Peer Review of the Shoreham

Nuclear Power Plant PRA

sssssss
anananan

Describes Peer Review of the Shoreham Nuclear
Power Plant PRA with emphasis on the internal
flooding scenario

Howard Lambert
FTA Associates

2022

www.ftaassociates.com




ccccccccccccc

Background of Peer Review

Frequency

Frequency
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= Peer Review of the draft Probabilistic Risk Assessment (PRA)
conducted by SAIC

= Review conducted 1982 by Future Resources Associates
= Shoreham Nuclear Power Plant was built but never licensed

= Shoreham is a BWR-4 Reactor with a Mark Il containment
located in Suffolk County near Brookhaven National Lab

= Purpose of the Review

— to provide Suffolk County staff with information about the magnitudes,

probabilities, and characteristics of potential large accident releases from
the Shoreham reactor.
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Tasks Shoreham PRA

Frequency
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Estimation of the frequency of radioactive releases (SAIC)

Estimation of the magnitude of the radioactive releases for
each accident sequence including the radioactive species and
release time (SAIC)

Estimation of the consequences to the public of radioactive
release to the environment (PL&G)

PRA included internal events including internal flooding

PRA did not address seismic, fire, high winds and external

flooding
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B FRA Review included
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= & reviewing the following Activities
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= Level | Activities

— Systems Analysis
— Core melt sequences and their frequencies

= Level Il Activities --
— Core melt phenomena
— Core Melt Damage States called plant damage states
— Containment Failure Modes
— Release Categories
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Background and Expertise of
the Reviewers
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Frequency

..........

1P
Py
TE; x (1FR) Xy Intermediate
1P,
P T X Py x (1-Py) Intermediate
Py
TE X By x By Worst

= Four person months for review

= Reviewers were independent — did not work on the study

= Expertise of the reviewers include

— Systems Analysis

— thermal hydraulics and core-melt phenomena

— evaluation of containment performance, including fission product
deposition and transport
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_="=_ Basic Conclusions of the Study |-t —

PUMP FAILS PUMP FAILS { T X Py x (1-Py) Intermediate
f ! ! } Py
OR OR T xR X By Worst

= Study conducted in a competent manner — used Reactor Safety
Study methodology with deficiencies corrected

= |ssues raised by Peer Review

— internal flooding sequences, concern for which arose out of the review
of accident sequences, event trees, fault trees, and system descriptions

— core-concrete interactions and vessel melt-through phenomena,
concern for which arose out of the broader review of phenomena that
take place during and after core-melting

— likelihood of failure to scram on demand, concern for which arose out of
review of the ATWS analysis, which the PSA had identified as a key
possible contributor to overall risk

= Presentation focuses on review of internal flooding sequences
and SAIC’s reanalysis as result of the peer review
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B Vulnerability to internal flooding P

- & causing damage to ECCS components | —{._ U7 T

= portions of emergency core cooling systems are disassembled
during maintenance (e.g. a pump impeller replacement, valve
stem replacement, valve seat adjustments)

= |f during this disassembly, human error or set of human errors
occur which deisolate the component undergoing maintenance,
such as opening a MOV, then release of water through the
opened valve can occur flooding level 8 in the reactor building

= Flooding can disable all ECCS components within ~40 minutes

www.ftaassociates.com
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LOSS OF COOLING
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ATWS

A ATWS

Initiating Event I System A

Frequency

System B Sequence
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LOSS OF COOLING
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J.L Water Release Sources and Release
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Success Criteria with all ECCS
unavailable to prevent core damage
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Frequency
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= Coolant makeup AND long term heat removal

= Coolant Makeup
— Main feedwater system (high pressure) OR
— Condensate system (low pressure) requires ADS to work

= Long term heat removal (required after 16 hours)
— Power Conversion System (MSIV must be open)

www.ftaassociates.com
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Consequence
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Elevation View of the RHR Piping ===
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Elevation View of a typical CST pipe Er=ET=T=
= connection into Elevation 8 of the L~ e

a reactor building

D™ S
} ; 4 ' CST
8149 — Height 30'- 8"
SUPPRESSION
P00L ——D
:g([:é — Elevation 8
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LOSS OF COOLING

AND

MAIN COOLING
PUMP FAILS

BACKUP COOLING
PUMP FAILS
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Flooding Event Tree from draft

Shoreham PRA
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Sequence Consequence

Frequency

LOSS OF COOLING
aidatia Eveat Is,\.‘..u |s,m=ms I

Frequency

Initiating Event Fault Tree — Water Source

IE x(IPy) x (1K) Most Favorable

IE x (1B X By Intermediate

BACKUP COOLING
PUMP FAILS

MAIN COOLING
PUMP FAILS

CST for RCIC/HPCI disassembly — Draft PRA =l e -

Release of excessive water into reactor
bldg from condensate storage tank
upstream from ECCS

HPCI High Pressure Coolant Injection
RCIC Reactor Core Isolation Cooling

Elevation 8 Flood Initiator Type 2

1.0E-7/YR

Release of water into reactor bldg from
condensate storage tank piping via
Containment Spray Piping

Release of water into reactor bldg
from condensate storage tank via
HPCI or RCIC piping

1.0E-7/YR 3.0E-8/YR

Water Leakage from CST into
Reactor Bldg via HPCI/RCIC piping

1.9E-6/YR ﬁ G-3

Isolation Valves Fail to Operator does not take

Close action to stop excessive
I leakage
| . Viaintenance on HPCI/R ine
Pipe Leak in HPCI RCIC Coupled with Operator Error A
Suction Piping Opens Isolation Valves
8.56-7/YR ( or 5 G5 4.08-3 ] o.ost 0
ven

Leakage from Leakage from RCIC Malntenanca Actions occur
HPCI Suction Suction Piping Action on HPCl or RCIC Operator Error causes simultaneously with an
Piping X . opening of the isolation event or lead
requires Opening . . . . .
i isolation valves during to isolation of the
system during plant . A .
. maintenance action power conversion
operation system
6.0E-7/YR 2.5E-7/YR T T
2.0E-3 5.0E-3 0.1
Events Aand B Event C Event E
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Sequence of Events leading to e e

flooding with isolation of the =]

power conversion system

Event A: On-line maintenance occurs on either RCIC or HPCI

Event B: System is disassembled for maintenance

Event C: Operator inadvertently opens an isolation valve during
maintenance causing flooding to start (5E-3)

Event D: Operator fails to reclose the isolation valve within 40
minutes which results in flooding to the six foot level (0.05)

Event E: Operator erroneously isolates power conversion system
during flooding

www.ftaassociates.com
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B Peer Review Comments on
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= The units for event A should be given on a frequency basis — the
expected number of times maintenance occurs per year — not
unavailability (fractional downtime per year)

= Event B should be the fractional number of times the RCIC or
HPCl pump is opened for maintenance

= Event D — closing the isolation valve should be done with a high
level of stress i.e., failure probability 0.25 versus 0.05

www.ftaassociates.com 24



] Estimated Human Performance e [ e [

== after a highly stressful event such as e

a large LOCA

HEPs

1.0—=15t MIN

.9 AT 5 MIN

.1 AT 30 MIN

.01 AT 2 HR
BUT IF HIGH STRESS PERSISTS,
LEVEL OFF AT.25 AT ABOUT 25 MIN.

IF HIGHLY STRESSFUL
CONDITIONS PERSIST

ESTIMATED HEP FOR AVERAGE OPERATOR

AUTOMATIC SYSTEMS WORKING OK

orb L . —
15 10 0 60 120

TIME (MINUTES AFTER LARGE LOCA)

www.ftaassociates.com 25



LOSS OF COOLING

AND

MAIN COOLING
PUMP FAILS

BACKUP COOLING
PUMP FAILS
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SAIC’s Reanalysis

Initiating Event
Frequency

I sremA

System B
Frequency

Py
TE X (FPy) x (FP)
e
Py
TE; x (B X By

1Py

IE X By X (1P,

P XRx (1Ry)
Py

IE xBy X By

PROBLEN PATHHAY
DEFINITION SOURCE \ VULNERABILITY
A
A
Major Maintenance Actions
Pipe Breaks
EVENT TREE ¢
STRUCTURE OPERATOR PLANT PLANT
INITIATORS RESPONSE — ENTRY RESPONSE
STATES
“ J
: Y —
CONTROLLED |
QUANTIF [CATTON |"’ SHUTDOW
3.4.4.1- SYSTEMS
INITIATOR EVENT T EVENT
TREES '}r;?;"E _
TREES
MV
—— cLOSURE

CORE
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A Flooding flood heights (final PRA)
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i

B A [Draft PRA]

Vulnerability of Equipment to = =

= HPCI electrical panels (1’ 10”) [3’ 0”]

RCIC electrical panels (1’ 9”) [6” 0”]

Core Spray electrical panels (3’ 10”) [6" 0”]

LPCI (RHR) electrical panels (3’ 10”) [6’ 0”]

Recirculation pump MG-set fluid coupler water pump motor
control centers (1’ 6”) [Trip causes a rise in reactor water level,

MSIV closes, and the power conversion is lost as a heat sink] <—

www.ftaassociates.com
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LOSS OF COOLING

AND

MAIN COOLING
PUMP FAILS

BACKUP COOLING
PUMP FAILS

Internal Flooding Initiator Types:
Source, Pathway, Flow Rates and Time to

|||||||||||

Al A Critical Flood Depth
ELEVATION 8
LOCATION FLOW RATE FLOODING TIME,
SOURCE gpm* MINUTES* 3'-10" DEPTH
Suppression Pool HPCI Pump Suction 9,600 17
RCIC Pump Suction 1,500 110
LPCI Pump Suction (Max/Large)** 17,000/8,500 9.4/19
CS Pump Suction 13,000 12
LPCI Pump Discharge 10,500 (1 Pump Runout) 15
CS Pump Discharge 6,850 (1 Pump Runout) 23
Condensate Storage
' Tank (CST) HPCI Pump Suction (Max/Large)** 12,000/6,000 13/27
RCIC Pump Suction 2,100 76
CS Pump Suction (Max/Large)** 12,000/6,000 13/27
HPCI Pump Discharge 4,350 (Design) 37
Service Water RHR Heat Exchanger 8,000 (Pump Runout) 20
{ WFPS Rupture of 8" Pipe 4,000 40
* These flood times were calculated based on a failure of the sump pumps to successfully operate and
a 41,600 gallons per foot depth in the reactor building given in the Shoreham FSAR.
** Large flow rates assumed to be 1/2 maximum flow.

www.ftaassociates.com
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,& Operator Action Interface Events Involved

NNNNNNNNNNN

“““““““ i in Reactor Building Flood Sequences e P

1. Event P -- Operator removes power from isolation valves.

2. Event E -- Operator maintains Motor Control Center (MCC) isolation of
the valves.

3. Event E -- Operator maintains control room isolation of the valves.

4. Event A -- Operator diagnoses and isolates flood within the time
available for him to act.

www.ftaassociates.com
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Q Task Analysis -- HPCl pump maintenance [FET—ET= T
== [== and the operation of the isolationvalve |- - e
A A (event P) [

1. Maintenance on the high pressure core injection pump:

Remove power from isolation valve HVXXXX by racking out breaker.

a
b. Close steam isolation valve SHVXXXX and remove power.
c. Drain turbine.

d. Disconnect turbine drive shaft from pump.

2. Allow the pump to cool down to 80°F after closing isolation valve
HVXXXX:

Disassemble pump, etc.

Carry out repair to pump, replace seals, etc.

Assemble pump, connect turbine drive shaft, etc.

Rack in breakers to valve HVXXXX and steam isolation valve. e.
Open isolation valve HVXXX.

Qo oTo

www.ftaassociates.com
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Human Error Probability for

=l Kl ol -0 el
_ A OOOOOOOOOOOOOOOOOOO operator removes power from Ll il
A A isolation valve (event P)  Fp
NUREG/CR-1278 Probability Reference

1. Failure to carry out plant
policy when there is no check on 0.01(0.005 t0 0.05)
a person.

2. Error of Omission in Use

of Written Procedures in non- 0.003 (0.001 to 0.01)
passive Tasks with check off ltem 2

Long List =210 items

3. Failure to follow established
procedures or policies in valve 0.01 (0.005 to 0.05)
changes or restoration ltem 5

4. Change or restore wrong MOV

switch or circuit breakers in a 0.003 (0.001 to 0.01)
group of similar appearing ltem 7
items.

p 20-31,Table 20-22, item 1

p 20-29,Table 20-20

p 20-23,Table 20-15

p 20-21,Table 20-14,

www.ftaassociates.com
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Time Dependent human error [ e e [

BACKUP COOLING

. % probability single event versus _—E o e

A multiple events — Event A

1.0 g

™ LEGEND

n. v NUREG-1278 REV. 2 HEP
‘\\ for single event
N [e— NUREG-1278 REV. 2 HEP
p, 8 for the second of multi-
b

ple events

5 MULTIPLE EVENY
-./ "‘p

.
0
.\
.

) .\_
SINGLE EVENT
HEP s ‘...'
......

PROBABILITY OF GPERATOR ERROR
1

N
!04 L 1 1 1 1
10 20 20 @0 50
Time (Minutes)
Figure G.4-1 Comparison of the HEPs Associated with

Operator Actions for Singular Events and
Coincident Multiple Events
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INITIATOR

INITIATOR INITIATOR
FREQUENCY EVENT TREE
DESIGNATOR DESCRIPTION (per Rx ¥Yr) FIGURE NO.
Maintenance Related Initiators
TFLl RCIC in maintenance 7.9E-2 3.4-21
TeLo HPCI in maintenance G 7.9E-2 3,4-22
TFL3 CS in maintenance 4.0E-2 3.4-23
TFL4 LPCI in maintenance 8.4E-2 3.4-24
TFL5 SW in maintenance 4.2E-2 3.4-25
Pipe Faijlure Related Initiators
TFLG HPCI discharge break 3.5E-5 3.4-26
TFL7 CS discharge break 6.9E-5 3.4-27
TFLB LPCI discharge break @G 2. E-4 3.4-28
TFLg SW discharge break 1.4E-4 3.4-29
TFLIO WFPS break 1.2E-5 3.4-30
TeLia RCIC suction break (maximum flow
rate) 1.8E-6 3.4-31
TFL12 HPCI suction failure (maximum
flow rate) 1.8E-6 3.4-32
TEL12 | HPCI suction failure (large
break) 3.5E-6 3.4-33
TFL14 CS suction failure (maximum flow
rate) 2.56-6 3.4-34
TFLls CS suction failure (large break) 4 .9E-6 3.4-35
C TRl LPCI suction failure (maximum
} flow rate) 2.6E-6 3.4-36
TFL17 LPCI suction failure (large
break) 5.2E-6 3.437

Initiating Ever
Frequency

I IsmemA |SymmB |

Consequence

1P,
1P,

Py

1Py

T x (1R x (HP)

I x (12 x By

Most Favorable

Intermediate

N IExBx(h)  Intermediate
[
IE xR x By Worst

Flooding Sequence

Initiators
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LOSS OF COOLING

AND

MAIN COOLING
PUMP FAILS

BACKUP COOLING
PUMP FAILS

@

Tr» Initiator Event Tree for
Postulated Flooding Sequence by an

A error during HPCI in Maintenance

Initiating Event
Frequency

System A

System B I Sequence

1P,

1P,
T x (1P x (FPy)

Py
16 x (12 x By

1Py

1E X By x (1P,
P 2 (1-Py)
P
T xR X By

INITIATOR EVENT TREE

INITIATOR | PROCEOURE | DEMANO OPERATOR ERROR RESTORE INTEGRITY Rx STATUS
CALCULATED
POMER | sysTem noT | OPERATOR RATOR SEQUENCE TYPE OF
wer | Renoven | oemanoeo o] MaInTAIns | xcarains | FL000 | operator | mawaL  |oesiowaror | FREQUENCY | (o nce | svsTeM
conuprTIon (Per Rx Yr)
matnTenance]  FROM | OPERATIONAL|{SUPPRESSION|  csr ISOLATES | SHUTCOMM
ISOLATION | CONDITION POOL [SOLATION |ANWUMCIATEO} 'Froop  [IN PROGRESS
VALVES ISOLATION T2
Vo2 P 0 £ € [ A R
oK . . s
ox - - R
ox* & = <
oK= = - -
0.1 A TPEA 5.5€-7 M-C K
g : TPEAR 2.46-7 s-C H
0.003 ] e 1.7€-8 H-C H
10.3 TPEIR 7.1E-9 s-C H
oK* = , =
| TesE 5.5€-7 -0 H
0.01 0.01 S.P. o1 0.3 o
TPSEAR | 2.46-7 $-0 H
0.003 ——] s 1.76-8 M0 H
L3 1 wsem 7.16-9 $-0 H
oK - - -
0.011 CsT —o.5 A TPOA 4.76-6 s-¢ "
0.003 TP0L 2.6€-8 $-C H
SUMMARY: M-0 = 5.7€-7, M-C = 5.7€-7, $-0 = 2.56-7, S-C = 5.0€-6

*Treated in existing event trees.
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LOSS OF COOLING

AND

MAIN COOLING
PUMP FAILS

BACKUP COOLING
PUMP FAILS

@

@

T Initiator Event Tree for Postulated
Flooding Sequence by a service Water Line

Break

Initiating Event

Frequency

Consequence

INITIATOR EVENT TREE

INITIATOR | REACTOR STATUS (CONDITIONAL PROS.) REACTOR BUILDING INTEGRITY
BREAX AX CCCURSPRIAX OCCLRY  FLOOD SEQUENCE | CALCULATED SYSTEM
Ll As RESPONSE JAS RESPONSE foue 10, O | conorTion | ceerator | o o | DESIGNATOR | FREQUERCY s‘"m':,‘g.
DISCHARGE 7o, om LEaDs]T0, 0R RE. |RESULTS IN,|ANwCIATED] 1SOLATES STARS (Per Rx Yr)
LINE 10 A mesusg Jsutrs e, Al A mSIv AND fLO0D Trns
BREAX SHUTOOWY  |TURBINE TRIM CLOSURE |RECOCNIZED
'“. M T s 1 A R
uo - - -
MANUAL  SMUTDOWN (M) 0.3 ™a 4.66-6 5-0 L
0.003 — m 3.36-7 "-0 L
J SN g 1.46-7 50 L
2.8€-4/RxYr o - /
TURBINE TRIP (T) O m 2.06-5 -0 L
980 m 2.40.7 1-0 L
0.38
(s) —fon & - - ;
MSIV CLOSURE - TSA 0.26-6 $-0 L
0.17 0.003 st 4.75-8 $-0 L
REMAINS AT POMER =0
NEGLIGIBLE - . -
SUPARY: M-0 = 1.1E-5, T-0 = 2.0€-5, 5-0 = 9.06-6

*Included in the previcusly evaluated event trees,
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LOSS OF COOLING

AND

MAIN COOLING
PUMP FAILS

BACKUP COOLING
PUMP FAILS

CE}

[EB

Summary of the initiator event tree
results compiled to provide input to the

systemic event trees

Initiating Event

INITIATOR
DESIGNATOR DESCRIPTION CALCULATED
FREQUENCY
(PER RX YR)
M-0 Controlled Manual Shutdown 1.6E-5
with the Flood Source from the
Suppression Pool, Service
Water, or Fire Supp.
— M-C Controlled Manual Shutdown 8.2E-7
with the Flood Source from
the CST
T-0 Turbine trip with the Flood 2.2E-5
Source from the Suppression
Pool, Service Water, or Fire
Supp.
T-C Turbine Trip with the Flood 3.4E-9
—> Source from the CST
S-0 MSIV Closure with the Flood 1.7E-5
Source from the Suppression
Pool , Service Water or Fire
Supp.
—_— S-C MSIV Closure with the Flood 5.5E-6

Source from the CST

www.ftaassociates.com

36



System event tree for manual

AND Py
IEx(FPOx(FP)  Most Favorable

shutdown with greater than 3’ 10” | . [t —

MAIN COOLING BACKUP COOLING 1P,

PUMP FAILS PUMP FAILS

N IExBx(h)  Intermediate
[
IE xR x By Worst

A A water in reactor building

MC Q X \ Vv W CORE Path PER RX-YR | SEQNO.
INITIATOR HI PRESSURE TIMELY TOW PRESSURE | CONTAINMENT HEAT | CONTAINMENT HEAT | ' MAGE
COOLANT INJECTION | DEPRESSURATION | COOLANT INJECTION REMOVAL REMOVAL
MANUAL SHUTDOWN | MAIN FEEDWATER ADS CONDENSATE MSIV OPENED > 10 |POWER CONVERSION
HRS SYSTEM
NO MC 117607 |1
5.00E-03
YES IMC, W 5.88E-10  [2
POWER CONVERSION
SYSTEM NOT
RESTORED
NO MC,Q 207E08 3
1.206-07/RX-YR}
5.00E-03
MANUAL SHUTDOWN YES mMcaow  [1o4E11 4
POWER CONVERSION
SYSTEM NOT
RESTORED
1.00E-02
0.9 YES mcaov  RiE11t s
OPERATOR FAILS TO
OPEN MAIN STEAM
ISOLATION VALVES
2.50E-02
0e YES MC.QV 540E-11 6
OPERATOR TRIPS CONDENSATE PUMPS
MAINFEEDWATER UNAVAILABLE
SYSTEM DURING 5
bl ' YES MC.QX  [40E-10 |7
OPERATOR FAILS TO
INITIATE ADS

Source Containment Storage Tank
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System event tree for turbine trips =

s IEx(FPOx(FP)  Most Favorable

with greater than 3’ 10” water in R

1Py
MAIN COOLING BACKUP COOLING

PUMP FAILS PUMP FAILS

A A reactor building P

TC Q X \% \ w CORE Path Per RX yr SEQ NO.
INITIATOR HI PRESSURE TIMELY LOW PRESSURE | CONTAINMENT HEAT | CONTAINMENT HEAT | DAMAGE
COOLANT INJECTION | DEPRESSURATION | COOLANT INJECTION REMOVAL REMOVAL
TURBINE TRIP DURING| MAIN FEEDWATER ADS CONDENSATE MSIV OPENED > 10 |[POWER CONVERSION
SHUTDOWN HRS SYSTEM
NO TC D 57E-09 1
0.76
5.00E-03
YES TC,W 1.29E-11 7
POWER CONVERSION
SYSTEM NOT
RESTORED
NO TC.Q 705610 |3
3.40E-09 /RX yr
5.00E-03
TURBINE TRIP DURING] YES TC.QW 354E-12 |4
SHUTDOWN POWER CONVERSION
SYSTEM NOT
RESTORED
1.00E-02
0.9 YES TC.QV 7.16E-12 5
OPERATOR FAILS TO
OPEN MAIN STEAM
ISOLATION VALVES
0.24 2.50E-02
' YES TC,Q,V 1.84E-11 6
OPERATOR TRIPS CONDENSATE PUMPS
MAINFEEDWATER UNAVAILABLE
SYSTEM DURING -
SHTE0N : YES TC,Q.X 8 16E-11 7
OPERATOR FAILS TO
INITIATE ADS

Source Containment Storage Tank
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LOSS OF COOLING

AND

MAIN COOLING
PUMP FAILS

BACKUP COOLING
PUMP FAILS

System event tree for MSIV closures

with greater than 3’ 10” water in
reactor building

|||||||||||

Source Containment Storage Tank

sC X Y; Y; w CORE Path Per RXyr | SEQ NO.
INITIATOR TIMELY DEPRESSURATION |[LOW PRESSURE COOLANT|  CONTAINMENT HEAT CONTAINMENT HEAT DAMAGE
INJECTION REMOVAL REMOVAL
MSIV CLOSURE DURING ADS CONDENSATE MSIV OPENED > 10HRS | POWER CONVERSION
SHUTDOWN SYSTEM
NO SC 2 91E-09

1.50E-02

YES ISC.W 4.43E-11 2
POWER CONVERSION
SYSTEM NOT RESTORED
1.00E-02
0.9 YES SC.V 2 98E-11 3
OPERATOR FAILS TO OPEN
MAIN STEAM ISOLATION
VALVES
2.50E-02
3.40E-09/RX yr YES sc.v 765611 4
RIN CONDENSATE PUMPS
MV CLOBURE CLURING ONAVAILABLE
0.1
YES SC X 13.40E-10 5
OPERATOR FAILS TO
INITIATE ADS

www.ftaassociates.com

39



Summary of Mean Core Vulnerable ==r=—1
=5 State Frequency which lead to _—E .

A A according to class
CLASS ESTIMATED MEAN FREQUENCY OF
GENERALIZED CLASS PHYSICAL BASIS FOR CORE VULNERABILITY (PER
CLASSIFICATION REACTOR YEAR)
Loss of Coolant Makeup Relatively fast core melt; containment | 3.2E-5
intact at core melt and at low pressure
Loss of Containment Heat Relatively slow core melt due to lower [l 8.5E-6
Removal decay heat power: containment failed
prior to core melt
LOCA Relatively fast core melt; containment ] 1.0E-6
intact at core melt, but at high internal
pressure
ATWS W/0 Poison Injection Relatively fast core melt; containment v 1.4E-5
fails prior to core melt due to
overpressure
LOCA Outside Containment Relatively fast core melt; containment V 3.6E-8
failed from initiation of accident due to
equipment failures
TOTAL 5.5E-5
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Summary of Mean Frequency which

LOSS OF COOLIN gt Is,‘.,,“ |s,,m..s I i
N lead to core vulnerable state e
A @&  according to accident sequences ~

SHOREHAM » INITIATOR PER YR IMPORTANCE
MEAN = 5,5x10 “/REACTOR YEAR
(CORE VULNERABLE) ATWS 1.40E-05 25.50%
TRANSIENTS 1.30E-05 23.68%
SERVICE LOSS OF OFFSITE POWER| 1.10E-05 20.04%
SERVICE WATER 5.00E-06 9.11%
il —>(BLDG FLOOD 3.90E-06 7.10%
DC POWER BUS 2.90E-06 5.28%
RHR/REACTOR LEVEL 2.80E-06 5.10%
LOCA 2.30E-06 4.19%
e TOTAL 5.49E-05]  100.00%

T= Turbine Trip

Q=Feedwater

U=Reactor Core Isolation Cooling
X=Timely Depressurization
V=Core Spray

b LOSP separated out, ATWS Class | included.

™ Classes I and 11.
kit Anticipated transient and LOCAs only.

W=Residual Heat Removal System and Service Water
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