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MEMORANDUM FOR: Commissioner Gilinsky L2 ;f{iféi"
FROM: William J. Dircks ‘
Executive Director for Operations shivise JUi s g
SUBJECT: SHOREHAM ECCS

Your June 28, 1984 memorandum asked if the ECCS pumps at Shoreham meet the
regulations.

Enclosed are several staff evaluations which provide our basis for concluding
that these pumps will satisfy the applicable General Design Criteria.

Enclosures 1 and 2 are excerpts from the fire protection evaluations contained
in SSER 1 and 2. Note particularly Sections 9.5.3 and 9.5.6 on pages 9-9 and
9-11 of Enclosure 1 and the final paragraphs on page 9-1 of Enclosure 2. For
clarity, elevation 8' is the bottom floor of the reactor building where these
pumps are located and where the applicant's additional fire protection measures
described in Enclosure 1 are located. :

With regard to flood1n¥ of the ECCS pump level of the reactor building, we
have determined that plant indications/alarms provide adequate information
for plant operations to isolate any design basis pipe breaks in the reactor
building. We conclude in Enclosure 3 that the pipe break protection in the
reactor building meets GOC 3. Compliance with GOC 4 ensures that the equip-
ment in the reactor building, including ECCS pumps, are not subject to common
mode failure dus to flooding. That is, no single pipe break in the reactor
building can disable the ECLS functions. Therefore, GDC 35 is met for the
worst case design basis internal flooding event in the reactor building.
Enclosure 4 discusses another potential concern, namely flooding due to
procedural errors during maintence. Enclosure 5, incorporates a BNL PRA
type evaluation of the potential for flooding due to maintenance procedure
errors, a beyond-design-basis event, and shows that the probability of such
an event is acceptably low.

In addition to the design basis calculations, and evaluations of maintenance
induced flooding, the staff has performed inspections and calculations to
determine available time for operators to secure and mitigate the flooding
from postulated breaks in the various piping systems inside the reactor
butlding. Protection of vital instrumentation, junction boxes, and components
of safety grade systems, were examined 25 to their susceptibility for flooding
or spray. In most cases, several hours were available for the operators to
identify and secure the flooding. In order to bound the problem, two
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coincident errors were astured in the limiting system to obttain a
conservatively large flooding rate; the results of this scemario indicate
in excess of two hours for the operators to take action. In summary, we
have considered the man-machine interface as well as the design-basis and
PRA aspects and find both are acceptably resolved.

(Signed) William |, Dircks

William J, Tircks
Executive Director for Operations

Enclosures:
1. Pages 9-1 - 9-12 of Shoreham SSER-1
2. Page 9-1 of Shoreham SSER-2
3, Pages 3-2 - 3-4 of Shoreham SSER-4
4. Memo (Mattson to Denton)

dtd 12/29/83
5, Memo (Eisenhut to Starostecki)

dtd 5/4/84

ce: Chairman Palladino
Commissioner Roberts
Commissioner Asselstine
Commissioner Bernthal
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9 AUXKILIARY SYSTEMS

9.1.4 Fuel Handing System

In the Safety Evaluation Report, we concluded that the fuel handling system
met the intent of Branch Technical Position ASB 9-1, "Overhead Handling Systems
for Nuclear Power Plants.” We also concluded that it will perform its safety
function and is, therefore, acceptable.

In letters dated December 22, 1980 and February 3, 1981, the applicant was
requested to establish the extent to which their heavy load handling operations
satisfy the guidelines of NUREG-061 , "Control of Heavy Loads at Nuclear Power
Plants." This NUREG addressed unresolved safety issue A-36. Further, the
applicant was requested to identify the changes and modifications which would
be required to fully satisfy these guidelines. The applicant will submit the
results of their review against NUREG-0612 guidelines at a later date. Since
this effort will extend over some period of time, certain measures that could
be readily implemented such as identifying safe load paths, the development of
procedures, operation training and crane inspections, testing and mainrtenance,
were separately identified in Enclosure 2 to the Oecember 22, 1980 letter. We
require the applicant to implement these interim actions prior to the final
implementation of the NUREG-0512 guidelines and prior to receipt of their
operating license.

Based on cur review of the Final Safety Analysis Report and the applicant’s
July 31, 1981 commitment to the interim positi.n, we continue to believe that
the fuel handling system meets the intent of Branch Technigal Pogitign ASB 9-1

the guidelines of Regulatory Guides 1.12 and 1.29 with respect to overhead crane
interlocks and maintaining plant safety in a seismic event. The fuel handling
system is, therefore, acceptable. We further conclude that implementation of
the interim actions of NUREG-0612 prior to final implementation of NUREG-0612
guidelines and prior to receipt of the operating license provides reasonable
assurance of safe handling of heavy loads until NUREG-0612 can be fully
implemented and is, therefore, acceptable.

9.5 Fire Protection System

9.5.1 Introduction

We have reviewed the Shoreham fire protection program reevaluation and fire
hazards analysis submitted by the applicant by letter dated June 1977. The
Shoreham reevaluation was in response to our request to review their fire
protection program against the guidelines of Appendix A to Branch Technical
Postion (BTP) APCSB 9.5-1, "Guidelines for Fire Protection for Nuclear Power
Plants." As part of our review, we visited the plant site to examine the
relationship of safety-related components, systems, and structures in specific
plant areas to both combustible materials and to fire detection and suppression
systems. The overall objective of our review was to ensure that, in the event
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of a fire, Shoreham personnel and the plant equipment would be adequate to
safely shutdown the reactor, to maintain the plant in a safe shutdown conditon,
and to minimize the release of radiocactivity to the environment.

Our review included an evaluation of the automatic and manually operated water
and gas fire suppression systems, the fire detection systems, fire barriers,
fire doors and dampers, fire protection administrative controls, and the fire
brigade size and training.

On October 27, 1980 the Commission approved for publication in the Federal
Register a new rule 10 CFR 50.48 and its Appendix R to 10 CFR Part 50, delinea-
ting certain fire protection provisions for nuclear power plants licensed to
operate prior to January 1, 1979. Although this fire protection rule does not
apply to Shoreham, we used the contents of this rule also in the evaluation of
the fire protection program.

The applicant has been informed that all fire protection modifications have to
be implemented prior to fuel load. Portions of our evaluation are based upon
verbal commitments by the applicant. Our final evaluation is dependent upon
adequate documentation of these commitments.

9.5.2 Fire Protection Systems Description and Evaluation

9.5.2.1 Water Supply Systems

The fire water supply system consists of two fire pumps separately connected
to a 12-inch cement lined cast iron underground fire water loop. The fire
pumps are rated at 2,500 gpm at 125 psig head. One of the fire pumps is
electric deiven and is fed from two sources of offsite power. The cther fire
pump is deiven by a diesel engine which has its own batteries and battery
chargers for starting power. The fire pump installation conforms to the
guidelines of NFPA 20, "Standard for the Installation of Centrifugal Fire
Pumps." The diesel driven and motor driven fire pumps and their associated
controls are separated by a 3-hour fire rated wall equipped with 3-hour

fire rated doors.

Two 350,000-gallon water storage tanks provide water for fire protection.
Three hundred thousand gallons of the 350,000 gallons of water in each tank
are reserved for fire protection<by locating connections to the tanks for
other services at the 300,000-gallon level. The two tanks will be filled
automatically by the station well water pumps which can refill one tank within
8 hours. Each tank is heated to maintain the temperature above 42°F by an
electric immersion tank heater. Each fire pump takes suction from a separate
tank. A valved, normally open cross-connection between the two suction lines
is provided within the fire pump house. Each tank is equipped with instru-
mentation to sourd an alarm in the main control rocm when a tank reaches the
300,000-gallon mark. If a leak is detected in one tank, the piping can be
manually aligned to isolate the leaking tank and have both fire pumps take
suction from the other tank.

A 30-gpm pressure maintenance pump (jockey pump) maintains the system pressure.
The fire pumps start automatically on low header pressure. If the fire water
supply system pressure falls to 100 psi, the electric driven fire pump starts




automatically. As the pressure falls to 85 psi, the diesel-driven fire pump
starts automatically. The fire pumps can also be started manualiy from the
control room and at the pumps. Separate alarms are provided in the control
room to monitor pump cperation, diesel-driven fire pump fuel oil day tank
leve!, electric motor-driven fire pump breaker tripped, and diesel-driven fire
pump relief valve high flow.

The water flow requirement for the fire suppression system requiring the
greatest water demand for areas containing or exposing safety-related equipment
is 500 gpm and, coupied with 750 gpm for hose streams, totals a water demand

of 1250 gpm. Since the system can deliver 2500 gpm at rated pressure with one
pump out of service, the fire water supply system is adequate. Based on our
review, we conclude that the fire water supply system meets the guidelines of
Section C.2 of Appendix A to BTP ASB 9.5-1 and, therefore, is acceptable.

9.5.2.2 Sprinkler and Standpipe Systems

The automatic and manual sprinkler (Spray) systems and the manual hose station
standpipe system are connected to the outside fire protection underground main
as follows:

1. Turbine Building - independent connections to the intericr fire header.

2. Automatic systems in the reactor building and radwaste building connected
into hose station riser pipes - one connection to underground.

3. Control Building - one connection to underground.

A1l control and isolation valves for the sprinkler and standpipe systems are
electrically supervised. A1l other major valves are locked open Also,
actuation of any water f1re-suppression system will cause a fire pump to start
on a low head pressure signal.

The automatic sprinkler systems, e.g., wet pipe sprinkler system, preaction
sprinkler systems, and deluge spray systems, are designed to the requirements
of National Fire Protection Association (NFPA) Standard No. 13, "Standard for
Installation of Sprinkler Systems," and NFPA Standard No. 15, "Standard for
Water Spray Fixed Systems."

The areas that are equipped with Wwater suppression systems include the following:
1. Personnel tunnel

2. Office and service building, receiving and storage, print, record and
file, oil, and store rooms.

3. Warehouse

4. Auxiiiary Boiler Room

5. Diesel engine driven fire pump fuel tank area

5. Low level storage room and boiler area in the radwaste building

-
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7.  Portions of the turbine building

Preaction sprinkler systems are provided for the following‘areas:
1. Hydrogen seal oil unit

2. Lube oil room

Automatic deluge systems are provided for the following areas:

1. Main transformers

2. Normal station transformer

3. Reserve station transformer

Manually actuated deluge systems with open nozzles and separate detection
systems are providrd for the following areas:

1. Charcoal filter beds in each of the two reactor building standby ventilation
filter trains

HPCI and RCIC turbine lube 0il area (will be modified to be automatic)
Ventilation exhaust charcoal filter train radwaste building

Turbine driven reactor feed pumps

v s wN

Primary containment purge filter train - reactor building

We were concerned that a rapidly developing fire at the HPCI turbine-driven
pump would affect the adjacent RCIC pump and would threaten vertical safety-
related cable trays in the area before the manual suppression system would be
actuated. At our request, by letter dated July 10, 1981, the applicant agreed
to modify the existing manually actuated deluge system for the HPCI/RCIC equip=
ment area to an autematic pre-action actuation system.

Manual hose stations are located throughout the plant to ensure that an
effective hose stream can be directed to any safety related arez in the plant.
The standpipe systems are consistent with the requirements of NFPA 14, "Standpipe
and Hose Systems for Sizing, Spacing, and Pipe Support Requirements."

Based on our review, we conclude that the water suppression systems meet the
guidelines of Appendix A to BTP ASB 9.5-1 and are, therefore, acceptable.

9.5.2.3 Gas Fire Suppression Systems

Totai flooding low pressure carbon dioxide suppression systems are provided
for the following areas:

1. Diesel generator rooms

2. MG room

9-4



Battery room
Emergency switchgear room
Relay room (cable spreading room)

Normal switchgear room

\tmmh_u

Cable tunnel
8. Turbine generator bearings

CO; hose reel stations are located at the entrances to the main control room
and at various locations throughout the turbine and control building.

Carbon dioxide protected rooms and areas are provided with local warning
alarms, delayed operation,a nd lockouts for personnel protection.

The low pressure carbon dioxide C0O, system consists of fire detection, storage
tank distribution piping and valves, discharge devices, and associated instru-
mentation control room. A system of rate compensated thermal detectors is
provided for automatic actuation of the carbon dioxide extinguishing systems.
A time delay of sufficient time to enable personnel to leave tne area is
provided for each system. Activation of the system may also be accomplished
manually at local points.

At our request the applicant verbally agreed to provide a 30 minute soak time
of the CO, system for the relay room (cab:. spreading room) to insure extin-
guishment of a postulated fire. The present system is designed for a 50%
concentration for 20 minutes.

We have reviewed the design criteria and bases for the C0, fire suppression
systems. We conclude that these systems are in accordance with the applicable
portions of NFPA 12, satisty the provisions of Appendix A to BTP ASB 9.5-1 and
are, therefore, acceptable.

9.5.2.4 Fire Detection Systems

The fire alarm system consists of both high and low voltage jonization detectors
Tow voltage duct detectors, heat and photoelectric detectors and various

control and power sup)ly panels which feed. the data to a control room security
console. The fire alarm system through the security console gives both audible
and visual alarms in the plant control room. Standby pcwer is provided by
either an emergency AC bus or the battery system for the security system.

Fire detection systems will be installed in all areas.

The fire detection systems will be installed according to HFPA 72D, "Standard
for the Installation, Maintenance, and Use of Proprietarv Protective Signaling
Systems."

The control room security console provides aucible and visual indication of an
alarm or trouble condition in the fire alarnm system. The console supplies an
output to a common audible alarm in the main control rocm upon indication of a




fire detection or system trouble condition. The security console also provides
visual output of alarm conditions via a CRT screen in the control room and one
of two automatic Tine printers. All alarm signals are fed to a data processor
computer at the control room security conscle for information, storage, and
indexing. Instant recall and line printer printout of previous trouble or
alarm signals are possible.

We were concerned that an open or break in the non-Class A circuit of the fire
alarm system from the relay room to the control room would eliminate all fire
alarm signals. At our request, by letter dated July 10, 1981, the applicant
provided further description ¢f circuits from the interface panel in the relay
room to the CRT console and printer in the control room. The interface panel
in the relay room is connected by a four-conductor cable to the computer for
the fire detection and station security system console, located in the control
room. A second parallel four-conductor cable is provided for this interface
wiring to provide a second path should a conductor break. The alarms appear
on the CRT in this console and the printer associated with it. Simultaneously,
they also appear on the CRT and printer located in the Security Building. The
entire wiring for the detection system is supervised and any broken or shorted
wire will alarm at both locations.

Based on the applicant's description of the redundant circuits between the
relay room and control room, we conclude that the fire alarm system meets the
guidelines of Appendix A to BTP 9.5-1 and is, therefore, acceptable.

9.5.3 Other Items Related to Fire Protection Programs

9.5.3.1 Fire Barriers and Fire Barrier Penetrations

Walls that separate safety-related buildings are three-hour fire rated. The
floor/ceiling assemblies separating areas in buildings containing safe shutdown
systems are also 3-hour fire rated barriers. Fire rated barriers are constructed
of reinforced concrete or masonry block construction. Concrete fire barriers
have been evaluated by comparison with designs which have been tested and

rated in accordance with NFPA-251 and ASTM E-11S. For fire areas not having a
3-hour fire rated assembly, we evaluated each individually with respect to its
fuel load, fire suppression and detection systems, and proximity to safe
shutdown equipment and conclude that the fire rated assemblies provded are
adequate for the areas affected, meet the guidelines in Section D.i.j of
Appendix A to BTP ASB 9.5-1 and are, therefore, acceptable.

The design of penetration seals used has not been documented. The applicant

has verbally agreed to provide specific 3-hour U.L. designs for al1] fire
penetration seals used in the penetration cable trays, conduits, and piping
which pass the penetration qualification tests including the time-temperature
exposure fire curve specified by ASTM E-119, "Fire Test of Builaing Construction
and Materials." We have concluded that the fire seals meet the guidelines of
Appendix A to ¢P ASB 9.5-1 and are, therefore, acceptable.

9.5.3.2 Fire Doors and Dampers

The applicant has indicated that the following areas contain 3-hour fire rated
dampers where ventilation ducts penetrate the 3-hour fire wall:



Relay Room
Control Room

Computer Room

HowWwN

Emergency Switchgear Rooms
5. Battery Rooms

In ducts penetrating the fire barrier walls surrounding the safety-related
equipment, a fire damper of 1%-hour rating is used. Some areas also contain
motorized l%-hour fire dampers in which the motorized assembly, including
cables, are not U.L. listed. We are concerned that the unlisted assemblies
will prevent the fire dampers from performing its function. We require that
all such operators be replaced with approved listed operators or a surveillance
program be developed and included in the plant Technical Specifications to
assure an adequate level of reliability.

9.5.4 Emergency Lighting

Eight-hour battery pack emergency lights are required for areas of the plant
necessary for safe shutdown. The applicant will instal) self-contained eight-
hour battery pack emergency lighting in all areas of the plant which could be
manned to bring the plant to a safe cold shutdown and in access and egress
routes to and from all fire areas.

We conclude that the emergency lighting meets the requirements of Appendix to
BTP ASB 9.5-1, and, also, the provisions of Section III.J of Appendix R to
10 CFR Part 50 and is, therefore, acceptable.

9.5.5 Fire Protection for Specific Areas

9.5.5.1 Control Room

The control room complex is separatec from all other areas of the plant by
3-hour fire rated walls, ceiling/floors assemblies, floors and doors. All
ventilation ducts penetrating these barriers have 3-hour fire rated dampers.
The control room complex peripheral rooms, except the visitors gallery which
has bullet-resistant noncombustibTe materials, are constructed to provide a
minimum fire rating of 1 hour. The ventilation openings in the peripheral
rooms are protected with l%-hour rated fire campers. At our request the
applicant has agreed to install additional smoke detectors in these rooms
which will alarm and annunciate in the control room.

A1] cabinets, consoles, and the ventilation exhaust system within the control
room have jonization fire detectors installed. The main control room ventila-
tion system can be remote manual isolated from the main control room as it has
capability of being used as a smoke removal system.

Manual fire fighting is provided through the use of portable extinguishers and
CO2 hosa reels (supplied from the station hose pressure CO, storage tank)
which are located outside the main control panel at the access door. At our

-
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request the applicant has agreed to provide and increase hose length of 100 feet
for the 1%-inch water hose stations also located just outside the control room
for additional protection inside the control room. This increased hose length
will be provided for FHR Nos. 1 and 71.

The suspended ceiling is of the aluminum egg crate type design.

The applicant has agreed to instal] the emergency shutdown panel so that
alternate shutdown capability exists independent of the contro] room.

Based on our review, we conclude that the control room fire protection meets
the guidelines of Appendix A to BTP ASB 9.5-1 and is, therefore, acceptable.

9.5.5.2 Cable Spreading Room (Relay Room)

The single cable spreading room is separated from the balance of the plant by
3-hour fire-rated walls and floor/ceiling assemblies. Three-hour fire

rated fire dampers are provided for all ventilation ducts that pierce the
walls. At our request, the applicant has verbally agreed to upgrade to 2 hours
a shaft in the southeast corner of the room, elevation 44, as well as provide
3-hour fire damps for any ducting penetrating this shaft. Exits are provided
at each end of the room.

Automatic fire detection by Class 1E seismic Category I heat detectors will
actuate a total flooding CO; suppression system, isolate ventilation, initiate
local predischarge warning, and annunciate in the main control room. At our
request the applicant verbally agreed to increase the S0% concentration to

30 minutes soak time. Area, duct, and panel-mounted smoke detectors are also
provided for the room.

h CO, hose reel is located at the south erd of the room as backup in addition
to portable fire extinguishers. Standpipe water hose stations are providea
on the outside of the main exits from the room.

We were initially concerned that a fire would affect redundant shutdown systems
Tocated in the cable spreading room. However, the applicant has installed an
alternate shutdown capability independent of the cable spreading room (refer to
Section 7.4.3 of this report). The fire protection for the cable spreading
room meets the guidelines of Appendix A to BTP ASB 9.5-1 and is, therefore,
acceptable. -

9.5.5.3 Containment and Reactor Building

The primary containment will be inerted during normal operation hence eliminating
any fire hazard associated with the lubricating oil of the recirculation
pumps.

The zontainment and reactor building fire protection features include hose
statiuns, fire detectors, fire extinguishers, automatic sprinklers, manual
deluge vnd fire control barriers. Fire detectors are distributed throughout
the areas with alarm and annunication in the control room.

9-8




In the reactor building at elevation 8', we were concerned that a fire at the
HPCI turbine driven pump could affect the acjacent RCIC turpine pump as well
as vertical safety related cable trays running up the walls in the area. At
our request, the applicant by letter dated May 21, 1981, agreed to provide a
9-foot high 3-hour fire rated barrier between the vertical cable trays and
the adjacent RCIC pump. Also, by letter dated July 10 1981, the applicant
agreed to modify the existing manually actuated deluge system for the HPCI/
RCIC equipment area to an automatic pre-action actuation system.

We were concerned that if the preset single feed to the reactor building

should fail, both the primary and secondary fire protection would be lost. At
our request, the applicant agreed to provide a secondary feed from the under-
ground to the reactor building, as well as necessary valves such that primary

or secondary water fire protection will always be provided. The fire protection
for the containment and reactor buildings meets the guidelines of Appendix A

to BTP ASB 9.5-1 and is, therefore, acceptable.

9.5.5.4 CZmergency Diesel Generator Rooms

Each of the emergency diesel generators is in its own protected room separated
by walls, floor, ceiling/flcor assembly and doors having a minimum fire rating
of 2 hours. Automatic fire detection by Class 1F, seismic Category I heat
detectors actuate a total flooding C0O, suppression system, isolate ventilation
(with the exception of the diesel air intakes), shut down the diesel fuel oil
transfer pumps for the diesel, actuate the local predischarge warning and
annunciate in the main control room. Area snoke detectors are also installed
for these rooms. Backup fire protecticn is provided by protable extinguishers
plus manual hose stations located in the rooms. Smoke purging is provided for
through the normal ventilation system.

The diesel fuel oil storage tanks are buried and located at 2 distance of more -
than 50 feet from the diesels.

Based on our evaluation, we conclude that the fire protection for the diesei
generator rooms meets the guidelines of Apperdix A to BTP ASB 9.5-1 and is,
therefore, acceptable.

9.5.5.5 Other Plant Areas

The applicant's Fire Hazards Analysis addressed other plant areas not specifi-
cally discussed in this report. The applicant has committed to install addi-
tional detectors, portable extinguishers, and fire barriers prior to fuel
load. We find the fire protection for these areas, with the commitment made
by the applicant, *c be in accordance with the guidelines of Appendix A to BTP
ASB 9.5-1 and is, therefore, acceptable.

9.5.6 Fire Protection of Safe Shutdown Czpability

The applicant's post-fire safe shutdown analysis of the fire protection of
safe shutdown is presented in three letters.

By letter dated May 21, 1981, the applicant provided a comparison of the plant
design with the requirements of Appendix R. The applicant also provided a
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separation analysis of cables within the reactor building by letter dated
February 10, 1981 and analysis of shutdown circui<s Zutside the reactor building
by letter dated July 10, 1981.

The applicant's post-fire safe shutdown analysis demcnstrated that systems

needed for hot shutdown and cold shutdown are reduncznt and that one of the
reduncant systems needed for safe shutdown would be *ree of fire damage, by
providing separation, fire barriers, and/or alternative shutdown capability.

The safe shutdown analysis considered components, casling, and supnort equipment
for systems needed to shut down. Thus, in the event of a fire, at least one
train of systems free of fire damage would be availazle to achieve and main-
tain hot shutdown or to proceed to cold shutdown. Fzr hot shutdown, at least
one of the following shutdown systems would be availzble: (1) the Reactor

Core Isolation Cooling System, (2) the High Pressure Coolant Injection System,
and (3) a combination of the pressure relief system, the core spray svstem and
residual heat removal (RHR) system. For cold shutdown, an appropriate portion
of the RHR system would be available.

For equipment located in the primary containment, no fire protection features
are provided because the containment atmosphere will be inert.

For equipment located in the reactor building (seconcary containment), the
applicant provided a cable separation analysis which divided the reactor
building into overlapping 45 degree segments. The apalicant assumed that all
compenents, the cables and raceways, in a given segmeat were lost due to a
fire; yet demonstrated the capability to shut down stil! existed. We have
reviewed the cable separation analysis and conclude tiat it is an acceptable
method of demonstrating that adequate separation exisis between the redundant
trains. Additionally, the applicant has committed (bv July 10, 1981 letter)
to verify that the "as-built" design has a minimum 2C f+ separation between
redundant safety-related components.

The secondary containment is a cylindrical structure with a 135-foot outside
diameter and 240 ft high with 2-foot concrete walls. There are six complete
elevations with each elevation containing large open zenetrations. The area
between the primary and secondary containment is one %ire area.

Throughout the reactor building both smoke and temper:zture detectors are
installed with alarm and annunciation in the control roem. A1l cable trays
have solid bottoms with covers or ladder type with so'id covers attached to
both sides. A1l vertical trays incorporate fire stops within the tray and
external to all trays where they penetrate floor leveis. Fire stops are
provided at the midpoints when the elevation is more “han 25 ft.

The two main vertical safety-related cable risers are Tocated at 138° and 223°
azimuth, extend from elevation 8' to elevation 40' anc zre separated by 85 ft.
The applicant's analysis demonstrated that a 45° segment in which a fire
caused the disability of all cables and raceways in t-at segment, a separation
distance of 20 ft on the inside of secondary containmzat existed and 35 ft
existed on the outside. The applicant then rotated tris segment 22.5° for
additional verification and overlapping.
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The applicant provided fire detection, alarm, annunciation, water spray systems
for the RBCV's charcoal filters, hose stations, autamatic pre-action sprinkler
systems, fire barriers, two fire main feeus and portable equipment for secondary
containment. Due to the preceding separation distamces and protection provided,
an automatic suppression system is not needed for protection against a transient
exposure fire.

For equipment in areas outside the reactor building, the applicant has identified
seven areas which contain cable for redundant shutdown equipment: the relay
room, the control room, the diesel-generator rooms, the emergencCy switchgear
room, the fuel oil pumphouse rooms, the screenwell, and the HVAC room.

In the diesel-generator rooms, the emergency switchgear room, the fuel oil
pumphouse rooms, and the screenwell, redundant equipnent is separated by a
3-hour fire-rated barrier. Cabling to this equipment is contained in
underground ducts. In the event that fire disables redundant equipment in the
HVAC room, control room, or relay room, a remote shutdown panel is provided in
the reactor building (refer to section 7.4.3 of this report).

Sections 7.4.1.4, 7.5.1.4, and 7.5.1.5 of the FSAR describe the remote shutdown
panel's design and capability. By letter dated May 21, 1981, the applicant
addressed Section III.L of Appendix R. The design ebjective of the remote
shutdown panel is to achieve and maintain cold shutdown in event of a fire
disabling the relay room or the control room. The reactor core isolation
cooling (RCIC) system, safety/reiief valves and one division of the residual
heat removal (RHR) system can be controlled from the remote shutdown panel to
achieve cold shutdown.

The design of the remote shutdown panel complies with the performance goals
outlined in Section III.L." Reactivity control will be accomplished by a
manual scram before the operator leaves the control room. The RCIC system
will provide reactor coolant makeup and the RHR system and the safety relief
valves will be used for reactor heat removal. Reactor water level, reactor
pressure, suppression pool water level and temperatsre, and drywell pressure
and temperature are among instrumentation available at the remote shutdown |
panel to provide direct reading of process variables. The remote shutdown |
panel will also include instrumentation and control of support functions
needed for the shutdown equipment. Procedures for use of the remote shutdown .
panei include sequencing of equipment and operator actions. :
Based on the above, we conclude that the fire protection of safe shutdown |
capability meets the guidelines of Appendix A to BTP 9.5-1 and is, therefore, -
acceptable.

9.5.7 Administrative Controls and Fire Brigade ;

The administrative controls for fire protection comsist of the fire protection
organization, the fire brigad» training, the controls over combustibles and
ignition source, the prefire plans and procedures far fighting fires and
quality assurance. The fire brigade will be composed of five members per
shift. To have proper coverage during all phases of operation, members of
each shift crew will be trained in fire protection in accordance with our
quidance including Regulatory Guide 1.101, "Emergency Planning for Nuclear

-
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Power Plants.” The applicant has agreed to implement the fire protection
program contained in the staff supplemental guidance “"Nuclear Plant Fire
Protection Functional Responsibilities, Administrative Controls and Quality
Assurance," dated August 29, 1977, including (1) fire brigade training,

(2) control of combustibles (3) control of ignition sources, (4) fire=-fighting
procedures, and (5) quality assurance.

The applicant will implement the plant administrative controls and procedures
before fuel loading.

We conclude that, with these commitments, the size of the fire brigade, the
necessary equipment, and the adequacy of the training, training will conform
to the recommendations of the National Fire Protection Association, to
Appendix A to BTP ASB 9.5-1, and to our suppiemental staff guidelines and are,
therefore, acceptable.

9.5.8 Technical Specification

The applicant has committed to follow our Standard Technical Specifications.
We find this acceptable.

9.5.9 Appendix R Statement

On October 27, 1980, the Commission approved for publication in the Federal
Register a new rule §50.48 and Appendix R to 10 CFR Part 50, delin2ating
certain fire protection pro.isions for nuclear power plants licensed to operate
prior to January 1, 1979. Althcugh this fire protection rule does not apply

to Shoreham, we used the technical requirements of this rule as guidance in
our evaluation of the fire protection program.

By letter, dated May 21, 1981, the appiicant provided a comparison of its
fire protection program with the NRC guidelines given in the technical

requirements of Appendix R. The applicant's program is in conformance with
these guidelines.

9.5.10 Conclusion

There is one unresolved fire protection item to be reviewed. This item

involves the fire dampers (Section 9.5.3.2). We will report our review of this
item in a supplement to the Safety Evaluation Report. The applicant has been
informed that all fire protection items need to be resolved prior to fuel loading.
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9 AUXILIARY SYSTEMS

9.4.1 Control Room Air Conditioning System

In our Safety Evaluation Report, we stated that all control room air condition-
ing system outside air intakes and exhausts are tornado missile protected. By
letter dated November 13, 1981, we were informed by the Shoreham Resident
Inspector that the control rcom air conditioning system east air intake is not
tornado orotected and that all the piping from the east air intake is not in a
tornado protected structure.

The east air intake is a remote intake located in the radwaste building and
therefore penetration of missiles via this air intake will not affect safe

plant shutdown and will not prevent operation of the control room air condition-
ing system since the air intake located in the control building is tornado
missile protected. Since only one air intake is necessary for operation of the
control room air conditioning system, protection of the remote air intake is

not required. Many plants have only one air intake. Therefore, our previous
conclusion that the control room air conditioning system is acceptable remains
unchanged. ’

9.5 Fire Protection System

9.5.3.2 Fire Doors and Dampers

In Supplement No. 1 to the Safety Evaluation Report, we stated that certain
areas of the plant contained motorized lk-hour fire dampers in which the
motorized assembly, including cables, are not U.L. listead. We were concerned
that the unlisted assemblies would prevent the fire dampers from performing
their function.

By letters dated September 25, 1981 and October 13, 1981, the applicant pro-
vided additional information. The installation has been modified to include
solenoid and motor circuits approved by U.L. As a result, we now conclude that
the fire dampers, as modified, meet the design guidelines of Section D.1.j of
Appendix A to BTP ASB 9.5-1, "Guidelines for Fire Protection for Nuclear Power
Plants," and are, therefore, acceptable.

Based on our review, we conclude that the Shoreham fire protection program will
meet the technical requirements of Appendix R to 10 CFR Part 50, when committed
modifications have been completed, meets the guicelines of Appendix A to

BTP ASB 9.5-1, meets the requirements of General Design Criterion 3, and is,
therefore, acceptable.

Shorenam SSER #2 o
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in Revision 5 to the Design Assessment Report (DAR). The 30 representative
piping systems were located throughout the reactor building and contained the
least design margin available for accepting potential increases in dynamic
loads. It was shown that the pipe stresses and support loads for these 30
piping subsystems were within design allowables when reassessed to the
NUREG-0808 loads. However, as a result of a meeting on August 9, 1982, with
the applicant, the staff concluded that in addition to reassessing the 30 piping
systems with the least design margin, the applicant should also reevaluate al)
piping systems affected by the high frequency exceedances associated with the
NUREG-0808 loads. The applicant committed to perform this reevaluation of
high frequency exceedance in a letter from J. L. Smith to H. R. Denton dated
August 20, 1982.

"

In a letter from J. L. Smith to H. R. Denton dated March 17, 1983, the applicant
submitted the results of the high frequency reevaluation. The results included
a reevaluation of an additional 67 piping subsystems.

In all cases, it was found tnat the piping and supports that are affected by
the NUREG-0808 high frequency load increases were designed with sufficient
design margin to accommodate the increase.

Therefore, based on the results of the assessment performed by the applicant

in Revision 5 of the DAR and on the results of the reevaluation reported in

the March 17, 1983, letter, the staff concludes that the applicant has satis-
factorily demonstrated that the piping and supports on the Shoreham facility
have been adequately designed to withstand the suppression pool hydrodynamic
loads associated with the BWR Mark II containment. Thus, the confirmatory item
associated with the ability of the Shoreham piping systems to accommodate steam
condensation oscillation and chugging loads is considered to be resolved.

3.12 Reactor Building Internal Flooding

3.12.1 Background

The NRC staff had expressed concern about the potential for flooding safety-
related equipment in the event of a pipe break in the Shoreham reactor building
(memorandum from R. W. Starostecki, NRC Region I, to D. G. Eisenhut dated

June 8, 1982).

Both core spray pumps, all four RHR pumps, the high pressure coolant injection
(HPCI) turbine and pump, and the reactor core isolation cooling (RCIC) turbine
and pump are located on the lowest level (8-foct elevation) of the reactor
building. There are no flood walls or barriers separating redundant trains of
this equipment. The applicant has provided nonsafety-related pumps and alarms,
safety-related flooding alarms, and one 100-gpm safety-related pump to return
water from the 8-foot elevation sump to the suppression pool. The small safety-
related pump-back system pump has been provided to deal with postulated post-
LOCA leakage in the reactor building; the adequacy of the pump for this purpose
has “een addressed separately.

The applicant proposes to rely on the safety-related flooding alarms, fluid

system instrumentation, and operator actions to prevent flood damage to essen-
tial reactor building equipment as a result of high- and moderate~energy pipe
breaks during normal operation. The adequacy of the applicant's proposals to
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protect against internal flood damage at the 8-foot elevation of the reactor .
building during normal operation is addressed below.

3.12.2 Evaluation

The applicant provided an analysis of the effects of pipe breaks in the reactor
building in Appendix 3C to the Shoreham Final Safety Analysis Report (FSAR).
The applicant noted in Appendix 3C that the maximum flooding rate at the 8-“sot
elevation of the reactor building would result from an RHR pump discharge line
break with a leakage rate of about 2900 gem at 350 psig. The applicant deter-
mined that other moderate-energy line cracks as well as high-energy line breaks
in the reactor building would have a lower leakage rate; thus, an evaluation of
the RHR leak was used as the limiting condition for which flood protection is
provided. Plant alarms followed by operator entry into the reactor building
would be used to determine the existence and location of pipe breaks in the
reactor building. 'The applicant estimates that the limiting RHR system leak
could be detected, identified, and isolated within 3u minutes. The existence
of a leak would be alarmed almost immediately by redundant, safety-related
reactor building flooding alarms, which alarm at a water level of 1/2 inch at
the 8~foot elevation of the reactor building. For the limiting condition--an
RHR discharge Tine crack during shutdown cooling, or refueling operations--the
applicant calculates that the water level at the 8-foot elevation would approach
a depth of 22 inches in the 30 minutes allowed for operator action. Beqause
the postulated line crack would not affect the availability of offsite power,
the nonsafety-related sump pumps would be available to reduce the 30-minute
flooding depth to 20 inches. The applicant states that shutdown cooling capa-
bility would be maintained for this maximum leakage if isolation takes place
within 30 minutes.

On August 24, 1982, a meeting was held at the Shoreham site between the appli-
cant and members of the NRC staff. After a tour of the reactor building 8-foot
elevation, the staff expressed a concern that identification of a specific leak
location and isolation of that leak within 30 minutes may not be possible for
all break locations. By letter dated September 9, 1982, the applicant was asked
to demonstrate that plant procedures and instrumentation would be adequate to
ensure leak detection, identification, and isolation within 30 minutes for all
postulated pipe breaks in the reactor building. The applicant was also asked
to demonstrate that access to the 8-foot elevation for the purpose of break
location identification weuld be possible, considering the accumulation of
potentially radioactive and/or thermally hot water on the elevation, and that
the accumulation of water could submerge the leak.

By letter dated December 3, 1982, the applicant provided the additional informa-
tien requested above. The applicant noted that the analysis in Apoendix C to
the FSAR was based on preventing flood damage to RHR flow indication instrumen-
tation located approximately 2 feet above the 8-foot elevation floor. The
applicant stated, however, that this instrumentation is not required for safe
shutdown. The applicant further stated that flooding depths of up to 4 feet
above the 8-foot elevation floor could be postulated before damage to essential
safe shutdown equipment would be incurred. However, the applicant provided the
information in the following paragraphs to demonstrate that postulated leaks
could be isolated before a flooding depth of 2 feet is attained.
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The applicant's submittal of December 3, 1983 addressed the limiting RHR system
pipe crack as well as other postulated leaks in the reactor building. In all
Cases, redundant safety-related instrumentation would alarm a flooding depth
of 1/2 inch on the 8-foot elevatiop floor. The applicant demonstrated that
safety-related instrumentation is available for the operator to identify and
isolate a postulated 2900-gpm RHR system leak from the control room in less
than 20 minutes. The next largest leakage flow (650 gpm) would occur from an
HPCI system leak. At 650 gpm, approximately 2 hqurs would be available to
isolate the leak before the flooding depth reached 2 feet. This postulated
leak would not result in a harsh thermal or radinactive environment in the
reactor building and would not prevent operator access for identification of
the leak location.

In addition to RHR system leaks, the applicant also addressed reactor building
pipe breaks that could result in radioactive or thermally hot leakage. A break
in the hot water heating (HWH) system would flood the reactor building with hot
water, but the flooding depth would be limited to 3 inches initially because of
the Timited system water inventory. With no operator action to isolate the
leak, continued makeup to the HWH system at 25 gpm wouid leak to the reactor
building, and the flood depth would approach 2 feet after several days. How-
ever, various indications would alert the operator to the system leakage, and
the leak can be isolated from the control room. Aside from RHR system pipe
cracks, only a break in the reactor water cleanup system could introduce radio-
active leakage into the reactor building. The maximum leakage of 180 gpm from
the system could be identified and terminated in the control room.

The applicant noted that although an RHR system crack would be most likely to
be hidden by submergence as a result of flooding, the leak location can be
identified and isolated from the control room. Other leaks would be less
Tikely to be submerged because of the lower leakage rates versus height of the
piping from the floor of the 8-foot elevation. Alarm response procedures and
operating procedures are being modified to address both post-LOCA leaks and
moderate-energy line cracks postulated to occur during normal operation. These
procedures will direct the operator to start leak location identification walk-
throughs on the 8-foot elevation to ensure leak detection before the leak is
submerged. The applicant is also participating in the Boiling Water Reactor
(BWR) Owners Group program to develop a secondary containment control procedure
that will provide additional specific guidance for operator response to postu-
Tated flooding events.

3.12.3 Conclusions

The NRC staff has determined, on the basis of its review, that the applicant
has adeqately identified and provided internal flooding protection for systems
and components at the 8-foot elevation of the reactor building required for
safe shutdown in the event of pipe failures. The reactor building design meets
the criteria set forth in Branch Technica: Position (BTP) ASB 3-1 regarding
protection of safety-related systems and components from postulated piping
system failures. The design, therefore, meets the requirements of fGeneral
Design Criterion (GOC) 4, "Environmental and Missile Design Bases," regarding
flooding protection for pipe breaks. The NRC staff therefore, concludes that
the reactor building design for protection against internal flooding is
acceptable.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

DEC 39 183

MEMORANDUM FOR: Harold R. Denton, Director
Office of Nuclear Reactor Regulation

FROM: Roger J. Mattson, Director
Division of Systems Integration

SUBJECT: SHOREHAM REACTOR BUILDING - INTERNAL FLOOD PROTECTION

At the {witation of R. W. Starostecki, Director of the Division of Project
and Resident Programs, Region I, I participated with Region I personnel in
an on-site assessment of the adequacy of internal flood protection at the
Shoreham plant. I was accompanied on this December 6, 1983, site visit by
L. S. Rubenstein and E. Sylvester of my staff, who have been involved in the
aongoing discussions with Region I.

The Region's question of flood protection adeguacy first came to my attention
in 2 memorandum to D. G. “isenhut dated June 3, 1982, from Mr. Starostecki in
which he requested NRR assistance to resolve several outstanding safety issues
at Shoreham. We subsequently provided a safety evaluation report 6f our
understanding of this concern to Mr. Starostecki by memorandum from T. Novak
dated May 9, 1983. After several telephone conversations with Mr. Starostecki,
}t was decided to meet with him and other Region I personnel to pursue the
ssue.

At the December 6 site visit, we met with Nr. Starostecki, Mr. Charles Petrone, °
Resident Inspector for Shoreham, and Mr. Thomas Shedlosky, Senior Resident
Inspector for Millstone, who has been assisting Mr. Petrone. They identified
three separate internal flooding problems: (1) post-LOCA equipment leakage

in the reactor building, (2) moderate and high energy pipe break flooding,

and (3) flooding due to procedural errors during maintenance of reactor
building fluid system components. After a tour of the facility with Long
Island Lighting Company personnel, we and Region I personnel agreed that the
safety-related reactor building sump pump provided adequate protection against
the minor leakage expected after a LOCA. We (NRR and Region I) also agreed

on the adequacy of the protection afforded essential equipment in the reactor
building from pipe break flooding. We consider these two aspects of the
flooding concern to be resolved. However, we concluded that further evaluation
will be required to resolve the concern as it relates to flooding from main-
tenance procedure errors.

Internal floods resulting from maintenance procedure errors are currently
beyond the scope of our deterministic review process. The scenario for
Shoreham reactor building flooding postulates maintenance activities whereby

fluid systems components are opened to the reactor building atmosphere, an
4
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operator erroneously opens isolation vaive(s) to the component, and there

is @ failure to terminate the ensuing leak in time to prevent flooding of
essential equipment. By memorandum from S. H. Hanauer to D. G. Eisenhut

dated November 16, 1982, the staff documented an evaluation of the draft
Shoreham probdbilistic risk assessment of this accident sequence along with

an evaluation of the Suffolk County consultant's report on the Shoreham PRA.
The staff concluded that the maintenance flooding sequences do not contribute
to risk significantly, subject to applicant verification of plant-specific
event probabilities. The evaluation was sent to the Atomic Safety and
Licensing Board for Shoreham by November 26, 1982 memorandum from T. Novak.
The applicant has subsequently submitted a revised PRA of the potential for
flooding due to maintenance errors. This submittal, dated December 2, 1982,
has not been evaluated by the staff. The Division of Licensing has agreed to
initiate an evaluation of the submittal by the Reliability and Risk Assessment
Branch of the Division of Safety Technology to ascertain whether it confirms
the staff's preliminary conclusion that the maintenance error type of flooding
is not an undue risk. The regional and resident personnel will be kept in-
formed of the outcome of that review, projected by DST for conclusion by the
end of February, 1984. Messrs. Speis, Eisenhut and Starostecki have concurred
in this approach.

~ S
;;f;es;f\<t£~Lua1§~aa\)
Roger J\Mattson, Director
Division of Systems Integration

cc: D. G. Eisenhut
. Speis
Starostecki
Rubenstein
Rowsome
Novak

Parr
Thadani
Schwencer -
Wilson
Petrone
Caruso

. Sylvester
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

May L 584

MEMORANDUM FOR: Richard W. Starostecki, Director
~ Division of Project and Resident Frogram

FROM: Darrell G. Eisenhut, Director
Division of Licensing
Office of Nuclear Reactor Regulation

SUBJECT: SHOREHAM REACTOR BUILDING--INTERNAL FLOOD PROTECTION

On December 29, 1983, senior NRR management reviewed the results of an
on-site assessment of internal flood protection at Shoreham. As a result of
the December 6, 1983 site visit, all participants agreed that adequate
provisions exist to protect essential equipment from pipe break flooding and
from minor leakage after a LOCA. However, further evaluation remained to be
done to resolve the flooding concern.as it related to flooding from
maintenance procedure errors.

Brookhaven National Labaratory (BNL), the contractor which is reviewing the
Shoreham PRA, was tasked with an advance review of the probabilistic risk
assessment of maintenance induced flooding which had been done by LILCO (see
LILCO's December 2, 1982 submittal). The BNL evaluation is enclosed. It
notes that some potential deficiencies exist in the Shoreham alarm response
procedures for mitigating a flood. Otherwise, we have determined that the
report confirms our previous conclusion that maintenance flooding sequences
do not contribute significantly to risk. The BNL report will be published in
the next SSER, to document the closure of this item. The modifications to
the procedures will be listed as a confirmatory item, whose completion will
be verified by a Region I inspector, prior to exceeding S-percent power. The
Region I inspector should verify that the revised procedures are consistent
with the assumptions made in the BNL PRA for flooding alarm response by the
operators.

Jarrell G. Eisennut, Director
Civision of Licensing
Office of Nuclear Reactor Regulation

Enclosure
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MEMORANDUM FOR: Albert Schwencer, Chief
Licensing Branch #2
Division of Licensing

FROM: Ashok Thadani, Chief
Reliabiity and Risk Assessment Branch
Division of Safety Technology

SUBJECT: SHOREHAM FLOODING

We have completed the task requested in your memorandum to me dated
January 30, 1984 on Shoreham Flooding.

With the help of our contractor, Brookhaven National Laboratory (BNL), we
have reviewed the internal flooding analysis in the Shoreham Probabilistic
Risk Assessment (PRA) study® and the Shoreham flcod’ng submittal? dated

December 2, 1982. Long Island Lighting Company (LILCO) found the Shoreham

core vulnerable frequency (see Enclosure 1, p.4, for definition) initiated by

flooding to be about 4x10-%/reactor-year. Maintenance-induced flooding
contributes 1.5x10-%/reactor-year to this value, and pipe-break induced
flooding contributes 2.4x10-%/reactor-year.

For the most part, we found the assumptions and methodology used to be
reasonable. However, we have used more recent licensee event report (LER)
data and a different model in reevaluating the flood initiating frequency.
Our model used a Markov process model to determine the frequency of flood
precursor events, and time-phased event trees to account for the effects
of flooding to different levels.

We recognize that there are many uncertainties in the analysis, particularly
the human error in initiating a flood and in not taking proper corrective
actions during a flood. We have therefore performed an uncertainty analysis
using the SAMPLE3 program. We estimate that the mean value of the core
vuinerable frequency of accidents initiated by flooding in the reactor
building at Shoreham is 2x10-5/reactor-year, and the 95% upper limit is
7.5x10-%/reactor-year. The core vulnerable frequency due to maintenance-
induced flooding has a mean value of 7x10-%/reactor-year, while the
corresponding value for pipe-break induced flooding is 1.3x10-3/reactor-year.

Qur review identified some potential deficiencies in the Shorenam alarm-
response procedures for mitigating a flood. We note that the human error
probability used by BNL assumed good alarm-response procedures. The core-
vulnerable frequency may be higher than that estimated unless the procedures
are corrected. :

Qur findings are discussed in the enclosures. Enclosure 1 is our evaluation;
Enclosure 2 is the preliminary BNL report. We expect to receive the final

-
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BNL report in the middle of April, 1984, and we will transmit it to you when
we receive it.

E. Chow (x24727) of RRAB has performed this assessment.

Enclosures:
As stated

e W
R.
D.
. Speis

Denton
Mattson
Eisenhut

. Coffman
. Chelliah
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Ashok Thadani, Chief
Reliability and Risk Assessment Branch
Division of Safety Technology




ENCLOSURE 1 :
EVALUATION OF SHOREHAM FLOODING

1.0 Introduction

A memorandum* dated November 16, 1382 on our preliminary review of internal
fiooding at Shoreham reactor building was transmitted from Stephen Hanauer

to Darrell Eisenhut. The preliminary review was performed on the draft
reportS submitted by Future Resources Associates, Inc. (FRA), the

consultants for Suffolk County, and on the draft Shoreham PRA submitted by -
LILCO. The concern that FRA found that the draft Shoreham PRA underestimated
the frequency of certain internal flooding acccident sequences by more than a
factor of 1000.

Based on our preliminary review at that time, we believed that flood accident

sequences did not contribute to risk significantly. However, we recommended

LILCO to verify the PRA analysis regarding the following items:

(1) the potential for flooding at Elevaticn 8 of the reactor building

(2) the potential for flood-induced reactor scram

(3) the probabilities for each accident scenario based un maintenance
scheduies and procedures for emergency core cooling (ECC) and reactor
core isolation cocling (RCIC) systems.

On December 2, 1982, LILCO submitted an analysis performed by its contractor

Science Applications Inc. to respond t3 the FRA concern on Shoreham flooding.

On June 24, 1983, LILCO submitted the final report on the Shoreham PRA which

included the most up-to-date analysis on flooding.

with *he help of BNL, we have reviewed the December 2, 1382 submittal and
the final Shoreham PRA on the flooding issue.
Section 2 discusses some zspects of the data used in the analysis - in
particular, the initiating event frequencies and operator error probabilities,
including a discussion of alarm-response procedures. Section 3 and &

discuss the methodology and uncertainty analysis. Section S5 gives tne summary
and cenclusions.

2.0 Data Used In The Analysis.

2.1 tvaluation of Flood=Initiator Event Freguencies

There are two tyres of initiator events that will lead to flooding of b
rezcter building at Shoreham. Flooding may be initiated either due %¢ not

"



isolating a system which is under maintenznce or due to a rupture in the
system. What fcllows is a description of each type of initiadtor event.

2.1.1 Maintenance-Induced Flood

LILCO has obtained operating experience based on LERs® for turbine-driven pumps
ang motor-driven pumps in ECC and RCIC systems. The LERs covered events up to
1978. ~

Wie have also obtained cperating experiense for the pumps; however, the LERs’
that we examined covered events up to 1380. Using the more up-to-date data
base on LERs, we estimate higher failure rates for the pumps. These failure
rates were used to cetermine maintenance-induced flood event frequencies.

2.1.2 Pipe=8reak=Induced Flood

To assess the rupture frequency quantitatively, LILCO has considered
ruptures of pipes, welds, valves, and pumzc casings.

The general approach.that LILCO used to calculate the frequency of a flood
injtiated by a rupture in an ECC or RCIC system is as follows:
(1) LILCO identified the appropriate type and length of piping and number
of components in an ECC or RCIC system susceptible to rupture.
. {2) LILCO used the LER information in NUREG/CR-1363% and the estimates for
- Teakage and rupture rates in WASH-1400% to calculate the rupture rates for
varicus ECC systems.

Our review of BWR operating experience on flooding due to ruptures noted that,
in April 1978 at Browns Ferry Unit 3, the supply line to the condensate ring
header, which provides makeup to the high pressure cooclant injection (HPCI) and
RCIC systems, failed at a welded joint. The weld failure resulted in flooding
of the core spray pump room. LILCO did not include this event in its data base.

ne note that the weld at Browns Ferry was mainly made of aluminum wiereas the
walds fn HPCI system at Shoreham were made of stainless steel. However, we
have included the Browns Ferry event in estimating the frequency of flocd
initiated by ruptures.

2.2 Qzerator Error Probabilities

2.2.1 Tvpes of Operator Errors

Operator errors play significant reles in initiation of a flood and in plant
recovery during a flood.

The different types of operator errors in a ficoding scenaric at Shoreham

are described as follows:

(i) Curing a maintenance of a ECC or RCIC pump, an operator may disconnect
the electric power to equipmeat and isolation valves by pulling and



tagging the appropriate breakers at motor control centers. A second
person is reguired to verify that tagging has been perfcrmed nroperly.
If the electric power to an isclation valve is not removed due to
operator errors, and a demand to open the valve occurs during the
maintenance, there would be an open path from the water sources to the
reactor building.

The demand may be an actual demand for the system or may be a manual
demand due to an cperator inadvertently operating a switch in the
control room. '

(2) During a maintenance of a pump, an operator may inadvertently by manual
local operation open an isolation valve and cause a flood in the reactor
building. : :

{3) When a flood in the reactor building is annunciated by alarms in the
control room, an operator may fail to notice the light which is on a
Sack panel.

(4) When a flood in the reactor building occurs, an operator must promptly
identify the source of flood and isolate it before it reaches the 3'10"
level which disables all ECC and RCIC components.

The human error probabilities used by LILCO are based on NUREG/CR-1278°.

2.2.2 Procadures Review

Wwe have reviewed the procedures for cperators for mitigating a flood. We
nete that there are specific procedures 2t Shoreham for detecting and
.solating leakages from ECC and RCIC systems. However, we note that the
Shoreham alarm-respcnse procedures specify only general guidelines for
monitoring system parameters to determine the ieakage location and for
fnitiating the leak isolation. The procedures fail to include specific
requirements in a checklist for operators to systematically check the
operation parameters of ECC and CIC systems. Since there are many system
parameter indicators in the control rcom, the operators may fail to discover
the abnormal system parameters. A checklist with specific steps thdt should
be followed during a floed in the raactor building would be helpful to operators
to reduce confusion and to avoid undue delays in operator responses.
Regarding maintenance procedures for nulling and tagging breakers and for
verifying such actions, LILCO stated %hat these procedures were availadle
for maintenance.

3.0 Methodology Review

We have used a Markov model to detar~mine the {requencies of maintenancs-induced
flood initiators due to maintenance on various components in 5CC or RCIC
systems. In a similar spproach, we have also used another Markov mode) %o
determine the frequencies of rupture-induced flood initiators during
transierts, menual shutdowns, or tests.



The anazlyses submitted by LILCO assumed that when flo-d reaches 3'10%,

all ECCS and RCIC components would fail. The LILCO analysis ‘did not cevelop
the event trees according to the progression of a floed affecting various
components at various elevations up to 3'10".

We used a time-phased approach to axpand the flooding event trees submitted
by LILCO into four phasez. The four phases correspond to different
components at different elavations. Based on the flood rztes from various
systems, times for the floods to reach various elevations were determined.
These times correspond t¢ operator response times for different time phases.
The time-dependent human error probabilities were obtained from NUREG/CR-1278
using the operator response times. The human error probabilities were used
to requantify the event trees for various time phases.

4.0 Uncertiinty Analvses

In view of the large uncertainties in the analysis, we have used a computer
program SAMPLE to estimate the core vulnerzbie frequency initiated by a
1004 at Shoreham. The parameters varied in the SAMPLE analysis incluged:
(1) Pipe hreak frequency
(2) Probabiiity of failure of all equipment attached to a division given a
failure of a protective relay in a motor-contral center
(3) Probability of failure 2f a protective relay
(4) Human error probabilities:
\a) Probability of failing to rack out a breaker during maintenance
(b) Probability of fa‘ling to notice a flcod alarm
(c) Probability of failing to isolate a flooc

Some of the uncortainiies'not included in the SAMPLE analysis are:
(1) There is no common-mode failure between different divisions, and no
seniitivity analysis was performed to assess the error here.

(2) The conditicnai probabilities of having a manual trip or a MSIV closure
during a flood are subjective and are not varied in our analysfs. For
example, in wur anaiysis of time phase 4, conditional probability of 0.5
is assumed for a MSIV closure. However, the results cannot be non-
conservative by more :han a factor of 2.

(3) OCur analysis assumes that the Shoreham alarm-resdonse procedures
are adegquate for proper aperator zction.

Sased' on the SAMPLE calculation, we estimate that the mean value of the
co*¢ vulnerable frequency* due to flooding is 2x10-5/reactor-year, the

——

® he Shoreham PRA define¢ the cire vulnerable state as an end state of the
plant in ~hich the reactor core cr containmen: integrity is challengec.
Certain operator actions, in¢cluding operator actions "in extremes" can be
V'5@0 i1 core vu'nerable state to rieveat core melt. The Shoreham PRA
fings thét the overall- frequency of core melt is about S0% of the overal]
Cé:Y vulrerable frecuency



upper 35% confidence limit is 7.5x10-%/reactor-year, and the Jower 5%
configence limit is 2.2x10-7/reactor-year.

Wwe note that the mean value of the core vulnerable frequency due to
flooding is about 5 times as large as the estimate obtained by LILCO.
The discrepancy is mainly due to our use of higher flood initiater-avent

frequencies and different approaches (Markov models and time-phased event
trees).

5.0 Summarv/Conclusion

We find that the mean value of the core vulnerable frequency due to reacter
building flooding is 2x10-%/reactor-year. The contribution to this value froo
maintenance-induced flooding is 7x10-%/reactor-year, and from pipe-break=-induced
flooding is 1.3x10-3/reactor-year. The uppe~ 95% confidence limit on the

csre vulnerable frequency was 7.5x10-35/reactor-year, and the lower 5%
confidence limit was 2.2x10-7/reactor-year.

In contrast LILCO found that core vulnerable frequency initiated by flooding

is about 4x10-%/reactor-year; the contribution to this. value from maintanance-
inducec flooding is 1.5x10-®/reactor-year, and from pipe-break-induced flooding
is 2.4x10-%/reactor-year. OQur estimates are predicated upon the assumption that
the alarm-response procedures are adequate. However, we identified some
potential deficiencies in these procedures and the core vulnerable frequency rav
be higher than that estimated unless the procedures are corrected.
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1.0 INTROCUCTION

At Shoreham Nuclear Power Station (SNPS) the majority of safesy-related
equipment are located in the Reactpr 8uilding (R8). The %=grzham Reactor
Building is a cylindrical builcing Surrounding the MARK II ceontainment struc-
ture. later leakage from equiprent in the reactor builiding will drain to
Elevation 8 (the iowest level of the RB) via openings and stairwells since
there is no structural separztion between safety systems. A flooding of the
Elevation 8 compartment may disable the ECCS because the I2CS pumps are
installed in the Elevation 8 compartment.

- The SNPS PRA has included the flooding as a common-moca event which may
disable the ECCS equipment. The SNPS PRA assumes that 2 critical flooding
desth of 2'-10" from the RB floor will disable all the ZCCS equisment.
Operater cdiagnosis and isolation of the flooding before i reacnhes 3'-10"
depth is considered in SHPS PRA.

3ecause of the potentially significant impact, the SNPS's evaluation of
tne core melt risk due to PB flooding warrants a special review. field trip
to the Shoreham plant has been made by BNL personnei for cstaining cetai)
information on the eduipment and power control Tayouts in the RB, especially
in the Elevation 8 compartment. BNL has determined that :zers are three floo-
ding cepths (1'-3", 1'-10",.and 3'-10") that are criticz] 0 the availability
of various ECCS equipments. The initiator event trees zre thus revised ac-
cordingly.

BNL also identified that the random failure of a equizment protection
circuit breaker coinsiding with the RB flood condition may cause the sropaga-
tion of failures to eduipment powered by separated Motor C:introl Centers
(MCC). This potential common mode failure event has also zeen moceled in 84
event trees.

Shoreham Plant Procedure Guides relevant to the R3 flczding have been re-
viewed by BNL, BNL found that these procedure guides fail %o require a Svs-
tematic check of system parameter indicators in the contrc’ rcom following a
R8 Ficoding Alarm annunciation. This may cause the oper2izr =g i¢rars a
adnormal system parameter, especially undar a muitiple 2iz= situgsion [such

2s 2 turbine trip).
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BNL's revised event trees and the sreliminary quantitative evaluation of
core melt risk due to the R3 fleoding event are sresented in this repors.

The report is organized as follows: Section 2 summarizes the SHPS-PRA ap-
preach to the fTood sequence identifications and quantification. Section 3
presents the BNL revision both in the methodology and in the quantification.
anai]y, Secstion 4.0 summarizes the results.
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2.0 SNPS MSTHODOLOGY AND AMALYSIS 3

2.1 Overview

The SiPS methodology for determining the contribution to the risk ¢ tae
internal floocs can be divided into three steps.

l. Identification of water sources and pathways t¢c Zlevation 2 com-
partment,

2. Evalyation of operators responses and assessmant ¢f likelinocd 27 ar-
resting the flood. '

3. Evaluation of system resoonses and identification of the ssqusncas
leacing to 2 core vuinerabie state given a flcoc.

In the Shorzham PRA approach it was detarmined that flcoding 2t locazicns
other than flevation 8 would be bounded by the analysis of flooging 22 <=
Towest level of the reactor Suilding Elevation 8, since the flood watar «i)]
grain and cascade down to that level through stairvells znd ccenings. =271 tne
evaluations of flood are hence focused on equipment at the Slevation 2 Tavel

The volume of water required to flood the reactor 2uilding Zlavaction £
compartment, with ail equipment and piping installed, is estirated to se
41,600 gallons in SMPS-PRA for each foot of depth. The following crainase
systems are included to receive the initial volume of “lood water.

- Reactor Suilding Floor Sumps
- Reactor Building Equipment Sumps
- Reacter 3uilding Porous Concrete Sumps

These systams nave total sump capacity of 4,530 gallons, :ng %9tal su=z =u==
capacity of 640 gallons per minute.

The potential water sources which may releasa 2rcessive wazer ‘n Ila-
+ation 8 are summarized in Taple 2.1.1. For each of =nese sources, : “at=.ay
Py

investigation has been performed in the SNPS-PRA, =0 =

fira on




cesential for flooc¢ 2t Slevation 8. Table 2.1.2 summarnizes the water sources
as evaluated in the Shorenam PRA, For =2ach water source the largest possible
flow rate has been determined and the time required for the flood to reach the
3'-10"Tevels in Elevation 8, have been estimated. These times are also given
in Table 2.1.2. These times prcvide the .basis for estimating the probability
of successful prevention 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 .ich could pdtentia?Iy
Se submerged in the event of an internal flocd. 3ased on this information, -
the critical height of 3‘-10“ was defined. [t was assumed that if flood water
exceeds the 3'-10" level, all ECCS equipment would de cdisabled. Flooding
scenarios which are arrestad before reaching the 3'-10" Tevel, have been found
%0 contribute negligibly in the core damaga. frequency.

_ Functional event trees were used in the Shoreham internal flood PRA to
mocel the plant response given an intarnal flood initiator. The flood
initiator fregquency was calculated based on two types of internal flood
arscursors: onlire maintenance and rupture of piping, valves or pumps. These
pracursors frequencies are described in Section 2.2. Given the occurrence of
‘these flood precursors, the progression of events was mocdeled using initiator

event trees. Details of the initiator event trees are presented in Section
Sads

Since all the ECCS systems are assumed lost given a 3'.10° flood, the only
available ‘means for cocling the core are the eedwatar and the condensate pump
injection. The availability of these two systems depends on the state of the
MSIVs and on the ultimate source of the flood (ccndensate storage tank or
suppression pool). '

Because of these dependences the end states of the initiator event trees
were classifiea into six categories each of which becones the entry concition
fcr the functional event trees. Table 2.1.1 summarizes the information in 2

=ztrix form. Each row of the matrix depicts cne of the 17 types of internal



flood precursors, the calumns repress~: -z six entry corgitions o the
functicnal avent trees., The six entr. ¢c:=c<tions can te ¢rouced intc manual
shutdown, turdine trip and MSIV closu=e. Tw~0 possible entry conditions are
considered for each of these three in<tizzc=~s: flooding cdue to water frem the
condensate storage tank (CST) and flcsdi-z 2ue to water from other sources.
Based on these six entry conditic~s, six functional event trees were de-

veloped. An example is given in Figu=e Z.1.1.

2.2 SWPS-?PRA Cuantification of the F-sc_arzy of Flood Initiators

Two types of fl100d initiztors wers c:as<dered in the SNPS-PRA,

l. Flocas initiatad Sy an’'accide-t2’ T2ss of isciation  valve ccening)

wy

wnile a cemponent in the Slevztizn-3 area is dismentled for maine-

2. Floods initiated by a rupture in th2 pressurized or the nonpressurized
sart cf the piping.

2.2.1 Maintenance-incucea Flood [nis at:~s

The ‘requency of an initiator of <yp: c-e was ca':ulated by estimating th
frequency of majntenance of various c-mg:aents from cgerating excerience data.
The LER data base in Ref. 2 identifies t-2 sbserved failures from turdine-
driven and motor-driven pump failures. The cdata used in tne SNPS-PRA ars sum-
marized in Table 2.2.1. There are four “2ilure modes for purps, i.e., leak-
age/ rupture, does not start, loss of fu-ction, and coes not continue <0 run.
The hourly LER failure rates charactz~izz --e leakage/rusture failure moce,
unile demand failure rates consider cthe- f2ilure mocas.

fativ e =cdes in motor

The “cllowing LER rates are founc fc- <ne four
driven and turbine driven standby purcs.



Motor Oriven Pumos

-
/

- Lezkage/rupturs: 6§ events/5,777,627 hrs. = 8.6x10°7 /hr.

- Does not start, loss of function, and dces not cortinue to run:
(5+4+6) events (13,544 demands = l.lx10‘3/demand)

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 :he average par year
(four scheduled tests plus eight other occurrences). Hence, the maintenance
frequency for motor driven standby pumos per year is calculated as

(3.9x10‘7 failure/hr) (24 hr/day) (365 day/yr) - {1{:x10'3/denanc)
(12 damanas/yr) = 2.9x10-2 failure/year,

Turbine Nriven Pymo

Similiarly, the maintenance frequency for turbine driven standhby pumps per
" year is calculated as 0.079 failure/year.

There are two motor driven pumps associated with the Core Spray Systenm,
four motor driven pumps with the LPCI System, and four motor driven pumps as-
sociated with the Service Yater System in which the two are linked as a pair
to the RHR Heat Exchanger System. There is only one turbine driven pump as-
sociated with HPCI and RCIC Systems. Table 2.2.2 summarizes the SHPS-PRA
frequencies associated with major maintenance operations based upon the above
evaluation and a conservative estimate of heat exchanger online_maintenance.
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2.2.2 Ruoture-Induced Flood Initiators :

The fregquencies of the initiators caused Oy loss of system integrity from
Breaks or ruptures were derived from WASH-1400 failure rates of major com-
ponents involving external leak and extarnal ruptures, bhased on assumptions
made in MUREG/CR-1363 (Reference 3). This information has deen summarized in
Table 2.2.3.

The calcuiation of each initiator is done Dy identifying the appropriate
type and .length of piping and number of components suscentible to regture and
summing the estimated yearly rupture rates. As an examcle, the 22! number
of vaives involved in the HPCI discharge system ars 3 (2 “0V's :na 1 Cheek
Yalve) trare is no zump involved (Tzole 2.7.3, and the tatal lengzn of 2iping
is 76'. 3eferring to Table 2.2.3, the rupture failure rate for 100' of pipe
section is 4.3xln‘?1/hr, and for external failure of 2 valve is
1.3x10"%/nr.  The total lengzh of pipe. in the HPCl Discharge System is es-

timatea to ba 76' (Tadle 2.2.5).

(3 valves) (1.3x10°9/hr) « 76'/100" (4. 3x10-]

(4. /nr)
= 3.9x10°%nr or 3.5x10°3/yr.

Simce the flaw rates thrOugh suction line breaks are time cependent (i.e.,
a function of the varying water head in the source) and a strong function of
the break shape and size, a simplified modal based on historical experisnce
and engineering judgement is used in the Shoreham PRA to descrice the con-
ditional probability of break size. Table 2.2.4 summarizes tne classes of
dreak size examinad.

These prohadilities, are comoineg with tne freguenciss ss=imztac “ar
initiators associated with core spray, 4PCI, RCIC, LPCI, and Service #ater
~ Rupture/Leak Suction System failure to obtain the initiating event frecuencies
for non-pressurized piping. Tadle 2.2.6 summarizes the frequencies of
inftiators due to the loss of system inteqrity from sreaks or ruatures.



2.3 Initiator Event Trees

The protability of lesing the isolation of a component under maintanance
and following that, the prodadility of not arresting the flood is 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 ev-
ent trees follows.

C.

Event P - Operator removes power from equipment and valves.
}Thq removal of power from equipment and its isolation valves 15 a re-

quired procedure curing a maintenance in both fossil and nuclear power
stations. The equipment and isolation valves are electricaliy discon-
nected frem their associated power supply by pulling ane tagging the
dporopriate bdreaker 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

-actien. This value is determined using the probadility data given in

NURZIG/CR-1278 (p.20-23).

Eventlo - 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 ta remove
power from the isolation valves (Event P). |

Event £ - Operator maintains isolation.

OQuriag on-Ttne maintenance with the equipment disassemdled, 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 isolation valves.

SNPS concludes that it is unlikely that the operator will manually
cpén these valves locally in the R3 and fail to notice the flcod.
Ocening of the isciation valves at the MCC is also concluced by SHPS
tc be unlikely,



The remaining possibility is that trme /alve is cpened from the contral
room (given event P), The panei switc: could be activated by three
events, These events are: the operat:ir mistakenly operates the
switch; a command fault to the valve; cr the operator inadvertently
operates the switch. The probabilities for these events are 10‘3,
1074, and 10‘2, respectively, |

Event [ - Flood annunciation.

The excessive water in reactor builcing is annunciated by alarms in
the control room. The probability of the operator to fail to notice
the alarm (the 1ig © 15 in a “Sack" nanel) is 2ssessed at 1073,

Event & - Qperator diagnoses 2nd resscnds %0 isoiate the flood,

The coerator must identify the sourze 2f and isolate the flcod tefors
t reaches the 3'-10" level. This avent is consigered by SI'PS under
two conditions as follows.

1. Operator isolates:flood after autec occurrence, e.¢., turdineg trio
or MSIV closure (Event AA). Multizle alarms will occur in the
control room at the same time as tne flood alarm.

2. Operator isolates flood after manual occurrence, 2.9., Sower Qzer-
ation or manual shutdown (Event Ay}. Only the flood related
alams will annunciate in the ccntrol room.

The HEP data provided in NUREG/CR-1278 (1982 Cdition, Ghapter 12) are
applied by SNPS for their evaluation. Figure 2.3.18 and Tanle 2.3.1
show the time varying cumulative HEP far both the single and the
multiple occurrence conditions.



Table 2.1.1 Summary of Potential lWater Sources, and Types
¢f Initiatqrs wWhich may Lead to Release of
txcessive ‘ater in the Elevation 8 Compartment

ho. of
Source Quantity (Gallons) Lines Systems I[nvolved
Sugpression Pool 160,000~ 3 CS,LPCI,RCIC, HPCI
Condansate Storage Tank (CST) 550,000 - CS,kPCI,RCIC
Reactor Primary System=~ a) 42,928
: b) 152,828
Sc-eenmvell (Long [sland
Saung) Unlimitec - Service later
water Fire Protection System

Storage Tank. 600,000 Hany Fire Main

*Tetal water volume in the suppressicn gool at the high water level mark is
6C3,500 gallons. However, only a portion of the watar can be draineg
through ECCS pump suction piping. '

**figure (a) includes water from the bottom of the core to normal water level
in the RPV, Figure (b) includes (a) plus condenser hotwell water,



Table 2.1.2 Summary of Intarnal Flooding Initigtior Types:
Source, Pathway, Flowrates, anc Time to Critical

Flooding Depth

Elevation 8 Flooding Time

Flow Rate (Minutes*)
Source Location om” 3'-10"
Suppression
P00l HPCI Pump Suction ¢500 17.6
RCIC Pump Suction 1500 10.6
LPCI Pump Suction
(Max/Large)** 173C€2/8500 2.4/1¢8.0
CS Pumo Suction 133C0 12.0
LPCI Pump Suction 1780 15.0
(1 Pum9 2unout)
CS Pump Discnarga g3sn 3.0
{1 Pump Runout)
Condensate Storage
Tank (CST) HPCI Pumo Suction
‘ (Max/Large)** 1200/€000 13.0/27.3
ACIC Pymp Sucticn’ 2100 76,0
CS Pump Suction
(Max/Large )"~ 1200/6000 13.0/27.0
HPCI Pump Discharsze 4330 37.0
: (Design)
Service
Water RHR Heat Exchanger 8000 20.0
(Pump Runout)
WFPS Rupture of 8" Pipe 4000 40.0

*These flocd times were calculated nased on a “ailure of
successfully operate and a 41,5600 zallan per foot zeoth in the reactor
buiiging given in the Shorenam FS-R.

**Large flow rates assumed to de 1/2 maximum flow,

the sum™d pumps 9



Table 2.1.3

Summary of System tvent Tree Entry
States by Initiazor Type

SYSTOM CVONT TRCL CHTRY CONOLTION FREQUENCY (Per Rx Tr)

INITIATOR -0 -C 1.0 1¢ 5.0 $<C
i 110l i.eat07® 7.6x10"° 0
s s. 710" s.7a10" 2.5010" $.0010"¢
Yas 3.0010"% 1.si0°
S s.0x10" . 10°8
Tres 3.6010"8 6. 101070
1 1.0810" "
e . 1.3210
%o 640007 1saie”’

s taat0” 2.0010° 9.0n10""

fca 1307 2.7a10" s.0u10°

nis 23000 2.8010°° 1.4at0”?

T 180 0107 1.8a10°%
- 1010”7 2.1m10°
1 262100 7.0010°8
"" +Ba iy
Youse 1.6a10°° 2.0000°8

i T 250108

- BT 10"’ 660107

s 2. 410"’ g0 2000

1oTALS 1.6a107 8. 21107 2.am0°8 s.aate’? 1oaies $.5010°




Table 2.2.1 LER Data for RWR Standty Pumps for tne “eriod
of January.1872 Througn April 1878

Does Mot
Standby Standby Leakace Does MNot Loss of Continue
Pumps Demands Hours Rupture Start Function To Run
Motor _ ;
Oriven 13,684 6,777,627 6 5 : 2 5
Turdine
Oriven 1,820 868,033 - 1 8 5
Table 2.2.2 Frequency of Online Major Maintenance
System in the Reactor Suilding
Frequency (Per Initiator
Systen Year) SHSP-PRA Tvant Tree
Core Soray (Motor
Driven) 0.042 . TFL3
LPCI (Motor Oriven) 0.084 | TFLe
HPCI (Turbine Oriven) 0.079 TFL2
RCIC (Turbine Driven) 10.079 TFLL

Service Water (RHR or
RSCLW HX) (Motor Oriven) 0.042 TFLS



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 1.3E-9
External Failure of
a Pump i 3.0E-9 WASH-1400 1.5E-10"

=8ased upon the operating experience to date, given that 2 failure occurs, the
ratio of external leaks to complete failures appears to be in the range ¢f 20
to 1. This is substantiated by the specific data review cited in the taxt
for values (18 to 1) and data published by Bush (G-14) on pipes (4 to ! 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 catastropnic or large external rupture failures are treated in this
evaluation.

Tatle 2.2.4 Conditional Probability of Pipe Break Size

8reak Conditional
Size Characterization Flow Rate Probability
Maximum Guillotine Break 100% 0.05%
Large Substantial Rupture 50% 0.10
Small* Localized Rupture in Ductile

Material 13% 0.8%

*Remainder of the conditional probability was allocdted to small breaks.



Table 2.2.5

INITIACR

[nitiating Event Frecuency Estimates.

Involving Component Leak/Ruptures

SOURCE
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Table 2.2.6 Calculated Frequencies for Initiating Events
Resulting from System Rustures (SHPS-PRA)

Initiator Frequency (Per RX Yr)

Pressurized Pipiﬂ

HPCI Discharge Break, TFLS 3.5x107%
CS Discharge Break, TFL? | 6.9x10-5
LPCI Discharge Break, TFL3 2.5x10"4
SW Discharge Break, TFLS 1.4x10-4
wFPS Discharge Break, TFLIC 1.1x10°3

Non-Pressurized Piping

RCIC Suction Failure, TF11 (max) ' 1.75x10"8+
HPCI Suction Failure, TF12 (max) 1.75x10"5¢«
HPC! Suction Failure, TF13 (large) 3,5x10"6«
CS Suction Failure, TF14 (max) 2.5x10"6e
CS Suction Failure, TF15 (large) 4,9x10"5»
LPCI Suction Failure, TF16 (max) 2.6x10"6+
LPCI Suction Failure, TF17 (large) §,2x10-6e

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



. Table 2.3.1

THE PROSABILITY THAT FLOCO REMAINS UNISQLATED FCR X MINUTE
AFTEZR AUTOMATIC PLANT ACTION: E£.G., TURSINE TRI? CR MSIV CLOSURE

X PIA, (X)) P(a,(X)) |
1 1 1.0 |
10 1st + 2nd = 0.54 0.1
20 0.11 0.01
30 0.011 1.18-3
€0 0.c011 2.08-2 :
1sce 1.18-4 1.18-4
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3.0 B8NL ACCIDENT REVIEW AMD SEQUENCE QUANTIFICATION

This section discusses the quantification and review of the internal floo-
ding 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 2.2 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 Freguency

This review revised the assessment of the frequenCy;of the floed initia-
tors in two ways. First the experiential data for the estimation of the var-
fous failure rates were revised to include recent events. Seccnc, the
models for calculating the frequency of floods (or probability per year of
reactor operation) have been 1mﬁroved by removing unnecessary conservatisms.
As it was already discussed in Section 2.2, two types of initiators were con-
sidered: a) maintenance-induced initiators; and b) rupture-induced initiators.
The revised frequencies for these types of initiators are presented in the
fallowing two subsections.

3.1.1 Maintenance-Induced Floocd Initiators

A flood can pbe initiated during the mainteznance of & ccmocnent of the

m

cCs
cr of another systam in the elevation-8 area, i¥ the maintenance reguires dis-
mantling of the ccmponent and one of the isolation valves opens inadvertently
anile the component is maintained. '

The components that contribute to these initiators are the pumds and the
heat exchangers in the elevation-8 area. These are standby components that
can fail in a time-dependent fashion wnile on standby. Periogic tests are
cerformed to check their operability and if found failed they are out unager
repair. | |

A Markov model that describes the stochastic behavior of these ccmponents
has been developed and quantified. The important characteristics of this
mocdel are as follows:

i) The component can be in six states (see Figure 3.1.1).
i) In stata ! the component (pump, heat exchancer) is availatlie, that is
ready to start operating if askea to do so.
i1i) The component while on standby can fail with exponentially cis-
tributed times to failure. A failure drings the component into
state 2 (see Figure 3.1.1).
-iv) The failure remains undetectable until 3 test is ogerfarmed cor a real

t that «iit fing sna Come

challenge is posed to the component, At

w
o

ponent i1 state 2 will initiate a repair action, The same »ill "ap-
pen following 3 real demand for the :Iomponent,



\

v) There are three repair states. States 3 and 3' in wnicn the com-
porent is under repair while the reactor is onitine, and state 4 wnare
the component is under repair with the reactor shutdown.

vi) 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 thefr 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 atle to open fol-

. lowing a signal to do so. If the probability of such an error is 2,
then'a test brimgs the component from state 2, to state 3 with
orobability 1-P (breaker removed) and to state 3' with probability
P. '

vii) The component remains in states 3 or 3' until the repair is complezed
and then it returns to sta.. 1, or until the allowable outage time is
exhausted and then the component transit to state & wnere the repair
continues with the reactor shutdown. When th2 repair is completes,
the reactor is brought back online and the component returns. to stits
1 ‘(transition 4 to 1).

viii) 4While in state 3', an actual cemand for the component (following a
transient initiator) or an inadvertent operation of tlie corresponcing
switch in the édntrol room will result into the cpening of cone of the
isolation valves. This event is modeled by a transition of the ce=m-
ponet from state 3' to state 5. The reactor transients and the cper-
ators errors are assumed to occur with constant rates. Ag and

A, respectively.

Quantification of the Markovican model and the determinaticn of the
procability that the component will occupy state 3 at the end of one year
yields the probability that there will be a maintenance-induced flood by that
particular component,



Quantification

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

i) The catastrophic failure rate * This failure moce implies such
failures that require major maintenance (dismantling) of the com-

- ponent. The SNPS-PRA uysed the data presented in Table 2.2.1 from Ref.
2. 'BNL has uodated this table using additional data included in an
updated version of Ref. 2 (Ref. 4). The new data are summarized in
Table 3.3.1.

Maximum likelihood estimatars for the failure rates
numter of failures

M= ) yield.
total operating time

. Az 5.7x10"3/nr for Turbine Driven Pumps
and
Ae 3.3x10'5/hr for Motor Oriven Pumos

i1) The mean times to repair were assumed 100 hrs and 50 hrs for the
turdine driven and the reactor driven pumps, respectively. Thus
“ = 10%%/hr for Turbine Driven Pumps :
and ,
K= :x10‘2/hr for Motor Oriven Pumps.

111) In the BNL revision of the SNPS-PRA, the frequency of transients
involving MSIV nlosure has been assessed it 4,42/yr. Thus, the
frequency of transients on an hourly basis is

| Ap= 5.0x107/hr
iv) Tests are performed every 3 months (2 tirmes a sear) for Scth motar
driven and turdine driven pumps. The allowable outage times are 12
.and 7 days for turbine driven and motor driven plumps, respectively,

v) The prchability of not racking cut the brezkers of the isalation
valves (P) is 2ssessed in the SNPS-22A as 1072, The sama valus is
used - in these requantifications.

vi) The mean time for inadvertently activating a particular switcn ia the
control room has been assumed equal %o 10,000 hrs. This implies a
rate of

\0. 10'4/hr.



Quantification of the Markovian model with the numerical values of the
parametars mentioned above yield the probadbilities oer:year for the various
maintenance induced flouds. The results are tabulated in Table 3.1.2.
Additional assumptions are that the Core Spray System consists of two motor
driven pumps, the LPCI consists of four motor driven pumps and that RBCLW heat
exchangers are equivaleat to motor driven pumps.

3.1.2 Rupture-Induced Flood Initiators

A flood can be initiated if a rupture occurs a% any point in the pressure
boundary of the various systems in the elevation-8 area. Such a rupture will
fnvolve 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-
Tewing way. A component fails in such a way that if it is demanded =0 coe-
rate then a catastrophic rupture (large enough to allew the flow rates neces-
sary for the flood sizes ¢f interest to this analysis) will occur. That is,
the component transits first in a2 rupture-vulnerable state and then, when a ce-
mand occurs, it ruptures.

A Markov model that decribes this stochastic behavior has been cevelosed
and quantified. The model is graphically depicted in Figure 3.1.2. The 2asic
characteristics of the model are as follows:

(i) The system in question (HPCI, RCIC, LPCI, CS, RHR, RBCLWHX) is in

. state where it is available to perform its function.

(1) The system transits to state 2, which is a rupture vulnerable state
with failure rate *p. i

(1i1) If a cemand occurs while in state 2 a flood is initiated. A cemand
occurs whenever a transient, a manual snutdown or a test occurs. e
distinguish three flood states: State 2, wnich is a rupture $rig-
gered Dy a transient involving an MSIV closure; State &, wnicn is a
rupture triggered by a'turbine-trip transient; and State 3 which is
rupture triggered by a manual shutdown or an equipment test.

The solution of this model yields the protabilities that the systam will

occudy states 3, 4 and 5 dennted oy Pe, Py, Py, respectiveiy. Tnese

“w

proszbilitiss at the ena of cne-year jeriod provide the fraquency of rurturs-

initiated “lood precursors. The expression for thesa prchabilizies is

R, o i



where i = §, T,
F is the number of tests per. year.
Ai 1s the rate of arrival of a transient of type i (i=S,T)
A R is the rate of catastrephic rutpure faiiure in the system
and |
A 1is the rate of arrival of any transient (*=Ag=ipedy)

For the manual shutdown the corresconding expression is

Ay A A >
N R -, . - N F " -5,
° PM(t) = F{-——-—A ‘\R q_(l-g A )/XR- (l-e At)/’A‘Q ﬁ‘.e R'-e 'T)
(2)

OQuantificatiecn

For a given system having piping of length L ,n, valves Ny pumos the
failure rate p is equal to

XR'.. ‘k‘*ﬂvlvﬂipkp (3)

‘where A, A\ are the catastrephic rupture failure rates for vaTves and
pump and ' the same failure rate per unit of piping length,

A search of the LZR, has i

n
failure) has occurrad in the ZCCS piping in the 215 accumulated BWR year,
Ref. 35).

dicated that at least cne pipe ructure (weld
{
\

This provides a maximum likelihoed estimatdr for the rupture failure rate
of (1/215y = §.31x10°7 /1hr). Assuming as in the SNPS-PRA that only one
out of every twenty ruptures will create 2 break large eacuch t0 generate
floods of the sizes af concern %0 this 2nalysis, the catastrspnic picing ruc-
tura rate heccmes e 2.7x10'3. This of course is epplicancia far the
total length of safety related piping (cancted by L).



For a particular system with a total of piping length L, then the
catastrophic rupture rate for piping decomes

) w (T) x 2.7x10°8/hr (4)

where /L denotes the fraction of the total length of the piping that belongs
to the particular system.

For the rupture rates of the valves and :he pumps, the JASH-1400 values
were used (see Table G.4-4 in SNPS-PRA), Using the lengtn of piping, number
of valves and pumps provided in Table G.4-5 of the SNPS-PRA, and by virtue of
€gs. (1) - (3). The total failure rate R for the varicus systems along
with the prodbabilities Pg, Pt and Py were calculated. The resuits are
tabulated in Table 3.1.3.

“A total of 13.31 transients per year were assumed (4.42 MSTV closures,
£.89 turbine trips and 4.2 manual shutdowns).

The splitting between maximum and large floods for initiaters TFL12-TFLI3,
TFL14-TFL1S, TFL16-TFLL7 was done as in the SNPS-PRA, that is, 1 %o 2.



Table 3.1.1 LER Data for 2uR Standdby Pumos for the Period
of January 1972 Through Septemoer 1980

Does Not
Stanaby : Stanady  Leakage  Cnes Mot  Loss of Continue
Pumps Demands Hours upture Start Function To Run
Motor
Driven 13,648 5,777,827 g -8 & 5
Turbine
Driven 1,820 868,033 - 1 § 2
Tacle 3.1.2 “requency of “aintenance - incucea Flooag Precursors
Svsten [nitiator Event Trees Prodability oer Year
TFLL P.D & m 1.05x10~¢
1. RCIC TFLL P.Ey oo 2.10x10-3
TFLL P.E¢ 2.10x10°3
TFL2 P.0 1.08x10"%
2. HPLIC TFL2 P.E, 2.10x10-3
TFL2 PS¢ 2.10x10-3
3. Core Spray TFL3 P.D 1.89x10"%
(2 motor driven pumps) TFL3 P.E, 1.87x19-6
&, LPCI TFL4 P.D 3.78x10°5
(4 rotor driven) TFLE PLE, 3. 7ax10°6
5. Service Water TFLS P.D 1.89x10"3
(RHR or 28 (LY HX) TFLS P.5, 1.28519-8

2 motor driven pumps



Table 3,1.3 Flood Precursor Fregquency

Pump

Pipe Valves Total X Pg Pr Py
TFL6  1.2(-9) 6.5(-9) 0 7.7(-9) 1.57(-5) 1.7(-§) 1.5(-5)
TRL7.  2.0(-9) 1.3(-8) 0 1.5(-8) 3.1(-5) 3.4(-3) 2.9(-5)
TFL8  3.7(-9) 2.86(-8) 0 3.2(-8) 6.5(-5) 7.3(-5) 6.2(-5)
TFLS  1.1(-8) 2.34(-8) 6.0(-10) 1.29(-8) 2.6(-5) 2.9(-5) 2.5(-5)
TFL10  2.4(-9) 1.30(-9) ° O 3.7(-8) 7.5(-6) 8.4(-6) 7.2(-6)
TFLI1  1.1(-9) 9.10(-9) 1.5(-10) 1.04(-8) 2.1(-5) 2.4(-5) 2.0(-5)
TFL1Z  1.4(-9) 3.80(-9) 1.5(-10) 5.5(-9) 3.7(-6) 4.,0(-6) 3.6(-6)
TFLLI2 . - - " a 7.3(-6) 8.0(-8) 7.1(-6)
TFL14  1.9(-9) 5.20(-9) 3.0(-10) 7.4(-9) 5.0(-6) 5.6(-6) 4.8(-6)
TFL1S - - - . 1.0(-5). 1.1(-5) 9.6(-6)
TFL16  1.9(-9) 5.20(-9) 6.0(-10) 7.7(-9) 5.2(-6) 5.3(-6) 5.0(-6)
TFLL7 . - - . 1.0(-5) 1.2(-5) 1.0(-5)



3.2 8NL Ouanticative Review of trne [nitiator Zvent Tree

The quantitative review of %ne initiator event trees is discussad in the
following subsecticns.,

3.2.1 Review of Flooding Alarm Related Procedures

The 28 water level is detected by two RB water level monitors installed on
the R8 floor. The *lood alarms are activated by the monitors when the water
level is more than 0.5 in. above the floor. The sump 2larms will be activated
when water level reaches the sump alarm setpoints installed at a level right
nelow tne level that activates the R8 flood alarms. Sump alarm sensors are

ing=allag at various locations in the RB.

The immediate cperator action specified in the 21z Response Frocedure
(ARPS671) is to initiate the Suppression Pool L2zkace =eturn System. The re-
quired subsequent actions are:

1. ‘*enitor R8 water level to determine appreximate leak rate. Use sump
alarms 0 supplement the information obtained ‘rom the above
instruments %o 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 3.

2. If required and plant condition permit, dispatch an operator to the RB
flocr to visually locate the source of leakage. Isolate using the 2p-
propriate system procedure listed below.

APCl, Procedure 110.5723.202.01
Leakage indication: . Abnormal cuction or discharge piping prassure.
. Excessive HPCI Loocp Level Pump Flow or iow dis-
charce pressure.



Leakage isolation: .

Reactor duilding sump nich water levels in vicine
ity of leek.
Reactor building flooding alarm,

[f in standby, isolate the HPCI system by secur-
ing the HPCI Loop Level Pump and then closing
CST Suction Valve (MOV-021).

[f the system is ope~ating, sacure per shutdown
procedure and then isolate 2s described above.

RCIC, Procedure No.SP23.119.0!

Leakage indicaticn: .

Abnormal suction or <discharge piping pressure.
excessive HPCI Loop Level Purd.

. Reactor building sump high water levels.

Leakage isolation: .,

Reactor building flooding alarm.

[f in standby, isolate the 2CIC system by sacur-
ing the RCIC Loocp Level Pumo 2and then closing
CST Suction Valve (MOV-031).

If the system is operating, sacure per shutdewn

. .procedure and then isolate as cescrited above.

RHR, Procedure No.SP23.121.01

Leakage indication:

. Heat exchanger service water side temperature

inconsistencies. as

Abnormal RHMR system flow for mode of cparaticn.,
Abnormal RHR system pressures for mode of oper-
atien.

. Reaccor watar level inconsistencies for moce cf

operation.
Sump high level ‘alarms.

. Reactor building fleoding alamm.

Leakage isolation: .

¥
)
-

e arve
Toop in accordance with the oprcaoriate procecure

“©
ot
w
o

[sotate the leakage By shusting down ¢



for the mode in which it was oserating and then
systematically shutting valves to isolate areas
of the system found above to be possible sources
of leakage.

. The above isolation procedure may reguire inter-
mittent operation of the leakage return system to
observe the affects on water buildup.

. When the leakage has been isolated return the un-
affected portions (as recuirzd) %o service.

8NL has found that SNPS alam response procedures sgecify 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 requirements for operators to systematically check the
oceration parameters of relevant systems. Since there ars many system para-
meter indicators in the control room, the aperators may oc¢ssisly 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, SNL has reviewed the relevant Alarm
Response Procedures for abnormal system parameters, and found that these
procedures'do not contain steps that should be followed uncer RE floca con-
ditions. These procedures provide guidelines for conditions other than RB
flood, such as water source abnormal or isclation valves atnormal, etc. The
cperator responsas to tne flood could be cdelayed or confusec wnen these Alam
Response Procedures are followed.

3.2.2 Recuantification

The revised initiator frequencies are applied for evaludting the sequences
‘reauéncies of the 1nitissor event tree. I[n 2gagition 5 t™e critical flood
gepth of 3'-10" used by S$'PS, BHL also evaluated the s2auence freiuencies cor-
responding to flood ceptn of 1'-10" and 1'-3". This is oeciuse, 2s indicated

fn Teasle 2.2.1, flood heights of 1'-10" and 1'-2" will 4isanle several vital



systems such 2s HPCI and RCIC. The times for the flcod to reach 3'-10",
1'=10", 2nd 1'-3" cepth were calculated hased on the Teakége 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 (see Figure 3.2.1
and Table 3.2.3). BNL feels that the HEP could be higher than the nominal HEP
values beczuse the flooding alarm related procecures fail to provide specific
guidelines to identify and to isolate the flood source (see Section 3.2.1).

The HEPs under'the-mu?tiple alarm and the single alam conditicns are
Tisted in Tables 3.2.4 and 3.2.5.



-

3.3 BNL Review of Functional Zvent Tree

This section is divices into':hree subsections. Section 3.3.1 provides a
qualitative review of the Shoreham Internal Flcod event tree analysis and Sec-
tion 3.3.2 presents the 3NL revised time phased event trees. Section 3.3.3
describes the results cbtained frem the gquantification of the BNL event tress.

3.331 Qualitative Review

In general, SHL is of the cpinion that the methodolocy used in the
Shoreham Intarnal Flood Analysis is consistent with that of the
stat2-of-the-art 2nd the approach is reasonable. The analysis for the inter-
nal flood pestulated ~uch severe scenarios than those of the Shorenam FSAR,

The Shorenam Internal Flood functional event tree anaiysis is based
predominantly on the event trees developed for the internal event initiatars,
namely, turdine trip, MSIV closure and manual snutccwn. These internal flood
functional esvent trees only model flood scenarios where the flood water height
at Zlevation 2 exceeds 2'-10", hila it appears that the Shorenam functisnal
event trees do provide 2 regresentative modeling of the plant response, it is
net well substantiated that floods that are arrested bSefore reaching 3’0"
will resylt in negligible core vulnerable frequency. :

Table 3.3.1 enumerates the vital equipment that has been identified in the
Shoreham analysis. The components are presented with those located at the
Towest elevetion first. It can'be seen that at the 1' level, both the RCIC
and HPCI vacuum pumps and condensate pumps are expected t0 be disabled. How-
ever, it is judged that their failures do not lead to the failure of the re-
spective high pressure systems, Similar arguments apply to the locp leve!
pumps of the low pressure core soray, HPCI and the RCIC systems as well., At
approximately 2', instrumentation for both hich pressure injection systems are
suﬁmerged and hence resulting in failure of both systems. At 3'.1Q0"
ipnstrumentation for doth LPCS and RHR is submergced leaaing to the fiilure of
thosa low prassure systams. [n the Shoreham @nalysis the critica! height of

e lakds

2'-10" is velected. However, since dbotn HPC! and 3CIC have “aileqd at abcut 2



level, these scenarios with termination of the flcod prior to 3'-10" may not
contribute an insignificant amount to the core vuineraaie frequency. In the
BNL revised event trees, a time-phased approach is used to include the con-
tribution from flooding below the 3'-10" level.

Another area of concern stems from the treatment of propagation of
failures 1n the Shoreham analysis. As noted in Table 3.3.1, at the 1' level,
4-480V pumps are expected to experience electrical shorts. The Shoreham an-
alysis did not investigate any cascading failure which may result from the
electrical shorts. BNL reviewed the elecirical drawings and elsmentary
drawings for some of the systems. [t 2ppears that for each pump there is only
one electrical breaker which separates it from the rest of the loacds in the
same motor control center (MCC). Random failure of tnis breaker to cpen could
result in the propagation of the short circuit fault upstream to the MCC,
other MCCs and the loadlcenter. 8NL's review of the eiectrical diagrams
indicates that failure of the breaker to open will result in tripping the
breakar at the load center. Discussions with Shorenam engineers suggestad
that there may possibly be an additional breaker per pump that is in series
with the first breaker. However, this was not confirmed by SNL. In the 2iL
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.



The determination of the time pericds which are critical to the con-
sideration of the progression of the flood is =252 on ~ﬁe'¢*:a1 equipment
Tocation Tist (Tatle 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 1s terminated prior to reacn1ng the 1'-3" leve!, no impact is 2s-
sumed for any equipment and the plant will be shytdown, this is Phase 1. How-
ever, if the flood water exceeds the 1'-3" lavel but is terminated before the
1'-10" level, this is Phase II. Phass III entails the failures of both HPCI
and.RCIC system as well 25 the loss of power to the MG sat recirculation pump
fluid coupler before arresting the flood delow the 3'-10" level. Any flood
level which exczecs the 3'-10" level, it is treated in Phase V.

The svent trees of these four pnases ara presanted in Figures 3.3.1
through 2.3.4, Given that the flood is terminated in Phase [, BNL assumed
that the reactor has a nigh probabiiity (0.9) shat it will be manually shut-
down. Ten percent of the time, it may result in a MSIV clasure event. These
twWo dranches of the Phase | event trees are transferred <0 the respective
internal event tree, Figure 3.3.1.

Figure 3.2.2 depicts the Phase Il functional event tree, in which the var-
ious mitigation systems are considered. Moreover, owing to the fact that a '
number of the 480V pumps will be flooded, the possibility of a breaker failure
to fsolate the fault is also evaluated. It is assumed that the breaker fail-
ure to cpen probability is 1x10°3 and there are a total of five pumps in
Division 1 and two pumps in 01§ision Il that will be short circuited. A prob-
ability of 0.5 is also assumed that failure of a load centar in a division

would Tead to failure of other equipment connected to that civision. In the
'even: of 2 MSIV clesure, the feedwater system is consicered =0 e unavailabie.
The probability that the reactor will be manually shutdown is also assumed to
be 0.9 for the maintenance induced flood events.

Figure 3.3.3 illustrates the functional event tree used %0 gescribe the
Prase 1! events, The major ¢iffarence dezween =nis avent tree and “he Phase
Il tree is the hich pressure systems. I tne Shase [l events, hoth the 2C!C
and the HPCI systems are not unavailable cue to the failure of raspective
instrumentacion. The prohability that the reactor will be manually shutdown

is assumed to be C.5_ for the maintenance induced flood events



The Phase IV event tree is presented in Figure 3.3,4., .This tree is
drastizally differar” from Che other cnes in that it only considers tne
Te2awdier system, the denressurization function and the PCS. All the other
systéms are disabled due to flooding. The lik!ihood that the reactor will be
manually shutiown is the same as in Phase [II for m2intenance-induced floods.

3.3.37 Quertitative Analys:s

Bas i o~ the development of the revised flood “nitiator frecuency, BNL
time-phased évent tre: and the modified human response %o arrest flood,
prelimingry quantitative results are obtained.. There are L7 different flood
precursors. Similar €0 the Shorenam classification, the first five precursors
are online ~aintenance relatad; the rem2 ring *waive of them are ructure re-
lated. A cetailed discusiion on the BM. floecd precursors is given in Section
3

Cwing to the vays that these flecd presursors are calculated, the ini-
tiator event tiees have been modified to include on'y three functions: the
flood alam annuriceation, [; operator acticn to is0late flocd, ~; and resacter
§Tatus. e entry conditign to the & fferent T1% phase event trees is ceter-
min2l Sy €32« function (see Section 3.2 for ¢ntails).

Lach of the 17 flood precursors were evaluaied with the initiator event
tree ang the four time phase event trees. The unavailability values for the
various event trees .re the same as those used in the Srorenam :nalysis except
as noted in the last section, '

Uheh the tifé phase event trees were t.antified for the 17 flood pre-
cursors, the resu.ts are the conditional frequency, of cure vulngradle given
e
3.5.2. The seventeen precursors are listed is rows while the four phases are

shown ac columrs, Within each precursor, contributions from manual shutdown,

the particular “Yood precursor. These frecuencies are summarizsd in Tad

48TV clesure or turdtis trip are 'sa shown, For instance, the concitional
fraguency of core vulneradle wifth operator arresting the floed orior o 2'-10"

pur afzepr 1'<10" - Phase [il, for TFLI is 2.0(-3) 3iven the reactor is
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m3n- 2l by sh.tdywm, - However, i¥ ingtz2ac of 2 manual shutdowa, %7e 37:nt

scperiencas a MSIV closure, inen the cuncitiaral frequency is 2.5(-<),



As expected, the conditional freguency consistently increases as the flood
progresses to higner alevations. In o:her'wor:s. the conditional frequency of
Phase IV is always larger than any of the other phases. Ancther noteworthy
observation fs the unusually large conditional frequency of core vulnerable
for the LPCI system induced flood, i.e., TFL4 and TFL8. The TFLS and TFLS
values are also large since they disabled the LPCI sys:iams as well.

The core vulnerable frequency given the BNL revisea flocd precursors,
tnitiator event trees and time phase event trees is shewn in Tadble 3.3.3. In
this tadble, the 17 precursors are depicted on the left with the 4 phases de-
'picted as columns. Zach precursor also icentifies the contrisutions from the
various plant stezes. Core vulneradle fraquency centrisytions from Phase |
and [l are very small, in the order of 10°9, (Contriduzions from Phase [II
are not insfgnificant but not substantial, approximataily 16-5, Seventy per-
Lent of .the total core vulnerable frequency (70% of 2.0(-5)) 1s attributable
to LPCI system maintenance or rupture induced flood. The maintsnanca con-
tribution to flood is about 37% while the balance is dues =0 ruoture.

[t appears also that failure to progeriy model the fault propacation of
the short circuits through the breakers does not have a signifizant effect on
core vulnerable freguency.



=.0  SUMMARY

8NL reviewed the internal flood dnalysis waich is a part of the Shereham
PRA and found that assurptions, methodology, and results ire reasonable. B8NL
revaluated the flood precursor frequency using recent LER daza and a more
accurate methodelogy. This methodology 2voids some of the conszrvatisms in
the SNO5-2RA approaun. A slight ingrpase in the initiator frequancy is
calcuiated beciuse of the revised daza.

Similarly, based ot the PSA Procedure Guide, the HEP was reviewed and only
ninimal changes were made ic the Shorehsm HE? vaiues used in the analvsis., As
for the functicnal event trees, a time pnasa anaroach was adcptec to destar

mecal the progressian of the fioed avents.

Results ¢re summarized in Table 4.1. This table can be diviced ints two
parts. Part A provides a comparisan between the Shareham resu'ts and taose
obtzined in the'SﬂL review. The 8NL value is about S times that of the
Shc~enam fraguency, 2.0(-3) vs. 2.9(-8). The cortributions from the di fferent
plaat states are also prasented. Fart 8 of Tabie 4.1 compares cnly the con-
tributions frem the SiHl Phase [V results with the Shorenem values. [T z2n de
inferred that by negiecting tne inftial three pnases, the core vulneradbie
frecuency will be undurestimated by 31076 ¢r about 18%. The major increase
in core vulnerable frequesCy in the ENL analysis is attritutadle %o the
increase in fload precursor freguencies.
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