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This Plant Specific Procedure for resolution of Unresolved Safety Issue A-46 is to provide
guidance to engineers, technicians, supervisors, and others involved with this effort. The
following paragraphs explain how this document is to be approved, revised, and distributed.
Section 1 of the procedure gives a further explanation into the purpose, background, and the
approach to be used in resolving the A-46 issue. This procedure will be controlled through
NEP-115 as a "Procedural Manual".

APPROVALS:

This Plant Specific Procedure shall be prepared by a Florida Power responsible engineer or
designee. This document also requires licensing concurrence, and shall be approved by the
Supervisor, Nuclear Operations Engineening - Mechanical/Structural.

REVISIONS:

All revisions to this document shall receive the same level of review and approval as described
above under "APPROVALS". A revision history page shall be used 10 describe any future
revisions. The entire document may be 1ssued as a revision, or replacement pages only may be
1ssued. Areas revised must be identified by a vertical revision bar in the right margin.
Revisions are effective as of the Supervisor’s approval date. Revisions which are editorial in
nature do not require a review and comment cycle.

DISTRIBUTION:
This document and its revisions shall be distributed through Energy Supply Engineering Services

Document Control using a Data Transmittal Sheet (DTS) per NEP-131 in accordance with the
standard document distribution list. A copy shall be set to CR3 Records Management.

Supervisor, Nuclear Operations Engineering
{Mechanical/Structural)
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Section 1

INTRODUCTION

i1 PURPOSE

The purpose of this procedure is to summarize the technical approach and provide procedures
and documentation requirements which can be used by FPC 1o verify the seismic adequacy of the
mechanical and electrical eauipment needed to bring Crystal Rive: Unit 3 (CR3) 1o a safe
shutdown condition following a safe shutdown earthquake (SSE). This procedure can be used 10
address the NRC Unresoived Safety Issue (USI) A-46, "Seismic Qualification of Equipment in
Operating Plants,"” as required by NRC Generic Letter 87-02 and supporting documents

(References 1, 2, and 3).

The scope of equipment covered in this procedure includes active mechanical and electrical
equipment such as: motor control centers; switchgear; transformers; distribution par.. .5; pumps:
valves: HVAC equipment; batteries and their racks; engine and motor generators; and
instrumentation and control panels, cabinets, and racks.  In addition, this procedure includes

guidelines for evaluating the seismic adequacy of tanks and heat exchangers.
1.2 BACKGROUND

The requirements for seismic design of nuclear power plants from 1960 to the present have
evolved from the application of commercial building codes (which use a static load coefficient
approach applied pnimarily to major building structures) to more sophisticated methods today.
Current nuclear seismic design requirements for new plants consist of detailed specifications
including dynamic analyses or testing of safety-related structures, equipment, instrumentation,

controls, and their associated distribution systems (piping, cable trays, conduit, and ducts).
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Because of the extent of changes in the design requirerents which have occurred over the years,
the NRC mtiated USI A-46, "Seismic Qualification of Equipment ia Operating Plants,” in
December of 1980, to address the concern that a number of older operating nuclear power plants
contained equipment which may not have been gualified to meet the newer, more ngorous
seismic design cniteria.  Much of the equipment in these operating plants had been installed when
design requirements, seismic analyses, and documentation were less formal than the rigorous
practices currently being used to build and license nuclear power plants. However, it was
realized that 1t would not be practical or cost-effective 1¢ vovelop the documentation for seismic
qualification or requalification of safety-related equipment using procedures applicable to plants
currently under construction. Therefore, the objective of USI A-46 was to develop alternative
methods and acceptance criteria which could be used to verify the seismic adequacy of essential

mechanical and electrical equipment in operating nuclear power plants.

In early 1982, the Seismic Qualification Uniity Group (SQUG) was formed for the purpose of
collecting seismic experience data as a cost-effective means of verifying the seismic adequacy of
equipment in operating plants. One source of expenence data is the numerous non-nuclear
power plants and industnial facilities which have expenenced major earthquakes. These facilities
contain industrial grade equipment similar to that used n nuclear power plants. Another source
of seismic expenience data 1s sheke table tests which have been performed since the mid 1970°s
to qualify safety-related equipment for licensing of nuclear plants. To use these sources of
seismic expenence data, SQUG and the Electne Power Research Institute (EPRD have collected
and organized this information and have developed guidelines and critena for its use. Reference
36 1s the generic means for applying this experience data 1o verify the seismic adequacy of
mechamcal and electrnical equipment which must be used in a nuclear power plant duning and
following a safe shutdown earthquake. Reference 36 1s evaluated considering the low seismicity
of the Crystal River site and detatled in Reference 37. This procedure 1s a simphification of

Reference 36 when the vanous considerations n.entioned 1n Reference 37 are accounted for.

1.3 APFROACH

The approach usec in this procedure for venifying the seismic adequacy « - ochamcal and

electrical equipment is consistent with the intent of NRC Generic Letter 87-02, "Venification of




Seismic Adequacy of Mechanical and Electrical Equipment in Operating Reactors, Unresolved
Safety Issue (USI) A-46" (Reference 1), including NUREG-1030 (Reference 2) and
NUREG-1211 (Reference 3). The approach is also consistent with the EPRI Seismic Margins
Assessment Program (SMA) described in Reference 12. The four major steps used in this
procedure for the majority of the equipment to be evaluated are listed below, along with the
section of the procedure where these steps are covered in detail:

Selection of Seismic Evaluation Personnel (Section 2)
Identification of Safe Shutdown Equipment (Section 3)
Screening Verification and Walkdown (Section 4)
Outlier Identification and Resolution (Section §)

‘The seismic adequacy verification of the following types of equipment are covered in separate
sections:

. Tanks and Heat Exchangers Review (Section 7)

The documentation requirements for these reviews are included in each: of hese sections and in

Section 9.

Each of the sections of the PSP (Sections 2 through 9) 1s divided into  commitments and
implementation guidance. The commitments, which follow the introduction in each of these
sections, describe tie key features of this procedure. The remainder of each section provides

gwidance for implementing the commitments.

The remai..der of this section summarizes the material covered 1n Sections 2 through 9.

1.3.1 Seismic Evaluation Personnel

Several types of individuals, their qualifications, and their responsibilities for implementing this
procedure are described in Section 2. These individuals include: (1) Systems Engineers who
identify the methods and the equipment needed for bringing the plant to 2 safe shutdown

condition, (2) Plant Operations Personnel who have a comprehensive understanding of the plant

1-3
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layout and the function and operation of the equipment and systems in the plant and who
compare the plant operating procedures to the safe shutdown equipment list for compatibility, (3)
Seismic Capability Engir. rs who perform the Screening Verification and Walkdown of the safe
shutdown equipment.

Since the instructions and requirements contained in this procedure are guidelines and not fixed,
inflexible rules, the Seismic Capability Engineers must exercise sound engineering judgment
during the Screening Verification and Walkdown. Therefore the selection and training of
qualified Seismic Capability Engineers for participation on the Seismic Review Teams (SRTs) 1s
an important element in this procedure for resolution of USI A-46.

Section 2 also describes the SQUG-developed training course which should be taken by the
individuals who perform the seismic review of the plant. These courses provide assurance that
there is a minimum level of understanding and consistency in applyving the guidelines contained

in this procedure.

1.3.2 ldentification of Safe Shutdown Equipment

The mechanical and electrical equipment needed to achieve and maintain a safe shutdown
condition in a nuclear plant are identified in a two-step approach in Section 3 and Appendix A.
The first step is to define the vanous alternative methods or paths which could be used to

accomplish each of the four following safe shutdown functions:

Reactor Reactivity Control
Reactor Coolant Pressure Control
Reactor Coolant Inventory Control
Decay Heat Removal

One of the alternate methods for accomplishing each of these functions should be selected as the
preferred safe shutdown alternative. This selection should also include backup equipment or a
backup train of equipment so that the plant can be shut down in the event there is an active

failure or unavailability of a single item of equipment. Equipment in other alternative methods
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can also be identified, if desired.

The second step is 10 identify the individual items of safe shutdown equipment for the preferred
method by tracing out the path of action, fluid, and/or power on system description drawings
and by developing a safe shutdown equipment list (SSEL).

The SSEL should be shown to be compatible with the plant operating procedures by the plant’s
Operations Department.

The scope of equipment which should be reviewed for resolution of USI A-46 includes active
mechanical and electrical equipment, tanks, and heat exchangers which are needed for safe
shutdown. Excluded from the scope of review because of their demonstrated ruggedness (as
summanized in Reference 17) are major pieces of equipment in the Nuclear Steam Supply System
(NSSS) which are located inside containment (e.g., reactor vessel, steam generators, etc.).

Section 3.3 discusses the scope of equipment to be reviewed in more detail.

Cable conduit raceway systems are excluded from the scope due to their seismic design at CR3

and to CR3's low seismicity (see Reference 37, Appendix B).

Relays are also excluded from the scope due to the low number of actuations anticipated at a low
seismic site such as CR3, and the ability of the operators to quickly diagnose and react to any

relay actuations that may occur.

Screening guidelines are provided in the PSP for evaluating the seismic adequacy of most types
of equipment which are used in CR3 for safe shutdown. However, as discussed below, if an
item of equipment which is within the scope of USI A-46 is not covered by the screening
guidelines, then it should be identified as an outher and evaluated separately.

1.3.3 ing Ven | nd W W

The Screening Verification and Walkdown of mechanical and electrical equipment is described in
Section 4. Appendices B through G provide supplemental information for performing this
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seismic adequacy verification. The seismic adequacy verification of tanks and heat exchangers is
described in Section 7 and is summarized later in this Introduction.

The purpose of the Screening Verification and Walkdown is to screen out from further
consideration those items of equipment which pass certain generic, seismic adequacy criteria.
The screening verification is based heavily on the use of seismic experience data. Those items
of equipme 1t which do not pass the screening verification are considered “outliers” and should
be evaluated further as described in Section 5.

The four areas considered during the Screening Verification and Walkdown of safe shutdown

equipment are:
. Comparison of the equipment seismic capacity to the seismic demand imposed upon it.
Seismic demand has been pre-screened and is discussed in detail in Reference 37.

. Determination that the seismic experience data 1s applicable to the plant-specific safe
shutdown equipment.

. Evaluation of the equipment anchorage adeguacy.

. Check for adverse seismic spatial interactions.
1.3.4 Qutlier Identification and Resolution

Items of safe shu.down equipment that do not pass the screening criteria contained in the PSP
are considered outhers (i.e.. they lay outside the scope of coverage for the screening criteria)
and should be evaluated further as described in Section §.

Methods of outlier resolution are typically more time consuming and expensive than the
screening evaluations provided in the PSP.  Also, outlier resolution may be somewhat
open-ended in that several different options or approaches are available to verify the seismic
adequacy of the equipment. The most appropriate method of outlier resolution will depend upon
a number of factors such as (1) which of the screening criteria could not be met and by how
much, (2) whether the discrepancy lends itself to an analytical evaluation, (3) how extensive the
problem is in the plant and in other plants, and (4) how difficult and expensive it would be 10
modify, test, or replace the subject items of equipment.

-6
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1.35 Relay Functionality Review

Not applicable (see Reference 37, Appendix C).

1.3.6 Tanks and Heat Exchangers Review

The review of tanks and heat exchangers for seismic adequacy is described in Section 7 and
includes evaluations for: (1) stability of tank walls to prevent buckling (for large, vertical
ground- or floor-mounted tanks only), (2) anchorage and load path strength, (3) support member
strength (e.g.. support saddles and legs), and (4) adequate flexibility of attached piping to
accommodate the motion of large, flat-bottom, vertical storage tanks. Screening guidelines are
provided in the form of charts and calculation formulas that simplify the complex dvnamic fluid-
structure interaction analyses for large vertical tanks and simplify the equivalent static analysis
method for horizontal tanks.

1.3.7 . : i W VIEW

Not applicable (see Reference 37, Appendix B).

1.3.8 Documentation

The types of documents which should be developed for the USI A-46 evaluation are described in

Section 9. The four major types of documents are:

L Safe Shutdown Equipment List (SSEL) Report
. Seismic Evaluation Report
. Completion Letter

1-7



Section 2

SEISMIC EVALUATION PERSONNEL

2.0 INTRODUCTION

The purpose of this section 1s to define the responsibilities and qualifications of the individuals
who will implement this procedure. The seismic evaluation personnel include individuals who
identify safe shutdown equipment, who perform the plant walkdown and verify the seismic
adequacy of equipment. This may involve a number of plant and engineering disciplines

including structural, mechanical, electrical, systems, earthquake, and plant operations.

Florida Power prefers to implement this procedure using a designated team of individuals; i.e., a
Seismic Review Team (SRT). The individuals who undertake the seiswic review may be utility
or contractor personnel, provided the qualification and training criteria are met. This flexibility
allows for the possibility that the functions may be performed by individuals of different
disciplines at different imes. FPC will be responsible for evaluating the qualifications of the

seismic evaluation personnel for compliance with this procedure.
The remainder of this section is organized as follows:
. The requirements to which FPC commits when adopting the guidelines for personnel

responsibilities and qualifications for resolution of USI A-46 are given in Section 2.1.

. The responsibilities and qualifications of the Systems Engineers who identify the safe
shutdown eguipment are described in Section 2.2.
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. The responsibilities of the Plant Operations Personnel who review the Safe Shutdown
Equipment List {SSEL) and assist during the seismic walkdown are described in
Section 2.3.

. The responsibilities, gualifications, and training of the Seismic Capability Engineers who
conduct the seismic walkdown are described in Section 2 4.

. The purpose and content of the SQUG training courses are summarized in Section 2.6.

2.1 FPC COMMITMENTS

Florida Power commits to the following in regard to the qualifications of individuals responsible

for implementing the procedure.

2.1.1 Systems Engingers

Florida Power will provide Systems Engineers to develop the list of equipment required for safe
shutdown described in Section 3. Individuals selected to perform this function will be degreed

engineers, or equivalent, with experience in the systems, equipment. and operating procedures of

the plant.
2.1.2 Seismi ility Engin

Florida Power will provide qualified Seismic Capability Engineers to perform the following tasks
described in Sections 4 and 7.

5. Conduct a walkdown of plant equipment on the safe shutdown equipment list.

2, Assess the seismic adequacy of this equipment using this procedure. the GIP, along with
the Seismic Review Team’s experience, analyses, and/or engineering judgment.

These individuals will be degreed engineers, or equivalent, who have completed a
SQUG-developed training course on seismic adequacy verification of nuclear power plant
equipment, and will have at least five years experience in earthquake engineering applicable to
nuclear power plants and in structural or mechanical engineering. At least one engineer on each

Seismic Review Team will be a licensed professional engineer.

2.2
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2.3 PLANT OPERATIONS PERSONNEL

The plant Operations Personnel have two types of responsibilities during implementation of this
procedure. First, they are responsibie for reviewing the Safe Shutdown Equipment List (SSEL)
(developed in Section 3) to confirm that the SSEL 1s compatible with approved normal and
emergency operating procedures (EOPs) for shutting down the plant. Note that normal plant
shutdown procedures would be used for any deliberate, planned shutdown and EOPs would be
used for a plant trip or emergency shutdown following an earthquake. Second, plant Operations
Personnel may be asked to assist the Seismic Capability Engineers during the Screening
Verification and Walkdown.

To fulfill these responsibilities. the plant Operations Personnel should have knowledge of both
steady-state and transient operations and the associated plant-specific operating procedures.
They should be able to supply information on the consequences of, and operator recovery from,
functional anomalies. It is their responsibility to provide information on the function and

operation of individual equipment, instrumentation, and control systems.

Plant Operations Personnel may assist the Seismic Capability Engineers either as staff support or
as members of an SRT. Though it is not required that the plant Operations Personnel be part of
the seismic walkdown team, it is recommended. The plant Operations Personnel should have

expenence in the specific plant being seismically verified.

2.4 SEISMIC CAPABILITY ENGINEERS

The Seismic Capability Engineers should fulfill the following responsibilities:

. Become familiar with the SQUG approach as defined in this procedure, the GIP (Ref. 36)
and other reference documents.

. Become familiar with the seismic design basis of CR3 especially the equipment on the
safe shutdown equipment list and the postulated Safe Shutdown Earthquake (SSE).

Bl e
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. Read and fully understand the basis and requirements of the Technical Basis for the
Crystal River Unit 3 Plant Specific Procedure to resolve NRC Generic Letter §7-02
(Reference 37).

. Conduct the seismic evaluations and walkdowns of equipment and systems as described in
the following sections:

- Screening Venificavon and Walkdown (Section 4)

Tanks and Heat Exchangers Review (Section 7)

. Use this procedure, along with experience and judgment, to verify the seismic adequacy
of equipment and systems identified as necessary for safe shutdown.

. Perform additional analyses and calculations, when necessary, to verify the seismic
adequacy of the safe shutdown equipment and systems.

° Make recommendations for any additional evaluations or physical modifications to
equipment or systems which may enhance the seismic adequacy of equipment identified
as outhers as described in Section S.

The Seismic Capability Engineers may be assisted in fulfilling the above responsibilities by other
individuals. For example, others may do background work to obtain information necessary for
performing the seismic evaluations; they may also locate and assist in evaluating existing seismic
qualification documentation; and they may perform backup calculations where necessary.
Another example 1s that Seismic Capability Engineers may ask the Systems Engineers and the
Plant Operations Personne! for information on how an item of equipment operates in a system so
they may decide whether a malfunction of certain features of the item of equipment will affect its
safe shutdown performance. Regardiess of what help the Seismic Capability Engineers receive
from others, they should remain fully responsible for all the seismic evaluations, engineering

Judgments, and documentation, including the details and backup documentation.

The Seismic Capability Engineers should be degreed engineers, or equivalent, who have
completed a SQUG-developed training course on seismic adequacy verification of nuclear power
plant equipment. These engineers should have experience (at least five years) in earthquake

engineering applicable to nuclear power plants and in structural or mechanical engineering.

The Screening Verification and Walkdown should be conducted by one or more Seismic Review
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Two training courses were developed by SQUG to provide additional guidance on how to
implement USI A-46 using the GIP and the referenced documents. These courses include:

The Walkdown Training Course provides guidance for the Screening Verification and
Walkdown (Section 4), the Outlier Identification and Resolution (Section 5). the Tanks

and Heat Exchangers Review (Section 7), and the Cable and Conduit Raceway Review.
Guidance 1s also provided on estimating in-cabinet amplification factors for electricai
cabinets containing relays and documenting the USI A-46 evaluation (Section 9).

This course 1s provided primarily for the Seismic Capability Engineers, however others
who may support these engineers may also take this course.

Qquxsg pmndes mstrncnons on theldennﬁcauon of SafeShmdown Eqmpment (Secuon
3) and how to perform the Relay Functionality Review (Section 6).

This course is provided primarily for the Lead Relay Reviewers. The Systems Engineers
and others may also take this course.

The objectives of these SQUG training courses are as follows:

Provide additional information on the background, philosophy, and general approach
developed by SQUG to resolve USI A-46.

Provide acdinonal guidance in the use of this procedure and the GIP and applicable
references to select safe shutdown equipment and to verify their seismic adequacy.

These courses are required for implementation of this procedure.



Section 3

IDENTIFICATION OF SAFE SHUTDOWN EQUIPMENT

3.0 INTRODUCTION

The purpose of this section is 10 describe the overall method for identifying the mechanical and
electrical equipment needed to achieve and mamntain safe shutdown conditions in a nuclear plant.
Appendix A provides a detailed step-by-step procedure for using this method based on the
guidance contained in this section. A description of the contents of the subsections contained
herein 1s given below.

Section 3.1 provides the FPC commitments in regard to identification of safe shutdown
equipment. The remaining sub-sections provide implementation guidance. The general criteria
and governming assumptions to be used in identifying the equipment are defined in Section 3.2.
The scope of equipment to be identified 1s defined 1n Section 3.3; it includes mechanical and
electrical equipment which should operate 10 accomphsh a safe shutdown function, tanks and

heat exchangers.

For resolution of USI A-46, it 1s not necessary to verify the seis,  adequacy of all plant
equipment defined as Seismic Category 1, e.g., in NRC Regulatory Guide 1.29. Instead, only
those systems, subsystems, and equipment needed to bring the plant from a normal operation
condition 10 a safe shutdown condition need be identified 10 ensure safety during and following a
Safe Shutdown Earthquake (SSE). The method described in the remainder of this section for
identifying safe shutdown equipment has two major steps. The first step is to identify the
various aliernative methods or paths which could e used to accomplish the following four safe
shutdown functions:
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. Reactor Reactivity Control

. Reactor Coolant Pressure Control
. Reactor Coolant Inventory Control

- Decay Heat Removal

These four safe shutdown functions are described in Section 3.4, Because there is redundancy

and diversity in the design of nuclear power plants, there may be several paths (or trains) which
. could be used to accomplish these four functions. Only the active equipmeat in a primary path

{or train) and backup equipment within that path (or a backup train) need be A=ntified for

seismic evaluation as discussed in Section 3.2. The preferred safe shutdown path can be selected

based on such considerations as previous systems analyses (e.g. , for fire protection), ease of use
| by operators, compatibility with plant procedures, and status of existing seismic qualification of
equipment. There may be other secondary considerations for selecting certain safe shutdown
paths such as ease of performing the plant walkdown and seismic adequacy verification. The
various alternative paths for accomplishing the safe shutdown functions are summarized in
Section 3.5 for pressurized water reactors (PWRs). Appendix A gives a detailed description of
these alternative paths.

After identifying the preferred safe shutdown paths, the second major step 1s to identify the
individual items of equipment contained in these preferred safe shutdown paths. The approach
for identifying the individual items of safe shutdown equipment is summarized in Section 3.6.

' Appendix A gives a detailed description of this method including a step-by-step procedure, flow
1 diagram, and documentation forms which can be used 10 develop a Safe Shutdown Equipment

Last (SSEL) for seismic adequacy vernificaton.

Section 3.7 describes several methods which may be used by the plant’s Operations Department
to review the SSEL for compatibility with the plant operating procedures. Section 3.8
summarizes the documentation which should be generated when identifying safe shutdown
equipment.

| 3.1 FPC COMMITMENTS
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Florida Power commits to the following in regard to identification of safe shutdown equipment.

3.1.1 Mdentification of Safe Shutdown Path

Relying on the Systems Engineers noted in Section 2, FPC will identify equipment needed to

achieve and maintain a safe shutdown condition following a safe shutdown earthquake (SSE).

To identify this equipment, FPC will use a two-stage approach:

1. FPC will select a safe shutdown path which would ensure that the four essential safe
shutdown functions listed below can be accemplished following an SSE. The functions
are:

. Reactor reactivity control

. Reactor coolant pressue control
. Reactor coolant inventory control
. Decay heat removal

- 3 After identifying the safe shutdown path, FPC will identify the individual items of
equipment required to accomplish the four essential safe shutdown functions.

3.1.2 Assumptions Used in Identifying Safe Shutdown Path

In selecting the safe shutdown path and equipment FPC will be bound by the following

conditions:

1. Offsite power may not be available for up to 72 hours following the earthquake.

2. No other extraordinary events or accidents (e.g., LOCAs, HELBs, fires. floods, extreme
winds, sabotage) are pestulaied to occur other than the SSE and loss of offsite power.

If achieving and maintaining safe shutdown 1s dependent on a single item of equipment
whose failure 1o perform its active function, either due to seismic loads or random
failure, would prevent accomplishment of any of the four essential safe shutdown
functions, an alternative method to safe shutdown by use of a different path or a different
item of equipment in the same path will be identified for seismic evaluation which is not
dependent on that item of equipment.

4. Where operator actions are relied upon to achieve and maintain safe shutdown, FPC will

33
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ensure that appmpn;te procedures are available which consider the time within which
actions must be taken, and that operators have been trained in the use of these

procedures.

S. The equipment to be identified for seismic evaluation will include:

Active mechanical and eleci.. . equipment which operates or changes state to
accomplish a safe shutdown function.

Active equipment in systems which support the operation of identified safe
shutdown equipment: e.g., power supplies, conirol systems, cooling systems,
lubrication systems.

Instrumentation needed to confirm that the four safe shutdown functions have been
achieved and are being maintained.

Instrumentation needed to operate the safe shutdown eguipment.

Tanks and heat exchangers used by or in the identified safe shutdown path.

6. The following equipment types need not be identified for seismic evaluation:

Equipment which could operate but does not need to operate and which, upon loss
of power, will fail in the desired position or state. This type of equipment is
defined as passive for the purposes of this procedure.

Passive equipment such as piping; filters; and electrical penetration assemblies.
Self-actuated check valves and manual valves.

Major 1tems of equipment in the nuclear steam supply system, their supports, and
components mounted on or within this equipment such as the reactor pressure
vessel, reactor fuel assembhies, reactor internals, control rods and their dnive
mechamsms, reactor coolant pumps, steam generators, pressurizer, and reactor
coolant piping.

Cable and conduit raceways

Relays

3.2  GENERAL CRITERIA AND GOVERNING ASSUMPTIONS

This section defines the critena, goverming assumptions, and general guidelines for identifying

the safe shutdown equipment. This includes definition of terms, boundary conditions, and

requirements for single equipment failure.

e IS T e

34



3.2.1 Safe Shutdown Following an SSE

The plant should be capable of being brought from normal operating conditions to a safe
shutdown condition following a design basis, safe shutdown earthquake (SSE).

3.2.2 Normal Operating Conditions Defined

Normal operating conditions of the plant are defined as having the reactor coolant system at or

near normal operating pressure and temperature,

3.2.3 Safe Shutdown Defined

Safe shutdown is defined as bringing the plant to, and maintaining it in, a hot shutdown
condition during the first 72 hours following an SSE. Hot shutdown is defined by the plant’s
Technical Specifications. Note that in SSER #2 the NRC has expressed their intent that
pressurized water reactors (PWRs) lower their temperature and pressure within 72 hours to the
point at which decay heat removal equipment could be used, but not necessarily required decay

heat removal equipment to be includea on the SSEL.

The plant may be quickly cooled to the hot shutdown condition and held there for the 72 hours,
or the plant may be slowly cooled so that the hot shutdown condition is reached at the end of the
72 hours.

It 1s not necessary to include the long-term decay heat removal equipment in the Safe Shutdown
Equipment List (SSEL): however, some plants may not have sufficient water inventory to stay in
the hot shutdown mode for three days. Other plants may prefer to be brought to & cold
shutdown condition during this period of time instead of staying in the hot shutdown mode. In

these cases it may be necessary or preferable to add decay heat removal equipment to the SSEL.
It 15 not the intent of the USI A-46 program to require plants to cool down faster than their
original design capability or technical specification limits under a loss of offsite power condition.

If a plant takes longer to achieve hot shutdown conditions than the 72 hours, then FPC should

3-5



discuss with, and obtain prior written consent from, the NRC staff on a case-by-case basis
before implementing the USI A-46 program. It should aiso be reported to the NRC as part of
the Seismic Evaluation Report described in Section 9.

3.2.4 Loss of Offsite Power

Loss of offsite power may occur as a result of the earthquake. The safe shutdown capability
should remain ntact while offsite power is not available for a minimum of 72 hours following an

SSE. Note that the possibility of not losing offsite power should also he considered.

3.2.5 No Other Accidents

No concurrent or sequential potential events are postulated 1o occur other than a design basis
safe shutdown earthquake (SSE) and a loss of offsite power. For example, no loss of coolant
accidents (LOCAs), high energy line breaks (HELBs), fires, flooding, extreme winds and

tornados, lightning, sabotage, etc., are postulated to occur.

3.2.6 Single Equipment Failure

Systems selected for accomplishing safe shutdown should not be dependent upon a single item of
equipment whose failure, either due to seismic loads or random failure, would preclude safe
shutdown. At least one practical alternative should be available for accomplishing safe
shutdown, which is not dependent on that item of equipment. This alternative should also be
evaluated for seismic adequacy. For example, two motor-operated valves in senies may be used
to 1solate a line and two motor-operated valves m parallel may be used 10 open a line. As an

alternative, a separate, redundant train of equipment may be used as a backup.

An equipment failure is defined as the failure of the active functional capability of the
equipment, not its structural integrity. For example, for a motor-operated valve, failure of the
valve to open or close with the motor operator is a failure of the valve to perform its active

function. It is not necessary 10 consider rupture or leakage of fluid from the valve as a failure
mode.
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shutting down is attempted first. See Section 3.7 for suggested methods of performing this
review.

The shutdown procedures which are associated with the use of the USI A-46 safe shutdown
equipment should be procedures which are available to the operator as a result of his following
approved normal and emergency operating procedures (EOPs). Note that normal plant shutdown
procedures would be used for any deliberate, planned shutdown: EOPs would be used for a plant
trip or emergency shutdown.

Appropriate changes 10 operator training should be made if FPC finds that changes to the plant
operating procedures are necesscry 10 achieve compatibility with the SSEL. Training will be
modified only to the extent needed to familiarize operators with these procegure change<,

3.3 SCOPE OF EQUIPMENT

The purpose of this subsection is to -lefine the equipment which is included within the scope of
review for resolution of USI A-46.

3.3.1 Equipment Classes

The 22 classes of equipment listed in Table 3-1 define the major types of mechanical and
electrical equipment which are included within the scope of US1 A-46. Note that building
structures and such passive equipment as piping, penetration assemblies, etc.. are not within the
scope of USI A-46.

Equipment Classes #1 through #20, along with the sub-categories of equipment histed under these
20 major equipment class names, are the specific types of equipment for which carthquake
experience data or generic seismic lesting data are available. Appendix B provides a summary
description of the equipment included in the earthquake experience equipment classes.

References 4, 5. and 6 provide additional details on the type of equipment included in these

equipment classes.

3-8
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Table 3-1

EQUIPMENT CLASSES

O OTHER

1 MOTOR CONTROL CENTERS

Motor control center
‘ Wall- or rack-mounted motor controllers

2 LOW VOLTAGE SWITCHGEAR

Low voltage draw-out switchgear (typically 600 Volr)
Low voltage disconnect switches (typically 600 Volt)
Unit substations

3 MEDIUM VOLTAGE SWITCHGEAR

Medium voltage draw-out switchgear (typically 4160 Volt)
; Medium voltage disconnect switches (typically 4160 Volt)
| Unit substations

- TRANSFORMERS

Liquid-filled medium/low voltage transformers (typically 4160/480 Volt)
Dry-type medium/low voltage transformers (typically 4160/480 Volt)
Distribution transformers (typically 480/120 Voit)

5 HORIZONTAL PUMPS

: Motor-driven horizonta! centrifugal pumps

1 Engine-driven horizontal centrifugal pumps
Turbine-driven horizomal centrifugal pumps
Motor-driven reciprocating pumps

:
\
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Table 3-1 (continued)

EQUIPMENT CLASSES

VERTICAL PUMPS

Vertical single-stage centrifugal pumps
Vertical multi-stage deep-well pumps

FLUID-OPERATED VALVES

Diaphragm-operated pneumatic valves
Piston-operated pneurnatic vaives
Spring-operated pressare relief valves
MOTOR-OPERATED VALVES

Motor-operated valves
Motor-operators

SOLENOID-OPERATED VALVES
Solenoid-operated vaives

FANS

Blowers

Axial fans

Centrifugal fans

AIR HANDLERS

Cooling coils
Water-cooled air handlers

Refrigerant-cooled air handlers (including enclosed chiller)

Heaters
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12

14

15

16

Table 3-1 {continued)

EQUIPMENT CLASSES
CHILLERS

Water chillers
Refrigerant chillers

AIR COMPRESSORS

Reciprocating-piston cCompressors
Centnifugal compressors

MOTOR-GENERATORS
Motor-generators
DISTRIBUTION PANELS

Distribution panelboards (120-480 Volt, AC & DC)
Distribution switchboards (120-480 Volt, AC & DC)

BATTERIES ON RACKS
Lead-cadmium flat plate batteries
Lead-calcium flat plate batteries
Planté (Manchex) batteries
Battery racks (2 tiers or less)

BATTERY CHARGERS & INVERTERS

Sohid state battery chargers
Sond state static inverters

3-11
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Table 3-1 (continued)

EQUIPMENT CLASSES

ENGINE-GENERATORS
Piston engine-generators
INSTRUMENTS ON RACKS

Transmitters (Pressure, temperature, level, flow)
Wall-mounted sensors/transmitters
Rack-mounted sensors/transmitters

Supporting racks

TEMPERATURE SENSORS

Thermocouples
RTDs

INSTRUMENTATION AND CONTROL PANELS AND CABINETS
Wall-mounted & rack-mounted instrumentation and control panels
Wall-mounted & rack-mounted instrumentation and control cabinets

Dual switchboard instrumentation and control cabinets

Duplex switchboard & benchboard (walk-in) instrumentation and control hoards
TANKS AND HEAT EXCHANGERS

CABLE AND CONDUIT RACEWAYS

3-12
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Equipment Class #21 is for tanks and heat exchangers. Selection of this equipment is discusse’
later in Sections 3.3.10.

Equipment Class #0 (Other) is a catchall category for all other items of mechanical and
electrical equipment needed for safe shutdown but which either do not fit into one of the other
22 classes, or for which there 1s insufficient earthquake experience data or generic seismic
testing data at this ume to be included as a sub-category of one of the 22 classes. This type of
plant-specific equipment includes certain types of valves, turbine-driven emergency generators,
ete. This type of equipment should be placed in Equipment Class #0, classified as an outher,
and evaiuated using the methods described in Section §.

All mechanical and electrical equipment needed for bringing a plant to a safe shutdown condition
and maintaining it there should be identified for seismic evaluation, even if that item of
equipment is not included in the earthquake experience or generic seismic testing equipment
classes, 1.e., not one of the types oy equipment listed as a sub-category in Table 3-1. For
exampie, piston-operated hydraulic valves are not listed as a sub-category of Equipment Class #7
(Fluid-Operated Valves) since they are not in the earthquake experience equipment class.
Nevertheless, if a piston-operated hydraulic valve is needed for accomplishing a safe shutdown
function (e.g.. as a main steam isolation valve), then it should be identified as a safe shutdown
item of equipment in Equipment Class #0 (Other), identified as an outlier, and evaluated for
seismic adequacy using some means other than by direct comparison to the earthquake

EXPErience Or generic seismic testing equipment classes.
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3.3.2 Exclusion of NSSS Equipment

The major pieces of equipment in the Nuclear Steam Supply System (NSSS) which are located
inside the containment are excluded from the scope of the USI A-46 review and need not be
included on the Safe Shutdown Equipment List. Also excluded are the supports for this
equipment along with all the components mounted in or on this equipment. The technical basis

for excluding such equipment from the scope of USI A-46 is included in Reference 17.

Examples of the NSSS equipment and the components mounted on them which are excluded

from the scope of USI A-46 are given below.

Reactor vessel and its supports, reactor fuel assemblies, reactor internais. control rod
drive mechanisms', and in-core instrumentation

Reactor coolant and reactor recirculation pumps and their supports and drive motors
Steam generators and their supports and tubes
Pressurizer and its supports and heaters

Reactor coolant system piprng and recirculation lines

Note that only the control rod drive mechanisms mounted on or in the reactor vessel are
excluded from the scope of the USI A-46 review,



3.3.3 Rule of the Box

One important aspect of identifying the equipment included within the scope of the procedure is
explained by the "rule of the box." For equipment included in Classes | through 20, all the
components mounted on or in this equipment are considered to be part of that equipment class
and do not have to be evaluated separately. For example. a diesel generator (Equipment Class

#17) includes not only the engine block and generator, but also all other items of equipment
mounted on the diesel generator or on its skid; such as the lubrication system, fuel supply
system, cooling system, heaters, starting systems, and local instrumentation and control systems.
Components needed by the diesel generator but not included in the "box" (i.e., not mounted on
the diesel generator or on its skid) should be identified and evaluated separately. Typically this
would include such items as off-mounted control panels, air-start compressors and tanks, pumps

for circulating coolant and lubricant, day tanks, and switchgear cabinets.

The obvious advantage to this "rule of the box" is that only the major items of equipment
included in Table 3-1 need Le verified for seismic adequacy, i.e., if a major item of equipment |
1s shown to be seismically adequate using the guidelines 1n this procedure, then all of the parts
and components mounted on or in that item of equipment are also considered seismically |
adequate. However, as noted in Section 4.3, the Seismic Capability Engineers should exercise ‘
their judgment and experience to seek out suspicious details or uncommon situations (not |
specifically covered by the caveats in Appendix B) which may make that item of equipment |
vulnerable to SSE effects. This evaluation should include any areas of concern within the "box"

which could be seismically vulnerable such as added attachments, missing or obviously

inadequate anchorage of components, etc. :
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Active mechanical and electnical equipment which operate or change state to accomplish a safe
shutdown function should be identified for seismic evaluaiion. Electrical equipr “nt without
moving parts such as batteries, transformers, battery chargers and inverters are considered active
for the purposes of this procedure and are mnclided within the scope of USI A-46.

It 15 not in the scope of USI A-46 to verify the seismic adequacy of passive equipment such as
piping, filters, and electrical penetration assemblies, nor building structures. One exception (o
this rule is tanks and heat exchangers (covered in Section 7). Likewice, 1t is not in the scope of
USI A-46 to verify the seismic adequacy of potentiaily active equipment which does not need to
operate it 1t is already in the proper state 10 accomplish its safe shutdown function and it fails in
that desired position upon loss of power. For example, 1f a motor-operated gate valve, which
150lates a drain line in the reactor coolant system, 1s already closed, and it stays closed upon loss
of power, then it can be considered a passive item of equipment for the purposes of this
procedure. The valve body and its disc are considered 10 be an extension of the passive piping

system.

3.3.5 Inherently Rugged Equipment

Certain types of potentially active mechanical and elec'rical equipment are inherently rugged and
need not be evaluated for seismic adeguacy in the USI A-46 program. This equipment includes:

. Self-actuating check valves without external actuators. If a check valve has an external
actuator, then thas actuater and its connection to the check valve should be evaluated for
sersmic adequacy.

. Manually-operated valves.

While 1t is not nccessary to venfy the seismic adequacy of inherently rugged equipment, it is
recommended that, when such equipment is active for accomplishing a safe shutdown function,
the equipment be included on the Safe Shutdown Equipment List (SSEL) for completeness. It
could be labeled as being in equipment class “R” (i.e., inherently rugged). For example. if a
manual valve with a handwheel operator 1s opened or closed by a plant operator (i.¢., the valve
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is performing an active function), then this valve could be added 10 the working copy of the
SSEL for reference purposes to show what item of equipment 1s used to accomplish this active
function. However, this manual valve need not be evaluated for seismic adequacy and need not
be included on the Seismic Review SSEL.

On the other hand, if a power-operated valve (e.g., a motor-operated vaive), is opened or closed
manually by a human operator using the handwheel (rather than using the power drive), then it
should be on the Seismic Review SSEL and it should also be evaluated for seismic adequacy.

3.3.6 Equipment in Supporting Systems

Any active equipment in systems which support the operation of identified safe shutdown
equipment should also be identified for seismic evaluation. Supporting systems can include
power supplies (¢.g., electrical, pneumatic), control systems, cooling systems, lubrication
systems, instrumentation, and heating, ventilating, and air conditioning systems. Likewise, if
any item of equipment in these supporting systems 1s dependent upon some other system for
support, then the active equipment in this secondary supporting system should also be identified

for seismic evaluation.

3.3.7 Equipment Subject to Relay Chatter

Not used.

338 tion

The scope of equipment which should be identified for sexsmic evaluation includes those
instruments which measure the primary process vaniables used 10 assure that the plant 15 in a safe
shutdown condition. This includes instruments used to measure reactor reactivity, reactor
coolant pressure, reactor coolant inventory, and Jdecay heat removal. Table 3-2 provides
examples of the primary process variables which can be measured 1o monitor these safe

shutdown functions for pressurized water reactors (PWRs).
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In addition to the instruments needed for measuring the primary process variables, any
instruments needed to gontrol the safe shutdown equipment should also be identified. For
example, if 2 modulating valve is being used to control the level of water in a tank, then the
level instrumentation for this tank should be identified as instrumentation needed by the
modulating valve. Note that the power supply for this level instrumentation should also be
identified as a supporting system for the level instrument.

Note that it is not necessary, in general, to identify instrumentation which simply indicates the
status of an item of safe shutdown eguipment. For example, it 15 not necessary 1o monitor the
current (amps) of a motor driving a pump, if the fluid level in the vessel to which the pump is
pumping is being monitored (i.e., if the essential process variable 1s being measured). Likewise

it 1s not necessary, in general, to identify valve position instrumentation.
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| Table 3-2 |
EXAMPLES OF THE PRIMARY PROCESS |

VARIABLES' WHICH CAN BE MEASURED TO MONITOR |
SAFE SHUTDOWN FUNCTIONS FOR PWRs :

- Core Neutron Flux

I
1. Reactor Reactivity Control |
:

- Position of All Control Rods, Reactor Coolant Boron
Concentration’ and Cold Leg Temperature |

Reactor Coolant Pressure Control

2

Reactor Coolant Pressure

Subcooling Margin or Reactor Coolant Cold Leg Temperature )
Pressurizer Level’
3. ‘ v ontr
Pressurizer Level
Reactor Vessel Water Level®
4. Decay Heat Removal
- Reactor Coolant Pressure

- Reactor Coolant Hot Leg or Core Exit Temperature

R R N R W NN T ST SRR AR S

Reactor Coolant Cold Leg Temperature

See notes on next page.
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NOTES:

Table 3-2 (continued)

EXAMPLES OF THE PRIMARY PROCESS
VARIABLES' WHICH CAN BE MEASURED TO MONITOR
SAFE SHUTDOWN FUNCTIONS FOR PWRs

Note that additional process variabies may also be needed to control some of the safe
shutdown equipment. For example, a tank level measurement might be needed to
control the operation of valves which should be opened or closed to permit the use of
another tank.

It may be possible to eliminate boron concentration measurements on a plant-specific
basis if it can be shown that planned actions during the 72-hour safe shutdown period
will not result in unacceptable boron dilution in the reactor coolant system.

Pressunzer level should be measured for the pressure control function if pressurizer
heaters are used to control pressure so that the heaters remain covered.

The need to measure reactor vessel level, in addition io pressurizer level, should be

considered 1f the reactor coolant level drops below the lowest pressurizer level
instrument reading during a potential overcooling transient.
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3.3.9 Non-Safety-Grade Equipment

It is permissible to identify non-safety-grade equipment for accomplishing safe shutdown
functions; however, the operation of this equipment should be included in the plant operating
procedures used to shut down the plant.

3.3.10 Tanks and Heat Exchangers

Tanks and heat exchangers which are needed by or connected to the safe shutdown systems
should also be identified for seismic evaluation. Even though tanks and heat exchangers are
passive equipment, they are included within the scope of equipment which should be evaluated

for seismic adequacy in Section 7.

There are two types of seismic concerns regarding tanks and heat exchangers. The first is
maintaning its structural integrity so that the fluid contained therein can be used by a safe
shutdown system. The second concern is ensuring that these large, heavy items of equipment
stay n place during an SSE so that attached lines do not rupture from large displacements of the
tank or heat exchanger. To protect against this second concern, it may be necessary to evaluate
the seismic adequacy of certain tanks or heat exchangers even if they are outside the pressure
boundary of the safe shutdown system if a boundary isolation valve is located relatively close to
the tank or heat exchanger.

At the option of the utility; large, flat-bottom, metal, Borated Water Storage Tanks (BWSTs) in
PWRs may be added 10 the SSEL, even if they are not needed by or closely connected to any
safe shutdown systems. Use of the guidelines in Section 7 for evaluation of large, flat-bottom,
metal BWSTs and any other large, flat-bottom, metal storage tanks needed for safe shutdown, is
considered an acceptable method for resolving Unresolved Safety Issue (USI) A-40, Seismic

Design Cniteria, as it applies to operating plants.

3.3.11  Cable and Conduit Raceways

Not Uscd.
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34 SAFE SHUTDOWN FUNCTIONS

To achieve and maintain safe shutdown conditions during and following a safe shutdown
earthquake, the following four safe shutdown functions should be accomplished:

Reactor Reactivity Control
Reactor Coolant Pressure Control
Reactor Coolant Inventory Control
Decay Heat Removal

These functions focus on controlling the nuclear, thermal, and hydraulic performance of the
reactor and the reactor coolant system. To monitor that these safe shutdown functions are being

accomp'ished, certain process vanables should be measured.

These safe shutdown functions are described below along with examples of the process vanables
which should be considered for measurement to assure that these functions are being

accomplished.

3.4.1 Reactor Reactivity Control Function

The reactivity control function is accomplished by insertion of negative reactivity shortly after
obtaining the signal to shutdown. Additional negative reactivity is also needed 1o compensate for
the combined effects of Xenon-135 decay and reactor coolant temperature decreases. A process
variable which may be measured to monitor reactivity is core neutron flux. An alternative to
measuring core reactivity directly is to measure other parameters which can be used to show that
the core remains subcritical. For PWRs, measurements could be made of the position of all the
control rods, the temperature of the reactor coolant cold leg, and the boron concentration in the
reactor coolant system; fully inserted rods with sufficient boron concentration in the reactor
coolant, for a given temperature, will result in the reactor remaining subcritical. Note that it
may be possible 1o eliminate boron concentration measurements on a plant-specific basis if it can
ve shown that planned acticas during the 72-hour safe shutdown period will not result in

unacceptable boron dilution in the reactor coolant system.
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3.4.2 Reactor Coolant Pressure Control Function

The pressure control function has several elements which should be accomplished to ensure that
the reactor coolant system 1s operated properly:

. The reactor coolant system pressure should not exceed a maximum pressure.

. The pressure should be maintained within the reactor coolant system pressure-
temperature limits of the plant’s Technical Specifications 10 prevent reactor vessel
brittle fracture.,

. For PWRs there should be sufficient subcooling margin, consistent with plant
operating procedures or plant Technical Specifications. to avoid formation of a steam
bubble within the reactor vessel and 1o promote natural circulation between the core
and the steam genecrators.

. For PWRs the differential pressure across the steam generator tubes should not exceed
the pressure-temperature limits of the plant-specific Technical Specifications 1o prevent
leaks and ruptures 1n these tubes.

if it is preferred (or required due to certain plant limitations), the plant may be brought to a cold
shutdown condition during the 72 hours following an SSE instead of staying in the hot shutdown
conditon. However, if this is done, the following additional elements should also be
accomplished:

L There shouid be a means for reducing the reactor coolant system pressure 10 the point
where the low pressure Decay Heat Removal (DH) Sysiem can be operated.

B When the reactor coolant system is connected to the low pressure DH system, the
system pressure should not exceed a maximum pressure for the low pressure DH
system.

Process variables which should be measured for monitoring the reactor coolant system pressure
include reactor coolant pressure, reactor coolant temperature (or subcooling margin for PWRs),

and pressunizer level if pressurizer heaters are used for pressure control.

3.4.3 Reactor Coolant Inventory Control Function

The reactor coolant inventory control function is necessary to assure that the reactor core
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previous section) are outlined in this section. A detailed description of these generic alternatives
is contained in Appendix A and may be used as guides for identifying the available alternative
paths in a specific nuclear power plant.

To accomplish the purpose of this procedure it is necessary to show that the primary and backup
equipment are seismically adequate for each of the four safe shutdown functions. The backup
means for accomplishing these functions can be by using a different shutdown train or by using

different equipment in the same shutdown train.

Some of the items which can be considered in selecting preferred safe shutdown alternatives are

given below:

- The systems and equipment selected for shutting down the plant following a fire could
be considered. It should be noted, however, that not all the safe shutdown equipment
identified for this procedure may be the same as the equipment identified for 10
C.F.R. 50, Appendix R, even if the same general method is selected for shutting down
the plant.

. The alternatives which rely on systems and equipment to operate in their normal mode
can be considered.

. The alternatives which are straightforward and present the least challenge to the
operators can be considered.

. The status of the seismic classification, design, and documentation for the equipment
in the plant can be an important factor in selecting the preferred safe shutdown
alternatives.

. The results of previous seismic reviews and walkdowns can be considered.

. The location (elevation) of the equipment within the plant can be considered (the lower

the elevation, the Jower the seismic excitation).

. The operating procedures (normal or emergency) and operator tramning used to achieve
and mamntan safe shutdown conditions can be considered.

In addition, the following factors may also be considered:

. The alternatives which minimize the amount of effort, expense, and radiation exposure
necessary to verify the seismic adequacy of the equipment can be considered.

3-25

R DT T — . R R R R R R N IR R T R IR ErERSramrS—————— O e — BT W e —— . —— o ey T ¥ s T e——



. The practicality/difficulty and cost of returning the plant 10 normal operation after an
SSE can be considered.

Selection ¢f the preferred safe shutdown alternatives should be done with consultativn of the
plant operators and management.

The remainder of this section summarizes the major sysiem alternatives typically available for

accomplishing each of the four safe shutdown functions.

3.5.1 Reactor Reactivity Control

The primary method of controlling reactivity in PWRs is by insertion of the control rods.
Typically liquid poison (boron) should also be injected into the reactor coolant system to
compensate for positive reactivity increases due to the combined effects of Xenon-135 decay and
reduction of the reactor coolant temperature. Borated water can be injected via High Pressure
Injection (HPI) and Low Pressure Injection (LPI) which originate from either the Makeup and
Purification (MU) System or Decay Heat Removal (DH) System, respectively.

352 , n re Cont

There are various pressure-temperature limits which should not be exceeded in the reactor

coolant system of PWRs. These include:

. Reactor coolant system pressure should remain below the design limit.

. Subcooling margin should be maintained to permit natural circulation of reactor
coolant between the core (heat source) and the steam generators (heat sink),

. Subcooling margin should also be maintained to provide sufficient net positive suction
head (NPSH) on the Decay Heat Removal (DH) System pumps during low pressure
decay heat removal.

. Reactor vessel brittle fracture limits should be avoided. This limit could be exceeded
if the reactor coolant pressure is very high for a given temperature or the temperature
is very low for a given pressure. (Figure A-3 in Appendix A illustrates this limit.)

. Steam generator tube differenual pressure limit should be avoided. This limit could be
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some of the alternatives for pressure control, e.g., adding water to the reactor coolant system

increases the system pressure while removing steam decreases the pressure.

Typical methods for increasing reactor coolant system inventory in B&W PWRs include:

. Feed via the high pressure injection (HPI) via the MU System.

® Feed via the low pressure injection (LPI) via the DH System (at low pressure only).

Typical ways in which the reactor coolant system inventory can be lost in PWRs include:

. Discharge via the reactor coolant pump seal’ leakoil.

. Discharge via the letdown paths.

. Discharge via the powe-operated relief valve (PORV).

- Discharge via the pressurizer safety relief valves (SRVs) at their set point.
. Discharge via other vents and drains.

3.5.4 Decay Heat Removal

While the reactor coolant system is at high temperature and pressure, the steam generators can
be used for removing decay heat from PWRs. Steam generator cooling can be accomplished by
establishing natural circulation of reactor coolant from the core (heat source) to the steam
genertor (heat sink). Heat can be removed from the secondary side of the steam generator by
discharging steam from the main steam atmospheric steam dump valves. The main steam safety
vaives (MSSVs) can also be used to discharge steam if the secondary side pressure is allowed 10
£0 up 1o the MSSV set point. Makeup water can be fed into the secondary side of the steam

generator via the Emergency Feedwater System.

Note that the reactor coolant pump seals may need a supply of water for cooling
(closed cooling, injection, or both) to maintain their integrity while the reactor
coolant system 1s at elevated temperature. If these services are not included in the
selected safe shutdown approach, the consequences of seal failure leakage should
also be addressed.
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If 1t is preferred (or required due to certain plant limitations) to bring the plant to a cold
shutdown condition, the Decay Heat Removal System can be used to remove heat from the
reactor coolant system after the reactor coolant system pressure and temperature are lowered into
the hot shutdown region (typically below about 200 psia and 280°F). The heat from the DH
System is transferred to the Ultimate Heat Sink via the Decay Heat Closed Cycle Cooling Water
System and the Nuclear Services and Decay Heat Seawater (RW) System.

3.6 IDENTIFICATION OF EQUIPMENT

The purpose of this subsection is to summarize the m=ihod of identifying the individual items of
equipment contained in the alternatives selected in Section 3.5 for safe shutdown. A detatled
description of this method 1s contained in Appendix A including a step-by-step procedure with a

flow diagram.

The approach used to identify the safe shutdown equipment has five major steps:

. Identification of fluid system equipment.

. Identification of supporting system equipment.

. Preparation of a safe shutdown equipment list for seismic evaluation.

. Preliminary walkdown to locate and identify equipment for seismic evaluation.

These steps are summarized below.

3.6.1 Identification of Fimd System Eguipment

The fluid system equipment for the selected safe shutdown alternatives should be identified
separately for cach of the four safe shutdown functions. This results in four separate safe
shutdown equipment lists (SSELs). This method may result in some duplication of equipment on
these separate SSELs; however, this will insure that all the equipment for all four safe shutdown
functions 15 identified.
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The four SSELs generated for the fluid system equipment may be combined into one Composite
SSEL. This Composite SSEL should contain (1) equipment which should be evaluated for
seismic adequacy, and (2) other equipment which may be needed for safe shutdown but does not
need to be reviewed for seismic adequacy.

The suggested method for identifying the fluid system equipment is to trace the path taken by the
fluid from its source to its ultimate destination. The piping and instrumentation diagrams
(P&ID’s or commonly referred to as Flow Diagrams) can be used to do this; see-through
markers or highlighters can be used to mark up the diagram to ensure that all branch lines anc
alternate paths are considered. The scope of this review should extend up to and include the
isolation valves in the main and branch lines which form the boundary of the system. The plant
configuration during normal power operation should be used. It is optional whether passive

items of equipment are histed on the SSEL.

As one traces the fluid flow path and any branch lines, the equipment in the flow should be
entered onto an SSEL. A blank form showing the format for the SSEL is shown in Exhibit A-]
in Appendix A. A completed SSEL is shown in Exhibit A-2 in Appendix A. The data 10 be

entered on this SSEL include, for each item of equipment:

. SSEL line entry number (e.g., 4001, 4002,...).

. Train number (e.g.. "1" for the pnimary train or component, "2" for the backup traia
or component, elc. ).

. Equipment class number (from Table 3-1).

. Equipment identification number (plant unigue).

B Name of the system and a description of the equipment.

. Drawing number and zone showing the location of the equipmiii on the schematic

drawing (optional).

. Equipment location in plant (building, elevation, room or row and column).

. Type of evaluation to be performed on the item of equipment, i.¢., a seiSMIC review
("S").

. Notes (optional).
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. Normal and desired operating state.

. Whether power is required to operate or control the equipment to achieve or maintain
the desired operating state.

. Reference drawing number(s) identifying the supporting system(s).

. List of required and supporting systems and components.

3.6.2 Identification of Supporting System Equipment

Most of the safe shutdown equipment will require support from some other systems to operate.
Supporting systems include electrical power, pneumatic power, hydraulic power, lubrication,
cooling, control, and instrumentation. The supporting systems for the equipment in the fluid
system are identified in the first major step described in Section 3.6.1, above. The gguipment in
each of these supporting systems should then be identified in this second major step, using an
approach similar to that described for fluid system equipment (1.e., trace the path of power,
lubrication, cooling or instrument signal from its sources to the item of safe shutdown
equipment). Marking up schematic diagrams with highlighters helps identify the path and

branches in these supporting systems.

The equipment identified in the supporting systems can be entered as separate line items on the
same SSEL as the fluid system equipment being supported or separate SSELs can be developed
for the supporting systems. The same information should be entered into the SSEL for the
equipment in the supporting systems as was entered for the fluid systems (as described in Section
3.6.1 above). These SSELs may also be combined into the Composite SSEL generated for the
fluid system equipment.

Note that some of the equipment in the supporting systems requires support from other
supporting systems. For example, pumps and valves in a fluid system may require electric
power from a diesel generator which in turn may require cooling from a cooling water system.
The process of identifying all the supporting systems and their equipment should continue until
all the supporting system equipment are listed for all the equipment on the SSELs.



3.6.3  Preparation of Safe Shutdown Equipment List (SSEL) for Seismic Evaluation

A Seismic Review SSEL should be generated from the Composite SSEL described in Sections
3.6.1 and 3.6.2 for use during the Screening Verification and Walkdown described in Section 4.
This SSEL for seismic evaluation would be a subset of the Composite SSEL and should contain
only one hine entry for each unique item of equipment: duplicate items of equipment should be
deleted.

This Seismic Review SSEL can be generated from the Composite SSEL by selecting the records
containing an "S" in the "Eval. Type" field of Exhibit A-] in Appendix A. A blank Seismic

Review SSEL is shown in Exhibit A-3 in Appendix A; a completed one is shown in Exhibit A-4.

364

A preliminary walkdown of all the eqquipment on the Seismic Review SSEL should be conducted

prior to the full seismic walkdo vn to accomplish the following objectives:

. Determine the location in the plant of each item of equipment on the SSEL.

. ldentify any other equipment needed for safe shutdow: which should be included on
the SSEL.

. Group all the components mounted within the "box™ of larger items of equipment.

The first objective (determining the equipment location) is important to minimize the walkdown
time of the Seismic Review Team (SRT) during the Screening Verification and Walkdown.
Information which should be obtained during the preliminary walkdown includes:

. Determine the actual location (building, elevation, room, row/column) of the
equipment in the plant,

. Verify the equipment identification number (tag number),

. Determine whether special tools, equipment. or procedures would be needed to inspect
the equipment (e.g., ladders, insulation removal, radiation work permits, security
keys, etc.).
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The second objective (identifying other equipment) is important since some of the equipment
needed for safe shutdown may not be explicitly shown on schematic diagrams. This type of
equipment would typically include supporting systems and eguipment not mounted on or within
the "box" of safe shutdown equipment. Examples of this type of equipment found during the
SQUG tnal plant reviews include:

. Oil reservoir tanks for the lube oil system of the service water pumps.
. Electrical control cabinets for the emergency diesel generators.
. Neutral ground resistors for emergency diesel generators.

Accomplishing the third objective (group components within the "box") is useful since schematic
diagrams typically show many items of equipment which may be mounted on or within the
"box" of a larger item of equipment. For example, schematic diagrams may show a cooling
water heat exchanger for a diesel generator. If this heat exchanger is mounted on the diesel
generator skid, then 1t is included within the "box" of the diesel generator and can be deleted
from the SSEL. Likewise, instrumentation and solenoid-operated valves mounted on a valve

needed for safe shutdown could be verified for seismic adequacy as a part of the valve assembly.

3.6.5  Preparation of Safety Shutdown Equipment List (SSEL) for Relay Evaluation

Not used.

3.6.6 Data Base Management System

A data base management system can be used to prepare the SSELs. A data base management
program was used during the SQUG trial plant reviews to:

. Consolidate the separate SSELs into a single Composite SSEL. This SSEL was then
sorted to develop a single Seismic Review SSEL.

. Sort equipment by eguipment class and location in the plant for use during the
Screening Venification and Walkdown.

. Print the headings on the Seismic Evaluation Work Sheets (SEWS) prior 1o the plant
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walkdown from the SSEL file. (The SEWS are contained in Appendix G.)

. Print out the Screening and Verification Data Sheets (SVDSs). (The SVDSs are
described in Section 4.)

Use of a computer data base management program is optional.

37 OPERATIONS DEPARTMENT REVIEW OF SSEL

The Safe Shutdown Equipment List (SSEL) generated for resolution of USI A-46 should be
reviewed for compatibility with the plant procedures for shutting down the plant. The purpose
of this section is to provide suggested methods for performing this review by the plant’s
Operations Department. Note that the individuals performing this review should be familiar with
the General Criteria and Governing Assumptions contained in Section 3.2 and the Scope of
Equipment for the USI A-46 program contained in Section 3.3,

A review of the SSEL by a representative of the plant’s Operations Department 18 required 1o
confirm compatibility with the plant normal and emergency operating procedures. The intent of
the Operations Department review of the SSEL is to verify that a trained operator, following
existing plant procedures, will eventually be directed to the use of the safe shutdown equipment
and instruments even though the operator may have first tried to shut down using equipment not
included in the USI A-46 SSEL. It is not the intent that the operator be directed to use the USI
A-46 shutdown path as his first priority or 10 change the symptom-based emergency operating
procedures.

Rather, this review is 1o ensure that the shuidown path selected for USI A-46 and included in the

SSEL 15 a legitimate safe shutdown path consistent with plant procedures and operator training.

One method of reviewing the SSEL against the plant operating procedures 1s to do a "desk top"
review of the applicable procedures. Using this method, the normal and emergency operating
procedures are reviewed by an expenienced Operations Department representative to check
whether all equipment called out in the operating procedures for the selected path are included
on the SSEL. This review should also verify that there are no paths from which an operator
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The method used by the plant's Operations Department to verify the compatibility of the SSELs
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