drain to Elevation 8 (the lowest level of the RB) via openings and
.stairw¢11$ since there is no structural separation between safety systens. .
Flooding of the Elevation 8 ccmpartnen: may potential ly disable all the ECCS
because they are located in the Elevation 8 compartment.

The SNPS-PRA(1) has included flooding as a’ cammon-mode event which may
disab1z the ECCS equipment. The-SNPS PRA assumes that a critital flooding
depth of 3' 10" from the RB floor w111 disable all the ECCS equipment.
-Operator diagnosfs and isolation of the flooding before it reaches 3'-10" -
depth is considered in SNPS-PRA. A

Qecause of the potent1a1l} significant impact, the SNPS's evaluation of
the core melt, risk due to RB flooding warrants a special review. A field trip
to the Shoreham plant has been made by BNL bersqnne1 for obtain1n§ detailed
information on the equipment and power control layouts in the RB, especially
in the Elevation 8 compartment. BNL has determined that there are three
flooding depths (1'-3%; 1'-10*, and 3'-10") that 2re critical to the
. availability of various ECCS equipnent. The initiator, event tvées are thus
revised accordingly. ’

BNL also identified that the random failure of a equipment protect on
circuit breaker coinsiding wigh the RB flood event may cause the opagatfon
of failures to equipment powered by separated Motor Control Centers (MCC).
‘This potential common mode faflure event has also been modeled in BNL event
trees.

‘Shorehan Plant Procedure Guides relevant to the RB flooding have been re- -
vi ewed by BNL. BNL found that these procedure guides fail to require a sys- '
tematic check of system parameter indicators in the control room following a
RB Flooding Alarm annunciation. This may cause the operator tolignore an
abnormal system parameter, especially under a multiple alarm situation (such
as a turbine trip). ‘

Cr— v — —— . ——— T —— — - ——— - - — T ——
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BNL's revised event trees, gquantitative evaluation of core vulnerable risk
due to RB flooding events, and an uncertainty estimate for the core vulnerable
risk are presented in this report.

The report is organized as follows: Section 2 summarizes the SNPS-PRA ap-

proach to the flood sequence identifications and quantification. Section 3
presents the BRKL revision both in the methodology and in the quantification.

il

Finally, Section 4.0 summarizes the results.




2.0 SNPS METHODOLOGY AND ANALYSIS

2.1 Overview

The SNPS methodology for determining the contribution to the risk of the
internal floods can be divided intc three steps.

1. ldentification of water sources and pathways to Elevation 8 com-
partment.

Evaluation of operators responses and assessment.of likelihood of ar-

resting the flood.

3. Evaluation of system responses and identification of the sequences
leading to a core vulnerable state given a flood.

In the Shoreham PRA approach it was determired that flooding at locations
other than Elevation 8 would be bounded by the analysis of flooding at the
lowest level of the reactor building Elevation 8, since the flood water will
drain and cascade down to that level through stairwells and openings. All the
evaluations of flood are hence focused on equipment at the E’evation 8 level.

The volume of water required to flood the reactor building Elevation 8
compartment, with all equipment and piping installed, is estimated to be
41,600 gallons in SNPS-PRA for each foot of depth. The following drainage
systems are available to receive the initial volume of flood water:

- Reactor Building Floor Sumps
- Reactor Building Equipment Sumps
- Reactor Building Porous Concrete Sumps.

These systems have total sump capacity of 4,650 gallons, and total sump pump
capacity of 640 gailons per minute, however, they are not included in the
analysis.

The potential water sources which may release excessive water in Ele-
vation 8 are summarized in Table 2.1.1. For each of these sources, a pathway
investigation has been performed in the SNPS-PRA, to define the potential for
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flood at Elevation 8. Table 2.1.2 summarizes the water sources as evaluated
fn the Shoreham PRA., For each water source the largest possible flow rate has
been determined and the time required for the flood to reach the 3'-10" level
fn Elevation 8, have been estimated. These times are also given in Table
2.1.2. These times provide the basis for estimating the probability of
successful prevontion of flood at the 3'-10" level by operator actions.

A survey of all vital equipment by Shoreham identified a number of

_ components for the various accident mitigation systems which could potentiaiiy _
be 3ubm¢r9§d in the event of an internal flood. Based on this information, '
the critical height of 3'-10" was defined. It was assumed that if flood water
exceeds the 3'-10" level, all ECCS equipment would be disabled. Floo&ing
scenarios which are arrested before reaching the 3'-10" level, have been found
to contribute negligibly in the core damage frequency.

Functional event trees were used in the Shoreham internal flood PRA to
model the plant response given an.internal fldod initiator. The flood
initiator frequency was calculated based on two types of internal flood
precursors: online maintenance and rupture of piping, valves or pumps. These -
precursor frequencies are describad in Section 2.2. Given the occurrence of
these flood precursors, the progression of eventilwas modeled qsing initiator
event trees. Details of the initiator event trees are presented in Section
2.3,

;Since all thvaCCS systems are assumed lost given a 3'-10* flood, the only ’

' . available means for cooling the core are the feedwater and the condensate pump

ifnjection. The availability of these two systems depends‘on the state of the
. MSIVs and on the ultimate source of the flood (condensate storage'tank or
suppression pool). ' i

Because of thesé dependences.'the end states of thé ihit1ato; é#ent trees )
were classified into six categories each of which becomes the entry condition
for the functional event trees. Table 2.1.3 summarizes the information in a
matrix form. Each row of the matrix depicts cne of the 17 types of internal

—— s — - ————T - v—
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flood precursors, the columns represent the six entry conditions to the
functional event trees. The six entry conditions can be grouped into manual
shutdown, turbine trip and MSIV closure. Two possible entry conditions are
considered for each of these three initiators: f’ooding due to water from the
condensate storage tank (CST) and flooding due to water from other sources.

Based on these six entry condttions. six functional event trees were de-
veloped. An example is given in F1gurc Sedsls

2.2 SNPS-PRA Quant1f1cation of the Frequencx of Flood Initiators

" Two types of f1ood initiators were considered in the SLPS PRA,

1. Floods initiated by an accidental loss of isolation (valve opén1ng)
wh11q a component in the Elevation 8 area is dismantled for main-
tenance. '

2. Floods initiated by a rupture in the pressurized or the non-
pressurized part of the piping.

2.2.1 Maintenance-induced Flood Initiators

The frequency of the first type of initiator was calculated by estimating

the frequency of maintenance of various components based on operating

" experience data. The LER data base in Ref.2 identifies the observed failures
from turbine-driven and motor-driven pump failures. The data used in the
SNPS-PRA are summarized in Table 2.2.1. There are four failure modes for
pumps. i.e., leakage/rupture, does not start, loss of function, and does not
continue to run. The hourly LER failure rates characterize the ‘

" leakage/rupture failure mode, while demand failure rates consider other
failure modes. : :

The foI\oving LER rates are found for the four failure modes in
motor-driven and turbine-driven standby pumps.

Motor Driven Pumps |
- Leakage/rupture: 6 events/6,777,627 hrs. = 8.9x10°7/hr.

- Does not start, loss of function, and does not continue to run:
(5+4+6) events/(13,644 demands) = 1.1x10"3/demand

- - - - — - ——— e — — - - - —— e —— T T
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SNPS-PRA assumed that these pumps are in standby status until there is a
demand. The number of demand used in SNPS-PRA are 12 on the average per year
(four scheduled tests plus eight other occurrences). Hence, the maintenance
frequency for motor driven standby pumps per year is calculated as

(8.9x10"7 failure/hr)*(24 hr/day)*(365 day/yr) +
(1. 1x10‘3/demand)*(12 demands/yr) = 2.0x10~2 fai'lure/vear.

Turbine Driven Pump

SimiIfarTy. the maintenance frequency for turbine driven standby pumps per.
year is calculated’ as 0. 079 failure/year. '

'There are two motor driven pumps associated with the Core Spray System,
four motor driven pumps with the LPCI System, and four motor driven pumps as-
sociated with the Service Water System in which two are linked as a pair to
" the RHR Heat Exchanger System. There is only one turbine driven pump as-
sociated with the HPCI System and one with the RCIC System. Table 2.2.2
.summarizes the SNPS-PRA frequencies associated with'major maintenance
' operations based upon the above evaluation and a conservative estimate of heat
exchanger online maintenance. :

Sxbal Rupture Induced Flood Initiators

The frequencies of the initiators caused by loss of system integrity from
breaks or ruptures were derived from WASH-1400 failure rates of major com-
ponents involving external Jleak and external ruptures, based on assumptions
made in NUREG/CR-1363 (Reference 3). This information has been summarized in
Table 2.2.3. ' \

The calculation of each initiator is done by identifying the appropriate
type and 1ength of pip1ng and number of components susceptible to rupture and
summing the estimated yearly rupture rates. As an example the total number
of valves involved in the HPCI discharge system are 3 (2 MOV's and 1 Check
Valve); there is no pump involved (Table 2.2.5) and the total length of piping
is 76'. - Referring to Table 2.2.3, the rupture failure rate for 100' of pipe
section is 4.3x10-11/hr, and for external failure of a valve is

—— - - e e— — | —— e ——— o — . p— - - e T PTI Se
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1.3x10‘9/hr. The total length of pipe in the HPCI Discharge System is es-
timated to be 76' (Table 2.2.5).

(3 valves)*(1.3x10"9/hr) + 76'/100' (4.3x10-11/hr)
= 3.9x10"9/hr or 3.5x10"5/yr.

Since the flow rates through suction line breaks are time dépc.ient (.e:,
a function of the varying water h:ad 1n'fh¢ source) and a strong function of
- +«the break shape and size, a simpl . fied model based bn historical experience
and engineering judgement is used in the Shoreham PRA to describe the con-
~ ditional probability of break size. Table 2.2.4 summarizes the classes of .
break size examined. ' ' '

These probabilities; are combined with the frequencies estimated for .
initiators associated with core spray, HPCI, RCIC, LPCI, and Service Water
Rupture/Leaﬁ Suction System failure to obtain the initiating event frequencies
for non-pressurized piping. - Table 2.2.6 summarizes the frequencies of
initfators due to the loss of system 1ntegr1t& from breaks or ruptures.

2.3 Initiator Event Trees'

The probability of causing a.flood due to component under maintenance or
‘the probability of not arresting the flood fs calculated with the help of
~initiator Event Trees. These trees are shown in Figures 2.3.1 through 2.3.17.
A discussion of the P, D, E, I, and A events in the event ;regs follows.

a. Event P - Operator removes power from equipment and valves.

The removal of powef from equipment and its 1solaé16n valves is a re-
qdired proéedUre during a maintenance in both fossil and nuclear power
stations. The equipment and isolation valves are electrically discon-
nected from their associated power supply by pulling and tagging the
appropriate breaker at the MCC. A second qualified person verifies

_ the correct implementation of the tagging order and placement of the
clearance tags. ‘

"A human error probability (HEP) of 0.01 is assigned for this operator
action. This value is determined using the probability data given in
NUREG/CR-1278(4) (p.20-23).

- — —— ——— - ———— —— ——— * - vt . . Garm - - -
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Event D - System not demanded.

During the maintenance process there is a possibility that the safety
systems will be demanded because of a transient challenge. Isolation
valves will automatically open if the operator has failed to remove
power from the isolation valves (Event P).

; Event £ - Operator maintains isolation.

During on-line maintenance with the equibment disassembled, the isola-
tion valves need to be maintained in closed position throughout the
duration of the maintenance process. ‘However, an operator error could

inadvertently open 1so\at1on valves.

SNPS concludes that 1‘ is unlikely that the operator will manually
open these valves locally in the RB and fail to notice the flgod.
Opening of the isolation, valves at the MCC is also concluded by SNPS.

to be unlikely.

The remaining possibility is that the valve is opened from the control
room (given Event P). The panel switch could be activated by three
events. These events are: the operator mistakenly operates the
switch; a command fault to the valve; or the operator inadvertently
cperates the switch., The probabilities for these events are 10'3.
104, and 1072, respectively.

Event [ - Flood annunciation.

The excessive water in reactor building is annunciated by alanus in
the control room. The.probability of the operator to fail to notice
the alarm (the 1ight is in a "back" panel) is assessed at 1073,

‘Event A - Operator diagnoses and responds to isoiate the flood.

The operator must identify the source of and isolate the flood before

it reaches the 3"-10" level. This event is coﬁsideéed by SNPS under

two conditions as follows.

1. Operator isolates flood after auto occurrence, e.g., turbine trip
or MSIV closure (Event AA)' Multiple alarms will occur in the
control room at the same time as the flood alarm.
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2. Operator isolates flood after manual occurrence, e.g., power oper-
ation or manual shutdown (Event Ay). Only the flood related
alarms will annunciate in the control room.

The HEP data providgd in NUREG/CR~1278(4) (1982 Edition, Chapter 12)
are applied by SNPS for their evaluation. 'Figure 2.3.18 and Table
2.3.1 show the timolvaryihg cumulative HEP for both the single and the
multiple occurrence conditions. ' :
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Figure 2.3.16 Initiator Event Tree for Postulated Flooding Sequences
: Initiated by a Maximum LPCI Suction Line Break
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Table 2.1.1 Summary of Potential Water Sources and Types
of Initiators Which may Lead to Release of
Excessive Water in the Elevation 8 Compartment

"O. Of s
. Source Quantity (Gallons) Lines Systems Involved
~ Suppression Pool . ~ 160,000* 8. CS,LPCI,RCIC,HPCI
Condensate Storaqe Tank (CST) §50,000 - 4 CS,HPCI,RCIC
Roactor Primary ‘System** F] 42,928 '
b). 152,928

Screenwell (Long Island ' : k :
Sound) Unlimited 4 - Service Water
Water Fire Protection Systcm ’

Storage Tank’ , '600,000 Many Fire Main

*Total water volume in the suppression pool at the high water level mark is
608,500 gallons. However, only a portion of the water can be drained’ :
through ECCS pump suction piping A

"Figure (c) includes natcr from the bottom of the corc to normal water \ovol
in the RPV, Figure (b) includes (a) plus condenser hotwell water.
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Table 2.1.2 Summary of Internal F.voding

Source, Pathway, Flowrates,
Flooding Depth

-
and

Elevation 8 Flooding Time

Source Location

. Flow Rate

(Minutes*)

3'-10"

gpm*

Suppression

Pool HPCI Pump Suction

RCIC Pump Suction

LPCI Pump Suction
(Max/Large )**

CS Pump Suction

LPCI' Pump Suction

CS Pump Discharge

Condensate Storage
Tank (CST) HPCI Pump Suction
(Max/Large)**
RCIC Pump Suction
CS Pump Suction
(Max/Large )**
HPCI Pump Discharge

cservice

Water RHR Heat Exchanger

WFPS Rupture of ‘8" Pipe

*These flood times were calculated

9600
1500

17000/8500
13000
10500
Pump Runout)
6850
Pump Runout)

1200/6000
2100

1200/6000

4350
(Design)

8000
(Pump Runout)

" 4000

based on a failure of the sump pumps to

successfully operate and a 41,600 gallon per foot depth in the reactor
building given in the Shoreham FSAR.

** arge flow rates assumed to be 1/2 maximum flow.




Table 2.1.3

Summary of System Event Tree Entry
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States by Initiator Type

SYSTON CVONT TRCE CNTRY CONDITION TRCQUCNCY (Per ka Yr)
INITIATOR "0 M- 1-0 1-¢ 5-0 $-c
160" 1.8020°% 7.6u10°° wome®
Ny . s.210"7 s.2m0"’ 2.5m0°7 s.0010"¢
s v.0u0°® 1axi0™®
Tre s.0u10°7 . 430°
tha 3.6n10° 6.1a10°®
1 1.0n0°7 1310”7
e 0 o
Tas 6. 410"’ 28107
Sk 1.1a10" 2.0n0° 9.0x10"
e 1.3a07 .m0 s.810”
- 2.m0°? 2.0010°° 1.me?
;o 1.8n0° R N U - rsae’?
- 1.ox10°7 2.0
T 2.6n10" 7.800°
R 1ea0”® ' 2001078
Thas wanot : 25007
' Lane® °? 6.6u0”
True - 8.1110 6210
bnia 2.4000"7 s.8a10°’ 2401077
10TALS 1607 8. 210"’ 2.2010"% 30007 1o ® s.5210"
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Table 2.2.1 LER Data for BWR Standby Pumps for the Period
of January 1972 Through April 1978

Does Not

Standby Standby  Leakage Does Not Loss of Continue
‘ Pumps Demands Hours - ' Rupture Start Function To Rup
Motor: ; ' ' '
Driven 13,644 * 6,777,627 6 . 5 . 4 6
Turbine : . \ N ' e, .
Driven - 1,820 868,033 - 1 = RN

‘ chlo 2.2.2 Frequency-of Online Major Maintenance

Systlm in the Reactor Bui\ding
. Fréquoncy (Per . Initiator

System ‘ Year) SNSP-PRA Event Tree
Core Spray (Motor
Driven) : 0.042 - TEL3
LPCI . (Motor Driven) 0.084 : TFL4
WPCI (Turbine Driven) 0,079 S TRL2
RCIC (Turbine Driven)  0.079 TFLL

Service Water (RHR or : ' i
" RBCLCW HX) (Hotor Oriven) 0.042 -, TFLS - v
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Table 2.2.3 Summary of Failure Rates for Major Components
Involving External Leak and External Rupture

Total Failure Rupture*
Parameter Rate Rate/Hr (Mean) Reference Failure Rate/Hr
Pipe Failure Section '
(100') ‘ -+ 8.5E-10 WASH-1400 4,3E-11
External Failure of ' '
a Valve 2.7€-8 WASH-1400 1.3€-9
External Failure of ' '

a Pump 3.0E-9 WASH-1400 ' 1.5E-10

*Based upon the operating experience to date, given that a failure occurs, the
ratio of external leaks to complete failures appears to be in the range of 20
to 1. This is substantiated by'the specific da{g review cited in the text
for values (18 to 1) and data published by Bush ) on pipes (4 to 1 up to
30 to 1). Because the internal flood evaluation is based upon initiators
with substantial flooding rates, i.e., short operator response times, only
the catastrophic or large external rupture failures are treated in this
evaluation.

Table 2.2.4 Conditional Probabilfty of Pipe Break Size

Break ' Conditicnal.’
Size Characterization Flow Rate : Probabili: i
Maximumn Guillotine Break 100% 0.05
Large Substantial Rupture 50% 0.10
Small* Localized Rupture in Ductile

Material 13% 0.35

5Remi1hdér'of the conditional probability was allocated to sﬁp1l breaks.



Table 2.2.5 Initiating Event Frequency Estimates
Involving Component Leak/Ruptures

INITIATOR

SOURCE

PUMPS

PIPING
LENGTH (FT)/
SECT/DIA (IN)

ESTIMATED ~
rneogsucv/,
Y

TRPCI
| Discnarge |

| TeLs
.
Discharge
TeLs
LPel
Discharge.
Ters

Service
Water

Trg

WFPS
TrLio

RCIC™
Suction

TR

HPCIw=
Suction
Te12TrL1s

'CS"
‘Suction
TeL1a TeLts

LPCL>
Suction

TeL1s TrLly

*CST is assumed to be the source.

CST/SUPP
SUPP

SUPP

Service
Water

e m -

WFPS

CsT

| cgTee

cST*,

SUPP

N 0 %> 4

76/1/14

128/2/12

~ 240/6/16

715/8/10-20

157/2}6.3 '
70/1/6
87/1/1§
120/2/12° '

120/2/20

**Syction failures are also classified by flow rate.

3.58-5
. 6 OSE-S
2.58-4

‘ 1715-5 '!.
358
3.5E-5
| 8.5

SOZS.S
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Table 2.2.6 Calculated Frequencies for Initiating Events
' Resulting from System Ruptures (SNPS-PRA)

Initiator Frequency (Per RX Yr)

Pressurized P1pin9

HPCI Discharge Break, TFLE 3.5x10°5

CS Discharge Break, TFL7 ey, Pl 6.9x10"5

LPCI Discharge Break, TFLS i ' 2.5x10%4
SW Discharge Break, TFL9 = | 1Lax10-4 .

" 'WFPS Discharge Break, TFL10 " 1.1x10-5

Non-Pressurized Piping

RCIC Suction Failure, Tr1; (max ) | | . 1.75x10"6=
HPCI Suction raiiureg TF12 (max) T 1.75x1076«
HPCI Suction Failure, TF13 (large) 3.5x10"6+
¢S Suction Failure, TF14 (max) |  2.5x1076»
cs Suciion Failure, TFI1S (arge)' E e 4.9x10"5+
LPCI Suction Failure, TF16 (max) 2.6x106»

LPCI Suction Failure, TF17 (large) =~ - 5.2x10-6+

*Modi fied based upon engineering judgement made on the size of Tow pressure
suction line breaks. .
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Table 2.3.1

THE PROBABILITY THAT.FLOOD REMAINS UNISOLATED FOR X MINUTES
AFTER AUTOMATIC PLANT ACTION: E.G., TURBINE TRIR OR MSIV CLOSURE

X .'P(f'cr multiple event) P(for single event)
1 PEE 1.0
0 | tieetndsos . 03
T 0.11 001
30 . 0.011 1.1£-3
® a0 2,08
1s00 | . 1.16-4 1.1E-4
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3.0 BNL ACCIDENT REVIEW AND SEQUENCE QUANTIFICATION

This section discusses the quantification and review of the internal
flooding accident sequences in the SNPS-PRA due to system maintenance and pipe
ruptures. The section is organized as follows. Subsection 3.1 presents a

summary of the approach used by BNL to calculate the initiator frequencies.
"Subsection 3.2 discusses BNL quantitative review of the 1n1tiator'event trees,
and Subseetion 3.3 presents the functional event tree analysis end evaluation.

g * 1 Flood Precursor Frequengx . t

Th1s review revised the assessment of the frequency of the flood inftia-
tors in two ways. First the experiential data' for the estimation of the var- .
fous failure rates were revised to include recent events. Second, the
models for calculating the frequancy of floods (or probabi1ity per year of
reactor operetion) have been improved by removing unnecessary conservatisms.
As it was already discussed in Section 2.2, two types of initiators were con-
sidered: a) maintenance-induced 1n1t1ators. and b) rupture-induced initiators.
The revised frequencies for these types of initiators are presented in the
following'two'subsections.

3.1.1 Maintenance-Induced F1230d Initiators

A flcod can be initiated during the maintenance of a component of the ECCS
or of another system in the Elevation 8 area if the maintenance process
requires d1smant11ng of the component and one of the 1soIetion valves opens

g '1nedvertently while the component is being maintained.

" The components that contribute to these 1n1t1ators are the pumps and the
heat exchangers in the Elevation 8 area. These are standby components that
can fail in a time-dependent fashion while on standby. Periodic tests are
performed to check their operability and if found failed they are put under |
repair, ' ;

A Markov model thai describes the stochastic behavior of these components
~ has been developed and quantified. The important characteristics of this
model are as follows:
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i) The component can be in six states (see Figure 3.1.1).

ii)

iii)

iy)

v{)

vii)

In state 1 the component (pump, heat exchanger) is available, that is
ready to start operating if asked to do so.

The component while on standby can fail with exponentially dis-
tributed times to failure. A failure brings the component into
state 2 (see Figure 3.1.1). ;

The failure remains undetectable until a test is performed or a real’
challenge is posed to the component. A test that will find the com- . .

ponent in state 2 will initiate a repair action. The same will hap-
pen follewing a real demand for the component.

There are three repair states. States 3 and 3' in which the com-
ponent is under repair while the reactor is online, and State 4 where
the component is under repair with the reactor shutdown.

Following a test that finds the component failed and before the dis-
mantling of the component, all the appropriate motor operated valves
must be closed and their breakers racked out from the corresponding
MCCs. There‘is,'however. a chance that the operator will not remove
the breakers from the MCCs leaving then the MOVs able to open fol-
lowing a signal to do so. If the probability of such an error is P,
then a test brings the compone % from State 2, to State 3 with '
probability 1-P (breaker removed, and to State 3' with probability
P. ' t

The component remains in States 3 or 3' until the repair is completed
and then it returns to State 1, or until the allowable outage time is
exhausted and then the component transit to State 4 where the repair
continues with the reactor shutdown. When the repair is completed,
the reactor is brought back online and the cdmbonent returns to State

1 (Transition 4 to'1). ' '
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Quantification

The solution of the model requires the quantification of the following
parameters.

i)

i)

111)

iv)

The catastrophic failure rate A.  This failure mode implies such
" failures that require major maintenance (dismantling) of the com-

- ponent. The SNPS-PRA used the data presented in Table 2.2.1 from Ref.

2. BNL has updated this table using additional data included in an
updated version of Ref. 2 (hef.G). The new data are summérized.in-
Table 3.1.1. '

Maximum likelihood estimators for the failure rates

number of failures
A=( ) yield
total operating time” °

1-5.7x10'5/hr for Turbine Driven Pumps
and - . -
2=3.3x10-8/hr for Motor Oriven Pumps ‘
The mean times to repair were assumed 100 hrs and 50 hrs for the
turbine driven and the reactor driven pumps) respectively. Thus
' u-10‘2/hr for Turbine Driven Pumps
and.

u-leO'Z/hr for Motor Driven Pumps.

In the BNL revision of the SNPS PRA, the frequency of transients ‘
involving MSIV closure has been assessed at 4 42/yr- Thus, the
frequency of transients on an hourly basis is

_Ap=5.0x10"4/hr

Tests. are performed.evgry 3 months (4 times a year) for, both motor-
driven and turbine-driven pumps. The allowable outage times are 14
and 7 days for turbine-driven and motor-driven pumps, respectively.
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v) The probability of not racking out the breakers of the isolation
valves (P) is assessed in the SNPS-PRA as 1072, The same value is
used in these requantifications.

‘ vi) The mean time for inadvertently activating a particular switch in the
control room has been assumed equal to'10.000 hrs. This implies a
rate of

Ao=10-4/hr.

Quantification of the Markovian model with the numerical values of.the
parameters mentioned above yields the probab111tfes per year for the various
maintenance induced floods. The results are tabulated in Table 3. 1. L.
Additional assumptions are: the Core Spray System consists of two motor driven
pumps, the LPCI consists of four motor driven pumps and that RBCLCW heat
exchangers are equivalent to motor drtven pumps. i

3.1.2 Rupture-Induced F1ood Initiators

A flood can be initiated if a rupture occurs at any point in the pressure
boundary of the various systems in the Elevation 8 area. Such a rupture will’

‘involve one of the following three types of components: 1) piping; 2) valve;
‘and 3). pump. The model assumes that catastrophic ruptures occur in the fol-

lowing way. A component fails in such a way that if it is demanded to ope-
rate then a catistrophic rupture (large enough to allow the flow rates neces-
sary .for the flood sizes of interest to this analysis) will occur. That is,
the component transits first in a'rupturefvu1nerab1e'state and then, when a de-
mand occurs, it ruptures. '

A Markov model that decribes this stochastic behavior has been developed
and quantified. The model is graphically depicted in Figure 3.1.2. The basic
characteristics of the model are as follows:

(1) The system in question (HPCI, RCIC, LPCI CS, RHR, RBCLCWHX) is in
state where it is available to perform its function.
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(ii) The system transits to State 2, which is a rupture vulnerable state
with failure rate ig.

(iii) 1f a demand occurs while in State 2 a flood is initiated. A demand
occurs whenever a transient, a manual shutdown or é test occurs. We
_distinguish three flood states: State 3, which is a rupture trig-
gered by a transient involving an MSIV closure; State 4, which is a
rupture triggered by a turbine-trip transient; and State S5 which is
rupture tr'ggered by a manual shutdown or an equipment, test. .

The solution of this model yields the probabi11t1es that the system w111
occupy States - 4 and 5 denoted by Pg, Pr, Py, respectively. These
probabilities at the end of one-year period provide the frequency of rupture-
initiated flood precursors. The expression for these probabilities is '

AR A
P g F ——— = -Apt - :- -xt " "
i(t) .x-lR.[(l e~ R*)/ag=(1-e"A%)/A] "
where i = S j §

F 1s the number of tests per year.
Aj is the rate of arrival of a transient of type i (1-5 T)
, AR is the rate of catastrophic rutpure failure in the system
and
A is the rate of arrival.of any transient (A=ig*Av+iy)

For the.manual shutdodm the corresponding expression is

AMAR . ' AR . il 3 -
= o — - -x t - ‘- 'lt 'X T- XT 3
FM(t) F[X-XR(I e~ R )/xR (1-e /A + -;.TR-(Q R'-e )] (2)

Quantification

For a given system having pipirg of length L nv valves and np pumps
‘the fai1ure rate A\p is equal to '
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where A, lp are the catastrophic rupture failure rates for valves and
pump and X' the same failure rate per unit of piping length.

A search of the LER, has indicated that at least one pipe rupture (welding
failure) has occurred in the ECCS piping in the 215 accumulated BWR years (see
Ref.8). ; , ' |

 This provides a maximum Tikelihood esiimator for the'rupture failure rate:
of (1/215yf-5.31x10'7/hr). Assuming, as in the SNPS-PRA, that only one out
" of every twenty ruptures will create a break 1aﬁge'enodgh to generate floods
' ‘of the sizes-df'concern to this analysis, the catastrophic piring rupfure rate
becomes 1=2.7x10-8, This of course is applicable for the total length of
safety related piping (denoted by L).

For a particular system with a total of piping length 2, then the
AcatastrOphic rupture rate for piping becomes

A" o= (i)x2.7x10°8/hr ‘

(4)
where l/L denotes the fraction of the total length of the pip1ng that belongs
to the particular system.

For the rupture rates of the vaIVes and the pumps, the HASH 1400 values
were used (see Table G.4-4 in SNPS PRA). Using the length of piping, number
of valves and pumps provided in Table G.4-5 of the SNPS-PRA, and by virtue of
Egs.1-3. ' The total failure rate Ag for the various systems a1ong with the
‘probabilities Pg, Pr and Py were calculated. ' The results are tabulated
“in Table 3.1.3.

A total of 13.51 transients per year were assumed (4.42 MSIV closures,
. 4.89 turbine trips.and 4.2 manual shutdowns). = . | , X

The splitting between maximum and large floods for initiators TFL12-TFL13,
TFL14-TFL15, TFL16-TFL17 was done as in the SNPS-PRA, that is, 1 to 2. The
additional factor of 20 used in the SNPS-PRA to accourt for non- pressurized
piping is not assumed in the BNL quantification.
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3.2 BNL Quantitative Review of the Initiator Event Tree

The quantitative review of the initiator event trees is discussed in the
following subsections.

3.2.1 Review of Flooding,Alarm Related Procedures

The RB water level is detected by two RB water level nonitors instal led on
the RB floor. The flood alarms are activated by the monitors when. the water
level is more than 0.5 in. above the floor. The sump alarms will be activated
. when water 1evel reaches the sump “alarm setpoints installed at a level r1ghz
below the level that activates the RB flood alarms. Sump alam sensors are
installed at.various locations in the RS.

The immediate operator action specified in the Alarm Response Procedure

(ARPS671) is to initiate the Suppression Pool Leakage Return System. The re-
quired subsequent actions are:

1. Monitor RB water level to determine approximate leak rate. Use sump
alarms to supplement the information obtained from the above
. instruments to ascertain the approximate location of the leak.

2. Monitor parameters (such as line pressure and flow rate) of the safety
systems as a leak would affect the system parameters. Isolate.the
source of leakage per procedure listed below in Step Je

3. If required and plant condition permit, dispatch ar operator to the RB.
floor to visua11y'10cate the source of leakage. Isplate_using the ap-

propriate system procedure listed below.

System
HPCI, Procedure No.SP23.202.01
Leakagé indication: .. Abnormal suction or' discharge piping pressure.
. Excessive HPCI Loop Level Pump Flow or low dis-
charge pressure.

e - — -
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. Reactor building sump high water levels in vicin-
ity of leak.
. Reactor building flooding alarm.

Leakage isolation: . If in standby, isolate the HPCI system by secur-
ing the HPCI Loop Level Pump and then closing
CST Suction Valve (MOV-031). R

. If the system is operating, secure per shutdown
+ procedure and then isolate as described above.

RCIC, Procedure No. SP23 119.01
Leakage indication: . Abnormal suction or dischdrge piping pressure.
. Excessive HPCI Loop Level Pump.
'« Reactor buildfng sump high Qater Tevels.
. Reactor building f]ooding alarm.

Leakage isolation: ., If in standby. isolate. the RCIC system by secur-
: 1ng the RCIC Loop Leve] Pump and then closing
CST Suction Valve (MOV-031).. -
. If the system is operating, secure per shutdown
'procedure and then 1so1ate as described above.

RHR Procedure No.SP23.121. 01
Leakage indication: . Heat exchanger service water side temperaiure
: ' inconsistencies.

. Abnormal RHKR system flow fbr mode of operation.
. Abnormal RHR system pressures for.mode of oper-

ation. £ '
. Reactor water level inconsistencies for mode of

operation. ' '
. Sump high level alarms.
. Reactor building flooding alarm.

Leakage isolation: . Isolate the leakage by shutting down the affected
: loop in accordance with the appropriate procedure
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for the mode in which it was operating and then

systematically shutting valves to isolate areas
of the system found above to be possible sources

‘ of leakage.

' . The above isolation procedure ‘may require 1nter;
' mittent operation of the leakage return system to '
‘observe the effects on water buildup. iy
. When the leakage has been isolated return the un-

affected portions (as required) to service.

BNL has found that SNPS alarm response procedures specify general
guidelines for monitoring system parameters for determining the leakage loca-
tion and for initiating the leakage isolation. However, the procedures fail
to include specific requ{rements'for operators to systematically check the
operation parameters of relevant systems. Since there are many system para-.
meter indicators in the control room, the operators miy pbssibly fail to ob-
serve the indication of an abnormal system parameter.

When the abnormal condition is severe enough to actuate the alarm of a
particular system parameter, the corresponding Alarm Response Procedure will

‘then be followed by .operators. However, BNL has reviewed.the relevant Alarm
: Response_Procedures for abnormal system parameters, and found that these

procedures do not contain steps that should be followed under RB flood con-
ditfons. These procedures provide quidelines for conditions other than R8.
flood, such as'water source abnormal or isolation valves abnormal, etc. The
ope}ator responses to the flood could be delayed or confused when these Alarm
Response Procedures are followed.

3.2.2 Rquant1f1cation

' The revised initiator frequencies are applied for evaluating the sequence
frequencies of the initiator event tree. In addition to the critical flood
depth of 3'-10" used by SNPS, BNL also evaluated the sequence frequencies cor-
responding to £100d depth of 1'-10" and 1'-3". This is because, as indicated
in Table 3.2.1, flood heights of 1'-10" and 1'-3" will disable several vital
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systems such as HPCI and RCIC. The times for the flood to reach 3'-10%,
1'-10", and 1'-3" depth were calculated based on the leakage flow rates de-
termined in SNPS PRA. The calculated times are shown in Table 3.2.2.

The HEP values used by SNPS are identical to the nominal HEP values
provided in'the Probabilistic Risk Analysis Procedure Guide(7) (see Figure
3.2.1 and Table 3.2.3).  BNL feels that the HEP could be higher than the
nominal HEP values because the flooding alarm related procedures fail to
pro%ide specific guidelines to.identify and'to'isolate the flood source (see
Section 3.2.1). | ‘ ' ' ’

The HEPs under the multiple alarm and the sing1e‘a1ann'conditions are
listed in Tables 3.2.4 and 3.2.5.

3.3 BNL Review of Functional Event Tree

This section is divided into three subsections. Section 3.;.1 provides a
qhalitative’review of the Shoreham Internal Flood event tree analysis and Sec-
tion 3.3.2 presents the BNL revised time phased event trees. Section 3:.3.3

- describes the results obtained from the quantificat1on of the BNL event trees.

3.3.1 Qualitative Review

In general, BNL is of the opinion that the methodo}ogy'used in the
Shoreham Internal Flood Analysis is consistent with that of the
‘state-of-the-art and the approach is reasonable. The analysis for the inter-
nal flooéd postulated much severe scenarios than those of the Shoreham FSAR.‘

The Shoreham Interna] Flood functional event tree analysis is based
predominantly on the event trees developed for the internal event initiators,
namely, turbine trip, MSIV closure and manual shutdown. These internal flood
functional event trees only model flood scenarios where the flood water height
at Elevation 8 exceeds 3'-10". While 1t appears that the Shoreham functional
~ event trees do provide a representative modeling of the plant response, it is

not well substantiated that floods that are arrested before reaching 3'-10"
will result in negligible core vulnerable frequency.
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Table 3.3.1 enumerates the vital equipment that hac been identified in the
Shoreham analysis. The components that are located at the lowest elevation
are presented first. It can be seen that at the 1' level, both the RCIC and
HPCI vacuum pumps and condensate pumps are expected to be disabled. However,
it is judged that theijr fai1ures do not lead to the failure of the respective
high pressure systems. Similar arguments apply to the 1oop level pumps of the
low pressure core spray, HPCI and the RCIC systems as well. At approx1mate1y
2', instrumentation for both high press;re inJection systems are submerged and
hence resulting in failure of both- systems. At 3'-10" instrumentation for
both LPCS and RHR is submergedr1eading to the failure of those low pressure
systems. In the-Shorehem-ana1ys€s the critical height of 3'-10"" is selected.
However, since both HPCI and RCIC have failed at about the 2' level, these
. scenarios with termination of the flood pricer to 3'-10" may not-contrjbute an
insignificant amount to the core vulnerable trequency. In the BNL revised
event trees, a time-phased approach is used to include the contribution from
flooding below the 3'-10" 1eve1

Another area of concern stems from the treatment of propagation ot
failures in the Shoreham analysis. As noted in Table 3.3.1, at the 1' level,
4-480V pumps are expected to experience electrica] shorts. The Shoreham an-
alysis did noc 1nves*10ate any cascading failure which may result from the
electrical shorts. . BNL reviewed the electrical drawings and eIementary
drawings for some >f the systems. It appears that for each pump there is only
one electrical breaker which separates it from the rest of the loads in the .
same motor control center (MCC). Random failure of this br:aker to open could
resu1t in the propagation of the short circuit fault upstream to the MCC,
other MCCs and the load center. BNL's review of the electrical diagrams
indicates that failure of the breaker to open will result in tripp1ng the
breaker at the load center. Discussions with Shoreham eng1neers suggested
that there may possibly be an additional breaker per pump that is in series
with the first breaker. However, th1s'was not confirmed by BNL. In the BNL .
revised event trees, only one breaker is assumed and its failure is modeled
‘explicitly. '

BNL did not review the spraying effects due to water cascades from higher
elevations.
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3.3.2 BNL Time Phase Event Tree

The determination of the time periods which are critical to the con-
sideration of the progression of the flood is based on the vital equipment
Tocation 1ist (Table 3.3.1). Three heights were selected for the BNL anal-
ysis: at the 1'-3" level, at the 1'-10" level, and at the 3'-10" level. If_
the flood is terminated prior to reaching the 1'-3" level, no impact is as-
sumed for any equipment and the pTant'w111'be shutdown, this is Phase 1. How-
ever, if the flood water. exceeds the 1'-3" level but is terminated before the .
1'-10" level, th's is Phase II. Phase III entails the failures of both HPCI

and RCIC system as well as the loss of power to the MG set recirculation pump .

fluid coupler before arresting the flood below the 3'-10" level. Any flood
level which exceeds the 3'-10" level, it is treated in Phase IV.

The eyeht treei'of these four phases are présented in Figures 3.3.1
through 3.3.4. Given that the flood is terminated in Phase I, BNL assumed
that the reactor has a high probability (0.9) that it will be manually shut-
down. Ten percent of the time, it may result in a MSIV closure event. These
two branches of the Phase I event trees are transferréd to the respective '

internal event tree, Figure 3.3.1.

Figure 3.3.2 depicfs the Phase II functional event tree which considers
the various accident mitigation systems. Moreover, owing to the fact that a

number of the 480V pumps will be flooded, the possibility of a breaker failure

to isolate the fault is also evaluated. It is assumed that the breaker
failure to open probability is 1x10~3 and there are.a total of.five4pumps in
Division 1 and two pumps in Division Il that will be short circuited. A
probability of 0.5 is also assumed that failure of a load center in a division
would lead to failure of other equipment connected to that division. In the
event of a MSIV closure, the feedwater system is considered to be unavailable.
The probability that the reactor will be manua11y shutdown is also assumed to
be 0.9 for the maintenance induced flood events.

Figure 3.3.3 illustrates the functional event trée used to describe the
Phase Il events. The major difference between this event tree and the Phase
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Il tree is the high pressure systems. In the Phase IIl events, both the RCIC
and the HPCI systems are unavailable due to the failure of respective
instrumentation. The probability that the reactor will be manually shutdown
is assumed to be 0.5 for the maintenance induced flood events.

The Phase IV event tree is presented in Figure 3.3.4. This tree is
orastically different from the other ones in that it only considers the

feedwater system, the depressurization function and the PCS. All the other

systems are disabled due to flooding. The likelihood that the reactor will be
manually shutdown is the same as in Phase III for maintenance- tnduced fioods. '

3.3.3 ‘Quantitative Analysis ' | :

Based on the development of the rovised flood initiator frequency, the BNL
time-phased event tree and the modified human response to arrest flood,

- quantitative results are obtained. In the BNL analysis, there are 17

different flood precursors. Similar to the Shoreham classification, the first
five precursors are online maintenance related; the remaining twelve of them
are rupture related. A detailed discussion on the BNL flood orecursors is
given in Section 3.1.

Owing to the ways that these flood precursors are calculated the ini-

~t1ator event trees have been modified to include only three functions: the

flood alarm annunication, I; operator action to isolate flood, A; and reactor
status. The entry condition to the different time phaso event trees is deter-.
mined by the A function (see Section 3.2 for details).

Each of the 17 f]ood precursors were evaluated with the initiator event
tree and the four time phase event trees., The unavailability values for the
yarious event trees are the same as those used in the Shoreham analysis except

as noted in the last section. : : .
, — : ¥ ! ‘ ‘

When the time phase event trees were quantified for the 17 flood pre-
cursors, the results are the conditional frequency of core vulnerable given
the particular flood precursor. These frequencies are summarized in Table
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3.3.2. The seventeen precursors are listed as rows while the four phases are
shown as columns. Within each precursor, contributions from manual shutdown,
MS1V closure or turbine trip are also shown. For instance, the conditional
frequency of core vulnerable with operator arresting the flood prior to 3'-10”
but after 1'-10" - Phase III, for TFL1 is 2.0(-5) given the reactor is
manually shutdown. However, if instead ef a manual shutdown, the plant
experiences a MSIV closure; then the conditional frequency is 8. 5(-4)

As expected, the conditional frequency consistently increases as the f1ood
progresses to higher elevations. In other words, the conditional frequency of
Pnase v is always larger than any of the other phases. Another noteworthy -
observat1on is.the unusually large conditional frequency of core vulnerable
for the LPCI system induced flood, i.e., TFL4 and TFL8. The TFLY and TFLS
values are also large'since they-disap!ed the LPCI systems as well,

" The core.vulherable frequency given the BNL revised flood precursors,
initiator event trees and time phase event trees is shown in Table 3.3.3. In
this table, the 17 precursoré are depicted on the left with the 4 phases de-
picted as columns. Each precursor also identifies the contributions from the
various plant states. Core vulnerable frequency contributions from Phase [
and 11 are very small, in the order of 10-9, Contributions from Phase 1
are‘not insignificant but not substantial, approximately 10-6, Seventy per-
cent of the total core vulnerable frequency (70% of 2.0(-5)) is attributable
to LPCI system maintenance or rupture induced flood. The maintenance con-
tribution to flood ié-about.;7% while the balance is due to rupture. i

1t appears also that failure to properly model the fault propagation of
the short circuits through the breakers does not have a2 significant effect on
core vulnerable freguency.

3.4 Uncertainty Estimates

This section presents a limited uncertainty assessment on the BNL

quantitative analysis for the core vulnerable frequency due to reactor
building flooding.
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A rigorous propagation of the uncertainties is outside the scope of the
present review. The BNL approach for the uncertainty evaluation consisted of
the following general steps.

1.

The uncertainties in the human errors a§ well as the split ratio be-
tween the manual shutdown and the MSIV closure event were quantified
by fitting lognormal dlétributlons to evaluate uncertainty measures

(mean and variance). An error factor of 10 was applled to human er-
rors and the split ratio. '

"Human errors of the.follow1ng opeﬁator actions were included for the.

uncertainty evaluation:

. Operator maintains isolation valves in closed position during the
online maintenance (Event E, see Section 2.3).

. Operator diagnoses and responds to isolate the flood (Event A, see
Section 2.3).

. Operator depressurizes the Reactor Pressure Vessel (Event X,
Figures 3.3.2-3.3.4).

The uncertainties in the core vulnerable frequency were evaluated us-
ing the major accident sequences. and the distributions assessed in
Step 1.

The SAMPLE code was used for the estimaton of uncertainties. The mean,
. median, 5% and 95% probability 1ntervals for the core vulnerable frequency are
shown as follows.

Mean = 1,91E-5

Median = 1,90E-6 \

S§ Confidence 2.19E-7 . _ ) 0
95% Confidence = 7.51E-5 ,
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Figure 3.1.1 State Transition Diagram for Component?Maintenance
Induced Floods.
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State Transition Diagram for Rupture-Induced Floods.
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Table 3.1.1 LER Data for BWR Standby Pumps for the Period
of January 1972 Through September 1980

Does Not
Standby ) - Standby Leakage Does Not Loss of Continue
Pumps Demands Hours Rupture - Start . Function To Run
Motor ) ‘ .
priven 20,321 10,453,806 . ¢ 8 8 9
Turbine . -
Driven 2,860 25 e L 88

1,439,491 - n .

Table 3.1.2 Frequency of Maintenance - Induced Flood Precursors

Sysfem Initiator Event Trees . Probability per Year
1. RCIC - - TFL1 P.D . .1.08x1074
TFLI P.E, 2.10x10°5
TFL1 P.E 2.10x10-5
2. HRCI 2P0 1.05x10-%
' TFL2 P.Ey ! 2.10x1075.
TFL2 P.EL ' . 2.10x1073
3. Core Spray TFL3 P.D 1.89x10-5
(2 motor driven pumps) TFL3 P.E, 1.87x10~6
4. LPGI' TFL4 P.D 3.78x107

(4 motor driven) TFL4 P.E, 3.74x10°6

5. Service Water TFLS P.D 1.89x10-5
(RHR or RB(LW HX) 1.88x1076

. 2 motor driven pumps

 TFLA P.E,

A |

. —————
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Table 3.1.3 Flood Precursor Frequency

Pipe Valves Pump  Total agp Pg Pr . Py
TFL6  1.2(-9) 6.5(-9), 0 - 7.7(-9) 1.6(-5) 1.7(-5) 1.5(-5)
TFL?  2.0(-9) 1.3(-8) 0 1.5(-8) 3.1(-5) . 3.4(-5) 2.9(-5)
CTFL8 - 3.7(-9) . 2.9(-8) 0 3.2(-8) 6.5(-5) " 7.3(-5) 6.2(-5)
TFL9  1.1(-8) .2.3(-8) 6.0(-10) 1.3(-8) 2.6(-5) 2.9(-5) 2.5(-5)
TFLIO.  2.4(-9) 1.3(s9) 0 3.7(<9) . 7.5(-6) .8.4(-6) 7.2(-6)

TFLIL  1.1(-9) 9.1(-9) 1.5(-10) 1.0(-8) 2.1(-5) 2:4(-5) .2.0(-5)
TFLI2Z  1.4(-9) - 3.9(-9) 1.5(-10) 5.5(-9) 3.7(<6) 4.0(-6) 3.6(-6)

TFL13 . . . - 1.3(-6) 8.0(-6) 7.1(-6)
TFL14  1,9(-9) 5.2(-9) 3.0(-10) 7.4(-9) 5.0(-6) 5.6(-6) 4.8(-6)
TFL15 g - - » 1.0(-5) .1.1(-5) 9.6(-6)

CTFLIE 1.9(-9)  5.2(-9) 6.0(-10) 7.7(-9) 5.2(-6) 5.8(-6) 5.0(-6)
TFL17 % . . - 1.0(-5) 1.2(-5) 1.0(-5)
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Table 3.2.1
MAXR ELEVATION 8 EQUIPMENT LIST

EQUIP.  EQUIPMENT DESCRIPTION PART NO. ’8?§3§C§§°
TwE | HEIGHT
[FURES :
Floor Orain Sump Pumps 1611%0-0383-0 - P LN
: 1611%P-036A-F .
Ory Floor Drain Tank.Pumps' 1G11*P-1514,3 1'-0*
Radwaste Equip. Drain Sump & '
Pump to Porous Sump 1G11*P-2224,2 1'-1"
** HPCI Pump ' . 1£81*P-015 w22k
HPCI Yacuum Pump - 1E41*P-075 ‘-0
HPCI Con. Pump 1£51%P-076 1'-0"
*= RCIC Pump 1551%P-015 |  eeees
RCIC Vacuum Pump 1E5170 076 1'-0"
RCIC Con. Pump 1E51%P-077 1'-0"
*~ QKR Pump Motors 1E11*P-014A-0 o L
** | eakage Return Pump G11-*P-270. 3'-9"
* Core Spray. Loop Level Pumps' | 1£21%P-043A,5 1'-3"
Orywell Equip. Drain Tank Pumps| 1G11*P-0332A,8 1'-2"
. RCIC Loop Level‘Pump 1551*9-951 1'-§'
i © " HPCI Logp Level Pump’ 1£4179-050 2' 30
|TURBINES
? ** HPCI Turdine 1E41*-TU-002 §'-0"
i w= RCIC Turdine 1£41*-TY-005 &'.0"
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Table 3.2.1 (Continued)
MAJOR ELEVATION 8 EQUIPMENT LIST

W —

- i ok ‘ POSTULATED
EQUIP. EQUIPMENT DESCRIPTION PART MO. " 0ISABLZED
TYPE s : HEIGHT ™
’ ' - : g s
“O0TOR
CONTROL "
CENTERS" - b
| Sump Pumps and Cooling
Watar Pumps to Recirc. 1R24-1101 1'-8"
. Pump MG-Set Fluid Coupler 1R24-1201 1'-6"f
TANKS |
Floor Orain Sump Tank 1G11*TK-050A,8 | = <eee=-
: ' ' 1G11*TK-086A-C |  ===-=
Orywell Flcor Orain Receiver 1G11*TK-057 | = e=ee-
Salt Water Drain Tank 1611°TK-180 | | eeeee
Orywell Equip. Drain Recaiver |  1G11*TK-049 rlt
HEAT
EXCHANGER
- HPCI' :
Barometric Con. Vacuum Tank 1E41*£-036 PR
RCIC Barcmetric Con, Tank 1£51+£-038 s
" RHR Heat Exchanger | 1E1147€-038A,8 P
R8CLCW Heat Exchangers 1P42*-0112,3 . | = ‘eseea
Orywell Equip. Orain Cocler 1611*€-0%4 S
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Table3.2.1 (Cantinued)
MAJOR ELEVATION 8 EQUIPMENT LIST

: : POSTULATED
EWIP.  EQUIPMENT DESCRIPTION _ PART NO. DISABLED
Tepe | N e TR HEIGAT
ELEC.
PANELS
* RCIC Instr. Rack 1H21*PNL-017 2'-0"
** RCIC Instr. Rack 1 1H21*PNL-037 . 2'-0"
w= Core Spray Rack © 1H21*PNL-01 . 3'-10"
== Core Spray Rack 1H21*PHL-018 3'-10"
gLEC.
PINELS
** RHR Tnst. Rack A - . 1H21*PNL-018 3'-10"
*= RHR Inst. Rack S . - 1H21*PNL-021 . 3'.10
v HPCl Inst. Rack A 1H21*PNL-036 | 1'-10"
** HPCI Inst. Rack 8 ~ 1H21*PNL-14 1'-10

** Equipment required for operation of the identified system.
Heignts are taken from a physical survey measurement from the Boticam
of the component to floor level.

-=== Non-2lectrical component
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Table 3.2.2 Times to Flood Depth of 3'-10", 1'-10",
and 1'-3" in Reactor Building

 Water Time (min.) to Flood Depth of

System  Source Leakage Location : 3'-10" 1'-10" 1'-3" :
HPCI «$Ps pump suction (max.) 17 . 79 5.4
< Sl pump suction (large ; 34 15.8 10.8
CST pump suction (max.) ' 13 6.4 4.4
CST pump suction (large) A . | 12.8 . 8.7
- © pump discharge LI *17.5 11.9
RCIC 5P, . pump suction (max.) 110.0 50.8 34.6
S.P. °~  pump suction (large) -+ 220.0 101.6 . 69.3
CST pump suction (max.) - 76.0 36.3 + 28.8

CsT pump suction (large) 152.0 72.6 49.5 .
LPCI . * pump suction (max.) 9.4 4.5 3.1
S.P. pump suction (large) +19.0 9.0 6.1
N pump discharge oo 18 7.3 5.0
(A 3P pump suction (max.) v+ 12 * 5.9 - 4.0
S.P. pump suction (large) 24 11.8 . 8.1
CST *  pump suction (max.) - 13 6.4 4.4

£ pump suction ' (large) - 27 12.8 - 5.7 .
-—— pump discharge - ‘ 23 11.1 7.6
SW SW *RHR heat exchanger .20 9.5 6.5
19.1 13.0

WFPS WFPS rupture of 8" pipe, 40
- i = X 5 v

.Note: 1. Large flow rates is 1/2 of maximum f]ow rates.
" 2. Flood times were calulated based on a 41,600 ga]lons per foot depth
in the reactor building.
3. S.P. = Suppression Pool
CST . = Condensate Storage Tank
SW = Service Water System ,
WFPS = Water Fire Protection System, Tanks 3.



Table 3.2.3 Human Error Probability: Screening Values

Problem-solving
Time ' " Nominal Value Errsr Factor
<] min. . 1 ’ . - S
10 min. SE-1 , S
© 20 min. 1€-1 . 10
.30 min.’ 1£2-2 ot ‘ 10
60 min. 1€-3 . . 10
18C0 min. ) 12-4 . L |

. Procedural Errers

1€-3 (With Recowvery)
1€-2 (YWithout Recavery)

|

|

| e . |

Heminal Yalue: _ Er-asr Facter
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Table 3.2.4 HEP (Event A) Single Alarm Condition
Manual Shutdown (NUREG/CR-1278)

o 1'-10" 3'-10"
TFLL ; 10-3 1073 2.0x10-4
TFL2 : 1 1 0.1
TFL3 ' - 1 0.1
TFLA | 1 o RTINS
TFLS . i 1 - . 1002
TFL6 | . 01 % 10-3
TFL7 1 0.1 . 1072
TFL8 1 1 0.1
TFLY o 2 1 10-2
TFL10 . - 0.1 - IR : 1073
TFL1L . o 10°3 10-3 2x10-4
TFLI2 1 1 | 0.1
CTFLI3 | 61 0.1 10-3

TFL14 1 1 ‘ 0.1
TFL1S yo 1 - 0.1 1072
TFL16 : Ty n 0 ' 1
TFLL7 1 1 0.1



Table 3.2.5
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HEP (Event A), Multiple Alarm Condition
(Nominal Value, PRA Procedures Guide)

. — e o e e

1'-3" 1*-10" 3'-10"
FLL . 10-2 10-2 10-3
TFL2 1 0.5
. TFL3 1 1 0.5
TFL4 1 1 X
TFLS i 3 1 01
_ TFL6 0.5 0.5 1072
TFL7 1 0.5 - 0.1.
TFL8: - 1 0.5
TFLY 1 1 0.3
" TFL10 0.5 0.5 10-2
TFL1L 10-2 10-2 10-3
TFLI2 1 1. 0.5
TFL13 0.5 0.5 1072
TFL14 1. 1 0.5
- TFL1S 1 0.5 0.1
CTFL16 1 &, &
TFL17 1 1 0.5



Table 3.3.1 Vital Equipment Locations at Elevation 8

1'-3"

1'-401

1'-6"
1'-10"
"
2'-3"

3'-10"

3-32

HPCI vac. pump
cond. pump

RCIC vac. pump -
cond. pump

CS loop leéel pump

RCIC loop pump

recir. pump M-G set
HPCI instrumentation
RCIC instrumehtation

HPCI Toop level pump

RHR instrumentation‘

CS instrumentation

— 1'-3"

1'-10"

3.1‘-10u
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Table 3.3.2 Conditional Frequency of Core Vulnerable

(2 of 2)
Phase I Phase I Phase III Phase IV
TFL14  Manual (-7) 1.1(-6) e 2( 5) 7.3(-3)
MSIV (-6) 1.1(-5) . 9.5(4) 1.2(-1)""
T 7 7( 7) 3.2(-6) . (-2)

2.3(4) 3.3(-
TFL1S  Same as TFL14 ]
; T?Llﬁ Same asVTFLé
TFL17  Same as TFL8

- e — A —————— — . —— - — 4 ———— 1 o . B
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quency

(1 of 2)

Table 3.3.3 Core Vulnerable Fre

TOTAL

b

102('9)
1.3(-8

p-3
1.7(-11)

p-2
8—2 ‘11

P-1 .
7.3(-11)

1.4(-8)

MSIV 4.5(-11

TFLI Man.

L 2.1(-7)
3.4(-6

3.7(-6)

9.1('10) .
3-9 ’8

o cocjlo

0
MSIV 0
0

TFLZ Man.

1.2(-10)
502 °9

 TFL3 . Man.

6.2(-7)

3.5(-8)
5.8(-7

o olo

MSIV
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Table 3.3.3 Core Vulnerable Freguency

(2 of 2)
p-1 P-2 P-3 P-4 TOTAL
. _TFLI0 Man. * 0 * o
MSIV  * 0 3.9(-9) 1.4(-8
T . 0 . 9.4(-10) -  3.6(-9
¥ (] B(- B(- 2.2(-8)
TFLI1: Man, - * 0 * Cow
S MSIV. * 0 1.6(-10) 1.4(-8) ‘ ,
T * 0 RS 4 A @
¥ (] T8(-10) NI 1.7(-8)
TFLI2 Man. O 0 . 1.1(-9) |
MSIV 0 0 4,5(-9 4.9(-7 .
U U ¥ . - . - i 5.0('7)
TFLI3 Man. * 0 » . '
MSIV  * 0 6.6(-9) 2.5(-8) 3.1(-8)
TFL14 Man. O 0 * 1.8(-9)
MSIV 0 0 7.3(-9 6.9(-7
(] L] n 9(- 7.0(-7)
" TFLIS Man; O * * 4.6(-10)
. . MSIV - 0 . 8.4(-9 . 2.6(=7) . - ,
U : * . -» - - 2.8("7)
MSIV O 0 0 9.2(-7) ,
e 0 0 0 1.9(-7 |
' 0 (1] 0 o 1(- 1.1(-6)
TFL17 Man. O 0 2.3(-9) 3.8(-9)
, MSIV 0 0 2.5(-7) 6.6(=7)
T 0 0 3,7(-8) 2.0(-7
0 0

xR 1.2(-6)

*Less than 1.0(-10).



4.0 SUMMARY

BNL reviewed the internal flood analysis which is a part of the Shoreham
PRA and found that assumptions, methodology, and results are reasonable. BNL
re-evaluated the flood precursor frequency using recent LER data and a more
accurate methodology. This methodology avoids some of the conservatisms in
the SNPS-PRA approach. A slight increase in the. initiator frequency is
calculated because of the revised data.

Similarly, based on the PSA Procedure Guide, the HEP was reviewed and only
minimal changes were made to the Shoreham HEP values used in the'analysis. As
for the functional event trees, a time phase aoproaCh was odopted to better
model the progression of the flood events.

Results are summarized in Table 4.1. This table can be divided into three
parts. Part A provides a comparison between the Shoreham results and those
obtained in the BNL review. The BNL value is about 5 times that of the -
Shoreham frequency, 2.0(-5) vs. 3.9(-6). The contributions from the different
plant states are also presented. The major increase in the total core
vulnerable frequency in the BNL analysis is attributable to the increase in
flood precursor frequencies. Part B compares only the contributions from the.'
BNL Phase 1V results with the Shoreham values. It can be inferred that by '
neglecting the initial three phases, the core vulnerable frequency will be
underestimated by 3x10-6 or about 18%. Part C shows the contributions of
coro vulnerable frequency for different'plant states due to maintenance and
rupture induced floods. In the Shoreham analysis 41% of tho core vulnerable
frequency is calculated to be caused b& maintenance related floods while the
BNL analysis shows 37%.

An uncertainty estimation has been carried out assuming lognormal _
distributions. An error factor of 10 was applied to the operator errors and
the split ratio for the manual shutdown and the MSIV closure event following



.
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N

4.2

the Reactor Building flooding. The results of the uncertainty assessment for
the core vulnerable frequency are as follows.

Mean = 1,9E-5
Median = 1,9E-6
5% Confidence = 2.2t-7
95% Confidence = 7.5€-5
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Table 4.1 Summary of Core Vulnerable Frequency

Shoreham BNL

8.5(-8) 4.8(-7)
. 3.0(-6) 1.8(-5)
7.7(-7) 2.0(-6)

3.9(-6) weiia B 2.0(-5)

BNL (only
Shoreham Phase IV

'a.s(-a) L 4.5(-7)
3.0(=6) & 1.5(-5)
7.7(-17) 1.7(-6)

3.9(-6) 1.7(-5)

Shoreham -

Maintenance ‘ . 3.9(-8)
Rupture - 1.6(-7)

Maintenance 1.5(-6)
Rupture 1.4(-6)

Maintenance 0
Rupture " 6.7(=7)

Maintenance 1.6(-6)
Rupture 2.3(-6)
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MAY 9 1984
Docket No. 50-322
MEMORANDUM FOR: Albert Schwencer, Chief |
Licensing Branch #2
Division of Licensing
FROM: Ashok Thadani, Chief ;
Reliabiitv and Risk Assessment Branch
Division of Safety Technology
. |
SUBJECT: SHOREHAM FLOODING |
Reference: (1) Memorandum dated March 30, 1984, from A. Thadani
to A. Schwencer, "Shoreham Flooding."
In Reference 1 we transmitted our findings on the Shoreham flooding
issue. These findings were based on the Brookhaven National Laboratory
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ABSTRACT

The core vulnerable risk resulted from Reactor Building flooding events is
addressed as a part of the SNPS PRA.(1) The analysis was reviewed and
re-evaluated at BNL and the results are presented in this report. The BNL
review includes both qualitative and quantitative analyses of flooding
initiators, operator errors, and accident sequences which result in a-
vulnerable core state. An esgimite of the uncertainty for the cori vulnerable
risk is also included. '
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1.0 INTRUDUCTION

At the Shoreham Nuclear Power Station (SNPS) the 6aJor1ty of
safety-related equipment are located in the Reactor Building (RB). The
Shoreham Reactor Building is a cylindrical building surrounding the MARK Il
containment structure. HWater leakage from equipment in the reactor building
will drain to Elevation 8 (the lowest level of the RB) via openings and
.stairuclls since there is no structural separation between safety systems.
Flooding of the Elevation 8 caroartnent may potentially disable all the ECCS
because they are located in the Elevation 8 compartment. -

The SNPS-PRA(1) has included flooding as a' ¢ommon-rude event which may
¢isable the ECCS equipment, The SNPS PRA assumes that a critical flooding
deptn of 3' 10" from the RB floor w111 disable all the ECCS equipment.
-Operator diagnosfs and isolation of the flooding before it reaches 3'.10"
depth is considered in SNPS-PRA. 3

Because of the potc.tial1} significant impact, the SNPS's evaluation of
the core melt, risk due to RB flooding warrants a specia) review. A field tr1p
to the Shoreham plant has been made by BNL personncl for obtaining detailed
information on the equipment and power control layouts in the RB, especially
in the £levation 8 compartment. BNL has determined that there are three
flooding depths (1'-3", 1'-10", and 3'-10") that are critical t& the
. availability of various ECCS equipnnwt. The initiator event trees are thus

revised accordingly. :

_ BNL also identified that the rérdom failure of 2 equipment protection
circuit breaker coinsiding wwth the RB flood event may cause the propaga:ion
of failures to equipment powered by separated Motor Control Centers (MCC).
‘This potential common mode failure event has also been modeied in BNL event
trees.

Shoreham Plant Procedure Guides relevant to the RB flooding have been re- -
vi ewed by BNL. BNL found that these procedure guides fail to require a sys-
tematic check of system parameter indfcators in the control room following a
RB Flooding Alarm annunciation. This may cause the operator to ignore an
abnormal system parameter, especially under a multiple alamm situation (such
as a turdbine trip). ‘
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BNL's revised event trees, quantitative evaluation of core vulnerable risk
due to RB flooding events, and an uncertainty estimate for the core vulnerable
risk are presented in this report.

The report is organized as follows: Section 2 summarizes the SNPS-PRA ap-
proach to the flood sequence identifications and quantification. Section 3
presents the B8NL revision both in the meihodo]ogy-and in the quantification.
Finally, Section 4.0 summarizes the results. .' L

- - - . —— —— — . P = e — - o
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2.0 SNPS METHODCLOGY AND

2.1 Overview

The SNPS methodology for determining the contribution to the risk of the
internal floods can be divided

1. ldentification of water sources and pathways to Elevation 8 com-

partment.

Evaluation of operators responses and assessment.of likelihood of ar-
resting the flood.

Evaluation of system responses and identification of the segq

leading to a core vulnerable state given a flood.

In the Shoreham PRA approach it was determined that flooding at locations
other than Elevation 8 would be bounded by the analysis of flooding at the
lowest level of the reactor building Elevation 8, since the flood water will
drain and cascade down to that level through stairwells and openings. A1l the

evaluations of flood are hence focused on equipment at the Elevation 8 level.

The volume of water required to flood the reactor building Elevation 8

compartment, with all equipment and piping installed, is estimated to be

E
41,600 gallons in SNPS-PRA for each foot of depth. The following draii.age

systems are available to receive the initial volume of flood water:

- Reactor Building
- Reactor Building

- Reactor Building

These systems have total n i . ons, and total sump pump
capacity of 640 gallons inute, however, they are not included in the
analysis.

lease excessive water in Ele-
these sources, a pathway

investigation has been perfo i in th (! define the potential for
- >
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flood at Elevation 8. Table 2.1.2 summarizes the water sources as evaluated
fn the Shoreham PRA. For each water source the largest possible flow rate has
been determined and the time required for ‘the flood to reach the 3'-10" leval
fn Elevation 8, have been estimated. These times are also given in Table
2.1.2. These times provide the basis for estimating the probability of
successful prevention of flood at the 3'-10" level by operator actions,

A survey of all.vita1 equipment by Shoreham'identﬁf}ed a number of
_components for the various accident mitigation systems which could potentiaIiy :
be submerged in the event of an internal flood. Based on this information, '
the critical height of 3'-10" was defined. It was assumed that if flood water
exceeds the 3'-10" level, all ECCS equipment would be disabled. Flooéing
scenarios which are arrested before reaching the 3'-10" level, have been found
to contribute negligibly in the core damage frequency.

Functional event trees were used in.the Shoreham internal flood PRA to

model the plant response given an . internal flood initiator. The flood

initiator frequency was calculated based on two types of internal flood
' precursors: online maintenance and rupture of piping, va.ves or pumps. These -
precursor frequencies are described in Section 2.2. Given the occurrence of
these flood precursors, thg progressicn of eventslwas modeled qsing initiator
event trees, Details of the initiator event trees are presented in Section
.3

. Since a1l the ECCS systems are assumed lost given a 3'-10" flood, the only’ ‘
. available means for cooling the core are the feedwater and the conde _ate purp
injection. The availability of these two systems depenhs'on the state of -the
. MSIVs and on the ultimate source of the flood (condensate storage'tank or
suppression pool). '

Because of these dependences, the end states of the initiator event trees
were classified into six categories each of which becomes the entry condition
for the functional event trees. Table 2.1.3 summarizes the information in a
matrix form, Each row of the matrix depicts one of the 17 types of internal

—" S S ——

o —— e —— ) ® = — o o



2-3

flood precursors, the columns represent the six entry conditions to the
functional event trees. The six entry conditions can be grouped into manual
shutdown, turbine trip and MSIV closure. Two possible entry conditions are
considered for each of these three initiators: flooding due to water from the
~ condensate storage tank (CST) and flooding due to water from other sources.

Based on these six entry conditions. six functional event trees were de-
veloped. An example is given in F19ur¢ L1, '

2.2 SNPS-PRA OUantificaticn of the Frequency of Flood Initiators

" Two types of f100d initiators were considered in the SNPS-PRA

1. Floods initiated by an accidental loss of isolation (valve opéning)
while a component in the Elevation 8 area is dismantled for main-
tenance. ‘

2. Floods initiated by a rupture in the pressurized or the non-
pressurized part of the piping.

o 2.2.1 Maintenance-induced Flood Initiators

The frequency of the first type of initiator was calculated by estimating

the frequency of maintenance of various components based on anerziina
" experience data. The LER data base in Ref.2 identifies the observed failures
from turbine-driven and motor-driven pump failures. The data used in the
SNPS- PRA are summarized in Table 2.2.1. There are four failure modes for
pumps. i.e., leakage/rupture, does not ‘start, loss of function, and does not
continue to run. The hourly LER failure rates character1ze the
' leakage/rupture failure mode, while demand failure rates consider dther
failure modes. | '

The following LER rates are found for the four failure modes in
motor-driven and turbine-driven standby pumps. '

Motor Driven Pumps |
- Leakage/rupture: 6 events/6,777,627 hrs. = 8,9x10°/hr.

- Does not start, loss of function, and docs not continue to run:
(5+4+6) events/(13,644 demands) = 1.1x10"3/demand

<. — e - - —-———— e — —— 0 o et e ————— e ———— — —p oW Eve
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SNPS-PRA assumed that these pumps are in standby status until there is a
demand. The number of demand used in SNPS-PRA are 12 on the everege per year
(four scheduled tests plus eight other occurrences). Hence, the maintenance
frequency for motor driven standby pumps per year is calculated as

(8.9x10°7 failure/hr)* (24 hr/day)*(365 day/yr) +
(1. 1x10'3/demand)'(12 demands/yr) = 2, 0x10'z fai]ure/yeer.

Turbine Driven Pump

Similiarly, the ma1ntenance frequency for turbine driven standby pumps per
year is calculated’ as 0. 079 failure/year. '

'There are two motor driven pumps’ associatad with the Core Spray System,
four motor driven pumps with the LPCI System, and four motor driven pumps as-
sociated with the Service Water System in which twa are linked as 2 pair to
" the RHR Heat Exchanger System. There is only one turbine driven pump as-
sociated with the HPCI System and one with the RCIC System. Table 2.2.2
-summarizes the SNPS-PRA frequencies associated with major maintenance

peretions based upon the above evaluation and 2 conservative estimate of heat
exchanger online maintenance. '

2.2.2 Rupture-lnduced Flood Initiators

The frequencies of the initiators caused by loss of system integrity from
breaks or ruptures were derived from WASH-1400 failure rates of. major com-
ponents involving externa] leak and external ruptures, based on assumptions
made in NUREG/CR-1363 (Referenee 3). This information has been summarized in
Table 2.2.3. ‘ ‘

The calculation of each initiator is done by identifying the apn-opriate
type and 1ength of piping and number of components susceptib!e to rupture end
summing the estimeted year1y rupture rates. As an example the total number
of valves involved in the HPCI discharge system are 3‘(2 MOV's and 1 Check
Valve); there is no pump involved (Table 2.2.5) and the total length of piping
is 76'. - Referring to Table 2.2.3, the rupture failure rate for 100' of pipe
section is 4.3x10'11/hr.'and for external failure of a valve is

— —— g - - - T ———— g . — - — . —— - — “ b L TR S —
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1.3x10-%/hr. The total length of pipe in the HPCI Discharge System is es-
timated to be 76' (Table 2.2.5).

(3 valves)*(1.3x10"9/hr) + 76'/7100" (4.3x10~11/hr)
= 3.9x10’9/hr or 3.5x10°5/yr.

Since the flow rates through suction line breaks are time dependent (i.e:,
a function of the varying water head in'the source) and a strong function of
 «the break shape and size, a simplified model based on historical experience
and engineering judgement is used 'n the Shoreham PRA to describe the con-
* ditional probability of break size. Table 2. 2 4 summarizes the classes of .
break size examined.

These probabilities; are combined with the frequencies estimated for
initiators associated with core spray, HPCI, RCIC, LPCI, and Service Water
Rupture/Leak Suction System failure to obtain the initiating event frequencies
for non-pressurized piping. . Table 2.2.6 summarizes the frequencies of
initiators due to the loss of system 1ntegrjt} from breaks or ruptures.

2.3 Initiator Event Trees'

The probability of causing a'flood due to component under maintenance or
the probaoi1ity of not arresting the flood is calculated with the help of
~initiator ivent Trees. These trees are shown in Figures 2.3.1 through 2.3.17.
A discussion of the P, D, E, I, and A events in the event trees follows.

a. Event P - Operator removes power ‘rom equ1pment and valves.

The removal of power from equipment and its isolation valves is a re-
quired procedUre during 2 maintenance in both fossil and nuclear power
stations. The equipment and iso1et1on valves are electrically discon-
nected from their associated power supply by pulling and tagging the -
appropriate breaker at the MCC. A second qualified person verifies

. the correct implementation of the tagging order and placement of the
clearance tags. ‘

"A human error probability (HEP) of 0.01 i3 assigned for this operator
action. This value is determined ‘using the probability data given in
NUREG/CR-1278(4) (p.20-23).

- e s TV - T ¥ -
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Event D - System not demanded.

During the maintenance process there is a possibility that the safety
systems will be demanded because of a transient challenge. Isolation
valves will automatically open if the operator has failed to remove
power from the isolation valves (Event P). '

Event £ - Operator.maintains isolation.

Duripg on-line maintenance with the equibment disassembled, the isola-
tion vaives need to be maintained in closed position throughout the
duration of the maintenance process. -However, an operator error could

inadvertently open isolation valvés.

SNPS concludes that it is unlikely that the operator will manually
open these valves locally in the RB and fail to notice the flgod.
Opening of the 1solat10n,v§1ves at the MCC is also concluded by SNPS.
to be unlikely. ( :

The remaining possibility is that the valve is opened from the control
room (given Event P). The panel switch could be activated by three
events. These events are: the operator mistakenly operates the

-switch; a commghd fault to the valve; or the operator inadvertently

d.

operates the switch. The probabilities for these events are 10‘3.
10‘4, and 10'2, respectively.

Event I - Flood annunciation.

The'eicessiée water in reactor buiﬁding is annunciated by plhrms in
the control room. The.probabilit& of the operator to fail to notice
the alarm (the light is in a "back" pinel) is assessed at 1073,

‘Event A - Operator diagnoses and responds to isolate the flood.

The operator must identify the source of and isolate the flood before

" it reaches the 3"-10" level. This event is considered by SNPS under

two conditions as follows.

1. Operator isolates flcod after auto occurrence, e.g., turbine trip
or MSIV closure (Event AA)' Multiple alarms will occur in the
control room at the same time as the flood alarm.

——— - — e — -
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2. Operator isolates flood after manual occurrence, e.g., power oper-
ation or manual shutdown (Event Ay). Only the flood related
alarms will annunciate in the control room.

fhe HEP data orovidgd in NUREG/CR-1278(4) (1982 Edition, Chapter 12)
are applied by SNPS'for their evaluation. Figure 2.3.18 and Table
2.3.1 show the time varyihg cumulative HEP for both the single and the
multiple occurrence conditions. ' :

.
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Figure 2.3.6 Initiator Event Tree for Postulated Floodlng Sequences

Initiated by a |IPCI Discharge Pipe Break
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Figure 2.3.8 Initiator Event Trees for Postulated Flooding Se-
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Figure 2.3.11 Initiator Event Tree for Postuhted Floodin§ Sequences
Initiated by a Maximum RCIC Suction Line Break
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Initiated by a Large NPCI Suction Line Break
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Table 2.1.1 Summary of Potential Water Sources and Types
of Initiators Which may Lead to Release of
Excessive Water in the Elevation 8 Compartment

No. of
, Source Quantity (Gallons) Lines Systems Involved
 Suppression Pool . . 160,000* 8.  CS,LPCI,RCIC,HPCI
Condensate Storage Tanx (csT) 550,000 © 4  CS,HPCI,RCIC
Reactor Primary ‘System** 2 42,928 ‘
b). 152,928

Screenwell (Long Island !
Sound) Unlimited 4 - Service Water
Water Fire Protection System . .

Storage Tank’ . '600,000 ' Many Fire Main

*Total water volume in the suppression pool at the high water level mark is .
608,500 gallons. However, only a portion of the water can be drained’ ‘ :
through ECCS pump suction p1p1ng _ sy

**Figure (a) includes water from the bottom of the core to 1onna1 water level
in the RPV, Figure (b) includes (a) plus condenser hotwell water.
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Table 2.1.2 Summary of Internal Flooding Initiator Types:
Source, Pathway, Flowrates, and Time to Critical
Flooding Depth

Elevation 8 Flooding Time

: ' . . Flow Rate (Minutes*)
Source Location . gpm* 3'-10"
Suppression : o ‘

Pool ) HPCI Pump Suction 9600 " 17.6
RCIC Pump Suction 1500 ° . 10.6
LPCI Pump Suction P, . .y
(Max/Large )** 17000/8500 9.4/19.0
CS Pump Suction - 13000 12.0
LPCI' Pump Suction 10500 - I5.0
(1 Pump Runout)

CS Pump Discharge 6850 ‘ 23.0
(1 Pump Runout) . :

' Condensate Storage ~ e
Tank (CST) HPCI Pump Suction '
(Max/Large)** 1200/6000 +13.0/27.0

RCIC Pump Suction 2100 ' 76.0
CS Pump Suction
(Max/Large )** _ 1200/6000 13.0/27.0
HPCI Pump Discharge - 4350 37.0
' (Design).
Service : : ' ' | ,
Water RHR Heat Exchanger 8000 20.0
| (Pump Runout)
WFPS  ©  Rupture of ‘8" Pipe ‘4000 . 40.0

*These flood times were calculated based on a failure of the sump pumps to
successfully operate and a 41,600 gallon per foot depth in the reactor
building given in the Shoreham FSAR.

i i y
**Large flow rates assumed to be 1/2 maximum flow.
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Table 2.2.1 LER Data for BWR Standby Pumps for the Period
of January 1972 Through April 1978

Does Not
: Standby Standby  Leakage Does Not = Loss of Continue
' _ Pumps Demands Hours * Rupture Start Function To Run
Motor: : : : ' .
Driven 13,644 * 6,777,627 5 . 5 . 4 6
Turbine ! . : . ' i o
Driven © 1,820 868,033 - 1 .6, iy 5
: Table 2.2.2 Frequency-of Online Major Maintenance
System in the Reactor Bui‘ﬂing
Frequency (Per -.  Initiator
System ‘ Year) SNSP-PRA . Event T-ee
Core Spray (Motor '
Driven) > 0.042 . TEL3
LPCI (Motor Driven) 0.084 . . TFLS
HPCI (Turbine Driven) 0,079 o TFL2
RCIC (Turbine Driven)  0.079 TFLL

Service Water (RHR or o ~ ' -
" RBCLCW HX) (Motor Driven) .0.042 . TEL®
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Table 2.2.3 Summary of Failure Rates for Major Components
' Involving External Leak and External Rupture

Total Failure Rupture*
Parameter Rate Rate/Hr (Mean) Reference Failure Rate/Hr
Pipe Failure Section -
(100) - + 8.5E-10 WASH-1400 4,3E-11
External Failure.of ' '
a Valve ' .2,7E-8 WASH-1400 1.3€-9
External Failure of e '

a Pump ' 3.0E-9 WASH-1400 : 1.56-10

*Based upon the operating experience to date, given that a failure occurs, the

ratio of external leaks to complete failures appears to be in the range of 20
to 1. This is substantiated by'the specific daig review cited in the text
for values (18 to 1) and data published by Bush ) on pipes (4 to 1 up to
30 to 1). Because the internal flood evaluation is based upon initiators
with substantial. flooding rates, i.e., short operator response times. only
the catastrophic or large external rupturs failures are treated in this
evaluation. - :

~Table 2.2.4 Conditional Probabilfty of Pipe Break Size

Break ' Conditional,’

Size Characterization Flow Rate : Probability
Maximum Guillotine Break = 100% 0.95
Large Substantial Rupture 50% ©0.10
Small* Localized Rupture in Ductile

Material 13% 0.35

*Remainder of the conditional probability was allocated to 5591] breaks.

e —— L —
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Table 2.2.5 Initiating Event Frequency Estimates
Involving Component Leak/Ruptures

INITIATOR

SOQURCE

VALVES

MOV

MAN CHK

PUMPS

PIPING
LENGTH (FT)/
SECT/DIA (IN)

ESTIMATED ~
FREQUENCY/ |
YR -

, HPCL
| Discharge |

| TeLs
& i

Discharge

TeL?

LecI

Discharge.

TevLs

Service
Wdater

Tris

WFPS
TeLio
RCIC™
Suction
TeLll
HPCL
Suction
Tewa2:TrLla

CSve
‘Suction

TeLrarTrLls

LPCl*
Suction

TeL1sr TrLL?

CST/SUPP
SUPP

SuPP

Service
Water

- -

WFPS

CsT

| csTee

CST*,

SUPP

*CST is assumed to be the source.
**Suction failures are also classified by flow rate.

.- 0 % -

76/1/148

128/2/12

 240/6/16

715/8/10-20 °

187/2/6-8

70/1/6

87/1/16

12072112

120/2/20

3.5E-5
. 6.9E-5
2.5E-4

1.4E-4

,151545 :
.3.52-5
3.5E-5

RTI

§.2£-5
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Table 2.2.6 Calculated Frequencies for Initiating Events
‘ Resulting from System Ruptures (SNPS-PRA)

Initiator Frequency (Per RX Yr)
Pressurized Piping

HPCI Discharge Break, TFLE 3.5x10-5
€S Discharge Break, TFL7 T T sento8
LPCI Discharge Break, TFL8 - 7 2sae
' SW Discharge Break, TFL9 = 1.4x10-3 |
" 'WEPS Discharge Break, TFL10 - " 1.1x10°5

~Non-Pressurized Piping

RCIC Suction Failure, ?Fl; (max )} : ' . 1.75x1076+
HPCI Suction ra11ure; TF12 (max) ' 1.75x1076#
HPCI Suction Failure, TF13 (large) 3.5x1076+
CS Suction Failure, TF14.(max) : © 2.5x107%*
CS Suction Failure, TF1S (large)” 4.9x10-6%
LPCI Suction Failure, TF16 (max) 2.6x10-6%

LPCI Suction Failure, TF17 (large) =~ = - 5.2x1076+

*Modi fied based upon engineering judgement made on the size of Tow ﬁressure
suction line breaks.
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Table 2.3.1

PROBABILITY THAT‘FLOOD REMAINS UNISOLATED FOR X MINUTES

THE
AFTER AUTOMATIC PLANT ACTION: E.G., TURBINE TRIP OR MSIV CLOSURE
R "P(for multiple event) P(for single evert)
Sy
1 1 1.0
10 1st + 2nd = 0.54. 0.1
20 | 0.11 ©0.01
0 . 0.011 1.1€-3
60 0.0011 2.0E-4
- 1500 1.1£-4 1.1E-4
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3.0 BNL ACCIDENT REVIEW AND SEQUENCE QUANTIFICATION

This section discusses the quantification and review of the 1nterna1
flooding accident sequences in the SNPS-PRA due to system maintenance and pipe
ruptures. The section is organized as follows. Subsection 3.1 presents a

- summary of the apprbach used by BNL to calculate the initiator frequéncies.

Subsection 3.2 discusses BNL quantitative review of the initiator event trees,
and Subsection 3.3 presents the functional event tree analysis and evaluation.

.3.1. Flood Precursor Frequency 3 X

This review revi;en the assessnent of the frequency of the flood initia-

tors in two ways. First the experiential data' for the estimation of the vara -

fous failure rates were revised to include recent events. Second, the

models for calculating the trequency of floods (or probability per year of
reactor operat{on) have been improved by removing unnece;sary conservatisms,
As it was already discussed in Section 2.2, two types of initiators were con-
sidered: a) maintenance-induced 1n1t1ator§; and b) rupture-induced initiators.
The revised frequencies for these types of initiators are presented in the
fol!ow1ng two subsections.

3.1.1 Maintenance-Induced Flood Init1ators

A flood can be initiated during the maintenance of a cunponent of the ECCS

or of anothgr system in the Elevation 8 area if the maintenance process

requires dismantling of the component and one of te 1so1ation valves opens

'1nadvertent1y while the component is being maintained.

The components that contribute to these 1n1t1ators are the pumps and the
heat exchangers in the Elevation & area. These are standby components that
can fail in a time-dependent fashion while on standby. Periodic tests are
performed to check their operability and if found failed they are put under |
repair. ' '

A Markov model thai describes the stochastic behavior of these components

E ‘has been developed and quantified. The important characteristics of this

model are as follows:
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i) The component can be in six states (see Figure 3.1.1).

ii)

iii)

iy)

v)

vi)

vii)

In state ! the component (pump, heat exchanger) is available, that is
ready to start operating if asked to do so.

The component while on standby can fail wfth exponentially dis-
tributed times to failure. A failure brings the component into
state 2 (see Figure 3.1.1). '

'The failure remains undetectable until a tect is performed or a real’
challenge is posed to the component. A test that will find che com- . -

ponent in state 2 will initiate a repair action. The same will hap-
pén following a real demand for the component.

There are three repair states. States 2 and 3' in which the com-
ponent is under repair while the reactor is online, and State 4 where
the component is under repair with the reactor shutdown.

Following a test that finds th2 component failed and before the dis-
mant1ing of the component, all the appropriate motor operated valves
must be closed and their breakers racked out from the corresponding

.MCCs. There 1s,’however, a ‘chance that the operator will not remove

the breakers from the MCCs leaving then the MOVs able to open fol-
lowing a sional to do so. If the probability of such an error is P,
then a test brings the component from State 2, to State 3 'with
probability 1-P (i reaker removed) and to State 3' with probability

P . . > :

The component remains in States 3 or 3' until the repair is completed
and then it returns to State 1, or until the allowable outage time is
exhausted and then the component transit to State 4 where the repair
continues with the reactor shutdown. When the repair is completed,
the reactor is brought back online and the component returns to State
1. (Transition 4 to'1). ' |



Quantification

The solution of the model requires the quantification of the following
parameters.

i) The catastrophic failure rate i.- This failure mode implies such

 failures that require major maintenance (dismantling) of the com-

- ponent. The SNPS-PRA used the daia presented in Table 2.2.1 from Ref
2. BNL has updated this table using additional data included in an
updated version of Ref. 2 (Ref.6). The new data are summarized in.
Table 3.1.1.. | ' '

Maximum likelihood estimators for the failure rates

number of failures
total operating time

) yield

A=5.7x10~3/hr for Turbine Driven Pumps
and :
A=3. 3x10'5/hr for Motor Driven Pumps !
ii) The mean times to repair were assumed 100 hrs and 50 hrs for the
' turbine driven and the reactor driven pumps, respectively. Thus.
u-lO'z/nr for Turbine Driven Pumps ’
and
u-leO‘Z/hr for Motor Driven Pumps,
1ii) In the BNL revision of the ShPS PRA, the freguency of transients '
: involving MSIV closure has been assessed at 4 42/yr. Thus, the
: frequency of transients on an hour)y basis is :

_Ag=5.0x10"4/hr

iv). Tests.are performed gvery 3 months (4 times a yepr) for both motor-
driven and turbine-driven pumps. The allowable outage times are 14
and 7 days for turbine-driven and motor-driven pumps, respectively.



3-4

v) The probability of not racking out the breakers of the isolation
valves (P) is assessed in the SNPS-PRA as 1072, The same value is
used in these requantifications.

, vi) The mean time for inadvertently activating a particular switch in the
control room has been assumed equal to.10,000 hrs. This implies a
~ate of

Ag=10-4/hr,

Quantification of the Markovian model with the numerical values of. the
parameters mentioned above yields the probabilitfes per year for the various
maintenance induced floods. The results are tabulated in Table 3.1.2.
Additional assumptions are: the Core Spray System consists of two motor driven
pumps, the LPCI consists of four motor driven pumps and that RBCLLW heat
exchangers are equivalent to motor driven pumps.

3.1.2 Rupture-Induced F1ood Initiators

A flood can be initiated if a rupture.occurs at any point in the pressure
boundary of the various systems in the Elevation 8 area. Such a rupture will’
‘{nvolve one of tha following three types of components: 1) piping; 2) valve;
‘and 3). pump. The model assumes that catastrophic ruptures occur in the fol-
lowing way. A component fails in such a way that if it is demanded to ope-
rate then a catistroph1c rupture (large enough to allow the flow rates neces-
sary .for the flood sizes of interest to this analysis) will occur. That is,
the component transits first in a'rupturefvulnerable'state and then, when a de-
mand occurs, it ruptures. |

A Markov mode] that decribes this stochastic behavior has been developed

and quantified. The model is graphically depicted in Figure 3.1.2. The basic
characteristics of the model are as follows:

(1) The system in question (HPCI, RCIC, LrCX CS, RHR, RBCLCWHX) is in
state where it is available tc perform its function.
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(ii) The system transits to State 2, which is a rupture vulnerable state
with failure rate ip.

(i11) 1f a demand occurs while in State 2 a flood is initiated. A demand
occurs whenever a transient, a manual shutdown or 3 test occurs. We
,distingufsh three flood states: State 3, which is a rupture trig-
gered by a transient involving an MSIV closure; State 4, which is'a
rupcure triggered by a turbine-trip transient; and State 5 which is
Fupture triggered by a manua] shutdown or an equipment test.

The solution‘of’this'model yields the probabilities that the éystem‘w111
occupy States 3, 4 and 5 denoted by Ps, Pr, Py, respectively. These
probabilities at the end of one-year period provide the frequency of rupture-
initiated flood precursors. The expression for these probabilities fs

o F MM rriiaodet)/rat]oe-At
Pi(t) F,x-Xg'[(l e R~)/1R (1-e=2%)/a] ay.

where i = §, T

F'1S the number of tests per year.
A; is the rate of arrival of a transient of type i (i=5,T)

x§ is the rate of caéastrophic rutpure failure in the system
and '
A 1s the rate of arrival of any transient (A=ag*ir+iy)

For the'manual shutdoﬁﬁ tue corresponding expression is

. AR -Xt" »-At:‘_lg_'-x'r’ﬂ '
Pult) = FITZo(1-0"K Wag=(1-e"2%)/2 + Ty e ) (@

Quant1f1cafion

For a §1ven'systém'haviﬁg piping of length L, n, valves and np pumps
‘the failure rate Ap is equal to ’ '

AR = L'+nydy#npdy : (3)
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where A, Ap are the catastrophic rupture failure rates for valves and
pump and A' the same failure rate per unit of piping length.

A search of the LER, has indicated that at least one pipe rupture (welding
failure) has occurred in the ECCS piping in the 215 accumulated BWR years (see
Ref.8). - & g '

+ This provides a maximum 1ikelihood esiimator for the rupture failure rate:
of (1/215yr-5.31x10'7/hr). Assuming, as in the SNPS-PRA, that only one out

- of every tweney ruptures will create a break 1arge’enough to generate floods

of the sizes. of ‘concern to this analysis, the catastrophic piping rupture rate
becomes A=2.7x10-8, This of course is applicable for the total length of
safety related piping (denoted by L).

For a part'cular system with a total of piping length ¢, then the
catasfrophic rupture rate for piping becomes

A" = (-‘-)xz.7x1o-8/nr -
(4)

- where 3/L denotes the fraction of the total length of the piping that be1ongs
to the particular system.

For the rupture rates of the valves and the pumps, the WASH-1400 values
were used (see Table G.4-4 in SNPS-PRA). Using the length of piping, number
of valves and pumps provided in Table G.4-5 of the SNPS-PRA, and by virtue of
Eqs.1-3. ' The total failure rate ig for the various systems a1ong with the
probabilities Pg, Pr and Py were calculate? ' The result: are tabulated
“in Table 3.1.3.

A total of 13.51 transients per year were assumed (4.42 MSIV closures,
4.89 turbine trips and 4.2 manual shutdowns). e , ' /'

The splitting between maximum and large floods for initiators TFL12-TFL13,
TFL14-TFL15, TFL16-TFL17 was done as in the SNPS-PRA, that is, 1 to 2. The
additional factor of 20 used in the SNPS-PRA to account for non- pressurized
piping is not assumed in the BNL quantification.
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3.2 BNL Quantitative Review of the Initiator Event Tree

The quantitative review of the initiator event trees is discussed in the
following subsections.

3,2 1 Review of FloodingﬁAlarm Related Procedures

The RB water level is detected by two RB water level nnnitors instal led on
the RB floor. The flood alarms are activated by the monitors when. the water
lcvel is more than 0.5 in. above the floor. The sump alarms will be activated
. when water level reaches the sump “alarm setpoints installed at a level rignz
below the level that activates the RB flood alzius. Sump alam sensors are
installed at.various locations in the R8.

The immediate operator action specified in the Alarm Response Procedure
(AR95671) is to initiate the Suppress1on Pool Leakage Return System. The re-
quired subsequent actions are:

1. Monitor RB water level to determine approximate leak rate. Use sump
alarms to supplement the information obtained from the above
. instruments to ascertain the approximate location of the leak.

2. Monitor parameters (such as line pressure and flow rate) of the safety
systems as a leak would affect the system parameters. Isolate.the
source of leakage per procedure listed below in Step 3.

3. If required and plant condition. permit, dispatch an operator to the RB.

floor to v1sually'1ocate the source of leakage. lsplatg_using the ap-
propriate system procedure listed below. \

System
HPCl, Procedure No.SP23.202.01
Lcakagi indication: -, Abnormmal suction or: discharge piping pressure.
. Excessive HPCI Loop Level Pump Flow or low dis-
charge pressure. '

s 5 e &
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Reactor building sump high water levels in vicin-
ity of leak.
Reactor building flooding alarm.

If in standby, isolate the HPCI system by secur-
ing the HPCI Loop Level Pump and then closing
CST Suction Valve (MOV-031). e o
If the system is operating, secure per shutdown

+ procedure end then isolate as described above.
RCIC, Procedure No. SP23 119.01

lLeakage indication: .

Leakage isolation: .

Abncrmal suction or dischdrge piping pressure.
Excessive HPCI Loop Level Pump.

Reactor bui!dinq sump high water levels.
Reactor building f]ood1nq alarﬁ.

If in standby, isolate the RCIC system by secur-
ing the RCIC Loop Level Pump and then closing
CST Suction Valve (MOV-031).. -

If the system is operating. secure per shutdown

‘procedure and then 1solate as described above.

RHR Procedure No. $P23. 121.01

Leakage indication:

Leakage isolation: .

. Heat exchanger service water side temperature
1ncons1stenc1es.

. Abnormal RHR system flow fbr mode of operztion.
Abnormal RHR system pressures for.mode of oper-
ation. .

Reactor water level 1ncons1stenc1es for mode of
operation.

Sump high. level alarms.

Reactor building flooding alarm.

Isolate the leakage by shutting down the affected
loop in accordance with the appropriate procedure
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for the mode in which it was operating and then
systematically shutting valves to isolate areas
of the system found above to be possible sources
_ of leakage.
' . The above isolation procedure may require 1nter-
mittent operation of the leakage return system to '
‘observe the effects on water buildup. i
. When the leakage has been isolated return the un-
affected portions (as required) to service.

BNL has found that SNPS alarm response procedures specify. general _
guidelines for monitoring system parameters for determining the Teakage Ioca-
tion and for initiating the leakgge isolation. However, the procedures fail
to include specific requfrgments'for operators to systematically check the
operation parar.aters of relevant systems. Since there are many system para-
meter indicators in the control room, the operators mdy pbssib1y fail to ob-
serve the indication of an abnormal system parameter.

When the abnormal condition is severe enough to actuate the alarm of a
particular system parameter, the corresponding Alarm Response Procedure will
‘then be followed by operators. However, BNL has reviewed.the relevant Alamm
Resﬁonsc'Procedures for abnormal system parameters, and found that these
proécdures do not contain steps that should be followed under RB flood con-

. ditfons. These procedures provide guidelines for conditions other than RB.

f1ood such as'water source abnormal or isolation valves abnormal, etc. The

operator responses to the flood could be delayed or confused when these Alarm
Response Procedures are followed.

3.2.2 Requantification

, L The revised initiator frequencies are applied for evaluating the sequence
frequencies of the initiator event tree. In addition to the critical flood

depth of 3'-10" used by SNPS, BNL also evaluated the sequence frequencies cor-

responding to £100d depth of 1'-10" and 1'-3". This is because, 2s indicated

in Table 3.2.1, flood heights of 1'-10" and 1'-3" will disable several vital
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systems such as HPCI and RCIC. The times for the flood to reach 3'-10",
1'-10", and 1'-3" depth were calculated based on the leakage flow rates de-
termined in SNPS PRA. The calculated times are shown in Table 3.2.2.

The HEP values used by SNPS are identical to the nominal HEP values
provided in'the Probabilistic Risk Analysis Procedure Guide(7) (see Figure
3.2.1 and Table 3.2.3). BNL feels that the HEP could be higher than the
nominal HEP values because the flooding alarm related procedures fei\ to
. probide specific guidelines to, identify and'to isolate the flood source (see
. Section 3.2.1). | ' : ‘ '

The HEPs under the multiple alarm and the single}alann'conditions are
listed in Tables 3.2.4 and 3.2.5.

3. 3 BNL Review of Functional Event Tree

This section is divided into three subsections. Section 3.3.1 provides a
qbelitative review of the Shoreham Internal Flood event tree analysis and Sec-
tion 3.3.2 presents the BNL revised time phased event trees. Section 3.3.3

- describes the results obtained from the quantification of the BNL event trees.

*3.3.1 Qualitative Review

In general, BNL is of the opinion that the methodo]ogy'used in the
Shoreham Internal Flood Analysis is consistent with that of the
‘state-of-the-art and the approach is reasonable. The analysis for the inter-
nal flodd postulated much severe scenarios than those of the Shoreham FSAR..

The Shoreham Internal Flood functional event tree anelysis is based
predominantly on the event trees developed for the internal event initiators,
namely, turbine trip, MSIV closure and manual shutdown. These internal flood
functional event trees only model flood scenarios where the f1ood water height'
at Elevation 8 exceeds 3'-10". While 1t appears that the Shoreham functional
event trees do provide a representative modeling of the plant response, it is

not well substantiated that floods that are arrested before reaching 3'-10"
‘will result in negligible core vulnerable frequency.
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Table 3.3.1 enumerates the vital equipment that has been identified in the
Shoreham analysis. The components that are located at the lowest elevation
are presented first. It can be seen that at the 1' level, both the RCIC and
HPCI vacuum pumps and condensate pumps are expected to be disabled. However,
it is judged that thejr €ailures.do not lead to the failure of the respective
high pressure systems. Similar erguments apply to the 100p level pumps of the
1ow pressure core spray, HPCI and the RCIC systems as well. At epproximately

, instrumentation for both high pressure injection systems are submerged and
hence resulting in failure of both- -systems. At 3'-10" instrumentation for
both LPCS and RHR is submerged leading to the failure of those low pressure
systems. In the‘Shorehem-anelysfs the critical height of 3'-10""is selected.
However, since both HPCI and RCIC have failed at about the 2' level, these
. scenarios with termination of the flood prior to 3'-10" may not'contrjbute an
insignificant amount to the core vulnerable frequency. In the BNL revised
event trees, a time- phased approach is used to 1nc1ude the contribution from
flooding below the 3'-10" 1eve1

Another area of concern stems from the treatment of propagation of
failures in the Shoreham analysis. As noted 1n Table 3.3.1, at the 1' level,
4480V pumps are expected to experience electricau shorts. The Shoreham an-
elysis did not investigate any cascading failure which may result from the
electrical shorts. . BNL rev1ewed the electrical drawings and e]ementary
drawings for some of the systems. It appears that for each pump there is only

one electrical breaker which separates it from the rest of the loads in the 4
 same motor control center (MCC). Random failure of this breaker to open could
resu1t in the propagation of the short circuit fault upstream to the MCC,
other MCCs and the load center. BNL's review of the electrical diagrams
indicates that failure of the breaker to open will result in tripping the
breaker at the load center. Discussions with Shoreham engineers suggested
that there may possibly be an additional breaker per pump that is in series
with the first breaker. However, this'was not confirmed by BNL. In the BNL ‘
revised event trees, only one breaker is assumed and its failure is modeled
‘explicitly. '

BNL did not review the spraying effects due to water cascades from higher
elevations.
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3.3.2 BNL Time Phase Event Tree

The determination of the time periods which are critical to the con-
sideration of the progression of the flood is based on the vital equipment
lTocation 1ist (Table 3.3.1). Three heights were selected for the BNL anal-
ysis: at the 1'-3" level, at the 1'-10" level, and at the 3'-10" level. If
the flood is terminated prior to reaching the 1"-3" level, no impact is as-
sumed for any equipment and the p1ant'w111'be shutdown, this is Phase 1. How-
ever, if the flood water exceeds the 1'-3" level but is terminated before the .
1'-10" level, this is Phase II. Phase III entails the failures of bqth HPCI
and RCIC system as well as the loss of power to the MG set recirculation pump !
flui& coupler before arresting the flood below the 3'-10" level. Any flood
Tevel which exceeds the 3'-10" level, it is treated in Phase IV.

The cyeht troci'of these four phases are prisented in Figurqs 3531
through 3.3.4. Given that the flood is terminated in Phase 1 BNL'assumed
that the reactor has a high probability (0.9) that it will be manually shut-
down. Ten percent of the time, it may result in a MSIV closure event. These
two branches of the Phase [ event trees are transferred to the respective ‘
internal event tree, Figure 3.3.1.

Figure 3.3.2‘depfcfs the Phase I[ functional event tree which considers
the various accident mitigation systems. Moreover, owing to the fact that a
number of the 480V pumps will be flooded, the possibility of a breaker failure
to isolate the fault is also evaluated. It is assumed that the breaker |
failure to open probability is 1x10-3 and there are.a total of .five pumps in
Division 1 and two pumps in Division Il that will be short circuited. A
probability of 0.5 is also assumed that failure of a load center in a division
would lead to failure of other equipment connected to that division. In the
evént of a MSIV closure, the feedwater system is considered to be unavailable.
The probability that the reactor will be ﬁanual]y shutdown is also assumed to
be 0.9 for the maintenance induced flood events.

Figure 3.3.3 illustrates the functional event tree used to describe the
Phase III events. The major difference between this event tree and the Phase
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Il tree is the high pressure systems. In the Phase III events, both the RCIC
and the HPCI systems are unavailable due to the failure of respective
instrumentation. The probability that the reactor will be manually shutdown
is assumed to be 0.5 for the maintenance inducea flood events.

The Phase IV event tree is presented in Figure 3.3.4. This tree is
grastically different from the other ones in that it only considers the
feedwater system, the depressurization function and the PCS. All the other
systems are disabled due to flooding. The likelihood that the reactor will be
manually shutdown is the same as in Phase I1I for maintenance-tnduced fioods. ‘

3.3.3 Quantitative Analysis ' | ,

Based on the development of the revised flood initiator frequency, the BNL
ime-phased event tree and the m9d1f1éd human response to arrest flood,
quantitative results are obtained. In the BNL analysis, there are 17
different flood precursors. Similar to the Shoreham classification, the first
five precursors are online maintenance related; the remaining twelve of them
are rupture related. A detailed discussion on the BNL flocod p}ecursors is
given in Section 3.1.

Owing to the ways that these flood precursors are calchlated,'the ini-
‘tiator event trees have beer modified to include only three functions: the
flood alarm annunication, I; operator action to isolate flood, A; and reactor
status. The entry condition to the different time phase event trees is deter-.
mined by the A function (see Section 3.2 for details). ‘

Each of the 17 flood precursors were evaluated with the initiator event
tree and the four time phase event trees. The unavailability values for the
yarious event trees are the same as those used in the Shoreham analysis except
as noted in thn last scction. | v . ' '

When the time phase event trees were quantified for the 17 flood pre-
cursors, the results are the conditional frequency of core vulnerable given

the particular flood precursor. These frequencies are summarized in Table
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3.3.2. The seventeen precursors are listed as rows while the four phases are
shown as columns. Within each precursor, contributions from manual shutdown,
MSIV closure or turbine trip are also shown. For instance, the conditional
frequency of core vulnerable with operator arresting the flood prior to 3'-10"
but after 1'-10" - Phase III, for TFL1 is 2.0(-5) given the reactor is
manually shutdown. However, if instead éf a manual shutdown, the plant
experiences a MSIV closure; then the conditional frequency is 8.5(-4).

As expected, the conditional .frequency consistently increases as the f1ood
progresses to hiéher elevatiohs. In other words, the conditional frequency of
Phase IV is always larger than any of the other phases. Another noteworthy -
observation is.the unusually large conditional frequency of core vulnerable
for the LPCI system induced flood, i.e., TFL4 and TFL8. The TFL9 and TFLS
values are also large since they disabled the LPCI systems as well,

" The core.vulherablc frequency given the BNL revised flood precursors,
initiator event trees anc¢ time phase event treeé is shown in fable 3.3.3. In
this table, the 17 precursoré are depicted on the left with the 4 phases de~ |
picted as columns. Each precursor also identifies the contributfons from the
various plant states. Core vulnerable frequency contributions from Phase I
and [ are very smgl1; in the order of 10-9, Contributions from Phase III'
are not insignificant but not substantial, approximately 10-6, Seventy per=-
cent of the total core vulnerable frequency (70% of 2.0(-5)) is attributable
to LPC! system maintenance or rupture induced flood. The maintenance con-
tribution to flood 1§rabout.§7% while the balance is due to rupture. Nie

It appears also that failure to properly mode! the fault propagation of
the short circuits through the breakers does not have a significant effect on
core vulnerable frequency.

3.4 Uncertainty Estimates

This section presents a limited uncertainty assessment on the BNL
quantitative analysis for the core vulnerable frequency due to reactor

building flooding.

. ————— ——— T — - — -
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A rigorous propagation of the uncertainties fs outside the scope of the
present review. The BNL apyroach for the uncertainty evaluation consisted of
the following general steps.

1.

2.

The uncertainties in the human errors a§ well as the split ratio be-
tween the manual shutdown and the MSIV closure event were quantified
by fitting lognormal distributions to evaluate uncertainty measures
(mean and variance). An error factur of 10 was applied to humnn er-
rors and the split ratio.

‘Human errors of the following opciator actions were included for the.

uncertainty evaluation:

. Operator maintains isolation valves in closed position during the
online maintenance (Event E, see Section 2.3).

. Operator diagnoses and responds to isclate the flood (Event A, see
Section 2.3).

« Operator depressurizes the Reactor Pressure Vessel (Event X,
Fing's 303.2‘303.‘)0

The uncertainties in the core vulnerable frequency were. evaluated us-
ing the major accident sequences. and the distributions assessed in
Step 1.

‘The SAMPLE code was used for thc estimaton of uncertainties. The mean,
: mcd1an. 5% and 95% probabiIity 1ntcrvals for the core vu\nerab]e froquoncy are
shown as follows.

Mean = 1,91E-5

Median = 1,90E-6 :

5% Confidence 2,189€-7. o t
95% Confidence = 7,51E-5 ,



: Comp. Failure Rate

u: Comp. Repair Rate

: Transient (MSIV clos.) Rate
Prob. of not rackiné out Breaker

A.: Rate of inadv. operation of
switch -

AOT: Allowable Outage Time

mo

o

i

Figure 3.1.1 State Transition Diagram for Component;Maintenance
Induced Floods.



Figure 3.1.2 State Transition Diagram for Rupture-Induced Floods.

- — - - - —— . ——
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Figure 3.2.1 Problem-solving human error probability vs time -
screon1nq values.
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Table 3.1.1 LER Data for BWR Standby Pumps for the Period
of January 1972 Through September 1980

Does Not
Standby . - Standby Leakage Does Not Loss of Continue
Pumps Demands Hours Rupture - Start . Function To Run
Motor : ' ' }
Driven 20,321 10,453,806 . 9 8 - M = siiir B
Turbine : E .- . .
Driven 2,860 1,439,491 . SRR R TR RS
Table 3.1.2 Frequency of Maintenance - Induced Flood Precursors -
System Initiator Event Trees . Probability per Year.
= T SR CTFLL P.D . .1.05x10-4
TFLI P.E, ‘ ~ 2.10x10°3
TFLL P.E. . : 2.10x10-5
2. HpCI TRL2 PO . 1.08x10%4
- " TFL2 P.Eq ! 2.10x10°5.
, T2 P.EL. . . . .. 2.0x1073
3. Core Spray TFL3 P.D © 1.89x1073
(2 motor-driven pumps) TFL3 P.E, , 1.87x10-6
4. LPGI ' . TFL4 P.D : © 3.78x1075
(4 motor driven) AR e 3.74x10°5 .
5. Service Water TFLS P.D 1.89x10-5
(RHR or RB(LW HX) - TFL4 P.E, © 1.88x1076

.+ 2 motor driven pumps . |
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Pipe Valves Pump  Total ag Ps Pr Pm
TFL6  1.2(-9 6.5(=9), 0 - 7.7(-9) 1.6(-5) 1.7(-5) 1.5(-5)
TFL7  2.0(-9) 1.3(-8) 0 1.5(-8) 3.1(-5) . 3.4(-5) 2.9(-5)
CTFL8  3.7(-9) . 2.9(-8) 0 3.2(-8) 6.5(-5) ' 7.3(-5) 6.2(-5)
TFL9  1.1(-8) .2.3(-8) 6.0(-10) 1.3(-8) 2.6(-5) 2.9(-5) 2.5(-5)
TFLI0:  2.4(-9) 1.3(-9) 0 3.7(~9) . 7.5(-6) .8.4(-6) 7.2(-5)
T 1.1(-9) 9.1(-9) 1.5(-10) 1.0(-8) 2.1(-5) 2:4(-5) .2.0(-5)
TFL12  1.4(-9) © 3.9(-9) 1.5(-10) 5.5(-9) 3.7(<6) 4.0(-6) 3.6(-6)
TFL13 . . . - . " 7.3(-6) 8.0(-6) 7.1(-6)
TFLIE  1,9(-9) 5.2(-9) 3.0{-10) 7.4(-9) 65.0(-6) 5.6(-6) 4.8(-6)
TFL1S . . . - 1.0(-5) .1.1(-5) 9.6(-6)
" TFLI6  1.9(-9) 5.2(-9) 6.0(-10) 7.7(-9) 5.2(-6) 5.8(-6) 5.0(-6)
TFL17 o T m - - 1.0(-5) 1.2(-5) 1.0(-5)"

[ S ————
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Table 3.2.1
MAXR ELEVATION 8 EQUIPMENT LIST

4 I

EQUIP.  EQUIPMENT DESCRIPTION PART NO. iy
o . HEIGAT
[ZUFES ;
'Afloér brain‘Sump Pumps IGII'P-QSEA-O ; . 1'-Q"
. 1G11*P-036A-F i
Ory Floor Drain Tank Pumps‘ 1G11*P-1514,3 1'-0"
Radwaste Equip. Drain Sump & '
Fump to Porous Sump 1G11"P-2244,3 1'-1"
*= HPCI Pump : . 1£41%P-015 .
HPCI Vacuum Pump  1E417P-075 1'-0"
HPCI Con. Pump 1E51%P-075 1'-0
= 3CIC Pump IE51018 | eesee
RCIC Vacuum Pump 15179076 1'-0"
RCIC Con. Pump 1E51%-077 1'-g
* RER Pump Motors 1E11*P-014A-0 L
** |eakage Return Pump G11-*P-270. 3'.9"
= Core Spray Loop Level Pumps’ | 1£21%P-049A,3 1'.3"
Orywell Equip. Orain Tank Pumps | 1G11*P-0332A,8 1'.2"
RCIC Loop Level Pump 1£51*P-Q51 1'-4"
| " ™ HPCI Logo Level Pump 1£41%9 -050 2'23°
| TURBINES
| ** HPCI Turdine 1E41*-TU-002 §'-0"
i w~ RZIC Turdine 1£41%-TY-005 4’0"
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Table 3.2.1 (Continued)
MAJOR ELEVATION 8 EQUIPMENT LIST

; . - RE . _POSTULATED
£QUIP. . EQUIPMENT DESCRIPTION PART NO. 0ISABLZY
TYPE s g ‘ . HEIGHT

: , _ ,
“OTOR | : , : 3 e - g 3
CONTROL T o e rca e 4
CENTERS" - . , ;
| Sump Pumps and Cooling
Water Pumps to Recirc. 1R24-1101 1'-8"
Pump MG-Set Fluid Coupler ~ 1RZ4-1201 1'-5"
ANKS ' '
Floor Orain Sump Tank 1G11*TK-0%50A,8 c————
, | ' ¥ 1G11*TK=086A=C | = ===-=
Orywell Floor Orain Receiver |  1G11*TX-057 ————-
Salt Water Orain Tank 1611°TK-180 | = e=ee-
Orywell Equip. Orain Recaiver '1511'rx-649 : '7;;J-
HEAT .
EXCHANGER
- HPCI' ' :
Barometric Con. Vacuum Tank 1E41%€-036 cones .
RCIC Barcmetric Con. Tank 1E51*€-038 R —
" RHR Heat Exchanger ‘ 12114'£-034A,B A SOae
R8CLCA Heat Exchangers 1P82°-0114,3 . | eeees
Orywell Equip. Orain Cocler 1611+€-094 . eesme
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Table3.2.1 (Continued)
MAJOR ELEVATION 8 EQUIPMENT LIST

: . POSTULATED
EQUIP.  EQUIPMENT DESCRIPTION  PART NO. 01SABLED
TIPE ‘ F HEIGHT
ELEC.
PANELS
»* RCIC Instr. Rack 1421*0NL-017 2'-0"
-~ RCIQ Instr. Rack ’ 1H21*PNL-037 2'-Q"
= Core Spray Rack  1H21*PNL-01 3'<10" .
= Core Spray Rack 1H21*PHL-019 3'-10
LEC,
PANELS
** RHR [nst. Rack A 1H21*PNL-018 3! 10"
** RHR [nst. Rack 8. 1H21*PNL-021 3'-10°
w HPCI lnst. Rack A {H21*PNL-036 1'=10"
** HPCI [nst. Rack B 1H21*PNL-14 1'-10*

o Equipment required for operation of the identified system.

Heignts are taken from a pnysical survey measurement from the doticm
of the component to floor level. :
«e== Non-elecirical component
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Table 3.2.2 Times to Flood Depth of 3'-10", 1'-10",
and 1'-3" in Reactor Building

~ Water Time (min.) to Flood Depth of

System  Source Leakage Location : 3'-10" 1'-10" 1‘-3“ :
HPCI + Sl ” pump suction (max.) 17 , 79 5.4
. SelPe pump suction (large ' 34 15.8 10.8
CST pump suction (max.) ' 13 6.4 4.4
CST pump suction (large) h a7 12.8 . 8.7
- ~ pump discharge v o oy “17.5 11.9
RCIC S.P. ~ pump suction (max.) 110.0 50.8 4.6
S.P. pump suction (large) - 220.0 101.6 . 69.3
CST pump suction (max.) © 76.0 36.3. - 24.8

CsST pump suction (large) 152.0 72.6 49.5 .
LPCI - A " pump suction (max.) 9.4 4.5 3.1
S.P. pump suction (large) +19.0 9.0 6.1
em- pump discharge . S 7.3 5.0
cs: S.P. pump suctfon (max.) .+ 12 - 5.9 . 4.0
S.P. pump suction (large) 24 11.8 8.1
CST ' pump suction (max.) 13 6.4 4.4

CST pump suction (large) - 27 12.8 - 8.7 .
.- pump discharge - ' 23 11.1 7.6.
SW SW *RHR heat exchanger - 9.5 6.5
19.1 13.0

WFPS WFPS rupture of 8" pipe, 40
N | ) 2

Note: 1. Large flow rates is 1/2 of maximum flow rates.
2. Flood times were calulated based on a 41,600 gallons per foot depth
in the reactor building.

3, S.P. = Suppression Pool
CST = Condensate Storage Tank
SW = Service Water System .
= Water Fire Protection System, Tanks 1.

WFPS



Table 3.2.3 Human Erreor Probability: Screening vaiues

Problem-solving

Tize ' ' _Neminal Value Errer facter
<1 min. . 1 ' . ‘ -~

10 min. 52-1 | 5

© 20 min. 1€-1 i + 10
.30 min.’ 12-2 ;o ' 10
€0 min. 183 . ' 10

15CO min. CVE-4 ' S R

. Procedural Errsrs

Heminal Yalue . Errar Figesr

1£-3 (With Recovery)
1€-2 (Without Recavery)
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Table 3.2.4 HEP (Event A) Single Alarm Condition
Manual Shutdown (NUREG/CR-1278)

- S0, 8
e o

13" 1'-10" 3'-10"
TFLL 103 10-3 2.0x10-4
TFL2 1 1 0.1
TFL3 1 1 0.1
TFL4 . 1 2 & 1
TFLS 0 1 1072
TFL6 0.1 0.1 10-3
TFL7 1 0.1 10-2
TFLS 1 1 0.1
TFLY '] 1 10-?
TFL10 0.1 0.1 10-3
TFL1L 10-3 10-3 2x10-4
TFL12 1 1 0.1
CTFL13 0.1 0.1 10-3
TFL14 1 1 0.1
TFL1S 1 0.1 10-2
TFL16 1 1 A Rl
TFLL7 1 1 0.1
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Table 3.2.5 HEP (Event A), Multiple Alarm Condition
(Nominal Value, PRA Procedures Guide)

1'.3" 1'-10"" 3'-10"
TFLL SRR T o 10-2 10-3
TFL2 =t Tage g RRE 0.5
. TFL3 ) 1 e 1 : 0.5
TFLA 1 1 "
TFLS ' . 1 . 1 o) v 0.1 )
AP ce 08 R X S
TFL7 1 0.5 ° 0.1
TFLS: | 1 1 0.5
TFLY .1 . 1 0.1
" TFL10 s 0.5 0.5 1072
TFL11 10-2 10-2 10-3
TFL12 : 1 ' 0.5
TFL13 0.5 0.5 10-2
TFL14 | 1 1 0.5
TFL1S N - ‘ 1 0.5 . 0.1
CTFLIE | By P I e
TFL17 B ' 1 0.5




Table 3.3.1 Vital Equipment Locations at Elevation 8

10

1'-3"

10-4“

1'-6"
1'-10"
2!
2'-3"

3'-10"

3-32

HPCI vac. pump -
cond. pump
RCIC vac. pump -
cond. pump

CS 1a0p leQQI pump

RCIC loop pump

recir. pump M-G set

HPCI instrumentation
RCIC instrumehtation
HPCI loop level pump

RHR instrumentation
CS instrumentation

1'-3"

1'-10"

3'-10"
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Table 3.3.2 Conditional Frequency of Core Vulnerable
(1 of 2)

Phase I

Phase [

Manual
" MSIV .

L3

o —~own~N
. - - -
o~ - ™
PN~ I
NSO O~

A |
Same as TFLI
Same as TFL6
Same as TFL6

TFL9
TFL10
TFL11
TFL12
TFL13
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Table 3.3.2 Conditional Frequency of Core Vulnerable

TFLI7T

Same as TFL8

(2 of 2)
Phase | Phase I Phase II7 Phase IV
TFL14 Manual -7) 1.1(- ; 5 ; 7.3(-3
MSIV 3 2 -6) 1.1(-5 4 1.2(-1) "
1T 7.7(-7) 3.2(-6) 2 3(4) 3.3(-2)
TFL1S  Same as TFL14 '
. TFL16 Same as TFL8

—— e ——



TFL1

TFL2

CTFLY

TFL4

TFLS

MSIV

TFL6

TFL7

- MSIV

P-1 .

Man. 7.3(-11)
MSIV 4.5(-11

Man.
MSIV

Man,
MSIV

Man.

oo oo oo ooo

Man,
MSIV

e

Man.

MSIV

TFL8

TFL9

*Less

Man,
MSIV

‘MSIV

Lt

3
clocoo oooo ooo

than 1.0(-10).
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Table 3.3.3 Core Vulnerable Frequency

(1 of 2)
P-2 P-3 P4
0 107 -11) 102(‘9)
0 802 ‘11 103 °8
T (- 8 1E
0 . 9.1(-10) . . 2.1(-7
0 3.9(-8) 3.4(-6
U‘ 3 . - . b
0 1.2(-10)  3.5(-8)
o 512 -9 5-8' ‘7
() " 1 E
0 0 1.5(-7)
0 ‘ 8_ -, 2.5(-6
Q . o=
0 4.9(-9) 6.9(-9)
.0 205 '7 1.1 ‘7
0 .5(= ¢
0 e 1.6(-10)
% 1.‘ ,.8 506 .8)
(- 5.6(-8)
v . : v * 1.4(-9
309!‘10’ 2.6 ‘8 » - 8-3 -7

olooo oocoo
—
' O
ij%%ﬂ!
R I
~ O
et
. ls
ww
—~—
] '
o
N S

TOTAL

1.4(-8)

3.7(-6)
6.2(-7)
2.7(-6)

3.7(-7)

7.0(-8)

- 8.6(-7)

7.3(-6)

1.4(-6)

PR Tl Se—
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. . TFL10

TRLIL

TFL12

TFL13

TFL14
© TFLIS

TFL16

TFL17

Man.
MSIV

Man. -
. MSIV

Man.
MSIV

Man.
MSIV

Man.
MSIV

'Hln;
‘MSIV

".n.
MSIV

Man.
MSIV

- —— - ————— - -
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Table 3.3.3 Core Vulnerable Frequency

p-1

oloo LU LI A

*

oo oodo oo oo

»Less than 1.0(-10).

-
4
~N

oo oo oo oooco oooo

* =

ojoooo oooo

O W
-

' 1-6

o
-
F-

(2 of 2)

P-3

L}
O~

.

& 0
. 3
L

O

_—

-10)

*

a

»
w

. '9

o
o
—
L]
L]
~

-

~
-
w
L)
O

*

-9

W
~Non W
ojooco
gy ¢
-~ 0 N
S—

&
-

©
b

*

e
.

o
5 3
0

(e

- - -
NS
iA_ -

LN L)

O oo

—

w0 -
—
"
~ W0
—~—

Py

-2.5(-8)

1.8(-9)

-
on O
—
L
-~
o
~—

0
“w M
A
'
~ ~ 0
V_

oW
L
Qoo -
——
»

»
~ 0

TOTAL
2-2('8)

1.7(-8)

5.0(-7)

3.1(-8)
7.0(=7)

2.8(-7)

1.1(-6)

1.2(-6)
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4.0 SUMMARY

BNL reviewed the internal flood analysis which is a part of the Shoreham
PRA and found that assumptions, methodology, and results are reasonable. BNL
re-evaluated the flood precursor frequency using recent LER data and a more
accurate methodology. This ﬁethodology avoids some of the conservatisms in
the SNPS-PRA approach. A slignt increase in the initiator frequency is
calculated because of the revised data.

Similarly, based on the PSA Procedure Guide, the HEP was reviewed and only
minimal changes were made to the Shoreham HEP values used in tho'analysis. As
for the functional event trees, a time phase aﬁproadh was idoptcd to better
mode! the progression of the flood events. ' .

Results are summarized in Table 4.1. This table can be divided into three
parts. Part A provides a comparison between the Shdrcham results and those
obtained in the BNL review. The BNL value is about § times that of the
Shoreham frequency, 2.0(-5) vs. 3.9(-6). The contributions from the different
plant states are also presented. The major increase in the total core
vulnerable frequency in the BNL analysis is attributable to the incrcasc in
flood precursor frequencies. Part B compares only the contributions from thn:'
BNL Phase IV results with the Shoreham values. It can be inferred that by
neglecting the initial three phases, the core vulnerable frequency will be
underestimated by 3x10~6 or about 18%. Part C shows the contributions of
core vulnerable frequency for different plant states due to maintenance and
rupture induced floods. In the Shoreham analysis 41% of the core vulnerable
frequency 1s calculated to be caused by maintenance related floods while the
BNL analysis shows 37%.

An uncertainty estimation has been carried out assuming lognormal '
distributions. An error factor of 10 was applied to the operator errors and
the split ratio for the manual shutdown and the MSIV closure event following
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the Reactor Building flooding. The results of the uncertainty assessment for
the core vulnerable frequency are as follows.

Mean = 1,96-5
Median = 1,9€E-6
5% Confidence = 2.2£-7
95% Confidence = 7,5E-5



4.3
Table 4.1 Summary of Core Vulnerable Frequency

Shoreham 8NL

8.5(-8) - 8.8(-7)
. 3.0(-6) 1.8(-5)
7.7(-7) 2.0(-6)

3.9(-6) TN 2.0(-5)

, BNL (only
Shoreham Phase [V

'a.s(-s) . 84.5(=7)
3.0(-6) W 1.5(-5)
7.7(=7) 1.7(-6)

3.9(-6) 1.7(=5)

Shoreham

Maintenance : . 3.9(-8)
Rupture - 1.6(-7)

Maintenance 1.5(-6)
Rupture 1.4(-6)

‘Maintenance 0
Pupture " 6.7(-7)

Maintenance 1.6(-6)
Rupture 2.3(-6)
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