
February 15, 2001

Mr. Michael Kansler
Vice President and

Chief Operating Officer
Entergy Nuclear Operations, Inc.
440 Hamilton Avenue
White Plains, NY 10601

SUBJECT: REVIEW OF INDIVIDUAL PLANT EXAMINATION OF EXTERNAL EVENTS -
INDIAN POINT NUCLEAR GENERATING UNIT NO. 3 (TAC NO. M83632)

Dear Mr. Kansler:

On June 28, 1991, the NRC staff issued Supplement 4 to Generic Letter (GL) 88-20, requesting
all licensees to perform individual plant examinations for external events (IPEEE). By letter
dated September 26, 1997, the licensee submitted a response to this request.

Enclosed please find the NRC Staff Evaluation Report (SER) on its review of the licensee's
IPEEE submittal. Attached to the staff's SER are a contractor Technical Evaluation Report
(TER) on the seismic section of the IPEEE; a contractor TER on the fire protection section of
the IPEEE submittal; and a staff TER on the high winds, floods, transportation and other
external events section of the IPEEE submittal.

The staff has found that, with the exception of misdirection of manual fire suppression, the
licensee's IPEEE meets the intent of Supplement 4 to GL 88-20. The issue of misdirection of
manual fire suppression will be handled separately from the IPEEE, and the staff will take the
lead in scheduling meetings to resolve this issue. This completes the staff's efforts on
Supplement 4 to GL 88-20.

On November 21, 2000, the license for Indian Point Nuclear Generating Unit No. 3 (IP3) was
transferred from the Power Authority of the State of New York (PASNY) to Entergy Nuclear IP3,
LLC, to possess and use IP3 and to Entergy Nuclear Operations, Inc. (ENO), to possess, use
and operate IP3. By letter dated January 26, 2001, ENO adopted all requests associated with
the operating license that were pending at the time of transfer.
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If you have any questions regarding the enclosed SER, please contact me at 301-415-1494
(e-mail - gfw@nrc.qov).

Sincerely,

IRA/

George F. Wunder, Project Manager, Section 1
Project Directorate I
Division of Licensing Project Management
Office of Nuclear Reactor Regulation

Docket No. 50-286

Enclosure: As stated

cc w/encl: See next page
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STAFF EVALUATION REPORT ON THE

INDIVIDUAL PLANT EXAMINATION OF EXTERNAL EVENTS (IPEEE) SUBMITTAL

FOR INDIAN POINT UNIT 3

1.0 INTRODUCTION

On June 28, 1991, the NRC issued Generic Letter GL 88-20, Supplement 4 (with NUREG-
1407, "Procedural and Submittal Guidance") requesting all licensees to perform individual plant
examinations of external events (IPEEE) to identify plant-specific vulnerabilities to severe
accidents and to report the results to the Commission together with any licensee-determined
improvements and corrective actions. In a letter dated September 26, 1997, the then licensee,
the New York Power Authority, submitted its response to NRC. Entergy Nuclear Operations,
Inc., subsequently the licensee, adopted the former licensee's submittals by letter dated
January 26, 2001.

The NRC staff contracted with Brookhaven National Laboratory to conduct a screening review
(a review for completeness and reasonableness) of the seismic portion of the licensee's IPEEE
submittal and contracted with Sandia National Laboratories to conduct a screening review of
the fire portion of the IPEEE submittal. The high winds, floods, transportation, and other
external events (HFO) portion of the IPEEE submittal was reviewed by the staff. On the basis
of the initial review of the IPEEE submittal, the staff sent a request for additional information
(RAI) to the licensee. The licensee responded to this request for additional information in
letters dated September 30, 1998, and April 21, 2000. Based on the results of the review, the
staff concluded that the aspects of seismic; fires; and high winds, floods, transportation, and
other external events were adequately addressed.

The review findings are summarized in the evaluation section below. Details of the contractors'
and staff's findings are in the technical evaluation reports (TERs) attached to this staff
evaluation report.

An IPEEE Senior Review Board (SRB) was established and meets on a regular basis. The
purposes of the SRB are (1) for the contractor (or the staff, if the staff has performed the
review) to present the findings and conclusions of its review and the bases for its conclusions,
and (2) for the SRB members to provide their perspectives on the contractor's (or staff's) finding
and conclusions and to make recommendations based on their technical expertise. In this
manner, the SRB provides additional assurance that (1) the scope of the review meets the
objectives of the program, and (2) critical issues that have the potential to mask vulnerabilities
are not overlooked.

In accordance with Supplement 4 to GL 88-20, the licensee has provided information on the
Sandia Fire Risk Scoping Study (FRSS) issues, generic safety issue (GSI)-57, "Effects of Fire
Protection System Actuation on Safety-Related Equipment," GSI-131, "Potential Seismic
Interaction Involving the Movable In-Core Flux Mapping System Used In Westinghouse Plants,"
GSI-103, "Design for Probable Maximum Precipitation," and Unresolved Safety Issue (USI)
A-45, "Shutdown Decay Heat Removal Requirements." This information was explicitly
requested in Supplement 4 to GL 88-20 and its associated guidance in NUREG-1407. The
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licensee regards these issues as resolved and also considers as resolved the following issues:
USI A-17, "System Interactions at Nuclear Power Plants"; USI A-40, "Seismic Capability of
Large Safety-Related Above-Ground Tanks"; and the Eastern U.S. Seismicity (Charleston
Earthquake) Issue. However, the staff notes that the FRSS issue associated with misdirected
manual fire suppression failing equipment was not addressed. This issue is also part of the
GSI-148, "Smoke Control and Manual Fire-Fighting Effectiveness."

2.0 EVALUATION

Indian Point Unit 3 (IP3) is a Westinghouse four-loop pressurized-water reactor (PWR) with a
large dry containment. The plant is located on the East bank of the Hudson River, in upper
Westchester County, about 24 miles from the New York City boundary line. The
owner/operator is currently Entergy Nuclear Operations, Inc. and was formerly the New York
Power Authority. The operating license was issued on April 5, 1976.

Core Damage Frequency Estimates

Seismic

The plant is classified in NUREG-1407 as a 0.3g full scope plant. For the seismic evaluation,
the licensee performed a seismic probabilistic risk assessment. The Lawrence Livermore
National Laboratory (LLNL) hazard curves are used in the IP3 IPEEE for base case
quantification. The mean estimate of the seismic core damage frequency (CDF) is given as
4.4E-5 per year, using the LLNL hazard curves. As a sensitivity study, the licensee obtained a
point estimate of the CDF using the Electric Power Research Institute (EPRI) hazard curves;
the point estimate obtained was 5.9E-5/yr, as compared to the point estimate of 4.9E-5/yr
obtained with the LLNL hazard curves.

Fire

For fire, the licensee used the EPRI Fire Probalistic Risk Assessment Implementation guide.
The licensee estimated the total fire CDF from the scenarios surviving screening at 5.6E-5 per
year.

Hiqh Winds, Floods, Transportation, and Other (HFO) External Events

The licensee concluded that the risk of core damage associated with high winds and tornadoes
is below the 1 E-6 per year criterion for concern. The licensee did not identify any external
flooding scenario that could lead to a core damage frequency from external floods in excess of
1 E-6 per year, nor did the licensee estimate the core damage frequency to the plant resulting
from ice, or transportation and nearby facility incidents to be greater than 1 E-6 per year.
Scenarios involving hydrogen explosions were identified which were conservatively estimated
by the licensee to contribute slightly greater than 1 E-6 per year to the core damage frequency.
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Dominant Contributors

Seismic

Six seismic accident sequences contribute 96% to the seismic core damage frequency of
4.4E-5/yr. These sequences, with their percentage contribution to the core damage frequency
are:

" Seismic-induced station blackout followed by reactor coolant pump (RCP) seal Loss-of-
Coolant Accident (LOCA) (43.5%)

* Seismic-induced loss of offsite power, failure of the seismically-inadequate long term
supply of water to the auxiliary feedwater system, and failure of the residual heat
removal shutdown cooling system (16.9%)

" Seismic-induced failure of the component cooling water system, leading to an RCP seal
LOCA (16.6%)

* Seismic-induced failure of the surrogate element (7.7%)

* Seismic-induced failure of the component cooling water system and the containment fan
coolers, leading to an RCP seal LOCA and core damage with a vulnerable containment.
(6.4%)

* Seismic-induced station blackout combined with a failure to insert the control rods into
the core, leading to core damage and a vulnerable containment (4.4%)

Fire

Fires in four locations contribute 89% of the fire core damage frequency. These locations, and
their contributions to the fire core damage frequency are:

* 480V Switchgear Room, 62%

* Cable Spreading Room, 12%

* Control Room, 6.5%

* 480V Switchgear Room/South Turbine Building, 8%

The last location refers to a contribution from a multizone fire, which starts in the 480V
switchgear room and propagates to the south turbine building.

HFO

The analyses presented by the licensee for most of the HFO events were done only to the level
of detail needed to screen out the HFO event, and it is not possible to determine the dominant
sequences. For hydrogen explosions, a sequence with a contribution of about 1 E-6 per year to
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the core damage frequency was identified. In this sequence, a hydrogen leak in the turbine
building leads to a hydrogen explosion which causes severe damage to the diesel generator fire
panel, the 6.9kV switchgear, and other cables, leading to a station blackout.

Assessment of Licensee's Determination of Dominant Contributors

For seismic and fire events, the licensee appears to have identified the significant initiating
events and dominant accident sequences. For HFO events, the most significant accident
sequence, that associated with a hydrogen leak in the turbine building, appears to have been
properly identified. The other HFO sequences appear to have been screened out properly to
have a less than 1 E-6 per year contribution to the CDF.

Containment Performance

Seismic

The licensee concluded that:

" The seismic capacities of those structures and systems whose failure might
result in early containment failure were all high and could be screened from
further analysis. The major items evaluated included the containment, primary
auxiliary building, and the reactor coolant system.

* There are no seismic-induced vulnerabilities in the containment isolation
function.

* No seismic-induced vulnerabilities which could lead to containment bypass were
identified. However, seismic failure of the surrogate element at a median
capacity of 0.75g was assumed to result in both core damage and a bypassed
containment.

* Radionuclide releases from seismic events were dominated by seismic-initiated
long-term station blackout sequences.

* The results of the seismic containment performance analysis were very similar to
that found for internal events in the Individual Plant Examination for IP3, and
there were no unique seismic containment failure mechanisms.

Fire

The licensee concluded that:

* There are no fire-induced containment bypass vulnerabilities, or containment
isolation valve vulnerabilities.

* No unique fire-induced containment failure mechanisms were identified.

" No fire-induced accident sequence leads to early containment failure.
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HFO

NUREG-1407 does not require a containment performance assessment for HFO events.

Assessment of Licensee's Containment Performance Analysis

The licensee's containment performance analyses for seismic and fire events appears to have
considered the important severe accident phenomena and are consistent with the intent of
Supplement 4 to GL 88-20.

Generic Safety Issues

As a part of the IPEEE, a set of generic and (USI A-45, GSI-131, GSI-1 03, GSI-57, and the
Sandia (FRSS issues) were identified in Supplement 4 to GL 88-20 and its associated guidance
in NUREG-1407 as needing to be addressed in the IPEEE. The staff's evaluation of these
issues is provided below.

1. USI A-45, "Shutdown Decay Heat Removal Requirements"

The licensee performed a seismic PRA, a fire PRA, and an analysis for HFO events
which showed that the screening criteria of NUREG-1407 were essentially met. The
analyses performed by the licensee are generally capable of finding vulnerabilities which
involve loss of decay heat removal capability. As noted below in the discussion of
GSI-57, a "seismic vulnerability" (the licensee's words, p. 8-3 of the IPEEE submittal)
was found. This vulnerability consists of a seismic event inducing the spurious
operation of the emergency diesel generator (EDG) room CO 2 system, leading to
isolation of the EDG ventilation system, and failure of the EDGs because of high room
temperature. (This vulnerability seems to have been found more through the analysis
of an operating event, than through the IPEEE analysis process.) The seismic
deficiency has been removed, as is discussed below in the GSI-57 section. No other
vulnerabilities were found. Since the staff judges that the process used by the licensee
is capable of finding decay heat removal vulnerabilities, and any vulnerabilities found
were resolved, the staff considers that the external events aspects of USI A-45 are
resolved for IP3.

2. GSI-131, "Potential Seismic Interaction Involving the Movable In-Core Flux
Mapping System used in Westinghouse Plants"

The concern is that during a seismic event, moveable portions of the flux mapping
system (flux monitoring cart) could relocate and cause the seal table to fail, resulting in
the equivalent of a small-break LOCA. The IPEEE Seismic Review Team inspected the
flux mapping system and seal table during the containment walkdown. The team
concluded that, based on its observations, seismic-induced damage to the seal table
from the flux monitoring cart was not credible. Since the IP3 IPEEE determined using
acceptable techniques, that there was no vulnerability with respect to the flux monitoring
cart, the staff considers this issue to be closed for IP3.
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3. GSI-103, "Design for Probable Maximum Precipitation"

The licensee has assessed the effects of the potential for increased plant area flood
runoff depth and increased roof loads as a result of the revised Probable Maximum
Precipitation (PMP) (See GL 89-22). This issue is discussed in Section 6.2.2.3 of
NUREG-1407. Application of the new PMP criteria to IP3 gives a 1 hour, one square
mile, rainfall intensity of 17.5 in/hour, which is several times the design value for the site.
A walkdown found no natural run-off flow paths into the buildings of safety importance,
and no areas in which ponding might occur adjacent to these buildings. Moreover,
hydraulic calculations showed that the revised PMP rainfall would not fail the roof areas
examined; the accumulation of water behind the parapets would not exceed the 40 Ib/ft2

load capacity of the roofs. On the basis that the licensee's procedure for identifying
severe accident sequences associated with the PMP is satisfactory, and on the basis
that no vulnerabilities were found, the staff considers that GSI-103 is resolved for IP3.

4. GSI-57, "Effects of Fire Protection System Actuation on Safety-Related
Equipment"

Inadvertent actuation of fire suppression equipment could be initiated as a result of a
seismic event. NUREG-1472, "Regulatory Analysis for the Resolution of Generic Issue
57: Effects of Fire Protection System Actuation on Safety-Related Equipment",
concludes that the dominant risk contributor associated with inadvertent fire protection
system actuation is seismic actuation of the fire protection system. Section 4.9.4 of the
IP3 IPEEE submittal addresses inadvertent actuation of suppression systems. Although
some equipment is vulnerable to water spray and flooding, safe shutdown of the plant is
not impacted, according to the submittal; in some cases plant off-normal operating
procedures are invoked. Also, new procedural guidance was developed in certain cases
(loss of control room air conditioning from pipe rupture and loss of containment spray
pumps from pipe rupture).

A vulnerability to inadvertent actuation of the C02 system was found, not by the IPEEE
process, but as a result of an event that occurred in the plant on June 18, 1997
(Licensee Event Report (LER) 286-97-10). This event is discussed briefly in
Section 4.10.2 of the IPEEE submittal (the submittal date is September 26, 1997, just 3
months after the plant event). In the event, an operator inadvertently caused a portion
of the C02 system to actuate, resulting in isolating ventilation to the diesel generator
room. No CO2 was released. The combustion air supply to the diesel generator is
supplied by a snorkel, so the concern is not the combustion air supply, but rather the
fact that with the room ventilation isolated the temperature in the diesel generator room
could increase to the point of failing the diesel generator. A conservative calculation of
the room heatup by the licensee (reported in rev. 1 of LER 2869710) indicates that the
diesel generator limiting equipment qualification temperature of 126 OF would be
reached in 5 minutes. Analysis revealed the potential for seismically-induced actuation
of the C02 system, failing all three diesel generators by common cause. Seismic
actuation of the C02 system, including isolation of diesel generator room ventilation,
could occur because the diesel generator fire protection circuit cabinets are not seismic
category I and are located in the non-seismic turbine building. The initial response to
the plant event, as described in the IPEEE submittal and in the LER quoted above, was
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to essentially disable the automatic CO2 fire protection system for the diesel generators,
by isolating power from the relays that initiate isolation of the EDG room ventilation and
also by isolating the C02 supply. A continuous fire watch was then posted. The
licensee noted, in Section 7.2 of the IPEEE submittal, that a proposed modification was
under evaluation to install a seismically qualified auxiliary control panel for the C02
system, and restore automatic fire protection for the diesel generator rooms. Then the
fire watch could be removed. As noted in rev. 1 of the LER quoted above, the decision
was made to install the seismically qualified control panel by May 15, 1998. In a
telephone conversation with the licensee on November 22, 2000, we have learned that
the seismically qualified control panel has already been installed.

Additional information on this issue is given in Section 2.2.2 of the attached TER on the
fire portion of the IPEEE submittal.

The process the licensee used in the IPEEE to identify vulnerabilities associated with
this issue, coupled with the licensee's analysis of plant events, is judged adequate to
identify vulnerabilities. Additionally, any identified vulnerabilities were addressed,
therefore, the staff considers GSI-57 resolved for IP3.

5. Fire Risk Scoping Study (FRSS) Issues

The FRSS issues are:

* Control System Interactions

This issue primarily concerns control room fires, which can result in control
system interactions. This issue has been identified as GSI1147, and is discussed
below, under that heading.

" Seismic/Fire Interactions

The concerns here are:

a. A seismic event could cause a fire by, for example, pulling cables loose from
cabinets or failing tanks containing oil or other flammable liquids.

This issue is addressed by the licensee's seismic/fire interaction walkdown. The
seismic/fire interaction assessment of flammable sources performed by the
licensee is summarized in Table 3.2.2.1 of the IP3 IPEEE submittal. Two items
in this table were not resolved: (1) a hydrogen cylinder could fall in a H2 bottle
storage room as a result of seismic shaking, and (2) hydrogen supply lines in the
turbine building could fail as a result of the earthquake.

With respect to the first of these items we learned in a telephone call with the
licensee (on November 22, 2000) that the hydrogen bottles are in a concrete
structure in the yard area, with 3-hour walls and a 3-hour fire damper. A fire in
that building would have no safety consequences.
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With respect to the hydrogen supply lines in the turbine building one can reason
as follows. The analysis of non-seismic ruptures of the hydrogen lines is given
on pages 5-55 and 5-56 of the IPEEE submittal. This analysis estimates a 0.01
probability of ignition and explosion given a hydrogen line rupture. A 0.1
probability of other damage leading to a station blackout incident and core
damage was assumed. Thus, conditional on the hydrogen line rupture there is a
0.001 probability of core damage. In order to get a core damage frequency for
this scenario, one would have to get a probability of rupture of the hydrogen lines
by integrating a fragility curve with a seismic hazard curve. Instead of doing this,
the staff used the approximation, that the hydrogen line would not rupture if the
peak ground acceleration (pga) is less than the median capacity of the line, and
would rupture with probability one if the pga is greater than the median capacity
of the hydrogen line. We do not know the median capacity of the hydrogen line,
but we believe that an estimate of 0.05g is very conservative. The mean
frequency of an earthquake exceeding this pga of 0.05g is about 1 E-3 per year,
using the LLNL hazard curve values given in Table 3.1.2.1 on p. 3-5 of the
IPEEE submittal. Thus, a conservative estimate of the core damage frequency
from this scenario is (1 E-3/yr)*0.001, or 1 E-6 per year, using our approximate
method. This does not constitute a vulnerability.

b. A seismic event could fail fixed fire suppression systems

The licensee used the term "vulnerability" ion p. 3-122 of the IPEEE submittal,
with respect to portions of both the CO 2 and water fire protection systems. In a
conference call with the licensee on November 22, 2000, we learned that the use
of the term vulnerability here was not intended to indicate a severe accident
vulnerability, but rather the lack of seismic ruggedness of these systems.
Although the fire protection systems may fail in an earthquake, the contribution
to the core damage frequency is small because the conditional probability of a
fire given an earthquake is small. Moreover, fire suppression with portable fire
extinguishers may be successful, even with failure of the fixed C02 and water fire
suppression systems. Finally, even if a fire is unsuppressed, the conditional
probability of core damage may be small, depending on the fire.

c. A seismic event could cause spurious actuation of fixed fire suppression

systems.

This issue is also part of GSI-57, and is discussed above under that heading.

0 Total environment equipment survival

As part of the IPEEE program, this issue reduces to GSI-57, and is discussed
above under that heading. Other aspects of the issue, such as the damaging
effect of smoke on equipment, are considered beyond the state of the art, at the
present time, and it is not expected that the licensee would address them.
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* Adequacy of Fire Barriers

This issue is discussed in Section 4.9.5 of the IPEEE submittal, and in Section
2.2.6 of the attached TER on the fire portion of the IPEEE submittal. Barriers
are inspected, and electrical tunnel dampers are functionally tested. In addition,
the fire PRA methodology used by the licensee assessed the risk from multizone
fires, where a fire barrier has failed.

The licensee's process for identifying vulnerabilities with respect to this issue is
considered adequate, and, since no vulnerabilities were found, the issue of the
adequacy of fire barriers is considered resolved for IP3 by the staff.

* Smoke Control and Manual Fire-Fighting Effectiveness

This is issue GSI-148, and is discussed below under that heading. We note
here, however, that part of the issue has to do with the failing of equipment
because of misdirected manual fire suppression activities, and this issue is not
considered resolved for IP3.

Apart from the GSI-148 issue of misdirected manual fire suppression, the NRC staff considers
the FRSS issues to be resolved for IP3 on the basis that the licensee used an acceptable
methodology for evaluating these issues, and the licensee found no plant deficiencies in their
evaluation.

In addition to those safety issues discussed above that were explicitly requested to be
addressed in Supplement 4 to GL 88-20, four generic safety issues were not specifically
identified as issues to be resolved under the IPEEE program; thus, they were not explicitly
discussed in Supplement 4 to GL 88-20 or NUREG-1407. However, subsequent to the
issuance of the GL, the NRC evaluated the scope and the specific information requested in the
GL and the associated IPEEE guidance, and concluded that the plant-specific analyses being
requested in the IPEEE program could also be used, through a satisfactory IPEEE submittal
review, to resolve the external event aspects of these four safety issues. The following
discussions summarize the staff's evaluation of these safety issues at IP3:

1. GSI-147, "Fire-Induced Alternate Shutdown/Control Room Panel Interactions"

The IPEEE submittal notes, on p.-4-141, that there are transfer switches at the local
panels which bypass or de-energize control cables routed to the control room.
Notwithstanding this, there is the possibility that a fire in the control room could: (1)
cause loss of control equipment or power before transfer of control to the local panels;
or (2) cause hot shorts leading to spurious actuation of components leading to
component damage, LOCA, or interfacing LOCA. The IP3 IPEEE assessed the
significance of fire-induced control cable failures by considering open-circuit and hot
short failures of the cables, and assuming that if a cable failed, it failed in the worst
possible way as far as causing equipment damage. In addition, spurious actuations
causing LOCAs or interfacing system LOCAs were considered in the response (dated
September 30, 1998) to the RAI. More information on this issue is given in
Sections 2.1.7 and 2.2.3 of the attached TER on the fire portion of the IPEEE submittal.
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Based on the information supplied by the licensee, the staff considers that the licensee's
process is capable of identifying potential vulnerabilities associated with GSI-147. On
the basis that no potential vulnerability associated with this issue was identified in the
IPEEE submittal, the staff considers the IPEEE-related aspects of this issues resolved
for IP3.

2. GSI-148, "Smoke Control and Manual Fire-Fighting Effectiveness"

As noted in Section 2.2.4 of the TER on the fire portion of the IP3 IPEEE submittal, the
submittal responded to this FRSS issue according to the guidance given in the FIVE
methodology. This guidance has been accepted by the staff. However, a portion of this
issue has to do with the fact that smoke can hamper visibility, resulting in misdirected
manual fire suppression which can fail equipment. This portion of the issue is not
addressed by the FIVE guidance, and, as noted under the discussion of the FRSS, was
not addressed by the licensee. The licensee's analysis of GSI-57 (see Section 2.2.2 of
the attached TER on the fire portion of the IPEEE submittal) considered the effects of
inadvertent actuation of fixed fire suppression systems, but there are plant areas (for
example, the 480V switchgear room) where the fixed fire suppression systems are not
water spray systems, and consequently the effects of water spray on the equipment in
these areas was not considered by the licensee.

We note further that manual fire fighting was minimally credited in the IP3 IPEEE study,
and that an acceptable value of the fire CDF (5.6E-5/yr) was found. Consequently,
there is assurance that aspects of this issue other than misdirected manual fire
suppression are not associated with a plant vulnerability.

Based on the information supplied by the licensee, the staff considers that the licensee's
process is capable of identifying potential vulnerabilities associated with GSI-148,
except for the aspect of this issue associated with misdirected manual fire suppression.
On the basis that no potential vulnerability associated with this issue was identified in
the IPEEE submittal, the staff considers the IPEEE-related aspects of this issue
resolved for IP3, except for the part of the issue associated with misdirected manual fire
suppression.

3. GSI-156, "Systematic Evaluation Program (SEP)"

The SEP issues are a set of issues associated with plants that were licensed prior to the
time the 1975 Standard Review Plan was issued.

* Settlement of Foundations and Buried Equipment

The IP3 site is a rock site, and there are no foundation settlement concerns.

* Dam Integrity and Site Flooding

The failure of the Ashokan Dam was addressed in the analysis of external flooding, in
Section 5.4 of the IPEEE submittal. The simultaneous occurrence of a standard project
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flood, failure of the Ashokan dam, and a standard project hurricane at New York Harbor
would not lead to water entering any building.

* Site Hydrology and Ability to Withstand Floods

The IP3 IPEEE submittal includes a satisfactory screening analysis of external floods,
consistent with NUREG-1407 guidelines, and also satisfactorily analyzed the PMP event
(see GSI-103 discussion, above).

* Industrial Hazards

The IPEEE contains, in its HFO analysis, a satisfactory treatment of these hazards.

* Tornado Missiles

The effects of tornado missiles were satisfactorily considered in the HFO analysis.

* Severe Weather Effects on Structures

The effects of high winds and floods were satisfactorily analyzed in the HFO section of
the IPEEE.

0 Design Codes, Criteria, and Load Combinations

Since the IPEEE presents a satisfactory analysis of seismic and HFO events, and found
no vulnerabilities, it can be inferred that the Category I structures have adequate
capacity.

" Seismic Design of Structures, Systems, and Components (SSCs)

Since the IPEEE presents a satisfactory analysis of seismic and HFO events, and found
no vulnerabilities, it can be inferred that the seismic design of SSCs is adequate.

* Shutdown Systems and Electrical Instrumentation and Control Features

A satisfactory IPEEE analysis, as was done by the licensee for IP3, automatically
includes the study of systems required to remove decay heat, and the instrumentation
and control systems required for safe shutdown.

Based on the overall results of the IPEEE submittal review, the staff considers that the
licensee's process is capable of identifying potential vulnerabilities associated with GSI-1 56.
On the basis that no potential vulnerability associated with these issues was identified in the
IPEEE submittal, the staff considers the IPEEE-related aspects of these issues resolved for
I P3.

4. GSI-1172, "Multiple System Responses Program (MSRP)"

* Effects of fire protection system actuation on safety-related equipment
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This is issue GSI-57, and is discussed under that heading.

* Seismically-induced spatial and functional interactions

Seismically-induced system interactions are discussed in Section 3.2.4 of the IP3 IPEEE
submittal, under the heading: "System Interactions in Nuclear Power Plants-Unresolved
Safety Issue A-17 (USI A-17)." Seismic spatial interactions were addressed during the
plant walkdowns. The seismic spatial interactions found were modeled in the IP3
seismic PRA model. Seismic functional interactions are also included as part of the
seismic PRA logic models as part of the normal PRA model development.

* Seismically-induced fires

This is an FRSS issue, and is discussed above under that heading.

" Non-safety-related control system/safety-related system dependencies

As far as the IPEEE is concerned, this issue reduces to that of seismically-induced
spatial and functional interactions, an MSRP issue already discussed above, and
GSI-147, on fire-induced alternate shutdown and control room panel interactions, which
has also already been discussed.

* Effects of flooding and/or moisture intrusion on non-safety related and safety-related
equipment

Flooding from external floods was satisfactorily addressed in the HFO portion of the
IPEEE. Flooding from the actuations of fire protection systems is discussed under the
heading of GSI-57. The licensee seems to have considered all equipment whose loss
would affect the safety of the plant.

" Seismically-induced fire suppression system actuations

This is an FRSS issue, and is discussed as such in Section 4.8.2 of the IPEEE
submittal.

* Seismically-induced flooding

Seismically-induced flooding was addressed in the seismic capability walkdowns
performed as part of the seismic IPEEE, and is discussed in Section 3.2.1 of the
submittal.

* Seismically-induced relay chatter

Seismically-induced relay chatter was addressed in Section 3.1.5 of the IPEEE
submittal. Relay screening was performed in a manner consistent with the NRC
recommendations for relay chatter review in NUREG-1407, for a full-scope A-46 plant.
The TER on the seismic portion of the IPEEE submittal discusses seismically-induced
relay chatter in Section 2.8.
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* Evaluation of earthquakes greater than the SSE

The seismic analysis in the IPEEE was a PRA, which automatically includes the effects
of earthquakes greater than the SSE.

Hydrogen line ruptures

Seismically-induced hydrogen line ruptures were discussed above as part of the
discussion of the FRSS issues, in the discussion of seismic/fire interactions. Non-
seismic failures of hydrogen lines are addressed in the HFO portion of the IP3 IPEEE
submittal, in Section 5.5.2.2, and in the fire portion of the IPEEE submittal, in Section
4.10.3.

* The IPEEE-related aspects of common cause failures associated with human errors

This issue, as far as external events is concerned, refers to whether the treatment of
human errors in an external-event-initiated accident sequence properly takes into
account the impact of the external event on human actions.

The IPEEE seismic analysis used a PRA model with the human errors directly
incorporated into the model. For human actions occurring after a seismic initiator, the
human error probability was assumed to be a function of the peak ground acceleration.
The effects.of the earthquake on the human error probability is therefore taken into
account, although the model is somewhat simplistic.

The treatment of human errors after a fire initiator is discussed in Section 2.2.8 of the
TER on the fire portion of the IPEEE submittal. All post-fire operator actions were
assigned a human error probability of 0.1, except for operator actions in scenarios
involving the use of the remote shutdown panel. These latter operator actions were
treated in detail. The use of a human error probability of 0.1 is likely conservative for
most scenarios, and is judged adequate to identify severe accident vulnerabilities.

Based on the overall results of the IPEEE submittal review, the staff considers that the
licensee's process is capable of identifying potential vulnerabilities associated with GSI-1 72.
On the basis that no potential vulnerability associated with these issues was identified in the
IPEEE submittal, the staff considers the IPEEE-related aspects of these issues resolved for
IP3.

Unique Plant Features, Potential Vulnerabilities, and Improvements

Unique safety features are described in Section 7.3 of the IPEEE submittal. IP3 possesses no
unique safety features that serve to reduce the risk of core damage from seismic events. The
Appendix R diesel generator and separate 480V switchgear serve to reduce the risk from fire.

The IPEEE submittal did not define a severe accident vulnerability. In the internal events
analysis given in Individual Plant Evaluation submittal, the licensee defined a vulnerability as a
weakness of such magnitude that-it must be mitigated or eliminated, or a significant weakness
for which a cost-effective "fix" can be identified. The IPEEE submittal concluded that there are
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no unique seismic plant vulnerabilities (see Section 8.1.1 of the IPEEE submittal). In Section
8.2.1 of the IPEEE submittal, it is noted that "A seismic vulnerability, in which a seismic event
induces the spurious operation of the EDG room C02 system and subsequent shutdown of the
EDG ventilation system, has been addressed by a temporary modification." A permanent
modification has since been made. This is further discussed in the section of this SER on
GSI-57, given above. No vulnerabilities with respect to the fire initiator were identified. With
respect to fire, a proposed minor modification would eliminate the susceptibility of multiple EDG
exhaust fans (and thus multiple EDGs) to fire within a single fire zone by realigning the power
feeds to the EDG exhaust fans and auxiliaries. Although not mentioned in Section 7 of the
IPEEE submittal, "Plant Improvements and Unique Safety Features," the executive summary of
the IPEEE submittal notes (on p. 1-9) that the authors of the study recommend that the area-
wide, total flooding C02 fire suppression system within the switchgear room be restored to
automatic actuation. This would reduce the susceptibility of the plant to switchgear room fires.
With respect to HFO events, a plant improvement has been proposed in the plant Action and
Commitment Tracking System (ACTS) to evaluate installation of an excess flow valve on the
hydrogen supply line to stop flow in the event of a hydrogen line rupture inside the turbine
building or plant auxiliary building. We have no information on the status of this proposed
improvement.

3.0 CONCLUSIONS

On the basis of the overall review findings, the staff concludes that: (1) the licensee's IPEEE is
complete with regard to the information requested by Supplement 4 to GL 88-20 (and
associated guidance in NUREG-1407), and (2) the IPEEE results are reasonable given the
Indian Point Unit 3 design, operation, and history. Therefore, the staff concludes that the
licensee's IPEEE process is capable of identifying the most likely severe accidents and severe
accident vulnerabilities, and therefore, that the Indian Point Unit 3 IPEEE has met the intent of
Supplement 4 to GL 88-20 and the resolution of specific generic safety issues discussed in this
SER, with the exception of the FRSS issue associated with equipment damage caused by
operators misdirecting manual fire suppression actions because of smoke. This is also part of
GSI-148, "Smoke Control and Manual Fire Fighting Effectiveness." The need for any additional
assessment or actions related to the resolution of this FRSS and GSI-148 will be addressed by
the NRC staff separately from the IPEEE program.

It should be noted that the staff focused its review primarily on the licensee's ability to examine
Indian Point Unit 3 for severe accident vulnerabilities. Although certain aspects of the IPEEE
were explored in more detail than others, the -review was not intended to validate the accuracy
of the licensee's detailed findings (or quantification estimates) that underlie or stemmed from
the examination. Therefore, this SER does not constitute NRC approval or endorsement of
any IPEEE material for purposes other than those associated with meeting the intent of
Supplement 4 to GL 88-20 and the resolution of specific generic safety issues discussed in this
SER.

Principal Contributor: A. Buslik

Date: February 15, 2001
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1. INTRODUCTION

1.1 Purpose

In response to the U.S. Nuclear Regulatory Commission (NRC) issued Supplement 4 to Generic Letter (GL)
88-20, "Individual Plant Examination of External Events (IPEEE) for Severe Accident Vulnerabilities -
10 CFR 50.54(f)," the New York Power Authority (NYPA) performed an IPEEE for the Indian Point Station
Unit 3 (IP3) and submitted the IPEEE results to the NRC in September 1997 [Reference 1]. Brookhaven
National Laboratory (BNL), as requested by the NRC, has performed the submittal-only screening review
to verify the technical adequacy of the seismic portion of NYPA's IPEEE submittal. This Submittal-only
Screening Review presents the results and conclusions of the BNL review and evaluation.

BNL's methodology utilized for the review followed the guidelines provided in the document titled
"Guidance for the Performance of Screening Reviews of Submittals in response to USNRC Generic Letter
88-20, Supplement 4" (Draft, October 24, 1996), as amended by the NRC.

1.2 Background

The Indian Point Unit 3 (IP3) is a Westinghouse 4-loop pressurized water reactor with a gross electric output
of 965 MWe and large dry containment. The IP3 was designed in the early 1970s and started commercial
operation in August 1976.

The IP3 site is located onfthe east bank of the Hudson River.in upper Westchester County, New York, about
24 miles north of New York City. The Safe Shutdown Earthquake (SSE) for the site is 0.15g, and the plant
is binned in the 0.3g full-scope review category. Geologically, the site consists of a hard limestone formation
which provides a solid bed for the plant foundation.

1.3 Licensee's IPEEE Process and Licensee's Insights

The NYPA used the probabilistic risk assessment (PRA) method for the seismic IPEEE analysis. All the
elements emphasized in NUREG-1407 were considered in the analysis, including plant walkdowns, relay
chatter, human actions, nonseismic failures, and containment performance. The submitted seismic analysis
appears to be a rare example of a case where the use of the uniform hazard spectra (UHS) leads to a
conservative risk estimate. This is primarily due to the rock site condition at IP3.

Both the Electric Power Research Institute (EPRI) and the revised Lawrence Livermore National Laboratory
(LLNL) hazard curves were used in the analysis. Both the hazard curves were cut off at 1.0g. New floor
spectra were obtained based on the median LLNL UHS at a 10,000 year return period. The direct generation
approach was used in the structural response analyses by converting the response spectrum to an equivalent
power spectral density (PSD) function. The calculated floor spectra are provided in the submittal.

The screened components were represented by surrogate elements. Fragility parameters were estimated for
a total of about 70 components and included in the system models. Nonseismic failures, human actions, as
well as relay chatter, were considered in the analysis. Conservative assumptions were made regarding relay
chatter; the bad actor relays were assumed to chatter regardless of ground motion levels, and recovery actions
were not credited.
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Three seismic event trees, i.e., seismic, loss of offsite power (LOSP) and small loss-of-coolant accident
(SLOCA), were newly developed, and a total of 72 sequences were identified and solved in the risk
quantification. The developed system models are described in detail in the submittal. The calculated point
estimate core damage frequency (CDF) values were 4.9E-5/year (mean CDF was 4.4E-5/year) for the LLNL
hazard curve and 5.9E-5/year for the EPRI hazard curve. In the previous seismic PRA analysis performed
for the plant, a mean CDF of 3.1E-6/year was estimated, which is about a factor of 10 lower. According to
the submittal, the difference is attributed mainly to the difference in spectral shapes of the free-field ground
motion. The plant-level high confidence of low probability of failure (HCLPF) capacity was estimated to
be 0.13g.

Six types of seismic-induced accident sequences dominate the calculated CDF: station blackout (SBO),
reactor coolant pump (RCP) seal LOCA, LOSP transients, surrogate elements, anticipated transient without
scram (ATWS), and SLOCA. Key components that influence the CDF were concentrated in the electric
distribution systems, component cooling water, control room panels and the residual heat removal system.

2. REVIEW FINDINGS

2.1 IPEEE Format and Methodology Documentation

The submittal appears to be consistent with the guidelines of NUREG-1407. The study addressed all the
issues that are emphasized in NUREG-1407, including plant walkdowns, relay chatter, nonseismic failure,
human actions, and containment performance. Although the dependency matrices are not provided, both the
frontline and support systems are described in sufficient detail in the submittal. The level of documentation
is considered to be adequate.

2.2 Seismic Review Team Selection

The seismic analysis was conducted primarily by NYPA staff, with the exception of the structural response
analyses, which were performed by Stevenson & Associates. Outside consultants, including R.J. Budnitz
and J.D. Stevenson, reviewed the work completed by the utility staff and provided guidance in specific areas.
The selection of the seismic review team (SRT) is described in Section 6 of the submittal. It appears that
the SRT selection meets the NUREG-1407 objectives.

2.3 Hazard Analysis

The updated LLNL hazard curves were primarily used in the analysis, and the EPRI hazard curves were used
only to calculate a point estimate CDF value. Unlike most other seismic IPEEE analysis cases, the calculated
CDF values were higher for the EPRI hazard curves than the LLNL hazard curves; i.e., 5.9E-5/year for the
EPRI curve and 4.9E-5/year for the LLNL curve. Both the hazard curves were cut off at a 1.0g acceleration
level. No sensitivity analyses on the hazard curve cutoff lower than 1.5g were performed.

For performing the fragility analysis, the median UHS at a 10,000 year return period, based on the LLNL
hazard analysis, was used. As previously noted, unlike most of the other seismic IPEEE analysis which
employ a UHS, the use of a UHS at 1P3 appears to contribute to a conservative risk estimate, due primarily
to the rocky site condition. The comparison of the new floor spectra (based on UHS) and the design floor
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spectra (based on design basis earthquake [DBE] spectra) indicates that the UHS produces higher response
amplifications. The use of the UHS, for this particular case, appears to be a conservative assumption.

2.4 Component Selection

A component list is provided in the submittal which contains 820 components. The list was developed based
on the component list of the internal event PRA model and the A-46 component list, and by adding passive
components such as tanks and heat exchangers, and the components needed to address various issues such
as the containment performance and seismic induced fires/floods. The component list provided in the
submittal appears to be adequate and well documented.

The component screening was performed at a 0.8g peak spectral acceleration level using Tables 2-3 and 2-4
of EPRI NP-6041. According to the submittal, the corresponding HCLPF is estimated to be 0.38g peak
ground acceleration (PGA) assuming a P3, value of 0.3. This assumed f3 value is very small compared to
values found in other analyses.

2.5 Plant Walkdown Approach

The seismic walkdown procedure is not described as a separate subject in the submittal. Particularly, no
descriptions are provided regarding the possibility of seismic failures due to spatial interaction. However,
the submittal indicates that a series of walkdowns were conducted by the SRT members on major structures,
distribution systems, and equipment not on the A-46 equipment list. All active valves and ductwork were
walked down for screening. Additional walkdowns were conducted to address various issues, including
containment performance, seismic-induced internal flooding and seismic/fire interaction. The walkdown
findings are well documented as part of the various component lists.

2.6 Fragility Analysis

2.6.1 Structural Response Analysis

Using LLNL's median UHS, new floor response spectra were obtained for a total of 8 Class I Structures,
including Containment Structure, Interior Containment Structure, Auxiliary Building, Control/Emergency
Diesel Generator (EDG) Building, Fan House Building and Intake Structure. All these Class I Structures are
reinforced concrete structures. The so-called direct generation method was used by converting the UHS to
an equivalent PSD function. The structural models developed during the original design were used in the
analyses, and the same damping value as in design, 5% of critical, was assumed. Since the structures are
founded on bedrock, no soil-interaction effects were considered.

The calculated floor spectra are provided in the submittal and compared with the existing DBE spectra.
Because the major frequency content of the UHS (10 Hz to 20Hz) is in the fundamental frequency of most
structures, the peaks of the UHS floor spectra are higher than those of the design spectra.

It appears that the analysis procedures and described results of the structural response analysis are
appropriate.
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2.6.2 Structural Fragility Analysis

All the Class I Structures were screened out based on the EPRI NP-6041 screening criteria as the structures
were designed for a 0.15g PGA DBE. They were represented by a surrogate element in the system model.
Non-Class I Structures include the turbine building, fuel storage building, and stack. These structures were
also modeled by a surrogate element because the median capacities, calculated in the earlier PRA study, are
higher than the surrogate element's median capacity of 0.75g PGA.

Unreinforced block walls were evaluated based on the rocking model. The analysis procedure is described
in detail in the submittal and appears reasonable. All the calculated median capacities are well above the
surrogate element's median capacity of 0.75g PGA and were screened out.

2.6.3 Component Fragility Analysis

According to the submittal, the screening criterion of 0.8g peak spectral acceleration given in EPRI NP-6041
was interpreted to be a median capacity of 0.75g PGA and a HCLPF capacity of 0.38g PGA by assuming a
Pc value of 0.3 and the spectral shape of LLNL's UHS. These capacity parameters were used both for the
component screening as well as to represent the surrogate element. The assumed 0 value is considered to
be too low to cover a wide range of components (about 880 basic events were represented by a surrogate
element).

A total of 22 components were screened in, and the fragility parameters for these components are provided
in Table 3.1.5.1 of the submittal. The calculated fragility parameters are considered to be reasonable when
compared to those found in other seismic PRA studies.

2.7 Soil Evaluation

The principal structures of IP3 are founded on bedrock; therefore, a soil evaluation is not required.

2.8 Relay Chatter Evaluation

Relay screening was performed to identify bad actor relays based on the information from the individual
plant examination (IPE) study and the A-46 program, as well as by examining the impact of chattering of
each relay. The documentation of relays in the submittal is extensive. A total of about 2,400 relays are listed
to indicate the relay type, mounting location, and the components and system to be potentially impacted by
each relay chatter. As the result of the relay screening, a total of 12 relays, all related to the emergency
diesel generator system, were identified as bad actor relays. These relays were assumed to chatter regardless
of the ground motion acceleration level, and recovery actions were not credited. The evaluation procedure
for relay chatter appears to meet the guidelines of NUREG-1407.

2.9 Containment Performance

Containment performance is discussed in Section 3.1.6 of the IPEEE submittal. Important issues as
discussed in NUREG-1407 are addressed in the IPEEE. No seismic-induced vulnerabilities are identified
by the containment performance evaluation for IP3.
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According to the IPEEE submittal, a walkdown was performed to identify vulnerabilities that could result
in early containment failure. Particular attention was paid to the adequacy of seismic gaps between major
structures.

Containment structure integrity, containment isolation, containment bypass, containment hatches, and
containment heat removal are evaluated in the IPEEE. The containment isolation valves used at IP3 do not
depend on instrument air and inflatable seals are not used at IP3. Although hot pipe penetrations are cooled
with air-to-air heat exchangers, a heat transfer analysis shows no early containment failure potential if the
cooling system fails. Components that impact containment isolation signals are addressed in the walkdown
and seismic evaluation, and are found not to exhibit seismic-induced vulnerabilities.

2.10 Nonseismic Failures and Human Actions

In the IP3 seismic IPEEE, seismic-induced failure events are added to the internal events WPE model by
matching the effect of random events modeled in the internal events.IPE with that of the seismic-induced
events. Nonseismic failures are, therefore, included in the IPEEE models.

A 72-hour mission time is used in the IPEEE. Assumptions made in the IPE on the requirements of support
systems are reviewed in the seismic IPEEE for any potential susceptibilities during the longer mission time.
Similarly, systems considered in the IPE, buteliminated because of negligible impact on the IPE model (i.e.,
primary auxiliary building (PAB) ventilation) are re-examined. Major items examined for the seismic IPEEE
include the requirement of room cooling beyond 24 hours, inventory and seismic capacity of the condensate
storage tank (CST), seismic capacity of the refueling water storage tank (RWST), seismic-induced pipe
failure, failure of EDG air receiving tanks, and the capacity of station batteries for a 72-hour mission time.

Table 3A.4 of Appendix A of the submittal provides the failure probabilities of the nonseismic events
included in the IPEEE fault tree models. (The table appears to be incomplete with only the first few pages
presented in the submittal.)

The probability values used in the IPEEE for human failures are based on the values used in the IPE and
,engineering judgment' (for modification). For human failure events that occur prior to an initiating event
(pre-initiator human failure event) their failure probabilities are assumed to have the same values as those
used in the IPE. For human failures that occur after an initiating event (post-initiator human failure events),
the effect of adverse conditions during the seismic event is addressed by increasing the failure probabilities
with increased seismic levels. For post-initiator events, the human failure probabilities are assumed to have
the same values as those used in the IPE for seismic levels less than or equal to the DBE, twice the IPE
values for seismic hazard levels between 0.15g (DBE) and 0.5g, and 10 times the IPE values for a seismic
hazard level at 0.5g. Beyond 0.5g, a failure probability of 0.1 is used for in-control room human actions and
1.0 for actions outside the control room. Restoration of offsite power is not considered in the IPEEE. Offsite
power is assumed to be lost for the mission time of 72 hours.

Although the failure probabilities of operator actions are clearly defined in the IPEEE (as discussed above),
the treatment of some operator actions is not clearly described in the submittal. For example, reactor coolant
system (RCS) depressurization, which is required for the successful operation of some systems, is not
included in the event tree models. It is not clear from the description provided in the submittal how some
of these actions are included in the seismic PRA. (More discussion on this issue is provided in Section 2.12
of this report.)
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2.11 Seismic Induced Fires/Floods

Both internal and external flooding sources are examined. Hydrology studies performed for the plant
indicates that seismic-induced external flooding is not a credible concern.

Seismic-induced internal flooding is evaluated by first reviewing the internal flooding hazard analysis
performed in the IPE, and then walking down and assessing the seismic vulnerabilities of the flooding
hazards identified in the review as significant. Important flooding sources evaluated in the analysis include
the service water systems, the instrument air closed cooling water, the fire protection system, the city water
system, and condensate water line. All of the identified flooding sources are screened by the SRT. Although
storage vessels (in addition to piping) are mentioned in the submittal as potential internal flooding sources,
the screened flooding sources discussed in the submittal do not include any storage tanks.

Seismic/fire interactions are addressed in the IPEEE by first reviewing the plant fire plan and Final Safety
Analysis Report to identify the fire protection system, fire barriers, and flammable sources at IP3. A
walkdown was then made to assess whether a seismic event could initiate a fire, fail a fire barrier, or induce
an inadvertent actuation of the fire protection system. Evaluation and walkdowns were also performed for
the two buried natural gas transmission pipelines that traverse the Indian Point site.

According to the submittal, the SRT identified a few seismic vulnerabilities (the terminology used in the
submittal) on seismic/fire interaction. Some of the identified vulnerabilities are related to the CO 2 system
whose rupture, according to the submittal, poses little risk. The other identified vulnerabilities are related
to the water system. One is the low seismic fragility level of the two 350,000-gallon fire water tanks. The
other involves the availability of the fire pumps. The two fire pumps, one electrical and one diesel, are
housed in the fire pump house, which is a reinforced concrete frame with masonry block walls and may have
a low seismic fragility level. In addition, the fuel tank for the diesel pump, supported on four unbraced legs,
may have marginal lateral capacity.

The examination of seismic/floods and seismic/fire interactions performed in the IPEEE and the discussion
provided in the submittal seem adequate. However, no discussion is provided in the submittal on
improvements for the identified seismic/fire vulnerabilities.

2.12 Logic Models

Logic Models: The seismic event tree models developed for the seismic PRA are based on the IP3 IPE event
tree models. Three seismic event trees are developed in the IPEEE for accident sequence delineation and
quantification. They are the Seismic Event Tree, the Seismic Transient Event Tree, and the Seismic Small
LOCA Event Tree.

The Seismic Event Tree is analyzed for each of the seismic initiating events identified in the LPEEE. The
top events of this tree include the major structures (e.g., primary auxiliary building [PAB], control building),
important systems (e.g., EDGs, component cooling water [CCW]), important plant conditions (e.g., ATWS,
small LOCA, LOSP), and a surrogate element. The end states of this tree are either core damage due to the
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failure of important structures or systems', or transfer to the Seismic Transient Event Tree or the Seismic
Small LOCA Event Tree.

The Seismic Transient Event Tree addresses possible events that involve a loss of offsite power and
successful activation of onsite emergency power. The event tree includes both secondary cooling and feed-
and-bleed cooling. The system success criteria used in the IPEEE analysis are basically those obtained in
the IP3 IPE. However, the effect of the longer mission time (of 72 hours) on system success is considered
in the seismic analysis. For example, in the IPE model secondary cooling using the auxiliary feedwater
(AFW) pump taking suction from the CST is sufficient to lead to safe shutdown. This is not the case for the
seismic PRA. In addition to secondary cooling, the residual heat removal (RHR) system in the shutdown
cooling (SDC) mode is needed in the IPEEE for long term cooling because of the limited supply of the CST
water and the elimination of the city water supply as an alternate water source.

The submittal does not provide any discussion regarding the RCS condition when the RHR/SDC is initiated.
Since the RHR system is designed to provide shutdown cooling when RCS pressure falls below 450 psig,
and the set pressure for the secondary side valves is at a much higher pressure of 1055 psig, manual RCS
depressurization (via either primary side or secondary side) may be needed before SDC can be initiated. It
is not clear from the submittal whether this is considered in the event tree/fault tree models. It should also
be noted that in the event tree model core damage is assumed to occur if RHR/SDC fails. This may be
pessimistic because there may be sufficient time and equipment for the operator to perform feed-and-bleed
cooling2. The above modeling assumptions may be important to the quantification results because the second
leading sequence obtained in the IP3 seismic PRA is a sequence with successful secondary cooling but failed
RHR SDC capability.

The Seismic Small LOCA Event Tree addresses possible events that involve a small LOCA. Similar to the
transient event tree, safe shutdown requires either secondary cooling or feed-and-bleed cooling. This is
because the leak through the break of a small LOCA by itself is not sufficient to reduce the RCS pressure
below the shutoff head of the high-head safety injection (HHSI) pumps before significant coolant loss
occurs .

One success path in the Seismic Small LOCA Event Tree involves the use of low head safety injection if
HHSI is not available but secondary cooling is available. This, according to the IPE, requires manual RCS
depressurization. Unlike the event tree model developed in the IPE, where manual RCS depressurization
is included in the event tree as a top event, it is not included in the event tree model in the seismic PRA. It
is not clear from the IPEEE submittal whether manual depressurization is considered in this success path.

The failure of emergency diesel generators (which leads to a station blackout, SBO event) or CCW is
assumed to lead to core damage. Analysis of the Seismic Transient Event Tree is not needed. The failure of the
surrogate element is also assumed to lead to core damage.

2 The condition of the equipment needed for feed-and-bleed cooling is not checked and, therefore, uncertain

for this branch of the event tree.

The CVCS pumps at IP3 do not have sufficient capacity for safety injection. The design operating pressure
for the HHSI pumps is about 1100 psig.
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Although this operator action is important to the success of this path, it may not have a significant effect on
quantification results because of the low probability of the small LOCA initiator.

In general, the logic models used in the IPEEE seem adequate. However, the treatment of operator actions
for RCS depressurization in the IPEEE models may need further clarification .

Initiating Events: Four classes of seismic-induced initiators are examined in the IP3 IPEEE: failure of
major structures, transients, LOCAS, and special events.

The major structures evaluated for seismic-induced initiators include the containment, control building,
diesel generator building, fuel storage building, intake structure, primary auxiliary building (PAB), and
turbine building. For transient and LOCA initiators, all transient and LOCA initiators considered in the IP3
IPE are examined, but based on event probabilities, only seismic-induced loss of offsite power and seismic-
induced small LOCA initiators are included in the seismic PRA. The special events examined in the IPEEE
include the loss of the support systems that do not depend on offsite power, seismic-induced reactor vessel
rupture, and seismic-induced interfacing system LOCA.

The mean initiating event frequencies at different PGA values based on LLNL hazard curves are presented
in Table 3.1.5.4 of the submittal. How these values are obtained is not discussed in the submittal.

Data and Quantification: Four distinct seismic-induced failure types are developed and quantified in the
IPEEE: equipment seismic failure, equipment anchorage failure, equipment block wall failure, and
seismically correlated events.

The fragility data needed for the quantification of the seismic PRA are developed using the approach outlined
in Section 5 of EPRI TR-103959. Components are screened using the criteria presented in EPRI NP-6041
(Tables 2-3 and 2-4). Components that meet the screening criteria are modeled in the IPEEE by a single
surrogate element with a median capacity of 0.75g PGA (or 1.2g peak spectral acceleration) and a composite
uncertainty of 0.3.

Correlation of seismic failures is considered in the analysis. Similar equipment on the same elevation and
of the same conditional failure probability is assumed to have the same seismic response and, therefore, the
same potential for seismic-induced failure. Table 3A.7 of Appendix 3A lists the seismic correlated events
included in the IPEEE model.

LLNL hazard curves are used in the IP3 IPEEE for base case quantification. The cutoff of the hazard curves
at 1.Og is lower than the 1.5g cutoff value described in NUREG-1407. According to NUREG-1407,
sensitivity studies should be conducted to determine whether the use of a lower cutoff affects the delineation.
and ranking of seismic sequences. While this is not specifically done in the IPEEE, Figure 3.1.5.7 of the
submittal shows the contributions to plant risk5 from non-overlapping ground motion intervals between 0.05g

4 Since RCS depressurization can be performed in the control room, quantification results may not be
significantly affected even if it is improperly ignored in the seismic PRA model. However, it involves important
operator actions that should be carefully reviewed in the assessment of a plant's seismic capability.

' 'Plant risk' is not defined in the submittal. It seems that contributions to plant risk shown in Figure 3.1.5.7
are based on core damage frequency contributions.
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to 1.0g (using a 0.12g interval). It shows that the bulk of the seismic risk arises in the seismic level range
from 0. 19g to 0.55g. Therefore the integration over the range of 0.05g to 1.0g seems to capture the bulk of
the risk.

As a sensitivity study, point estimates using EPRI hazard curves are obtained in the IP3 IPEEE. The results
show no qualitative differences in dominant seismic sequences when compared with the base case. The
predicted variation of accident frequencies and contributions to plant risk from different ground acceleration
levels also remain the same as those obtained in the base case. The overall CDF of 5.9E-5/year is 16%
higher than the base case. This, according to the submittal, can be attributed to the higher 'frequency of
exceedance' for the EPRI hazard curve compared to the LLNL hazard curve in the seismic levels between
0.05g and 0.26g.
2.13 Accident Frequency Estimate

Seismic CDF results are discussed in Section 3.1.5.5 of the submittal. The calculated point estimate CDF
is 4.9E-5/year and the mean CDF is 4.4E-5/year. The 5th percentile CDF value is 1.78E-6 and the 95"
percentile value is 1.64E-4.

Core damage frequencies (CDFs) for the 72 sequences obtained in the seismic PRA are presented in the
submittal. Mean values, as well as the 5th, 50"t, and 9 5 "h values are presented (Table 3.1.5.3). Mean CDFs
for the top 10 sequences, which contribute about 99% of total CDF, are also presented (Table 3.1.5.5) for
various seismic levels (in 0. 1 g intervals from 0.1 g to 1.0g). Similar results for the top 10 sequences are also
presented in the submittal for the EPRI hazard curves (Table 3.1.5.6).

2.14 Dominant Contributors ..

Six types of seismic-induced accidents which dominate the seismic CDF are SBO (43%), RCP seal LOCA
(23%), LOSP (21%), surrogate element (8%), ATWS (5%), and small LOCA initiated events (0.2%).

The leading sequence, which contributes 43.5% of total CDF, is a SBO sequence. This is followed by a
sequence with the failure of the RHR system in the SDC mode (16.9%), a sequence with the failure of the
CCW system6 (16.6%), a sequence with the failure of the surrogate element (7.7%), a sequence with the
failure of both CCW and the containment fan coolers (6.4%), and an ATWS sequence with the failure of all
ac power (4.4%).

The key contributors to system failure are seismic-induced failures of systems that support emergency diesel
operations (e.g., switch gear and service water system pumps) for the SBO sequence; seismic-induced
failures of the RHR heat exchangers, control room supervisory panel, and RHR pumps for the RHR-SDC
sequence; and seismic-induced failures of the CCW surge tank and CCW heat exchangers for the CCW
sequence.

Both risk achievement worth measures and risk reduction measures are calculated. The former is evaluated
by setting the seismic failure probability of a component to one to provide a measure of the maximum risk
increase that would occur if the component would always fail due to seismic shaking. The latter is obtained

6 The loss of CCW leads to.RCP seal LOCA.
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by setting the seismic failure probability of a component to zero to provide a measure of the maximum
reduction in seismic-induced CDF that would occur if the component would never fail as a result of seismic
shaking.

Results of both risk measures are presented in the submittal (Table 3.1.5.7). The seismic events that have
the greatest risk achievement worth are the switchyard (784%), the battery banks (44%), central control room
racks (44%), CCW heat exchangers (44%), various EDG components (44%), service water pumps (44%),
switchgear 31 and 32 (44%), and surrogate element (44). The seismic events that ha've the highest risk
reduction are the CCW surge tanks (6%), the CCW heat exchangers (3%), supervisory panel (2%), RHR heat
exchangers (1%), central control room racks (1%), service water pumps (1%), and switchgear 31 and 32
(1%). The submittal does not provide any discussion (e.g., insights that can be the obtained from the results)
of the risk measure results.

2.15 Unresolved Safety Issues (USIs) and Generic Safety Issues (GSIs)

USI A-45 Shutdown Decay Heat Removal Requirements

USI A-45 was addressed in Section 3.2.3 of the submittal. The issue was addressed by including the decay
heat removal systems as part of the system model. According to the analysis results, the loss of decay heat
removal is controlled by the seismic-induced LOSP and failures of both RHR heat exchangers, and
contributes 21% of the total CDF.

GSI-131 Potential Seismic Interaction Involving the Movable In-Core Flux Mapping System Used
in Westinghouse Plants

GSI-131 was addressed in Section 3.2.8 of the submittal. The issue is considered to be closed by the

licensee.

GSI-156 Systematic Evaluation Program

The seismic-induced settlement of foundations is not relevant to IP3 because the principal structures are
founded on bedrock; seismic-induced flooding was addressed in Section 3.1 of the submittal, and it was
concluded that it was not a credible hazard; seismic design of structures, systems, and components was
addressed in the submittal.

GI-172 Multiple System Response Program

GI-172 issues were partially addressed as follows:

The effect of fire protection system actuation was addressed in Section 3.2.2.3 of the
submittal. The potential inadvertent actuations are listed in Table 3.2.2.2. Most of the listed
concerns are related to the CO2 systems, and the submittal concluded that rupture of this
system poses little risk..

Seismic/fire interactions, including hydrogen line rupture, were addressed in Section 3.2.2
of the submittal. Several safety concerns identified during walkdowns are listed in Table
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3.2.2.1. Except for minor maintenance problems, e.g., needs for additional restraints for H2
bottles attached to walls with a single chain, no significant hazards were identified.
Seismic-induced flooding was addressed in Section 3.2.1 of the submittal. No concerns
were identified.

* Seismic-induced spatial and functional interactions were not described in the submittal.
* Seismic-induced relay chatter is discussed in Section 2.8 of this review report.
* Failures related to human errors were addressed on p.3-63 of the submittal.

2.16 Vulnerabilities/Plant Improvements

No definition of vulnerability was found in the submittal. In the Section 8.1.1, which deals with general
conclusions for seismic events, the submittal states that there are "no unique plant vulnerabilities." However,
in Section 8.2.1, the submittal does refer to a "seismic vulnerability," in which a seismic event may induce
a spurious operation of the EDG room CO2 system and subsequent shutdown of the EDG ventilation system.
This condition has been addressed with a temporary modification. A permanent modification to install a
new actuation control panel is described as being under consideration. This "vulnerability" is not discussed
in Section 3.2.2 of the submittal (seismic/fire interaction).

As noted in Section 2.11 of this report, the seismic/fire interaction discussion in the IP3 submittal (Section
3.2.2) states that the SRT identified several "seismic vulnerabilities," but no discussion is provided regarding
their resolution.

3.0 OVERALL EVALUATION AND CONCLUSIONS

The submittal appears to be consistent with the guidelines of NUREG-1407 in applying seismic PRA
methodologies. The study addressed most of the major issues that are emphasized in NUREG-1407,
including plant walkdown, relay chatter, nonseismic failure, human action, recent developments in seismic
hazard evaluation, and containment performance.

The completeness of the documentation for most of the major issues appears to be adequate. The treatment
of the seismic hazard curves seems to be adequate. The study used both the EPRI and the revised LLNL
hazard curves. The walkdown procedure is described in the submittal, and is considered to be adequate. The
evaluations for relay chatter, and containment performance appear to be adequate.

This screening review has found no significant weaknesses in the submittal, and the IPEEE appears to meet
the objectives outlined in GL 88-20.

4.0 References

[1] Indian Point 3 Individual Plant Examination of External Events (IPEEE), Attachment to Letter dated
September 26, 1997 from J. Knubel, Senior Vice President and Chief Nuclear Officer, New York
Power Authority, to USNRC.
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1.0 INTRODUCTION

This Technical Evaluation Report (TER) presents the results of the Step 0 review of the fire
assessment reported in "Indian Point 3 Nuclear Power Plant, Individual Plant Examination of
External Events" [1], requests for additional information (RAI) based on questions raised during
the initial review [2], and the licensee responses to those RAIs [3, 4].

1.1 Plant Description

Indian Point 3 is a 4-loop Westinghouse PWR with a large, dry containment. Licensed to operate
at 3025 MWth, it began commercial operation in July 1974. The plant shares a site on the Hudson
River with Units 1 (shutdown) and 2, 24 miles north of New York. Major structures at this unit
include a containment building, turbine building, primary auxiliary building (PAB), auxiliary
feedwater building (AFB), control building, diesel generator building, and intake structure. The
containment building houses pumps, pipes, and valves associated with the reactor coolant system,
including reactor coolant pumps (RCP), steam generators, the pressurizer, two RHR heat exchangers,
and two recirculation pumps. The PAB contains much of the safety-related equipment of interest,
including the high pressure injection pumps, RHR pumps, containment spray pumps, charging
pumps, component cooling water (CCW) pumps and heat exchangers, and motor control centers
(MCC) powering these safety system components. The control room, cable spreading room (CSR),
switchgear rooms, and battery rooms are housed in the control building. Cabling exits the CSR
through a cable tunnel. The diesel generator building houses three diesel generators (DG) in separate
rooms. Two other DGs are located elsewhere, one dedicated to the mitigation of fire scenarios, the
so called "Appendix R diesel."

1.2 Review Objectives

The performance of an IPEEE was requested of all commercial U.S. nuclear power plants by the U.S.
Nuclear Regulatory Commission (USNRC) in Supplement 4 of Generic Letter 88-20 [5]. Additional
guidance on the intent and scope of the IPEEE process was provided in NUREG-1407 [6]. The
objective of this Step 0 screening review is to help the USNRC determine if the Indian Point 3
submittal has met the intent of the generic letter and to also determine the extent to which the fire
assessment addresses certain other specific issues and ongoing programs.

1.3 Scope and Limitations

The Step 0 review was limited to the material presented in the Indian Point 3 Nuclear Power Plant
(IP3) IPEEE submittal and responses to requests for additional information (RAls). RAls were
submitted to the licensee based on an initial review of the submittal alone. Furthermore, the review
was limited to verifying that the critical elements of an acceptable fire analysis have been presented.
An in-depth evaluation of the various inputs, assumptions, and calculations was not performed. The
review was performed according to the guidance presented in Reference 7. The results of comparing
the review against the guidance in this document are presented in Section 2.0. Conclusions and
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recommendations as to the adequacy of the IP3 IPEEE submittal with regard to the fire assessment
and its use in supporting the resolution of other issues are presented in Section 3.0.
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2.0 FIRE ASSESSMENT EVALUATION

The following subsections provide the results of the review of the Indian Point 3 Nuclear Power
Plant fire assessment. The review compares the fire assessment against the requirements for
performing the IPEEE and its use in addressing other issues. Both areas of weakness and strengths
of the fire assessment are highlighted.

2.1 Compliance with USNRC IPEEE Guidelines

The USNRC guidelines for performance of the IPEEE fire analysis are derived from two major
documents. The first is NUREG-1407 [6], and the second is Supplement 4 to USNRC Generic
Letter 88-20 [5]. In the current screening assessments, the adequacy of the utility treatment in
comparison to these guidelines has been made as outlined in "Guidance for the Performance of
Screening Review of Submittals in Response to U. S. NRC Generic Letter 88-20, Supplement 4:
'Individual Plant Examinations - External Events,"' Draft Revision 3, March 21, 1997 [7]. The
following sections discuss the utility document in the context of the specific review objectives set
forth in this Screening Review Guidance Document and assess the extent to which the utility
submittal has achieved the stated objectives.

2.1.1 Methodology Documentation

The Indian Point 3 (IP3) submittal documents a fire PRA analysis of the plant. The study was based
on the EPRI Fire PRA Implementation Guide (the EPRI Guide) [8]. Models developed in the
internal events IPE [9] were used in quantifying risks from specific fire scenarios. The study also
drew guidance from the EPRI FIVE methodology [ 10] for ignition frequencies, treatment of transient
combustibles, and fire protection system attributes, including unavailability.

The main steps of the analysis included zone definitions, plant walkdown, equipment failure
definitions, the treatment of ignition sources and frequencies, and quantitative screening. In general,
only quantitative screening was employed and a IE-6/yr screening criterion was used against CDF
estimates. Both single and multi-zone screening were employed. Fire zones that were not
eliminated by screening were analyzed in more detail, primarily by improving the fire-source and
target-damage modeling. Fire growth and propagation were modeled using FIVE for plume and hot-
gas layer behaviors. Finally, fire detection and suppression were introduced to determine the
probability of damage from unsuppressed fires. Quantification was accomplished by collapsing the
internal events fault tree to construct a single fault tree with core damage as the top event. The
control room was treated separately, but also with a PRA approach.

In addition to the IPE, the Fire Hazard Analysis (FHA), Final Safety Analysis Report, and the Design
Basis Documentation for Fire Protection are among numerous plant documents that support the
IPEEE fire analysis.

Specific treatments noted in the analysis include the following:
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The 15 fire zones of the containment were qualitatively screened from further analysis with
the EPRI Guide cited as the basis. There was no statement confirming that the assumptions
made in the EPRI Guide are valid at IP3.
The IP3 licensee credits non-Appendix R safe-shutdown systems in the quantitative analysis.
The locations of all of the components of these systems were identified, including cables and
their routing. The inclusion of these systems is viewed as a positive enhancement that should
yield more realistic results.
Cable failures considered included open circuits, shorts to ground, and hot shorts. Hot short
conditions were limited to conductors within the same cable jacket. These were expected to
be more likely than shorts to adjacent cables. The submittal states that this is expected to be
an inconsequential assumption since it is limited to non-Appendix R systems, and is an
unlikely cable failure mode. Worst-case cable failures were assumed.
The multi-zone analysis explicitly addresses the failure of barriers between adjacent fire
zones.

The methods employed in the analysis of Indian Point 3 are drawn from the FIVE and traditional
PRA methodologies and are reasonably well understood. Weaknesses in the analysis are generally
attributable to the choices of parameters in the analysis models.

2.1.2 Plant Walkdown

Walkdowns were performed to support both the fire and seismic portions of the IPEEE. Walkdown
teams were made up of New York Power Authority (NYPA) and plant personnel with contractor
support. The submittal noted that many of the same personnel who performed the internal events
IPE participated in the IPEEE. This should ensure the proper use of the data and models used from
that study. Particular areas of expertise and individual responsibilities of the participants were not
given in the submittal. However, several reviewers with fire protection responsibilities participated
in the internal review.

The submittal states that all fire zones were examined individually. However, it appears that only
a subset was examined by walkdown. A screening step was introduced whereby a conditional core
damage probability (CCDP) for each fire zone was estimated. Those zones with a "negligible"
CCDP were screened. (No numerical criterion was given at this stage.) Of the fire zones examined
in this manner, 124 zones and control room were retained for further analysis as single zones. The
retained zones appear to have been the subject of walkdowns. All zones were again considered in
the multi-zone analysis, but no additional walkdowns were described.

The objective of the fire walkdowns was to catalogue ignition sources and fire damage targets, to
confirm locations and geometry, to record the transient ignition sources and combustibles, and to
evaluate possible fire compartment interactions. The walkdowns were conducted as prescribed in
the EPRI Guide and walkdown forms from the guide were completed for each zone. Walkdown
dates and areas are presented in the submittal and appear to cover the areas typically of interest in
fire studies.
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Walkdowns appear to have been competently performed and the proper information obtained.

2.1.3 Fire Occurrence Frequency

The submittal states that the FIVE generic fire frequency data were used in the IPEEE study. The
only plant-specific information identified in the submittal relates to the various location- and zone-
specific adjustments made to the generic frequencies. The submittal discusses these adjustments,
presents tabulations of the fire zones indicating their designation and a short description of the
locations, and discusses the various ignition sources. Numerical details are not presented. Only the
results are shown (submittal Table 4.4.4.1) in a zone-by-zone summary.

In the discussion of the fire occurrence frequencies, the submittal notes the following:

• All cable purchases subsequent to original construction comply with IEEE 383. Original cable
is assumed to comply (power cable) or not comply (instrumentation cable) with IEEE 383. The
consequence of the assumption appears to affect only the question of the credibility of self-
sustaining cable-tray fires, once ignited. The assumption made was as prescribed in the EPRI
Guide. However, the submittal noted that original-purchase cable was back-qualified with regard
to the standard.

* There are no large hydrogen tanks indoors. Only small, portable hydrogen tanks were considered
and were dismissed as not being risk significant.

• Welding and cutting were included as ignition sources for both cable and transient combustibles
fires. (However, later in the submittal, this scenario was noted as one of the few where manual
suppression was credited.)

The fire frequency discussion was generally clear as to intent, and was consistent with the
presentation expected. Numerical details were not provided and could not be examined for
correctness. Not noted in the frequency discussion, which draws heavily from the guidance of the
EPRI Guide, is the treatment of electrical cabinets. The EPRI Guide frequently screens these sources
by ascribing fire containment capabilities to electrical cabinets.

2.1.4 Fire Zone Screening

A quantitative screening step was used in the study that was very similar to the quantitative screening
of the FIVE methodology. A zone CCDP was calculated using the plant IPE model along with the
assumption of failure of all safety equipment located in, or having cables passing through, the zone.
The fire zone frequencies in Table 4.4.4.1 of the submittal were used in this estimate. The submittal
also notes that severity factors were used to revise the zone frequency, as prescribed in the EPRI
Guide. The numerical result was compared to a screening CDF of 1E-6/yr, or 1E-7/yr if containment
bypass was possible.

In defining fire zones, the submittal cited the FHA and SSA documents and BTP 9.5-1, Appendix
A. BTP 9.5-1 associates a fire zone with a fire suppression system. At the end of submittal Section
4.2, the submittal states that "it was decided to define fire zones as the compartment boundaries
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defined in the [EPRI] Fire PRA Implementation Guide." This would imply wall, ceilings, doors, and
floors made of non-combustible materials that would substantially confine heat and the products of
combustion. While two definitions of zones are not necessarily incompatible, the description in
terms of boundaries and rated barriers is not particularly clear. In the discussion of later scenarios,
several zone boundaries are described as open, others simply as unrated, and at least one is an active
element, a water curtain, separating two elements susceptible to energetic faults.

Implementation of the screening step began with the selection of 124 fire zones that were judged to
have non-negligible CCDPs. After combining the revised zone fire frequency and zone fire CCDP,
only 10 zones, including the main control room, survived single-zone screening. The results of the
single-zone screening are presented in Table 4.4.4.2 of the submittal, which shows the zone
frequency, reduced by the severity factors, zone CCDP (all failed), and the resulting screening CDF.

Multi-zone screening began with the same 124 zones and a set of fire propagation probabilities
assigned to several types of barriers. No source for these probabilities was given. They are generally
larger than the barrier failure probabilities given in NUREG/CR 4840 [11], with the exception of
zero failure probabilities assigned to rated barriers, concrete walls, and downward propagation. One
questionable entry in the set assigns a propagation probability of 0.008 to both non-rated and 3-hour
rated walls. The multi-zone screening procedure also credited automatic suppression systems that,
to the extent that suppression efforts are already reflected in the fire events used to determine severity
factors, credits suppression twice. This approach resulted in RAI #2 being issued to the licensee.
The response is discussed in Section 2.1.5 of this report. Also, the submittal notes that propagation
from zones with CCDP = 1 were not considered since propagation does not make such scenarios
worse. The submittal noted only the east cable tunnel as an example.

Only a single pair of zones survived the multi-zone screening. These zones were the 480 V
switchgear room and south turbine building 15' elevation. Both of these zones also survived the
single-zone screening. The zones separated by a water curtain, Zone 37A (6.9 kV Switchgear) and
the transformer yard, were not assessed as multi-zone candidates. (It seems odd that a turbine
building fire zone and outside yard zone should be normally open to one another.)

Screening appears to have been applied in a clear manner, consistent in principle with screening as
applied in the FIVE methodology, and with understandable results. Some shortcomings in scenarios
considered and properties assigned to barriers were identified. The use of severity factors in
screening may prematurely screen important scenarios and will be discussed further below.

2.1.5 Fire Propagation, Damage, and Suppression Analysis

As noted previously, the submittal contained a statement that the cable at IP3 was equivalent to IEEE
383 qualified cable, as confirmed by testing after installation. For the purpose of the study,
instrumentation and control cabling was assumed to damage similarly to non-qualified cable, but to
have the ignition and propagation properties of qualified cable. Qualified cable is assumed not to
ignite easily, and both self-ignition and ignition by hot-work sources were dismissed. Furthermore,
cable fires are expected to self-extinguish once the ignition source is removed. The damage
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conditions for cabling were taken from the EPRI Guide,

" Qualified cable: 700' F (damage and ignition), 1 Btu/s-ft2,
" Unqualified cable: 4250 F (damage and ignition), 1 Btu/s-ft2.

The submittal states that the FIVE methodology was used to model damage for scenarios in those
fire zones surviving screening. Modeling included ignition sources (both fixed and transient),
combustibles (both fixed and transient), fire detection and suppression, and temperature calculations
for specific targets, fires, and geometries, compared with damage criteria in the EPRI Guide.

Some parameter assumptions needed for damage modeling were noted in the submittal. Others are
assumed to be treated as described in the EPRI Guide, which is heavily referenced in discussing
damage and propagation. The heat release rates (HRR) assumed were as follows:

" Pumps, electrical cabinets, transformers, and ventilation systems- 65 Btu/s,
" Transient combustibles (maintenance materials)- 138 Btu/s,
" Transient combustibles (protective clothing)- 380 Btu/s.

Assumptions regarding propagation between cable-tray stacks were taken from the EPRI Guide.
Marinite fire breaks were noted as present, but not credited, in cable tray fire modeling. Not noted
in the submittal, but included in the EPRI Guide, were heat loss factors used in the temperature
estimates. Ventilation systems were not explicitly credited with removing heat, according to the
submittal.

Since the submittal did not indicate the heat loss factor (HLF) used in the analysis, RAI #5 was
submitted to the licensee. It requested, for each scenario where the hot gas layer temperature was
calculated, the HLF value that was used in the analysis. The RAI also asked for either a) justification
for the value used and discussion of its effect on the identification of fire vulnerabilities, or b) the
results of a re-analysis using a more justifiable value (such as the 0.7 value recommended in FIVE)
and the resulting change in the scenario contributions to CDF.

The HRR values that were used in the analysis of cabinet fires resulted in RAI #6. It requested the
licensee to a) discuss the HRRs used in the assessment of control cabinet fires and b) discuss the
changes in the fire assessment results based on the use of a cabinet HRR of 550 Btu/sec.

The licensee provided a combined response to RAIs #5 and #6. The responses included
consideration of the revised EPRI guidance pertaining to Generic RAI Question 2 (HLF) and Generic
RAI Question 12 (Electrical Cabinet HRR).

The licensee response began by discussing the fire zones that were potentially impacted by HLFs and
electrical cabinet HRRs. The IPEEE evaluated 124 fire zones. Eighteen of these zones were
qualitatively screened based on no safe shutdown equipment or no plant initiator. All but 13 of the
remaining zones fell below the screening threshold of 1E-6/yr. The initial quantitative screening was
based on ignition frequencies and CCDPs that assumed all equipment and cables in the compartment
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failed. HLFs and HRRs were not considered in this portion of the analysis so none of the screened
fire zones needed to be reevaluated.

The 13 unscreened zones were examined to determine the effects of HLF and HRR on fire damage
and risk. Two fire zones (Battery Room 32 and Primary Makeup Water Pump Room) were
determined, based on the fire sources and/or cables in these rooms, to be unaffected by assuming
different HRR or HLF values. Therefore, the original screenings of these rooms were still
considered valid. The remaining 11 fire zones were examined to determine the potential effects of
revised HRR and/or HLF values.

The same types of electrical cabinets that were considered in the IPEEE submittal were reexamined
to determine if the 65 Btu/s HRR used in the submittal was still valid in light of the revised EPRI
guidance. IP3 cabinets considered included switchgears, motor control centers (MCCs), distribution
panels, control panels, static inverters, battery chargers and transformers. The configuration and
cable locations in these types of cabinets were described in some detail. Only for some control
cabinets was the use of an HRR value of 65 Btu/s considered inappropriate. An HRR of 65 Btu/s
was considered valid for small, totally enclosed control panels. However, some floor-based single
panel cabinets and one large walk through type cabinets were reexamined to determine the impact
of using an HRR of 190 Btu/s.

Of the 11 unscreened fire zones, the submittal says nine were found to contain electrical cabinets that
potentially may not satisfy the EPRI guidance criteria for using an HRR of 65 Btu/s and needed to
reevaluated at the higher HRR of 190 Btu/s. However, the results provided indicate that cabinets
in only six fire zones were analyzed. The results are shown in the following table:

Fire Fire Location/Cabinet Fire Zone Remarks
Area Zone CDF (per yr)

TBL-5 37A South Turbine Bldg/H 2 Control 3.78E-8 HRR does not impact
Panel damage or fire risk

ETN-4 73A Upper Electrical Penetration/ Alt. 9.24E-7 Conservative analysis, not
Source Range/RCS Temp dependent on HRR

CTL-3 10 Diesel Generator Room 31/31 2.13E-6 Screening of panel
EDG Control Panel independent of HRR

CTL-3 102A Diesel Generator Room 33/33 1.93E-6 Screening of panel
EDG Control Panel independent of HRR

CTL-3 11 Cable Spreading Rm/Power 6.83E-6 Cable trays assumed dam-
Cabinets & CFMS Multiplexer aged at HRR of 65 Btu/s.

PAB-2 17A Corridor/Waste Disposal Panel 3.17E-8 CDF due to panel fire < 1E-
with Extension 6/yr for HRR of 190 Btu/s.

The CDFs for the fire zones are unchanged. In the case of PAB-2, the panel that was reanalyzed at
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an HRR of 190 Btu/s produced a CDF that was still below the screening value of 1E-6/yr.

Using the revised EPRI guidance criteria, several fire zones were examined to determine the effect
of using revised (lower) HLF values. In the switchgear room in Fire Zone 14, reducing the HLF to
0.7 for the postulated oil fire raised the temperature due to the fire but did not change the results of
the analysis. Reducing the HLF to 0.7 produced the same effect for the oil fire in Fire Zone 23 of
the AFW Pump Room, but also did not change the results of the analysis. For those electrical
cabinets located below 0.4 times the room height, the hot gas layer contribution was recalculated
using an HLF of 0.7. In all cases the maximum temperature rise did not result in a critical hot gas
layer temperature. Thus, the original IPEEE analysis was still considered to be valid.

For transient combustible fires, the maximum hot gas layer temperature rise in any zone produced
by reducing the HLF to 0.7 was estimated to be 46°F. Area ratios for transient fires relied on critical
radiant flux distances. Since these are independent of the HLF value, it was concluded that the
original IEPEEE analysis was still valid.

The HLF also affects the critical height at which cable trays could be damaged or ignited. For oil
fires it was found that the critical damage height could change by as much as 9". However,
examination of oil fires in the 11 unscreened zones determined that these fires were assumed to
cause ignition of the overhead cable trays regardless of height. For all other fire sources, the change
in critical distance was small. Thus, no significant effects would result from reducing the HLF to
0.7.

The combined response to RAIs #5 and #6 was quite extensive. The table describing the results of
examining the HRRs used for electrical cabinets included the nine fire zones that contained such
cabinets and discussed the results for a total of 161 cabinets.

The response to RAIs #5 and #6 is considered satisfactory.

The submittal cited the EPRI Guide as a reference, but did not discuss the treatment of electrical
cabinets outside of the control room as sources of propagating fires. Screening of cabinets based on
the EPRI Guide guidance can lead to optimistic results, in particular, concluding that fires in high
voltage cabinets will not propagate. As a result, RAI #4 was submitted to the licensee requesting
a discussion of the treatment of propagation of fires which occur in electrical cabinets. If the
assumptions in the EPRI Guide were used, the licensee was asked to provide an assessment of the
effects, and contribution to the fire CDF, of the failure of these cabinets to contain fires and thus
limit damage.

The licensee response stated that the fire analysis adequately addressed the concerns expressed in
RAI #4. The guidance in the EPRI Guide pertaining to screening enclosed ignition sources was
interpreted very conservatively. A fully enclosed cabinet was taken to mean a cabinet with solid
metal sides, tight fitting doors, and no ventilation openings. At IP3 such cabinets are primarily
lighting panels, fire protection panels, and similar wall-mounted panels. The plant does not have
fully enclosed cabinets that are similar to those involved in the Yankee Rowe and Oconee fires, or
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the relay panel cabinets simulated in tests done at the Technical Research Center of Finland, that
were cited in the RAI. At IP3 the corresponding cabinets are vented and therefore do not meet the
screening criteria for enclosed ignition sources.

In the IP3 analysis, all unscreened cabinets were analyzed on the basis of damage and propagation
of a fire to cables above the cabinet. The FIVE modeling techniques were used assuming a 65 Btu/s
HRR for vertical cabinets containing qualified cable. The virtual surface of the fire was located at
the top of the highest cabinet ventilation opening. The analysis typically predicted that at least one
cable tray above the cabinet would be ignited by a fire in the cabinet. The effect of the cable tray fire
was considered when assessing damage to trays higher up in the stack. Severe damage was predicted
based on the combined HRRs of the cabinet and the tray fires, and was assumed to occur
immediately. The IP3 analysis also addressed fires in cubicles conservatively. It was assumed that
fire in one cubicle would result in the loss of the entire cabinet.

The licensee response to RAI #4 is considered satisfactory.

As noted above, severity factors were used in screening and are intended to characterize
probabilistically the likelihood of a fire sufficiently well developed to cause damage. The manner
in which they are determined may implicitly credit fire suppression. Thus, further explicit credit for
suppression may be redundant. These factors were also taken from the EPRI Guide.

The use of severity factors led to the RAI #2. It requested the licensee to:

" Explain, for those scenarios where both fire suppression and severity factors were credited,
why such credit does not constitute redundant credit for suppression.

" Provide an analysis of fire zone 73A, the upper cable penetration area, considering that the
original analysis included a severity factor and resulted in the area being screened at 9E-7/yr,
just under the screening criteria of 1E-6/yr.

In response to the first item above, the licensee cited the use of severity factors as described in the
EPRI Guide [8]. The response states that these factors were introduced to compensate for the fact
that only some nuclear power plant fires become fully developed, whereas fire modeling techniques
assume a fully developed fire with peak heat release rates at inception. The fire severity factors in
the EPRI Guide estimate the fraction of incipient fixed-ignition fires that become fully developed.
The licensee contends that these factors do not take credit for fixed fire suppression systems .and
thus, their use does not constitute redundant credit for fire suppression.

In discussing the analysis of fire zone 73A, the licensee again references the EPRI Guide. The
response states that the quantitative screening is based primarily on the product of ignition frequency
and the compartment CCDP. Step 4.2 of the EPRI Guide allows credit to be taken for full-zone
automatic suppression, manual suppression of transient fires, and severity factors for fixed-ignition
sources. This step was used in the IP3 fire analysis, and thus, in the analysis of zone 73A. No details
of the analysis were presented and the fact that the CDF for this zone was just below the 1E-6/yr
criterion was not mentioned.
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The response to RAI #2 provided no new information or justification for the original scenario
analyses. As a result, there is still uncertainty concerning the validity of using severity factors and
suppression probabilities in combination in the detailed analyses of some of the unscreened fire
compartments. This is considered to be a weakness in the analysis. However, since the severity
factor and suppression probability values that were used are contained in the submittal, their
individual effects on the estimated scenario CDFs can be determined. Thus, the response to RAI #2
is considered to be adequate.

Fire detection and suppression assumptions were noted for each fire scenario discussed. Manual
suppression was not described in the context of specific fire scenarios. This was noted in the multi-
zone screening discussion where suppression systems were credited with limiting propagation.

Suppression system reliability values were taken from FIVE. These values are generally accepted
for systems complying with standards, such as those of NFPA. Such compliance was not noted in
the submittal. As a result, RAI #1 was submitted to the licensee. It requested verification that the
plant fire suppression systems meet NFPA standards. Alternatively, a reassessment of those fire
areas surviving screening was requested based on the actual reliability of the suppression systems.

The licensee response stated that the IP3 fire protection system was designed, in part, to "enable [the]
system to equal or exceed the standards of the National Fire Protection Association." Walkdowns
were conducted in 1994 to identify and document the level of conformance to NFPA codes of the
plant fire protection systems. The results of this walkdown were provided to the NRC. Although
minor deviations were identified, none affected the ability of the systems to perform their design
functions. On this basis, the use of the FIVE reliability values in the fire analysis was judged to be
acceptable.

The response to RAI #1 is considered satisfactory.

The discussion in the submittal of the fire damage and propagation followed methods generally
understood and accepted. Several parameter choices that were critical to the modeling results may
have led to optimistic damage predictions.

2.1.6 Fire-induced Initiating Events and Fire Scenarios

Each of the fire zones surviving single-zone screening were examined in detail to determine better
estimates of the contribution to the fire CDF. A summary description was included in the submittal
for each zone and included the following:

" A general description of the zone, including some barrier descriptions, and normal settings for
active elements,

* A description of the types of fire detection and suppression systems present, including such
details as activation temperatures,

* A listing of significant ignition sources, including transient sources and combustibles,
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" A description of significant fire targets,
* Failure modes and assumptions for scenarios involving these targets (This frequently included

HRRs, damage temperatures, and other details relevant to the quantitative estimates.),
* Shutdown procedures relevant to the scenario, including operators responses required and

exemptions from Appendix R requirements (Only two exemptions were discussed in the
submittal. One was allowed due to alternate equipment availability. The other was allowed
because of the availability of manual actuation.)

Finally, scenarios were discussed for each fire scenario, including postulated fire targets and a CCDP
estimated from the plant model. Where relevant, the degree of fire damage as a function of time was
described to identify opportunities for suppression that may limit the severity of the consequence.
Short times were given for damage and activation of fire suppression systems in some fire scenarios,
which may be the result of using the FIVE models.

Analysis of the control room fire scenario was presented separately. The discussion included the
CCDP for remote shutdown. Fires in the cable spreading room and 480 V switchgear rooms led to
control room evacuation in some scenarios.

The fire scenario developed for the two zones surviving the multi-zone screening began with a fire
postulated to begin in the 480 V DC switchgear room, propagating through a failed fire door or
damper, and failing additional equipment in a south turbine building zone. Incidental hot gases,
smoke, and suppressants from automatic sprinkler actuation were judged to make remote shutdown
difficult and therefore no credit was taken. The fire results in the loss of both on and off-site
emergency power to several pumps, including cooling water for the emergency diesels, and
emergency buses. The environment also precludes alignment of shutdown equipment power from
the dedicated "Appendix R diesel." Core damage results.

Plant fire sequences were generally not discussed in the submittal. These were subsumed by the
collapse of the event trees into an equivalent fault tree with core damage as the top event. This
simplification was performed for general transients, loss of off-site power (LOSP), and small
LOCAs, including RCP seal LOCAs and stuck PORVs. Random unavailabilities and pre-accident
human errors were retained from the internal events IPE model. Non-recovery factors were retained
from the internal events IPE. Fire damage was quantified by setting basic events representing the
failed equipment to TRUE.

The body of the submittal does not discuss human errors. This was a point of criticism in the
internal peer-review process. In response to this criticism, the treatment of human factors was
described as a simple error probability of 0.1 applied to all post-fire operator actions, with the
exception of those applied to shutdown from the remote shutdown panel (RSP). Two such scenarios
were examined, one each for LOSP and non-LOSP remote shutdowns. For these scenarios, each step
in the shutdown sequence was analyzed in detail in Appendix 4A of the submittal. The resulting
CCDPs are 0.15 and 0.051 for LOSP and non-LOSP, respectively. The other scenarios were not
analyzed for human error impacts and the basis for the 0.1 error probability was not given.
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With the exception of the following points, the discussion of the fire-induced events and scenarios
appears to be reasonable and complete:

* human error impacts were not developed beyond the blanket 0.1 failure probability assumed,
• no hot-short failures or actuations were discussed in any scenario. This led to RAI #3 which is

discussed in the next section of this report,
* compartments noted as having CCDP=1 were noted in the screening discussion, but were not

described. Discussion of such high-importance compartments would be expected in a fire study.

2.1.7 Analysis of the Main Control Room

The control room was analyzed in the same fashion as the rest of the plant, beginning with a
walkdown to confirm cabinet contents, and followed by a fire frequency estimate, an assessment of
the likelihood of propagation, and CCDP calculations. In the control room, the need for evacuation
must also be assessed along with the capability for shutdown from remote panels. The EPRI Guide
was cited as providing guidance for the control room analysis.

The submittal states that only cabinet fires were presumed credible. IPE equipment contents are
summarized for 113 panels that were examined. The generic fire frequencies were apportioned
uniformly over all panels. A given cabinet may contain more than one panel so that cabinet
frequencies are not necessarily all the same.

Propagation of fires between cabinets was described through several assumptions traceable to the
EPRI Guide. While two, large cabinets (the continuous cabinet, and the flight cabinet) contain most
of the safety functions of interest, all cabinets are assumed to contain sufficient combustible loads
to force control room evacuation in the event of an unsuppressed fire. Sandia tests were cited as the
source of an assumption of a 15 minute time delay for such a fire to evolve sufficient smoke to force
evacuation. In-cabinet smoke detectors are present in both the continuous and flight cabinets. No
statement regarding in-cabinet detectors was made with regard to the other cabinets. Suppression
is assumed to limit damage to the cabinet in which the fire originates.

The two large cabinets noted house functions related to safe shutdown. Inner compartments
(cabinets) were described as separated by steel walls without intervening air gaps. While no explicit
credit was taken for cabinet barriers, the submittal assumes that the postulated fire will be
suppressed, or the control room evacuated before more than 15 linear feet of the main control board
are involved in the fire. Cabinet-to-cabinet propagation is also assumed to be possible, but with a
15 minute propagation delay.

Plant procedure ONOP-FP-1A directs the operators to evacuate the control room in the event of a
loss of control of the shutdown equipment, or if the control room becomes uninhabitable. If off-site
power is not lost as a direct consequence of the fire, operators are not directed to trip off-site power
before leaving the control room. For the analysis of the control room, damage was assumed to cause
a complete loss of function of the systems present on the panels involved. There was no discussion
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of spurious actuations or instrument indications. Hot shorts were not discussed in the control room
analysis.

Due to the potentially serious consequences due to fire-induced hot shorts, RAI #3 was submitted
to the licensee. It requested a discussion of the extent to which the hot short issues described in the
RAI were considered in the IPEEE analysis of the IP3 control room. If they were not considered,
the licensee was asked to provided an assessment of how potential hot shorts would impact the
quantification of fire risk scenarios in the fire analysis. The response was to include consideration
of the issues raised in IN 92-18 (MOV damage due to hot shorts).

The licensee response referenced the section of the submittal in which fire-induced failures of control
and instrumentation are discussed. The approach taken in the IP3 analysis assumed that if equipment
could fail as a result of fire damage to cables, failure would occur at the time of damage, regardless
of the type of electrical failure, i.e., short circuit, hot short, or open circuit. A fire in a control room
cabinet or panel was assumed to fail all of the control circuits inside it.

A deterministic screening was done to ensure that hot shorts that might cause spurious actuations
not included in the IPE models were considered. The screening assumptions, criteria, and
conclusions were provided in the response. The screening appears to be reasonably complete. The
overall conclusion was that hot shorts were either not important or their effects could be
compensated for by recovery actions or isolation of the component. However, it was noted that
multiple hot shorts were not considered: in the evaluation based on low likelihood.

The response to RAI #3 included a discussion of the specific potential effects of hot shorts that were
considered in the fire analysis. The following five items were described:

* LOCAs - Only one scenario of concern was identified (Section 4.7.4 of the submittal), the
inadvertent opening of PORVs. The hot short related CDF contribution of this scenario is
very small.

" ISLOCAs - Section 3.1.4.5 of the IPE was referenced for a description of potential ISLOCAs.
These might be induced by hot short induced opening of an MOV or AOV, but the associated
failures required to cause this to happen were quantitatively confirmed to be unlikely, i.e.,
ISLOCAs are not risk significant.

" Fire-Induced Instrument and Human Error - The instrumentation system used at IP3 is
considered fail-safe in the event of fire-induced cable failures involving shorts to ground or
open circuits. In the event of a hot short, automatic actuation of safeguard systems will be
degraded, but redundant logic and signals will be available to prevent a complete loss of
system function.

Hot shorts on instrument or power cables may impair the ability of operators to monitor plant
status or cause them to take inappropriate actions. Operator training and functional
redundancy will mitigate these effects. In addition, local instrument panels are available for
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plant shutdown. The response references Section 4,9.1 of the submittal which discusses the
plant systems in place to cope with control systems interactions in the event of a control room
fire.

" Spurious Failures that Compromise Alternate Safe Shutdown - The response describes
the plant systems which provide alternate safe shutdown capability. Spurious operation of
alternate safe shutdown system components due to control room fires have been examined and
all problem areas resolved.

* Mechanical Valve Damage -The potential for hot shorts resulting in mechanical failures of
valves has been reviewed in accordance with NRC IN 92-18. The potential problem of fir-
induced rotor locks in MOVs has been addressed and problem areas resolved.

The potential for hot shorts to compromise containment isolation or lead to containment
bypass were addressed in the fire analysis. The relevant sections of the IPEEE submittal are
referenced in the response and pertinent conclusions were also discussed.

The detailed licensee response to RAI #3 is considered satisfactory.

Three scenarios were defined in the control room evaluation. The first one described a suppressed
fire with the total loss of functions contained in the cabinet. The second one described the
unsuppressed fire leading to evacuation with a probability of 3.4E-3, traceable to the EPRI Guide.
Finally, analysis of the propagation-between-cabinets scenario identified only a single pair of panels
with a significantly higher CCDP than for the panels considered individually. That scenario was
assumed to result for half of the unsuppressed fires requiring evacuation.

The approach to the analysis of control room cabinet fires covers the major concerns of the loss of
function and control, and potential need for evacuation. However, RAI #7 was issued to the licensee
to gather additional information needed to complete the evaluation of the control room analysis.
The RAI requested the licensee to provide the detailed assumptions (including any frequency
reduction factors and the probability of abandonment) used in analyzing the control room and
justifications for these assumptions. If the probability of abandonment was based on a probability
distribution for the time required to suppress the fire, the licensee was asked to justify the parametric
-form of the distribution and specify the data used to quantify the distribution parameters.

The response referenced the section of the submittal which contains the assumptions used in the
control room fire analysis. The assumptions were also summarized in the response. Many of them
were noted earlier in this section of the report. All of the assumptions are considered to represent
a reasonable approach to the analysis. The sequence of events postulated for a fire scenario included
(1) a fire initiated in a single cabinet, (2) the fire damages critical cables before suppression is
possible, (3) attempts are made to suppress the fire, (4) the fires does not spread to adjacent cabinets
if it is suppressed in 15 minutes (control room is habitable), and (5) the control room is abandoned
if the fire is not suppressed and it spreads to adjacent cabinets. This is considered by the licensee
to be a conservative approach and the response notes that no frequency reduction factors were used
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in the analysis.

The control room analysis was performed in accordance with the EPRI Guide. In accordance with
the Guide, the probability of having to abandon the control room (due to failure to suppress fire) was
taken to be 0.0034. The basis for this value was discussed in the response, essentially responding
to the questions in the RAI concerning the probability of abandonment versus suppression time. The
response also noted the conservatisms in the EPRI Guide and several that are specific to IP3, namely:

• The IP3 control room volume is larger than the SNL test enclosure in which the cabinet fire
tests that form much of the basis for the EPRI Guide guidance were conducted.

• No credit was taken for smoke detectors within control room cabinets.
" If the probability of evacuation is increased by a factor of three to 0.01, the CDF increases by

3.2E-6/yr or 6%.

The licensee response to RAI #7 is considered adequate.

2.1.8 Quantification and Uncertainty Analysis

Following the discussion of the single-zone scenarios in Section 4.7 of the submittal, each scenario's
contribution to the fire CDF was estimated. The results are shown for each scenario at the end of
the section discussing each unscreened fire zone. The parameters needed to make the estimate, such
as severity factors and ignition frequencies, are provided so that parameters and assumptions of the
fire analysis are known.

Similar tabulations are presented for the 54 combinations considered in the multi-zone analysis and
for the 81 control room cabinet fires analyzed. In the summary tabulation below, only the
unscreened fire zones, including only one multi-zone combination, are shown. (The results for all
combinations in the multi-zone analysis totaled 5.6E-6/yr.) As shown in the table on the following
page, the total fire risk for the unscreened fire zones is 5.OE-5/yr. For comparison, the CDF from
the internal events IPE for a T3-transient (transient without LOSP, with main feedwater) is 2.83E-
5/yr.

There was no uncertainty analysis performed in the estimation of the fire CDF. Rather, according
to the submittal:

"The Authority relied on the conservatism of the methodologies and assumptions used to
mitigate the consequences of a failure to identify potential high risk contributors."

2.1.9 Sensitivity and Importance Ranking Studies

No results of such studies were reported in the IP3 submittal.

2.2Special Issues.-
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As a part of the IPEEE fire submittal, the utilities were asked to address a number of fire-related
issues identified in the Fire Risk Scoping Study (FRSS) and USNRC Generic Safety Issues (GSI).
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Summary of Unscreened Fire Zone CDF Contributions

Fire Zone Description CDF (per year)

480 V Switchgear Room (*) 3.5 le-05

Cable Spreading Room 6.83e-06

Control Room 3.65e-06

480 V Switchgear Room/South Turbine 4.49e-06
Building (multi-zone) (*)

Diesel Generator 31 Room 2.13e-06

Diesel Generator 33 Room 1.93e-06

Upper Electrical Tunnel (*) 7.14e-07

Diesel Generator 32 Room 3.38e-07

Lower Electrical Tunnel (*) 2.78e-07

Aux'Feedwater Pump Room 2.28e-07

South Turbine Building, 15 ft elevation 3.78e-08

PAB Corridor 3.17e-08

TOTAL 5.60e-05

Note (*) indicates a CCDP = I scenario exists for this zone.

Specific review guidance on these issues is found in Reference 7.

2.2.1 Decay Heat Removal (USI A-45)

As discussed in Generic Letter 88-20 [5] and NUREG 1407 [6], USI A-45, which is associated
with the adequacy of decay heat removal at nuclear power plants, is subsumed into the IPE
submittals. A submittal meeting the intent of Generic Letter 88-20, Supplement 4 is assumed to
satisfy the requirements of USI A-45. Specifically, the fire assessment presented in the IPEEE
submittal should address the adequacy of long-term decay heat removal in the event of fires.

Section 3.2.3.2 of the IP3 submittal responded to five generic concerns associated with USI A-
45. Three of the five concerns (loss of support systems, adequacy of separation and protection of
redundant trains, and LOSP) were addressed by an additional 480 V safeguards bus (bus 312)
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that is available following the loss of all four safeguards buses (buses 2A, 3A, 5A, and 6A).

The submittal noted that there are no sharing or interconnections between redundant trains to
create any additional DHR vulnerabilities (the fourth concern). Addressing the fifth concern, the
submittal noted that human error concerns were shown not to pose DHR vulnerabilities since, at
the assumed 0.10 human error probability, no vulnerabilities were identified. It should be noted
that the 0.10 human error probability was assumed without any supporting arguments.

The submittal concluded that while bus losses are significant contributors to risk, such scenarios
do not pose a vulnerability.

2.2.2 Effects of Fire Protection System Actuation on Safety-related Equipment (FRSS,
GSI-57, MSRP)

This issue is associated with the concern that traditional fire PRA methods have generally
considered only direct thermal damage effects. Other potential damage mechanisms have not
been addressed, such as smoke and the potential that the activation of fire suppression systems,
either as part of actual fire fighting or spuriously, might result in damage to plant systems and
components. In general, this is an area where the data in the database on equipment vulnerability
is rather sparse. The analytical results obtained for resolution of the issue, subsumed by GSI-57,
identified the dominant risk contributors as: (1) Seismic-induced fire plus seismic-induced
suppressant diversion and (2) Seismic-induced actuation of the fire protection system (FPS). The
NRC anticipated that the licensee would conduct seismic/fire walkdowns to assess (1) whether
an actuated FPS would spray safety-related equipment, and (2) whether some protective
measures to prevent the same. could be instituted. The results could be documented in the IPEEE
submittal.

Table 4.9.4.1 in Section 4.9.4 of the submittal lists the results of an assessment of the
vulnerability of plant safety equipment to fire suppression spray. Much of the equipment is not
impacted by sprays. Other equipment is vulnerable and invokes off-normal operating procedures
to address and recover any loss. Also noted is new surveillance testing to verify the adequacy of
drains to mitigate flooding.

Addressing GSI 57, Section 4.10.2 of the submittal notes the assessment of the vulnerability of
plant safety equipment to fire suppression spray and also notes an additional plant improvement.
The CO, systems in the diesel generator rooms were judged vulnerable to actuation by a seismic
event. The seismic event was also expected to lead to LOSP. The corrective action involved
isolation of power from the suppression and ventilation system and posting a continuous fire
watch.

With these considerations, the IP3 submittal concludes that this FRSS issue and GSI 57 have
been addressed and the needed corrections implemented. IP3 judges GSI 57 to be resolved.
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2.2.3 Fire-induced Alternate Shutdown/Control Room Panel Interactions (FRSS, GSI 147)

The issue of control systems interactions is associated primarily with the potential that a fire in
the plant, i.e., main control room (MCR), might lead to potential control systems vulnerabilities.
Given a fire in the plant, the likely sources of control systems interactions are between the
control room, remote shutdown panel, and shutdown systems. Specific areas that should be
addressed in the IPEEE fire analysis include 1) Electrical independence of the remote shutdown
control systems; 2) Loss of control equipment or power before transfer; 3) Spurious actuation of
components leading to component damage, LOCA, or interfacing LOCA; and 4) Total loss of
system function. It is anticipated that the licensee's submittal will describe its remote shutdown
capability including the nature and location of the shutdown station(s) and the types of control
actions that can be taken from the remote panel(s).

Section 4.9.1 of the submittal responded to the FRSS issue by presenting the major steps in its
procedures ONOP-FP-1, IA and IB, which are used to achieve hot shutdown following control
room evacuation. Cold shutdown was not described in similar detail, but the submittal noted that
cold shutdown from outside the control room would be initiated following hot shutdown.

According to the same section of the submittal, the remote shutdown actions are taken from
several locations: on the 55-ft level of the PAB, in the auxiliary boiler feedwater pump building,
and the 15-ft level of the turbine building. Some manual actions that may be necessary would be

* taken from the PAB, containment penetration area, and elsewhere. Redundant remote shutdown
circuits are provided. Fused protection is provided against short circuits occurring from the
control room fire. Power cables are routed through areas not impacted by fire that would require
control room evacuation. Alternate safe shutdown equipment, located in the PAB and AFP
room, is powered from supplies located in the turbine building.

The submittal did not specifically discuss several of the issues related abandonment of the
control room and transfer of control to the remote locations. These issues include loss of power
before transfer, spurious actuations, and loss of support systems. Due to the potentially serious
consequences resulting from fire-induced hot shorts, as related to the above issues, RAI #3 was
submitted to the licensee. It requested a discussion of the extent to which the hot short issues
described in the RAI were considered in the IPEEE analysis of the IP3 control room. The
analysis of the response to RAI #3, which was considered to be satisfactory, is described in
Section 2.1.7 of this report. The submittal also concluded that safe shutdown circuits are
physically independent or can be isolated from the effects of a control room fire.

2.2.4 Smoke Control and Manual Fire Fighting Effectiveness (FRSS, GSI-148)

Smoke control and manual fire fighting effectiveness is associated with the concern that nuclear
power plant ventilation systems are known to be poorly configured for smoke removal in the event
of a fire, and hence, a significant potential exists for the buildup of smoke to hamper the efforts of
the manual fire brigade to promptly and effectively suppress fires. Sensitivity studies have shown
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that prolonged fire fighting times can lead to a noticeable increase in fire risk. Smoke, identified as
one of the major contributors to prolonged response times, can also cause misdirected suppression
efforts and hamper the operator's ability to safely shut down the plant.

The IP3 submittal responded to this FRSS issue according to the guidance given in the FIVE
methodology. Section 4.9.3 of the submittal discussed fire reporting, communications within the
plant, the availability of portable fire fighting equipment, and fire brigade training, drill and records.
The submittal noted that, although portable fire fighting equipment is located throughout the plant,
only personnel specifically trained in its use are actually allowed to use it. Portable ventilation
equipment is available to assist in smoke control.

According to Section 4.9.3.7 of the submittal, manual fire fighting was minimally credited in the IP3
study. Manual actuation of CO 2 systems was credited in fighting 480 V switchgear room fires.
Credit for nearby personnel and the fire watch was taken in transient combustible fire scenarios
resulting from hot work ignition. The submittal notes that equipment damage times were typically
less than fire brigade response times. This may be an artifact of the methodology that assumes a
high, constant heat release rate for the duration of the fire. Nominally, this is a conservative
approach to the assessment of fire growth and direct fire damage timing issues.

The submittal did not specifically address the potential damage to systems, such as redundant safety
trains, due to misdirected manual fire suppressants. The issue of the vulnerability of plant safety
equipment to fire suppression spray was discussed in the context of GSI 57 as described in Section
2.2.2 of this report. Since GSI-57 is more concerned with fixed water suppression systems, the
conclusions will not, in general, be applicable to the issue of damage to safety systems due to
misdirected manual water suppression for those areas that do not have fixed water suppression
systems. As noted in Section 2.2.2, the submittal mentioned new surveillance testing to verify the
adequacy of drains to mitigate flooding.

It should be noted that the failure to consider manual suppression generally means that no
consideration has been given to the following:.

• barriers breached by fire-fighting personnel leading, for example, to the spread of smoke, fire,
and other fire products to adjacent fire areas,

• actuation delays in suppression systems, for example, while verifying the existence of a fire,
* delays in locating the fire, once the fire brigade has arrived,
• time required to extinguish or substantially control a fire, once fire fighting has begun.

2.2.5 Seismic/Fire Interactions (FRSS, MSRP)

The issue of Seismic/Fire Interactions primarily involves three concerns. First is the potential that
seismic events might result in fires internal to the plant. Such threats might be realized from
inadequately secured liquid fuel or oil tanks, through breakage of fuel lines, or through the rocking
of unanchored electrical panels (either safety or non-safety grade). The second concern is the
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potential that seismic events might render fixed fire suppression systems inoperable. This could
include detection systems, fixed suppression systems, and fixed manual fire fighting support
elements such as the plant fire water distribution system. The third concern is that a seismic event
might spuriously actuate fixed fire detection and suppression systems. The spurious operation of
detectors might both complicate operator response to the seismic event and/or cause the actuation
of automatic fire suppression systems. Actuation of a suppression system may lead to flooding
problems, habitability concerns (in the case of CO2 systems), diversion of suppressants to non-fire
areas rendering them unavailable in the event of a fire elsewhere, the potential over-dumping of
gaseous suppressants resulting in an over-pressure of a compartment, and spraying of important plant
components. It had been anticipated that a typical fire IPEEE submittal would provide for some
treatment of these issues through a focused seismic/fire interaction walkdown.

According to Section 3.2.2 of the submittal, the seismic/fire interaction assessment consisted of a
walkdown to determine whether seismic events could be responsible for initiation of fires, failure
of fire barriers, or lead to inadvertent actuation of the fire protection system.

Table 3.2.2.1 of the seismic analysis section of the submittal documented the review of
combustibles, which included hydrogen lines and cylinders. In this table it was noted that hydrogen
bottles attached by a single chain to the walls of the H2 bottle storage room could tip over during a
seismic event. No remediation steps were noted. An excess flow valve was noted as a modification
that would reduce the risk of hydrogen release if the lines from the H2 bottle storage room to the
PAB should break. Implementation plans for this modification were not discussed.

Barriers were screened in this walkdown as being seismically sound. Inadvertent actuation of fire
protection systems was addressed in Section 2.2.2 of this report.

2.2.6 Adequacy of Fire Barriers (FRSS)

The common reliance on fire barriers to separate redundant components needed to achieve safe
shutdown has elevated the risk sensitivity of fire barrier performance. Degraded fire barrier
penetration seals and unsealed penetrations in some barriers can contribute to this source of fire risk,
since fires in one area might impact other adjacent or connected areas through the spread of heat and
smoke. In general, it is expected that a utility analysis would provide for some treatment of such
potential by considering that (1) manual fire fighting activities might allow for the spread of heat and
smoke through the opening of access doors, and (2) that the failure of active fire barrier elements
such as normally open doors, water curtains, and ventilation dampers might compromise barrier
integrity.

This FRSS issue is discussed in Section 4.9.5 of the submittal. At 1P3 critical fire doors are
inspected weekly, in accordance with procedure FP 19. Less critical doors are inspected monthly,
in accordance with procedure FP 31. Penetration seals are visually inspected according to procedure
3PT-R 100. Fire dampers are inspected, cleaned, and preventive maintenance is performed annually,
in accordance with procedure FIR-005-FIR. Functional testing of electrical tunnel dampers is
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governed by 3PT-R95. Fire wrap and radiant energy shields are inspected in accordance with
procedure 3PT-R102. (It should be noted that this plant uses Thermo-lag, but it is not mentioned
in the submittal.) Controlled fire barriers other than those mentioned are inspected in accordance
with procedure 3PT-R100A.
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2.2.7 Effects of Hydrogen Line Ruptures (MSRP)

The use of flammable gases in the plant, including hydrogen, introduces the potential that a rupture
of the gas flow lines might lead to the introduction of a serious fire hazard into plant safety areas. It
had been anticipated that a typical fire IPEEE analysis would include the consideration of such
sources in the analysis.

In part, hydrogen issues were reviewed in Section 2.2.5 of this report. In that discussion, an excess
flow valve was discussed, noting its importance in limiting hydrogen releases in seismic events. In
its response on GSI-106, Section 4.10.3 of the submittal repeats that the valve is effective in reducing
the risk contribution from hydrogen fires that, even in its absence, were responsible for only 2% of
the total CDF. No additional vulnerabilities to hydrogen fires and explosions were identified in the
study.

2.2.8 Common Cause Failures related to Human Errors (MSRP)

Common cause failures resulting from human errors include operator acts of omission or commission
that could be initiating events or could affect redundant safety-related trains needed to mitigate other
initiating events. It had been anticipated that a typical fire IPEEE analysis would include the
consideration of such failures in the submittal.

As discussed in Section 2.1.6 of thisreport, pre-accident human errors and non-recovery factors were
retained from the internal events IPE model. The body of the submittal does not discuss human
errors. This was a point of criticism in the internal peer-review process. In response to this criticism,
the treatment of human factors was described as a simple error probability of 0.1 applied to all post-
fire operator actions, with the exception of those applied to shutdown scenarios from the remote
shutdown panel (RSP). For these scenarios, each step in the shutdown sequence was analyzed in
detail in Appendix 4A of the submittal. The other scenarios were not analyzed for human error
impacts and the basis for the 0.1 error probability was not given.

2.2.9 Non-safety Related Control System/Safety Related Protection System Dependencies
(MSRP)

Multiple failures in non-safety-related control systems may have an adverse impact on safety- related
protection systems as a result of potential unrecognized dependencies between control and protection
systems. The licensee's IPE process should provide a framework for systematic evaluation of
interdependence between safety-related and non-safety related systems and identify potential sources
of vulnerabilities. It had been anticipated that the fire IPEEE analysis would include the consideration
of such dependencies in the submittal.

The submittal contained no discussion of this issue.

25



2.2.10 Effects of Flooding and/or Moisture Intrusion on Non-Safety and Safety-Related
Equipment (MSRP)

Flooding and water intrusion events can affect safety-related equipment either directly or indirectly
through flooding or moisture intrusion of multiple trains of non-safety-related equipment. This type
of event can result from external flooding events, tank and pipe ruptures, actuations of the fire
suppression system, or backflow through part of the plant drainage system. It had been anticipated
that the fire IPEEE analysis would include the consideration of such events in the submittal.

Some aspects of this issue are discussed in Section 2.2.2 of this report (Effects of Fire Protection
System Actuation on Safety-related Equipment).

2.2.11 Shutdown Systems and Electrical Instrumentation and Control Features (MSRP)

The issue of shutdown systems addresses the capacity of plants to ensure reliable shutdown using
safety-grade equipment. The issue of electrical instrumentation and control addresses the functional
capabilities of electrical instrumentation and control features of systems required for safe shutdown,
including support systems. These systems should be designed, fabricated, installed, and tested to
quality standards and remain functional following external events. It had been anticipated that the
fire IPEEE analysis would include the consideration of this issue in the submittal.

The submittal contained no explicit discussion of this issue and no pertinent information beyond that
cited in Section 2.2.3 of this report.

2.3 Containment Performance Issues Unique to Fire Scenarios

The IP3 submittal reports the results of its analysis of containment failures resulting from fire
scenarios. The analysis examined containment bypass, containment isolation failures, and the failure
of containment heat removal. Containment bypass scenarios included steam-generator tube ruptures
(SGTR), RCP seal LOCAs, and small LOCAs induced by spuriously opened valves. No scenario in
the fire analysis resulted in a pressure rise above those defined in the internal events IPE. The IPEEE
thus concluded that SGTR and RCP seal LOCAs represented no new vulnerabilities.

The submittal lists descriptive information on the containment isolation valves, their locations, and
areas isolated. There are generally series combinations of motor-operated, manually operated, and
check valves performing the isolation function. In the fire study, concerns arose as to the
vulnerability of powered valves to spurious signals. The submittal noted that no fire sequence
identified leads to an early containment failure. Thus, the submittal concluded, sufficient time is
available for manual override of any spuriously opened valves.

The containment heat removal function can be impacted by certain switchgear fires. The submittal
states that these can be recovered by the manual operation of breakers. Ifnot recovered, containment
failure due to overpressure will result. This failure does not represent a new vulnerability.
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Since no new or dominant sequences were identified that lead to containment failure, the study
concludes that no fire-induced vulnerabilities have been identified.

2.4 Plant Vulnerabilities and Improvements

The submittal contained no definition of what constituted a fire vulnerability. Based on the analysis,
the 480 V switchgear room is responsible for 70% of the plant fire CDF. The single zone fire
scenario for this room accounts for 62% of the total CDF. The switchgear room had a wide-area
flooding CO, system installed, but the automatic actuation had been de-activated. One of the
recommendations that resulted from the study was to re-activate the automatic actuation. Disposition
of this recommendation was not discussed.

The IP3 submittal also notes a recommended realignment of power feeds to emergency diesel
generator rooms. This would eliminate a susceptibility to multiple exhaust fan failures from a fire-
induced, common-mode loss of power. The submittal did not say if this modification was credited
in the study.
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3.0 Conclusions and Recommendations

The Indian Point 3 IPEEE fire assessment was performed by application of the EPRI Fire PRA and
the FIVE methodologies. In general, the submittal documents the methods and results of the fire
assessment, and responses to the FRSS issues. Some information is presented relevant to resolution
of the Generic Safety Issues. In particular, the utility regards its GSI 57 resolved, and finds no new
vulnerabilities from addressing USI A-45 and GSI 106.

Strengths of the submittal include the following,

" Non-Appendix R equipment modeled in the internal events IPE was credited in the fire study.
This should yield more realistic results.

" The IPEEE effort was enhanced by the inclusion of personnel who performed the internal events
IPE. This should minimize the potential for misuse of those elements of the IPEEE taken from
that work.

" The walkdown team was composed of plant personnel and supporting contractors. The work
was reviewed by personnel with fire protection expertise.

Discussion in the submittal of some points was omitted or lacking in detail. Most of these were
addressed in RAIs submitted to the licensee and thereby resolved. Remaining weaknesses in the
Indian Point 3 submittal, whose effects on the results are minimal, or understood, and do not require
further elaboration, are briefly discussed-below.

Fifteen fire zones in the containment were screened based on the EPRI Guide. There was no
indication that the IP3 containment was found to meet the assumptions for which the EPRI
Guide concluded that the zones may be screened.

* Fire zone boundaries are not well described.
* The response to RAI #2 provided no new information or justification for the original scenario

analyses. As a result, there is still uncertainty concerning the validity of using severity factors
and suppression probabilities in combination in the detailed analyses of some of the unscreened
fire compartments.
As described in the submittal, fire zones 37A has a "non-rated water curtain" as a boundary.
The consequences of its failure were not evaluated, nor were energetic faults in nearby
components.

The reviewer recommends that a sufficient level of documentation and appropriate bases for analysis
have been established to conclude that the Indian Point 3 IPEEE fire submittal has substantially met
the intent of the IPEEE process.
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TECHNICAL EVALUATION REPORT ON THE HIGH WINDS, FLOODS, TRANSPORTATION
AND OTHER EXTERNAL EVENTS (HFO) PORTION OF THE INDIAN POINT UNIT 3 (IP3)

INDIVIDUAL PLANT EXAMINATION OF EXTERNAL EVENTS

Arthur Buslik

1.0 INTRODUCTION

The Indian Point Unit 3 (IP3) nuclear power plant is a Westinghouse 4-loop reactor. The
owner/operator is currently Entergy Nuclear, and was formerly the New York Power Authority.
The plant is situated on the Hudson River, about 24 miles north of New York City. It has a large
dry containment. The operating license was issued in April 1976; the plant was not built to the
1975 Standard Review Plan (SRP) criteria.

2.0 HIGH WINDS AND TORNADOES

The IPEEE submittal performed a thorough analysis of the contribution of high winds and
tornadoes to the core damage frequency, and concluded that the core damage frequency from
such events was less than the screening criteria of 1 E-6 per year. The analysis included an
analysis of tornado missiles. The results are supported by the Sandia Review and Evaluation of
the Indian Point Probabilistic Safety Study (IPPSS), NUREG/CR-2934, which found a core
damage frequency of 1.3E-6 per year from tornadoes, and a negligible core damage frequency
from hurricanes.

The submittal notes, in a discussion of the lessons learned from Hurricane Andrew, the
importance of a confirmatory walkdown to identify possible non-safety related items whose
failure could damage safety-related equipment. Although no express statement indicating that
such a confirmatory walkdown was made was found in the HFO section of the IPEEE submittal,
such a statement is implied.

As a result of the IPEEE analysis, it was recommended that operating procedure OD-8,
"Guidelines for Severe Weather," emphasize the importance of ensuring that the condensate
storage tank (CST) be at least 2/3 full and explicitly inform the operators of the possibility of
damage to the service water pumps coupled with a loss of offsite power should a tornado strike
the plant. Keeping the CST at least 2/3 full reduces the chance that it will fail from forces due to
high winds. In the case of damage to the service water pumps, the operators would have to use
the backup service water pumps.

3.0 EXTERNAL FLOODING

Hi-gh River Levels

River water would have to rise to 15.3 feet above mean sea level before it could enter any
building. The frequency of a flood water level exceeding this height is not given in the submittal.
However, from table 5.4.2.1 of the IPEEE submittal, one sees that the exceedance frequency for
a flood elevation of 7 feet is .02 per year, and the exceedance frequency for 9 feet is .002 per
year. Exceedance frequencies for flood elevations greater than 9 feet are not given. The
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submittal then states that it is probably safe to assert that floods with exceedance frequencies of
1 E-4 per year or less will probably not damage the plant. This seems to be a reasonable
assumption. However, given a flood level in excess of 15.3 feet, the conditional probability of
core damage might be high. No information on this point is given. The submittal argues that
there would be adequate time to place the plant in cold shutdown. However, even if the plant is
in cold shutdown, if the flood fails safety-related equipment (for example, causes a loss of
service water or a station blackout) core damage can still occur with high conditional probability.
The probabilistic arguments are therefore weak, if one assumes that all one can say is that the
frequencies of floods exceeding 15.3 feet are less than 1E-4 per year.

The submittal asserts that there is no evidence that the Ashokan dam has any increased
propensity for failure or that the consequences would be worse than that estimated in earlier
calculations.

The submittal supplemented its probabilistic arguments by a consideration of bounding floods.
The submittal notes that there is little pertinent-worst-case data on floods-which was not
available earlier, except for revisions in the probable maximum precipitation (PMP) data.
Moreover, the revised PMP data predominantly affects precipitation estimates over small areas
and short periods of time, while the probable maximum flood is calculated from 14 inches of

.precipitation over a period of 72 hours over the entire 12,650 square miles of the Hudson River
basin area. The submittal concludes that the bounding flood scenarios developed previously for
IP3 still hold, so that the bounding flood level is no higher than 15 feet.

Section 6.3 of the IPEEE submittal for Indian Point Unit 2 was consulted, to obtain additional
information for the flooding hazard at Indian Point Unit 3. The Indian Point 2 submittal indicates
that the maximum hurricane surge elevation for a Category 4 hurricane, were it to occur close to
Indian Point, could reach 13.5 feet. Since the water level associated with a spring high tide
could rise to the 3 feet elevation, if a maximum Category 4 hurricane were to occur coincident
with spring high tide, the maximum hurricane surge level could be as high as 16.5 feet; this
exceeds the 15.3 critical flood level for IP3. However, the frequency of a Category 4 hurricane
or greater is estimated at less than 5E-7 per year. This would have to be combined with some
level of spring high tide to endanger the plant. Failure of the Ashokan dam in conjunction with a
Hudson River maximum flood, and a hurricane at New York Bay was estimated to contribute
less than 1 E-8 per year, and to exceed only 14 feet, according to the IPPSS as quoted in the
Indian Point 2 IPEEE submittal.

The probabilistic arguments, combined with arguments based on a bounding flood, and
information concerning the flood hazard from the IPEEE Indian Point Unit 2 submittal, is
sufficient to eliminate high river level flooding as a vulnerability at Indian Point Unit 3.

Precipitation Local to the Site

After IP3 was licensed, the National Weather Service developed new PMP criteria, which give
higher rainfall intensities over shorter time intervals and smaller areas than had been previously
considered.

Application of the new PMP criteria to IP3 gives a one hour, one square mile, rainfall intensity of
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17.5 in/hour, which is several times the design value for the site. A walkdown found no natural
run off flow paths into the buildings of safety importance, and no areas in which ponding might
occur adjacent to these buildings. Moreover, hydraulic calculations showed that the revised
PMP rainfall would not fail the roof areas examined; the accumulation of water behind the
parapets would not exceed the 40 lb/ft2 load capacity of the roofs.

Within the limits of the review, the treatment of PMP in the IP3 submittal is judged adequate.

4.0 HAZARDOUS CHEMICAL, TRANSPORTATION, AND NEARBY FACILITY INCIDENTS

Potential Toxic Hazards Resulting in Loss of Control Room Habitability

An analysis was performed by the licensee, which concluded that the frequency at which control
room habitability is lost at Indian Point Unit 3 is less than 1 E-6 per year. To the extent that the
analysis was reviewed, it seems reasonable.

(b)(7)(F)
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5.0 GENERIC ISSUES

GSI-103, "Design for Probable Maximum Precipitation"

This issue concerns itself with the fact that the National Weather Service has developed new
PMP criteria, as was mentioned in Section 3.0. As discussed in section 3.0, a satisfactory
analysis of this issue was presented.

GSI-156, "Systematic Evaluation Program (SEP)"

The SEP issues are a set of issues associated with plants that were licenced prior to the time
the 1975 SRP was issued. Several of these issues involve HFO events.

Dam Integrity and Site Flooding

The failure of the Ashokan Dam was addressed in the analysis of external flooding, in Section
5.4 of the IPEEE submittal. The simultaneous occurrence of a standard project flood, failure of
the Ashokan dam, and a standard project hurricane at New York Harbor would not lead to water
entering any building.

Site Hydrology and Ability to Withstand Floods

This was addressed by virtue of performing an adequate analysis of the risk from external
flooding.

Industrial Hazards

Since the IPEEE submittal performed a satisfactory analysis of these hazards, consistent with
NUREG-1407 guidelines, and no vulnerabilities were found, the staff considers this issue
resolved.

Tornado Missiles

Since the effects of tornado missiles were satisfactorily considered in the IPEEE submittal, and
no vulnerabilities were found, the staff considers this issue resolved.

Severe Weather Effects on Structures

Since the effects of high winds and floods were satisfactorily analyzed, and no vulnerabilities
were found, the staff considers this issue resolved.

Design Codes, Criteria, and Load Combinations

Since the IPEEE presents a satisfactory analysis of HFO events, and no vulnerabilities were
found, it can be inferred that the Category I systems, structures, and components have
adequate capacity for HFO events. The staff considers this issue resolved.

4



GSI 172, "Multiple System Response Program (MSRP)"

One of the MSRP issues, "Effects of Flooding and/or Moisture Intrusion on Non-safety Related
and Safety-Related Equipment," is related to the HFO analysis. Since the licensee satisfactorily
addressed the external flooding issue, including consideration of the PMP event, the licensee
has adequately addressed the aspect of this issue related to external flooding.

6.0 Vulnerabilities and Improvements

In the internal events analysis given in Individual Plant Evaluation submittal, the licensee defined
a vulnerability as a weakness of such magnitude that it must be mitigated or eliminated, or a
significant weakness for which a cost-effective "fix" can be identified. No definition of
vulnerability was given in the IPEEE submittal. The licensee did not identify any vulnerabilities in
the HFO analysis. However, the licensee is considering modifications to reduce the core
damage frequency from hydrogen explosions. They are currently calculated by the licensee to
contribute about 1E-6 per year to the core damage frequency. Specifically, as noted in
Section 7 (Plant Improvements and Unique Safety Features) of the IPEEE submittal, the
licensee has proposed an item in the plant Action and Commitment Tracking System to evaluate
installation of an excess flow valve on the hydrogen supply line to stop flow in the event of a
hydrogen line rupture inside the turbine building or auxiliary building. The other risk mitigation
measures for hydrogen explosions, mentioned in Section 4.0 above, were not mention in Section
7 of the IPEEE submittal. Also, the recommendations noted in Section 2.0 above, on revising
the operating procedure OD-8, guidelines for severe weather, were not mentioned in Section 7
of the IPEEE submittal. However, Section 7.0 does note that the plant technical specifications
already require that high levels of -water be maintained in the condensate storage tank to reduce.
the chance of failure from high winds and tornadoes.

7.0 Conclusions

The process the licensee has used for the analysis of HFO events is judged adequate to identify
risk-significant accident sequences and plant vulnerabilities, and the licensee found no
vulnerabilities. In our judgement, the licensee has met the intent of Supplement 4 to Generic
Letter 88-20, with respect to HFO events. We judge that the generic issues identified in the
body of this report were addressed satisfactorily, and may be considered resolved for IP3.
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