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EXECUTIVE SUMMARY

This report documents Northern States Power Company’s (NSP) response to Supplement 4 of Generic
Letter (GL) 88-20, "Individual Plant Examination of External Events (IPEEE) for Severe Accident
Vulnerabilities", which was issued in June of 1991. The IPEEE extends the analysis performed for the
Individual Plant Examination of internal events (IPE) which is the subject of the Generic Letter and its
first three supplements. NSP's IPE report for the Prairie Island plant was submitted to the NRC for
review on March 1, 1994

The IPEEE assessments described in this report address the external events iden*™” _pylement 4
of GL 88-20, namely earthquakes (seismic activity), internal fires, high winds, woods, and other
ciedible external events. For the seismic investigation, NSP elected to complete the Prairie Island
seismic IPEEE by conducting the equivalent of a reduced scope seismic magins assessment with an
additional focus on a few key components, in accordance with Supplement S of Generic Letter 88-20.
NSP determined that the internal fire assessment could best be done with a PRA approach using the
updated IPE models, combined with the deterministic evaluation techniques of the EPRI Fire Induced
Vulnerabilities Evaluation (FIVE) Methodology. The evaluation of other external events was
performed using a combination of probabilistic and deterministic techniques. The analyses for these
assessments began in 1994,

The attached report summarizes the results of the assessments conducted to consider the potential for
severe accident vulnerabilities due to the set of external events identified by Generic Letter 88-20,
Supplement 4 Based on this report, it is concluded that there are no significant vulnerabilities to
severe accidents that exist at Prairie Island that would be attributable to seismic, fire, or other external
events. This report completes commitments made in regard to the Generic Letter with respect to the
IPEEE.
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L EXAMINATION DESCRIPTION

L1 Introduction

In July and August of 1985, the NRC published its policy statement on issues related to severe
accidents in NUREG-1070 and 10 CFR Part 50. The Severe Accident Policy states that, on the basis
of currently available information, existing plants pose "no undue risk" to the health and safety of the
public. Therefore, the NRC sees no justification to take immediate action on generic rule making or
other regulatory changes for existing plants because of issues related to severe accidents. The
Commission's conclusion of "no undue risk” is based upon actions taken as a result of the Three Mile
Island action plan (NUREG-0737), information that resulted from NRC and industry-sponsored
research, information obtained from published Probabilistic Risk Assessments (PRAs) and operating
experience, and the results of the Industry Degraded Core Rulemaking Committee (IDCOR) technical
program.

Since November, 1988, the NRC staff issued Generic Letter 88-20 and five supplements which
formalized the requirement for an Individual Plant Examination (IPE) under 10 CFR 50 54(f). This
generic letter requested utilities to perform their IPEs, provided reporting requirements (Supplement
1), identified accident management strategies to be considered as part of the IPE (Supplement 2) and
established containment performance improvement considerations (Supplement 3). The Generic Letter
and the requirements for each of its supplements were addressed in the Prairie Island IPE submittal to
the NRC on March 1, 1994.

Supplement 4 to Generic Letter 88-20, Individual Plant Examination of External Events (IPEEE) for
Severe Accident Vulnerabilities, was issued in June of 1991. The IPEEE is tn specifically address
seismic and internal fire events, and then other remaining risk concemns from external initiators (e.g.,
high winds, floods). Supplement 5 modified the scope of the seismic portion of the IPEEE to be
equivalent to a reduced scope seismic margins assessment with a focus on a few key critical
components.

The primary objectives of the IPEEE, as stated by the NRC in the Generic Letter, are for each utility to
develop an appreciation of severe accident behavior, understand the most likely severe accident
sequences that could occur at its plant under full-power operating conditions;, gain a qualitative

understanding of the overall likelihood of core damage and radioactive releases by modifying hardware
and procedures that would help prevent or mitigate severe accidents.

The specific objectives are to

. Identify the potential accident sequences that contribute to the overall core damage frequency.
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Identify cost effective modifications to the plant design, operating procedures, training or
maintenance procedures that would reduce the likelihood of any accident outliers that are
identified

. Maximize participation in the evaluation process by NSP personnel.

. Provide a well organized and clearly written summary of the Prairie Island IPEEE to facilitate
communication of the results to both NRC and NSP, as well as to serve as a tool for
communicating the results to interested members of the public.

. Develop the risk-based tools and methods, and the associated documentation, to support
resolution of future regulatory, safety, or operational issues for Prairie Island.

NSP's Probabilistic Risk Assessment (PRA) Group has been actively involved with the IPEEE process
since its inception. Lead responsibility for the IPEEE efiort was assigned to the PRA Group, which is
a part of NSP's Licensing and Management Issues department. The PRA Group directed all aspects of
the analysis, with general consulting services provided by TENERA, Inc,, and EQE International. The
PRA Group directed the effort, coordinated the work with affected members of the plant staff, was
involved in various aspects of the analysis process, and has actively worked with the consultants to
ensure the transfer of technology to NSP, so that future applications of the IPEEE can be performed by
NSP personnel with the need for only limited external resources. Further details of the organization are
provided in Section 3 of this report.

This report documents NSP's completion of the IPEEL in accordance with Supplement 4 and $ to
Genenic Letter 88-20. A comprehensive review of the IPEEE work was performed by NSP personnel.
A review team composed of plant siaff and corporate personnel of various disciplines reviewed this
report prior to its publication as described in Section 2.

In addition to the reviews of the completed analyses, various reviews and validations were performed
as part of the analytical process. Walkdowns supporting each of the topics reviewed in the IPEEE
were performed to confirm input assumptions and final conclusions References to these walkdowns
are provided in each appendix.

For the seismic IPEEE, a modified focused scope seismic margins assessment vsas performed.
Screening of the capacity of systems, structures and components (SSCs) was evaluated at 0.3g in
accordance with EPRI NP-6041-SL (A Methodology for Assessment of Nuclear Power Plant Seismic
Margin). The critical safety functions necessary to respond to the postulated conditions following a
seismic event were reviewed to identify the key systems used to accomplish those functions. Through
work performed as part of the SQUG program, it was demonstrated that there is high confidence that
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multiple systems would be available to accomplish core cooling and containment pressure control for
seismic events as large as the SSE. The results of this modified focused scope seismic margins
assessment are provided in Appendix A

The fire IPEEE analysis was completed by performing a fire PRA supported by the deterministic
evaluation techniques of EPRI's Fire Induced Vulnerability Evaluation Methodology (FIVE). The
analysis concluded that the overall core damage frequency is low (on the order of 6E-5/yr) which s
comparable to the internal events PRA results  Sensitivity analyses were performed for the internal fire
analysis to identify important fire areas, operator actions, and plant components that drive the potential
risk associated with internal fires. The results of the fire PRA are presented in the discussion of
accident sequence results in Appendix B.

The majority of the assessment of other external events (Appendix C) did not require detailed
evaluation or sensitivity analyses, as most issues could be resolved by comparison with the NRC's
Standard Review Plan. When additional probabilistic or deterministic analyses were needed for these
other external events, bounding analyses or sensitivity studies were performed to address specific
uncertainties.

L3 Structure of IPEEE Report

NUREG 1407, "Procedural and Submittal Guidance for the Individual Plant Examination of External
Events (IPEEE) for Severe Accident Vulnerabilities”, identifies reporting guidelines for IPEEE
submittals. A cross-reference between the headings in the standard table of contents suggested in
NUREG-1407 and this report is provided in Table 1. The most notable difference between the
suggested format and that used in this report is that the individuel evaluations for severe accident
vulnerabilities for seismic events, internal fires, and other external events are contained in separate
appendices at the end of this report.  The seismic margins assessment is in Appendix A, the assessment
of internal fires is in Appendix B; and the evaluation of other external events is in Appendix C. Each
appendix is designed to stand alone in order to faciitate their separate review.
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Table 1

Cross-Reference Between NUREG-1407 Topics
and Contents of this Report

NUREG 1407, Table C.1 Topic

Location in this Report

Executive Summary:

- Background and Objectives
- Plant Familiarization

- Overall Methodology

- Summary of Major Findings

Main report and section 1.1 of each appendix
Section 1.2 of each appendix

Main report and section 1.3 of each appendix
Main report and section 1.4 of each appendix

Examination Description:

- Introduction

- Conformance with Generic Letter
and supporting material

Section 1.1 of main report
Section 1.2 of main report

- General Methodology Section 2 of each appendix
- Information Assembly Section 2 of each appendix
Seismic Analysis (seismic margins Appendix A

assessment)

Internal Fires Analysis Appendix B

High Winds, Floods and Others Appendix C

Licensee Participation and
Internal Review Team

Section 2.0 of main report

Plant Improvements and
Unique Safety Features

Appendix A, Section 2
Appendix B, Section 2
Appendix C, Sections 2.2 -2.4

Summary and Conclusions

Section 3 of main report (Overall) and
Appendix A, Section 2.6

Appendix B, Section 2

Appendix C, Section 3.0
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21  IPEEE Program Organization

The Director of NSP's Licensing and Management Issues department has the overall review and
approval responsibility. The members of NSP's PRA group report to the Director of Licensing and
Management Issues and, as a team, act as the NSP PRA/IPEEE Program Manager. The PRA group is
responsible for the details and overall project management for all PRA and IPEEE analyses at NSP.
Three PRA group members worked on the Prairie Island PRA/IPEEE, all of whom are located at the
plant site. The experience and training of these team members includes the following:

» One formerly SRO-licensed engineer, currently Nuclear ‘tertified” per the NSP nuclear
certification training program; another nuclear certified engineer, and one associate engineer
with a plant operations background.

» All three PRA Group members were primary contributors to the PINGP IPE analysis.

» Involvement of the group members in utility initiatives includes membership in the
Westinghouse Owner’s Group Risk-Based Technologies Working Group, the EPRI Risk and
Reliability Workstation User’s Group, and the EPRI Safety and Reliability Assessment Target
Steering Committee.

> Collectively, these team members have over 35 years of nuclear power plant experience.

TENERA, Inc. and EQE Internat.onal, provided consulting seivices in support of the IPEEE program.
TENERA has worked with the NSP PRA group since the inception of NSP's IPE program. EQE
International provided expertise in the seismic/structural engineering area, having extensive industry
experience in seismic PRAs, seismic margin assessments, and USI A-46 programs. TENERA and
EQE International actively worked with the NSP PRA group at PINGP to ensure the transfer of
IPEEE technology was accomplished.

22  Composition of the Internal Review Team

In addition to the involvement by NSP's PRA group in the IPEE E program, various plant organizations
were involved throughout the evaluations as well as during ar. internal review process of the IPEEE
results For the IPEEE, a review team was selected that would provide a thorough and diverse
consideration of both the assumptions input to the analyses, and the results and conclusions produced
by those analyses. This review took advantage of specific organizations that have related programs
underway to review the IPEEE results Examples include the Prairie Island SQUG (Seismic
Qualification User's Group) effort (associated with Unresolved Safety Issue A-46) and the Fire
Protection group (associated with maintaining the Appendix R analyses).
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The external events examination was conducted in three distinci phases: seismic, internal fires, and
other external events. Each of these individual studies is described in the appendices of this report.
The following summarizes the conclusions of these assessments, including the specific insights and
recommendations for plant improvements.

3 1.1 Seismic Analys

NSP originally planned to respond to Generic Letter 88-20, Supplement 4, by performing a seismic
probabilistic risk assessment (PRA) for Prairie Island. By letter dated September 25, 1995, Prairie
Island notified the staff of a change in the manner in which the seismic IPEEE would be completed.
This change is based on new information regarding large reductions in the seismic hazard estimates for
sites in the eastern United States, as presented in draft NUREG-1488, "Revised Livermore Seismic
Hazard Estimates for 69 Nuclear Power Plant Sites East of the Rocky Mountains," issued April of
1994, This new information was incorporated within Supplement $ of Generic Letter 88-20, which
provides the basis for NSP's decision to change the approach of completing the seismic IPEEE from a
seismic PRA to a seismic margins assessment.

A portion of the effort for the PRA was accomplished (i.e, walkdowns and initial screening) when the
NRC issued Supplement 5 to the Generic Letter. NSP elected to change its approach in accordance
with Supplement S and has completed the analysis of seismic events in the form of a reduced scope
seismic margins assessment with the focus on a few known weaker, but critical, components. The
majority of the components included in the assessment were determined to meet the screening criteria
established in EPRI NP-6041-SL. This result in itself indicates that most of the components have a
relatively high seismic capacity. The remaining components; i.e., those not meeting the screening
criteria, were evaluated further and 1) were determined either to be adequate ‘or the safe shutdown
earthquake (SSE), 2) were determined to be unnecessary due to the particular seismic failure mode
and/or available plant equipment redundancy, or 3) are to be addressed under the closure of the Prairie
Island SQUG program Overall, it was concluded that there is no significant plant vulnerability to
severe accidents attributable to seismic events at Prairie Island.

It should be noted that the seismic analysis conducted as part of the IPEEE program was done in
conjunction with the efforts at Prairie Island to address seismic issues associated with the USI A-46
program. This coordination of programs is the basis for crediting certain components that will be
upgraded to the SSE level under the closure of the SQUG program. Further, it was shown that many
unscreened components that were not dienositioned in the USIA-46 program would not be expected to
lead to the inability to cool the core if they were assumed to fail following a seismic event. In each
case, additional random failures of equipment are necessary before inadequa‘e core cooling would be

expected
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Other significant conclusions of the seismic margins assessment include:

. The seismic walkdowns performed as part of the IPEEE found most of the components and
structures reviewed to be seismically adequate (i.e., suitably anchored and/or seismically rugged).
Those items that could be considered potentially vulnerable were subjected to the more rigorous
seismic evaluation referred to above,

. Concrete block walls were either screened from further consideration because their failure
would cause no adverse consequerices, or they were further evaluated and found to have sufficient

seismic capacity,

. The review of relays credited in the IPE revealed that there were relays beyond those
considered in the SQUG program scope that had to be evaluated However, it was determined that
none of these relays are considered "bad actors",

. Few flat bottom tanks fell solely under the scope of the seismic IPEEE (i.e, SQUG has
identified some tanks as outliers that will be addressed under the closure of that program). Those that
did were either screened or shown to have limited consequences should they fail;

. A review of containment response reveals no conditions that are unique to seismic events or
that have not already been evaluated as part of the internal events PRA (IPE).

. A recommendation from the seismic margins assessment is to restrain or remove wall hung
ladders and scaffolding that are located near safety related equipment to reduce the impact of
seismically induced relay chatter.

31.2 Intemnal Fires Analvsi

The core damage frequency resulting from fires is estimated to be less than 7E-5/yr. This total is on
the same order of magnitude as the core damage frsquency of the internal events PRA. It should be
noted that these results include a number of conservative assumptions. For example, automatic or
manual fire suppression were not credited except in the control room, cable spreading room, and the
AFW pump rooms. Fires were also assumed to completely engulf an area once ignited.

More than 75 percent of the plant risk associated with the intemal fires can be traced to five fire
areas’burn areas. These rooms/burn areas ar: the Auxiliary Building Ground Floor Unit 1 (Fire Area
58), the cable spreading or relay room (FA 18), the main control room (FA 13), the Turbine Building
Ground & Mezz Floor Unit 1 (FA 05, 08, 14, 21, 27, 57, 69, 94), the 480V Safeguards Switchgear
Room-Bus 121 (FA 22), and Access Control (FA 15). Of these, the largest contributor to core
damage frequency is the Auxiliary Ground Floor Area, containing both trains of Safety Injection, RHR,
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Component Cooling and all three charging pumps. This fire area is important due to the equipment
located in this area that provides cooling to the Reactor Coolant Pump (RCP) seals. For this area,
Auxiliary Feedwater remains available to provide secondary heat removal. Protection of the cables for
a train of componei ¢ cooling as well as the ability to crosstie Unit 2 component cooling provides
adequate protection from a RCP seal LOCA.

Operator actions that dominate the fire PRA are assnciated with starting the standby component
cooling water train, crosstieing the Unit 2 component cooling water system, and activating the hot
shutdown panel. The purpose of the first two actions is prevention of a seal LOCA should all charging
and component cooling water be lost during a fire. Activating the hot shutdown panel is important for
the relay room and control room fires.

The principal finding of this analysis is that there is no credible single fire in the plant that would lead
directly to the inability to cool the core. Without additional random equipment failures unrelated to
damage caused by the fire, core damage will not occur. As a result, this study concludes that there are
no majur vulnerabilities due to fire events at the Prairie Island Nuclear Generating Plant.

3.1.3 High Winds, Floods, and Others

The assessment of other external events shows that there are no other credible external events that are
of a safety concem to the Prairie Island plant site. No vulnerabilities were identified, and the screening
criteria contained in NUREG-1407 and Generic Letter 88-20 (Supplement 4) were satisfied for all
events. A simple walkdown was performed to confirm these results.
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This report documents Northern States Power Company's (NSP's) response to Supplement 4 of
Generic Letter 88-20, "Individual Plant Examination of External Events (IPEEE) for Severe
Accident Vulner:bilities," for the Prairie Island Nuclear Generating Plant. The assessment
described in this appendix addresses seismic events. The analysis and its results, which are
described in the following sections, provide insights with respect to the response of the Prairie
Island plant 1o a seismic event. As described in Supplement 5 to Generic Letter 88-20, an
evaluation equivalent to a reduced scope seismic margins assessment was performed for Prairie
Island with an additional focus on a few key critical components.

A12 Plant Familiarizsti

The Prairie Island Nuclear Generating Plant is a two unit facility, each unit consisting of a 2-loop
pressurized water reactor within large dry containments. Westinghouse Electric Corporation
designed and supplied the nuclear steam supply system and the turbine-generator units. Pioneer
Service and Engineering (now Fluor Power Services, Inc.) was the plant's architect-engineer.
Northern States Power Company constructed the plant. Each reactor core produces 1650 MWt
with an electrical output of 560 MWe, using 121 fuel assemblies. The plant is located within the
city limits of Red Wing, Minnesota. Construction started on June 26, 1968, Full commercial
operation began on December 16, 1973 for Unit 1 and December 21, 1974 for Unit 2.

The original design considered seismic events in the design of Class I systems, structures and
components. Chapter 12.2.1 of the Prairie Island USAR defines Class | as "structures and
components including instruments and controls whose failure might cause or increase the
severity of a loss-of-coolant accident or result in an uncontrolled release of substantial amounts
of radioactivity, and those structures and components vital to safe shutdown and isolation of the
reactor." Class | structures and equipment are designed for a horizontal ground acceleration of
0.06g for the Operating Basis Earthquake (OBE) and 0.12g for the Safe Shutdown Earthquake
(SSE).

Seismic evaluations of masonry walls were performed in the early 1980s under I&E Bulletin 80-
11 activities. These evaluations resulted in modifications that increased the seismic capacity of
certain masonry walls,

A.1.3_ Overall Methodology

NSP originally planned to respond to Generic Letter 88-20, Supplement 4 [1], by performing a
seismic probabilistic risk assessment (PRA) for Prairie Island. The walkdowns and screening
evaluations of essential structures and equipment were performed following procedures

applicable 1o a focused scope plant, which was how Prairie Island was categorized in NUREG-
1407. In accordance with Supplement 5 to Generic Letter 88-20 [2], NSP subsequently elected
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to complete the Prairie Island seismic IPEEE by conducting the equivalent of a reduced scope
. seismic margins assessment with an additional focus on a few critical key components identified
in Attachment 1 to Supplement 5.

The overall methodology for the Prairie Island seismic IPEEE thus consists of the following
steps:

1. Systems and components considered in the seismic IPEEE were identified based on insights
from the internal events PRA.

2. A walkdown of key plant structures, systems, and components was performed following the
EPRI NP-6041-SL [3] procedures for a focused scope seismic margin evaluation to screen
seismically rugged structures and components from further review.

3. Alist was compiled of components that did not meet the screening criteria in the preceding
step. This compilation of unscreened components represents a conservative set of outliers for
a reduced scope seismic margin assessment.

4. Following the guidance of NUREG-1407 [14], components were evaluated using the criteria
of the Generic Implementation Procedure (GIP) [22] using the ground and in-structure SSE
response spectra.

5. Structures and components outside the SQUG program scope that were not screened by the
. GIP criteria were subsequently evaluated to the SSE level using the requirements of the
USAR.

6. For any outliers that remained, a systems analysis was performed by reviewing the effect of
component failure on plant systems needed to respond to a seismic event in bringing the plant
to a safe shutdown condition.

These steps are described in more detail in Section A.2.

The Prairie Island seismic margins assessment concludes that all important safety functions can

be accomplished following a seismic event. The safety functions considered for the IPEEE are
similar to those used to define the accident sequence types quantified in the IPE:

e Reactivity Control
» Reactor Coolant Pump (RCP) Seal Cooling
Secondary Heat Removal

Short Term Inventory Control (Injection)

Long Term Inventory Control (Recirculation)

¢ (Containment Pressure Control
. e Important Support Systems




Most components included in the seismic margin assessment for Prairie Island that support these
functions have relatively high seismic capacities. Components that do not meet the reduced scope
seismic margins assessment screening criteria and contribute to the safety functions noted above
are summarized in Table A.1. These results apply equally to both units 1 and 2 as compete
walkdowns and seismic margins assessments were performed for both units.

Some components identified in Table A.1 are to be addressed under the SQUG program. These
include outliers that will be seismically upgraded or otherwise shown to be seismically adequate
to the SSE.
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Table A.1 Prairie Island Seh-k‘E: Summary of Major Findings

+  AFW Trip/Throttle Valves CV-
31059 and 31060

Seismic-induced trip

! oss of | train of AFW per unit

" Function € omponeats Seismic Faiture Moge “Postulated F fiect of Failure Conclusions
" Reactivity Control WA NA All Components Screencd
Rt
ROP Seal Cooling
. 13, 23 chwging pumps . Anchorage . Loss of seal cooling supply Unnecessary due to redundancy from charging
pumps 11, 12, 21 and 22
+ Component Cooling Water valves «  Imeraction «  Unable to change position Valves already in correct posifion. position does not
MV-32117 & 32267 :;f‘mw = o
*  PS-16262 thru 16265 . id Swi . : pump auto-start signal is redundant to E
Mercoid Switch Loss of CC auto-start signal .y S unout bu ol auaiiionil
mrylkﬂm-l
SG level logic relays/bistabies . Anchorage *  Loss of AFW auto-start signal Turbine driven AFW start signal occurs on LOOP

Operator action can recover valve

Not credited, operators can align cooling water to

«  Condensate storage tanks «  Not seismically designed . Loss of SG makeup suction of AFW pumps from the control room
Short Term Inventory Control
(Injection) . .
. S! Cold Leg ln) MV-32068 . Interaction . Unable 1o change position Valve in correct position; no change needed
l(‘b Cooldown and De

Pressunizer Relief Valves 1RC-10- . Seismic capacity . Loss of primary depressurization Function not credited

1&2. 2RC-10-1&2
. Boric Acid Filters & Transfer . Anchorage *  Loss of additional source of boric Function not credited

Pumps acid
< CV-31421 . Imteraction *  Loss of train of auxiliary spray Function not credited
. Emergency Boration Supply MV- . Interaction . Valve unable to open Function not credited, valve does not need to open

32086

. Anchorage . Loss of decay heat removal method Function not crodited
. SG PORV Accumulators
Long-Term Inventory Control N/A N/A All components screened
{Recirculation)
Containment Pressure Conirol
. 13 Fan Coil Unnt . Seismic capacity . Reduced capacity for containment To be addressed by SQUG
cooling
. Containment Spray Pumps . Anchorage . Loss of one means of containment Not credited due to capacity of FCUs
pressure control

. Transmitters iPT-948 and 2PT-945 . Interaction . Reduced redundancy in P signal Unnecessary due to not crediting containment spray




Table A.1, continued: Prairie Istand ScffJe IPEEE: Sumvaary of Major Findings

Function € omponeats Seismic Failure Mode Postulated Eflect of Failure Conclusions
Support Systems: Cooling Water
*  FCU Cooling Water Supply. CV- *  Interaction *  Loss of cooling to FCUs *  To be addressed by SQUG
39401 & 39409
*  FCU Cooling Water Return, CV- *  Interaction *  Damage to limit switch; unable to *  Valve in correct position and does not need to
39411 change position change positions
. 11 & 21 Screenhouse Roof *  Anchorage +  Potential impact to Cooling Water *  To be addressed by SQUG
Fxhaust Fans diesel pump
. 12 & 22 Diesel Cooling Water *  Anchorage and shaft instability *  Loss of cooling watet *  To be addressed by SQUG
Pumps
= Air Compressors for 12 & 22 *  Anchorage *  Loss of charging to air receivers +  Charging function not credited, air receivers
Cooling Water Pumps sufficient to start diesels
. 121 Cooling Water Pump . Anchorage and shaft instability . Reduced redundancy in Cooling . Not credited due to capacity of diesel C1. pumps
Water pumps
. FCU Cooling Water Supply MV- . Interaction . Unabic to change position . Valve is already in correct position. interaction
32386 won't cause valve to change positions
+  Cooling Water Pump Discharge . Mercoid switches . Loss of Cooling Water pump auto- *  Redundancy in start signal sufficient; manual start
Header Pressure Switches (PS- start signal capability also exists
16002, 16009, 16259)
Fuel Ol
. 1217122 CL Pump FO Storage *  Undetermined flexibility of *  Fuel loss leads to loss of Cooling *  To be addressed by SQUG
Tanks buried pipe Water
. 1217123 DG FO Storage Tanks *  Undetermined flexibility of *  To be addressed by SQUG
buried pipe Fuel loss leads to loss of Fmergency AC
. 122/124 DG FO Storage Tanks . Undetermined flexibility of sourceFuel loss feads to loss of . Unnecessary due to capacity available in Tanks 121
buried pipe Emergency AC source and 122 (Assumed 121 and 123 have been
- dispositioned by SQUG)
Room Cooling
. Relay Room North (121/122) & . Anchorage . Exceed critical ambient temperature . To be addressed by SQUG
South (121/122) Unit Coolers of equipment
. 121/122 Control Rcom Chillers . Unrestrained vibrztion *  Exceed critical ambient temperature *  To be addressed by SQUG
isolators of equipment
. 11,12, 21, 22 RHR Unit Coolers . Exceed critical temperature of RHR . Room cooling function determined to be
. Structural integrity pump motor unnecessary
. Switchgear’/Bus Room Cooling
*  Exceed critical temperature of bus
. Anchorage room equipment *  Room cooling function determined to be
. D5/D6 Bus Room Aux Air unnecessary
Handlers & Aux Condensing Units *  FExceed critical temperature of bus
. Anchorage room equipment
. Room cooling function detcrmined to be
unnecessary
DC Power
. 11,12, 21, 22 Batteries *  Inadequate supports *  Loss of DC supplics *  To be addressed by SQUG
. 11,12, 22 Battery Chargers . Anchorage . Loss of battery support . To be addressed by SQUG
. Panels 11, 12 & 22 . Anchorage *  Loss of DC distribution *  Te be addressed by SQUG
. Panel 153 . Interaction and anchorage . Loss of DC distribution . Does not support credited equipment
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Table A.1, continued: Prairie Island s‘ IPEEE: Summary of Major Findings

Function/C omponents Seismic Failure Mode Postuizted Fffect of Failure Conclusions
AC Power
*  DUD2 Gage Panels . Unrestrained vibration *  Potentiat loss of DG engines *  To be addressed by SQUG
isolators

. 12722 DG Jacket HX

' 480V MCCs 1ABI, 1ARB2. 1K1,

Inadequate connection

Loss of engine cooling

1oss of trains of various credited

To be addressed by SQUG

To be addressed by SQUG

1.2, 2K2, 1TAL 1TA2, 21L.A2 . interaction and anchorage systems (e g, SI, chatging. FCUs)
«  Panels 132 & 133 . Loss of 4kV and 480V bus room . Room cooling function determined to be
. Interaction cooling unnecessary
. Buses 11,12, 13 & 14 . No adverse effect
« 480V MCCs IM1, IM2, IMAL, «  Anchorage +  Noadverse effect * Do not support credited equipment
IMA2 . Anchorage . Do not suppost credited equipment
. 14 and 24 Inverters . No adverse effect
. Panels 117 and 217 . Anchorage . No adverse effect . Do not support credited equipment
. Panels 313 and 3133 . Anchorage . No adverse effect . Do not support credited equipment
. Rus 22 Undervoltage Relays 2- . Interaction . No adverse cffect . Do not support credited equipment
27A/B22-XA and 2-278/B22-XA «  Interaction and anchorage « Do not support credited equipment
. D2 DG Control Panel . Loss of | train of emergency AC
. Interaction with wall-mounted power . Cutlier, to be addressed by maintenance
+  Bus2S scaffolding
. Interaction with wall-hung . Loss of | train of emergency AC *  Outlier, to be addressed by maintenance
ladder power
Miscellanesus

. Control Room Ceiling

Diffuser panels falling

Potential damage to panels and threat
to operators

To be addressed under SQUG




A.2. SEISMIC ANALYSIS

A seismic margins assessment of the Prairie Island Nuclear Generating Plant was conducted
between 1994 and 1996 to address the requirements of Generic Letter No. 88-20, Supplement 4,
"Individual Plant Examination of External Events (IPEEE) for Severe Accident Vulnerabilities,"
dated June 1991. In accordance with Supplement 5 to Generic Letter 88-20, the assessment is
equivalent to a reduced scope seismic margins assessment with an additional focus on a few key
components. These components include relays, block walls, flat-bottom tanks, and other
components identified during the plant walkdowns.

The Prairie Island seismic margins assessment follows the guidance of EPRI NP-6041-S1. with
additional input from the internal events probabilistic risk assessment (PRA). This assessment
included the following elements:

e System, structure and component success path selection
e Plant walkdowns

e Component screening

e Seismic margin assessment

The success paths for the Prairie Island seismic i’EEE were derived from the logic models
developed for the internal events PRA. Active comyponents of all systems that could be available
following a loss of offsite power were included on ‘he equipment list used during the walkdown and
screening activities. With this approach, multip'c potential success paths were identified for each
safety function. The list was further supplemented with some passive components that were not
modeled in the internal events PRA, such as tanks, heat exchangers, panels, cabinets, and support
structures.

The plant walkdowns were conducted following the guidelines for a seismic margin assessment
presented in EPRI NP-6041-SL. The walkdown was performed to screen seismically rugged
structures and components from further review, to identify the potential failure modes and system
interactions for components that could not be screened from further review during the walkdown,
and to obtain data for use in subsequent evaluations. The walkdown teams included systems
analysts and seismic capability engineers. The walkdown screening was based on a seismic margin
earthquake having a peak 5% damped spectral acceleration of 0.8g or less. This screening level is
applicable to a focused scope plant and is conservative for a reduced scope plant. The results of the
walkdowns were recorded on data sheets for future reference. Seismic issues requiring further
review were identified.

Evaluations were performed to further screen components from more detailed review. The
component screening evaluations were performed following NUREG-1407 guidance for seismic
margin assessment of reduced scope plants. Seismic input was based on the ground and in-structure
SSE response spectra. Equipment and vessels were screened using the criteria of the GIP.




Structures and components outside the scope of the SQUG program for which the GIP criteria were not
applicable (e.g., civil structures, masonry walls, and NSSS components) were screened to the SSE
following the requirements of the USAR.

Based on the walkdown and the screening evaluations, nearly all of the essential components were
screened from further review. Many components were found acceptable to the SSE leve! by the Prairie
Island SQUG program or will be seismically upy aded for the SSE by the SQUG program as part of
the actions to resolve the identified outliers.

For those components that were not eliminated from further review during the walkdown and screening
evaluations, systems analyses were used as an additional screen. These systems analyses considered
the effect of failure of the components as well as determining whether other systems would be
available to provide the critical safety functions needed during an accident following a seismic event.

The remaining unscreened components are outliers, which include components with potential seismic
interactions from wall-hung ladders and scaffolding. These outliers can be addressed by restraining or
relocating the ladders through a maintenance activity.

A.2.1 Plant Systems

The plant systems considered in the seismic IPEEE are a subset of those considered in the IPE. An
earthquake could reasonably produce a loss of offsite power (LOOP) and/or a small-break loss of
coolant accident (SLOCA) initiating event. The seismic portion of the IPEEE focused on the frontline
and support systems that would be called upon to prevent core damage for these two initiating events.
Support systems that may not be seismically rugged, such as Instrument Air, were not credited (i.e.,
they were assumed to have failed as a result of the earthquake). The systems considered are listed
below by the functions they support.

e Reactivity Comrol
e Reactor Protection System

e Reactor Coolant Pump Seal Cooling
® Chemical & Volume Control (Charging Pumps)
e Component Cooling Water

e Secondary Heat Removal

* Auxiliary Feedwater System
e Short Term Inventory Control (Injection)

o Safety Injection (High Head Injection Mode)
e Residual Heat Removal (Low Head Injection Mode)
e Long Term Inventory Control (Recirculation)

e Safety Injection (High Head Recirculation Mode)

* Residual Heat Removal (Shutdown Cooling Mode)

e Residual Heat Removal (Low Head Recirculation Mode)
e Containment Pressure Control

e Containment Air Cooling System (FCUs)
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¢ Containment Spray
e [mportant Support Systems

e Emergency Diesels and auxiliaries / 4kV

e 480 VAC
e 120VAC
e 125VDC

e Cooling Water

This section discusses the plant systems considered in the seismic IPEEE and the specific equipment
comprising those systems.

A.2.1.1 Plant Frontline Systems Included in the IPEEE

A discussion of the frontline plant systems included in the seismic IPEEE by functional area is
included in this section. A brief discussion of those systems consid:red in the IPE but not credited in
the IPEEE is also provided.

A211.1 Reactivity Control

Reactor Protection System (RPS)

Instrumentation associated with the Reactor Protection System (RPS) monitors key plant parameters to
determine whether the plant processes are within bounds of important operating parameters associated
with normal operation. A seismic event sufficiently large to cause equipment damage is expected to
result in an RPS trip signal from a variety of causes. Further, the conditions postulated to exist in the
plant as a result of a seismic event include a loss of off-site power or a small loss of coolant accident,
either of which would cause a reactor trip. In response to these postulated conditions, rods are
expected to be inserted quickly.

ATWS Mitigation System Actuation Circuitry (AMSAC)

AMSAC is a means of control rod insertion triggered by separate and diverse logic from the RPS. The
potential for a failure to trip coincident with an earthquake is considered to be of low potential and
AMSAC is not considered to be necessary in the seismic IPEEE.

A.211.2 RCP Seal Cooling
Chemical & Volume Control System (CVCS)

The IPE considered two functions of CVCS: RCP seal injection, and Auxiliary Spray for the
pressurizer. The system consists of three variable speed positive displacement pumps that take suction
from the Volume Contrel Tank (VCT) or the Refueling Water Storage Tank (RWST) as a backup. In
the IPEEE, no credit is taken for the system capacity for RCS make-up. Similarly, no credit is taken
for the Auxiliary Spray function. The RCP seal cooling function requires one pump to be .+ .ag
suction from either the VCT or RWST and supplying flow through a seal injection filter to the RCP
seals. A return path is also necessary through either the seal return heat exchanger to the VCT or
through the seal return relief valve.
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Component Cooling (CC) Water System

The Component Cooling Water System provides an intermediate cooling system between the heat
exchangers in potentially radioactive systems and the Cooling Water System. CC is a safeguards
system consisting of two parallel loops each of which is composed of a pump, heat exchanger, and
associated piping and instrumentation. The two loops are capable of being cross-connected at the
suction and discharge of the pumps. Either loop also has the capability of being cross-connected with
either loop in the opposite unit. The system provides cooling water to important components including
the RHR heat exchangers, heat exchiangers for the Containment Spray, Safety Injection and RHR
pumps, and the RCP thermal barrier.

A2113 Secondary Heat Removal
Auxiliary Feedwater System (AFW)

The function of the Auxiliary Feedwater Systen. is to supply steam generator makeup for normal
transients such as heatup and cooldown when the water demands are low or main feedwater is not
available. The system also provides high pressure make-up to the steam generators under emergency
conditions to assure a reactor coolant system heat sink is always available. The AFW system consists
of two independent full capacity parallel trains. Cne train is equipped with a motor-driven pump while
the other train is equipped with a steam turbine-driven pump. If needed, the motor-driven AFW pump
from the opposite unit can be aligned for makeup. The steam supply for the turbine-driven pump can
be supplied from either steam generator.

The plant's design allows both pumps to take suction from either the condensate storage tanks or the
cooling water system. For the seismic IPEEE, no credit is taken for the condensate storage tanks since
they are not seismically designed. The pumps can be aligned to take suction from the ccoling water
system which is fed from the Mississippi River. The success criteria for adequate AFW flow is one of
the pump trains for each unit supplying design capacity flow to either one of the two sicam generators.

Main Feedwater System

Normally, the Main Feedwater System provides the cooling water flow to the steam generators to
remove the heat from the Reactor Coolant System. Main Feedwater is not available following a
seismic event because of the postulated loss of off-site power. Therefore, no credit is taken for this
system in the seismic IPEEE.

A2114 Short Term Inventory Control (Injection Mode)

Safety Injection (High Head Injection)

The primary function of the Safety Injection (SI) system is to remove stored energy and decay heat
from the reactor core following a loss of primary or secondary coolant. The system has two operating
modes: High Head Injection mode in which water from stored sources is injected into the RCS, and
High Head Recirculation mode in which water from the containment sump (collected from the loss of
coolant breach) is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>