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Section 3 
Identification of Safe Shutdown Equipment

3.0 INTRODUCTION

The purpose of this section is to describe the overall method for identifying the mechanical and

electrical equipment needed to achieve and maintain 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 is given below.

Section 3.1 provides the SQUG commitments in regard to identification of safe shutdown

equipment.  The remaining subsections provide implementation guidance.  The general criteria

and governing assumptions to be used in identifying the equipment are defined in Section 3.2.

The scope of equipment to be identified is defined in Section 3.3; it includes mechanical and

electrical equipment which should operate to accomplish a safe shutdown function, tanks and

heat exchangers, equipment which should not inadvertently operate due to relay (contact) chatter,

and cable and conduit raceway systems supporting electrical wire for safe shutdown equipment.

For resolution of USI A-46, it is not necessary to verify the seismic adequacy of all plant

equipment defined as Seismic Category I, 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 to a safe shutdown condition need be identified to 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 alternative methods or paths which could be 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 equipment in a primary path

(or train) and backup equipment within that path (or a backup train) need be identified 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) and for boiling water reactors (BWRs).

Appendix A gives a detailed description of these alternative paths.

After identifying the preferred safe shutdown paths, the second major step is 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

diagram, and documentation forms which can be used to develop a Safe Shutdown Equipment

List (SSEL) for seismic adequacy verification and an SSEL for relay evaluation.

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.
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3.1 SQUG COMMITMENTS

Members of SQUG adopting the Generic Implementation Procedure for USI A-46 resolution

commit to the following in regard to identification of safe shutdown equipment.  [1]As specified

in GIP, Part I, Section 1.3, any substantial deviations from the SQUG Commitments must be

justified to the NRC in writing prior to implementation.  Likewise the NRC should be notified of

significant or programmatic deviations from the GIP guidance (Sections 3.2 through 3.8) but

implementation may begin without first obtaining NRC concurrence (at the licensee’s own risk).

3.1.1 Identification of Safe Shutdown Path

Relying on the Systems Engineers noted in Section 2, the licensee will identify equipment

needed to achieve and maintain a safe shutdown condition following a safe shutdown earthquake

(SSE).

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

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

• Reactor reactivity control

• Reactor coolant pressure control

• Reactor coolant inventory control

• Decay heat removal

2. After identifying the safe shutdown path, the licensee 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 the licensee will be bound by the following

conditions:
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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, and sabotage) are postulated to occur other than the SSE and loss of offsite power.

3. If achieving and maintaining safe shutdown is dependent on a single item of equipment
whose failure to 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, the licensee
will ensure that appropriate 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.

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

• Active mechanical and electrical 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, control 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 equipment.

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

• Cable and conduit raceways which support electrical cable for the selected safe
shutdown equipment.

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 items 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 assemblies, reactor internals, control rods and their drive mechanisms,
reactor coolant pumps, steam generators, pressurizer, and reactor coolant piping.
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7. The following types of equipment will be identified for use in the relay evaluation
procedure described in Section 6:

• Active, electrically powered or controlled equipment.

• Electrically powered or controlled equipment considered passive but whose
inadvertent operation due to relay chatter could adversely affect the accomplishment
of a safe shutdown function.

3.2 GENERAL CRITERIA AND GOVERNING ASSUMPTIONS

This section defines the criteria, governing assumptions, and general guidelines for identifying

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

requirements for single equipment failure.

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 a SSE.  Hot shutdown is defined by the plant’s Technical

Specifications.  [2]For pressurized water reactors (PWRs), the intent of lower the temperature and

pressure of the reactor coolant system to a hot shutdown condition within 72 hours is to bring the

plant to the point at which residual heat removal (RHR) equipment can be used.  However, it is

not necessary to bring the plant to cold shutdown conditions and therefore, RHR equipment need

not be included on the SSEL.
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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 is not necessary to include the long-term Residual Heat Removal (RHR) 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 a 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 RHR equipment to the SSEL.

It is not the intent of the USI A-46 program to require plants to cool down faster than their

original design capability [3]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
[3]the licensee should 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 also 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 intact while offsite power is not available for a minimum of 72 hours following a

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

3.2.5 No Other Accidents

No concurrent or sequential potential events are postulated to 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
[4]tornadoes, lightning, sabotage, etc., are postulated to occur.
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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 series may be used

to isolate a line and two motor-operated valves in parallel may be used to 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 to consider rupture or leakage of fluid from the valve as a failure

mode.

If an item of equipment is taken out of service for maintenance, then that item of equipment is

considered the single equipment failure for the purposes of this procedure.

Manual operation of an item of equipment which is normally power-operated is considered an

acceptable means of providing backup operation provided sufficient manpower, time, and

procedures are available.  For example, the primary mode of closing or opening a valve may be

by its motor operator while the backup or redundant means of closure or opening may be manual

operation of this same valve or a manual valve in the same line.

Any common systems which are used by more than one unit at a reactor plant site should be

redundant only within that common system, not on a per unit basis, provided each redundant

path in the common system has the capacity to simultaneously support all the units to which it is

common.
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When evaluating the equipment selected for a single active failure, any equipment not included

on the Safe Shutdown Equipment List (SSEL) should be assumed to be not available for plant

shutdown.

3.2.7 Operator Action Permitted

Timely operator action is permitted as a means of achieving and maintaining a safe shutdown

condition provided procedures are available and the operators are trained in their use.  Operator

actions associated with resetting of essential relays [4]are discussed in the EPRI report on Relay

Seismic Functionality (Reference 8, Section 3).

3.2.8 Procedures

Procedures should be in place for operating the equipment selected for safe shutdown and

operators should be trained in their use.  It is not necessary to develop new procedures

specifically for compliance with the USI A-46 program.  Existing plant procedures can be used.

If a SSE occurs, it is not necessary to use only the safe shutdown equipment identified for the

USI A-46 program.  The operator may attempt shutdown using other available systems and

equipment provided these other means of shutting down do not prevent later use of the safe

shutdown method identified for the USI A-46 program.

The plant procedures for shutting down should be reviewed by the Operations Department of the

plant to verify that the procedures are compatible with the identified method of safe shutdown

and that they do not preclude the use of the safe shutdown equipment if some other method of

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
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procedures would be used for any deliberate, planned shutdown; EOPs would be used for a plant

trip or emergency shutdown.

[5]Appropriate changes to operator training should be made if licensees find that changes to the

plant operating procedures are necessary to achieve compatibility with the SSEL.  Training will

be modified only to the extent needed to familiarize operators with these procedure changes.

3.3 SCOPE OF EQUIPMENT

The purpose of this subsection is to define 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-l define the major types of mechanical and

electrical equipment which are included within the scope of USI 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 #l through #20, along with the sub-categories of equipment listed under these

20 major equipment class names, are the specific types of equipment for which earthquake

experience data or generic seismic testing data are available.  Appendix B provides a summary

description of the equipment included in the earthquake experience equipment classes and the

generic seismic testing equipment classes.  References 4, 5, and 6 provide additional details on

the type of equipment included in these equipment classes.

The following symbols are used after each sub-category name in Table 3-l to note which

equipment classes contain data for each sub-category of equipment:

(EE) - Earthquake Experience data.

(GERS) - Generic Equipment Ruggedness Spectra testing data.
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Equipment Class #21 is for tanks and heat exchangers, and Equipment Class #22 is for cable and

conduit raceways.  Selection of this equipment is discussed later in Sections 3.3.10 and 3.3.11,

respectively.

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 is insufficient earthquake experience data or generic seismic testing data at

this time 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, etc.  This type

of equipment should be placed in Equipment Class #0, classified as an outlier, and evaluated

using the methods described in Section 5.

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, i.e., not one of the types of equipment listed as a sub-category in Table 3-l.  For example,

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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Table 3-1.
Equipment Classes
(Including Sub-Categories for Equipment in
Earthquake Experience and
Generic Seismic Testing Equipment Classes)1

0 Other

1 Motor Control Centers

- Motor control center (EE) (GERS-MCC.9)1

- Wall- or rack-mounted motor controllers (EE)

2 Low Voltage Switchgear

- Low voltage draw-out switchgear (typically 600 Volt) (EE) (GERS-MVS/LVS.7)
- Low voltage disconnect switches (typically 600 Volt) (EE)
- Unit substations (EE)

3 Medium Voltage Switchgear

- Medium voltage draw-out switchgear (typically 4160 Volt) (EE) (GERS-MVS/LVS.7)
- Medium voltage disconnect switches (typically 4160 Volt) (EE)
- Unit substations (EE)

4 Transformers

- Liquid-filled medium/low voltage transformers (typically 4160/480 Volt) (EE)
- Dry-type medium/low voltage transformers (typically 4160/480 Volt) (EE)
- Distribution transformers (typically 480/120 Volt) (EE) (GERS-TR.4)

5 Horizontal Pumps

- Motor-driven horizontal centrifugal pumps (EE)
- Engine-driven horizontal centrifugal pumps (EE)
- Turbine-driven horizontal centrifugal pumps (EE)
- Motor-driven reciprocating pumps (EE)

6 Vertical Pumps

- Vertical single-stage centrifugal pumps (EE)
- Vertical multi-stage deep-well pumps (EE)

                                                
1 The sub-categories of equipment listed under the major equipment classes are included in one of the

following:

(EE) - Earthquake Experience equipment class described in Appendix B, based on
References 4 and 5

(GERS-XXX) - Generic Equipment Ruggedness Spectra testing equipment class described in
Appendix B, based on Reference 6, where XXX is the GERS identification
symbol.



Revision 3A

Table 3-1.  (continued)
Equipment Classes
(Including Sub-Categories for Equipment in
Earthquake Experience and
Generic Seismic Testing Equipment Classes)1

3-12

7 Fluid-Operated Valves

- Diaphragm-operated pneumatic valves (EE) (GERS-AOV.4)
- Piston-operated pneumatic valves (EE)
- Spring-operated pressure relief valves (EE)

8A Motor-Operated Valves

- Motor-operated valves (EE)
- Motor-operators (GERS-MOV.5)

8B Solenoid-Operated Valves

- Solenoid-operated valves (EE) (GERS-SV.3)

9 Fans

- Blowers (EE)
- Axial fans (EE)
- Centrifugal fans (EE)

10 Air Handlers

- Cooling coils (EE)
- Water-cooled air handlers (EE)
- Refrigerant-cooled air handlers (including enclosed chiller) (EE)
- Heaters (EE)

11 Chillers

- Water chillers (EE)
- Refrigerant chillers (EE)

12 Air Compressors

- Reciprocating-piston compressors (EE)
- Centrifugal compressors (EE)

13 Motor-Generators

- Motor-generators (EE)

14 Distribution Panels

- Distribution panelboards (120-480 Volt, AC & DC) (EE) (GERS-DSP.8)
- Distribution switchboards (120-480 Volt, AC & DC) (EE) (GERS-DSP.8)
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15 Batteries on Racks

- Lead-cadmium flat plate batteries (EE)
- Lead-cadmium flat plate batteries (EE) (GERS-BAT.4)
- PlantJ (Manchex) batteries (EE)
- Battery racks (2 tiers or less) (EE) (GERS-BAT.4)

16 Battery Chargers & Inverters

- Solid state battery chargers (EE) (GERS-BC.4)
- Solid state static inverters (EE) (GERS-INV.4)

17 Engine-Generators

- Piston engine-generators (EE)

18 Instrument on Racks

- Transmitters (Pressure, temperature, level, flow) (GERS-PT.4)
- Wall-mounted sensors/transmitters (EE)
- Rack-mounted sensors/transmitters (EE)
- Supporting racks (EE)

19 Temperature Sensors

- Thermocouples (EE)
- RTDs (EE)

20 Instrumentation and Control Panels and Cabinets

- Wall-mounted & rack-mounted instrumentation and control panels (EE)
- Wall-mounted & rack-mounted instrumentation and control cabinets (EE)
- Dual switchboard instrumentation and control cabinets (EE)
- Duplex switchboard & benchboard (walk-in) instrumentation and control boards (EE)

21 Tanks and Heat Exchangers

22 Cable and Conduit Raceways (EE)
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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.

• [6]Reactor vessel and its supports, reactor fuel assemblies, reactor internals, control rod
drive mechanisms2, and in-core instrumentation

• Reactor coolant and reactor recirculation pumps and their supports and drive motors

• [6]Steam generators and their supports and tubes

• Neutron shield tank and its supports and neutron detectors

• [6]Pressurizer and its supports and heaters

• Reactor coolant system piping and recirculation lines

Relays and other types of contactors and switches are also included within the scope of the GIP.

They have not been included as an equipment class in Table 3-l since the seismic evaluation of

these components is handled differently, as described in Section 6.

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 1 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

                                                
2 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; BWR control rod drive equipment located outside of the drywell
should be included on the Safe Shutdown Equipment List.
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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-l need be verified for seismic adequacy, i.e., if a major item of equipment is

shown to be seismically adequate using the guidelines in 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.

One exception to this “rule of the box” is relays (and other types of devices using contacts in the

control circuitry).  Even though relays are mounted on or in another larger item of safe shutdown

equipment, they should be identified and evaluated for seismic adequacy using the procedure

described in Section 6 since they may be susceptible to chatter during seismic excitation.  [7]Note

that this relay review is needed even if the item of equipment being controlled, such as a pump,

is itself seismically adequate.  The relays to be evaluated are identified by first identifying the

major items of safe shutdown equipment which could be affected if the relays malfunctioned.

Then, in Section 6, the particular relays used to control these major items of equipment are

identified and evaluated for seismic adequacy.

3.3.4 Active Equipment

Active mechanical and electrical equipment which operate or change state to accomplish a safe

shutdown function should be identified for seismic evaluation.  Electrical equipment without
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moving parts such as batteries, transformers, battery chargers, and inverters are considered active

for the purposes of this procedure and are included within the scope of USI A-46.

It is 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.  Two exceptions to

this rule are tanks and heat exchangers (covered in Section 7) and cable and conduit raceways

(covered in Section 8).  Likewise, it is not in the scope of USI A-46 to verify the seismic

adequacy of potentially active equipment which does not need to operate if it is already in the

proper state to accomplish its safe shutdown function and it fails in that desired position upon

loss of power.  For example, if a motor-operated gate valve, which isolates a drain line in the

reactor coolant system, is 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 to be an extension of the passive piping system.  The potential for

inadvertent opening of the valve due to relay chatter in its control circuit is evaluated as a part of

the Relay Functionality Review described in Section 6; therefore such equipment should be

identified for relay evaluation as described in Section 3.3.7, below.

3.3.5 Inherently Rugged Equipment

Certain types of potentially active mechanical and electrical equipment are inherently rugged and

need not be evaluated for seismic adequacy 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 this actuator and its connection to the check valve should be evaluated for
seismic adequacy

• Manually operated valves.

While it is not necessary to verify 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 is opened or closed by a plant operator (i.e., the valve is
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performing an active function), then this valve could be added to the working copy of the SSEL

for reference purposes to show what item of equipment is 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 valve), 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 (e.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 is 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

If an item of equipment could inadvertently start, stop, or change state due to relay chatter (or

other malfunction of a relay or other electrical device with contacts) and thereby prevent a safe

shutdown function from being accomplished, then it should be identified and used as an input to

the Relay Functionality Review described in Section 6.

The equipment which should be identified as subject to relay chatter includes all the active,

electrically powered, safe shutdown equipment identified for seismic evaluation (as described in

Sections 3.3.4 and 3.3.6).  In addition, some of the electrically powered equipment considered

passive, and hence, not subject to seismic evaluation, should be identified for relay evaluation.

This could include equipment which is already in the proper state to accomplish a safe shutdown

function and would fail in this state upon loss of power, but due to relay chatter, could
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inadvertently change state and thereby result in the safe shutdown function failing to be

accomplished.  The example used earlier of a closed, motor-operated gate valve which isolates a

drain line in the reactor coolant system is a case where the valve would not be identified for

seismic evaluation, but should be identified for relay evaluation.

Obviously any electrically powered equipment whose operation, or the lack thereof, does not

affect the accomplishment of any safe shutdown function, need not be identified for relay

evaluation.  For example, there may be a closed, motor-operated valve which should stay closed;

however, if there is a closed manual valve downstream of this motor-operated valve, then it does

not make any difference whether the motor-operated valve inadvertently opens or remains

closed.

3.3.8 Instrumentation

The scope of equipment which should be identified for seismic evaluation includes those

instruments which measure the primary process variables used to assure that the plant is in a safe

shutdown condition.  This includes instruments used to measure reactor reactivity, reactor

coolant pressure, reactor coolant inventory, and decay heat removal.  Tables 3-2 and 3-3 provide

examples of the primary process variables which can be measured to monitor these safe

shutdown functions for pressurized water reactors (PWRs) and boiling water reactors (BWRs)

respectively.

In addition to the instruments needed for measuring the primary process variables, any

instruments needed to control the safe shutdown equipment should also be identified.  For

example, if a 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.
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Table 3-2.
Examples of the Primary Process Variables1

Which Can Be Measured to Monitor
Safe Shutdown Functions for PWRs

1. Reactor Reactivity Control

- Core Neutron Flux

- Position of All Control Rods, Reactor Coolant Boron Concentration2

and Cold Leg Temperature

2. Reactor Coolant Pressure Control

- Reactor Coolant Pressure

- Subcooling Margin or Reactor Coolant Cold Leg Temperature

- Pressurizer Level3

3. Reactor Coolant Inventory Control

- Pressurizer Level

- Reactor Vessel Water Level4

4. Decay Heat Removal

- Reactor Coolant Pressure

- Reactor Coolant Hot Leg or Core Exit Temperature

- Reactor Coolant Cold Leg Temperature

______________

Notes:

1. Note that additional process variables 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.

2. 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.

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

4. The need to measure reactor vessel level, in addition to pressurizer level, should be considered if
the reactor coolant level drops below the lowest pressurizer level instrument reading during a
potential overcooling transient.
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Table 3-3.
Examples of the Primary Process Variables1

Which Can Be Measured to Monitor
Safe Shutdown Functions for BWRs

1. Reactor Reactivity Control

- Core Neutron Flux

- Position of All Control Rods

2. Reactor Coolant Pressure Control

- Reactor Coolant Pressure

- Reactor Coolant Temperature

3. Reactor Coolant Inventory Control

- Reactor Vessel Water Level

4. Decay Heat Removal

- Reactor Coolant Temperature

- Reactor Coolant Pressure

______________

Note:

1. Note that additional process variables 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.

Note that it is not necessary, in general, to identify instrumentation which simply indicates the

status of an item of safe shutdown equipment.  For example, it is not necessary to 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 is being measured).  Likewise

it is not necessary, in general, to identify valve position instrumentation.
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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

maintaining 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 in place during a 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, refueling water storage tanks (RWSTs) in

PWRs may be added to 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 RWSTs 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 Criteria, as it applies to operating plants.
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3.3.11 Cable and Conduit Raceways

Cable and conduit raceway systems are included in the scope of USI A-46 even though they are

passive equipment; they should be evaluated for seismic adequacy using the guidelines contained

in Section 8.

The scope of review should include all the cable and conduit raceway systems in the plant which

support electrical cable for equipment on the Safe Shutdown Equipment List (SSEL).  This

procedure does not provide details for identifying these raceway systems.  Instead it has been

found, during SQUG trial plant reviews, that performing the seismic evaluation described in

Section 8 for the whole plant may be easier than identifying which raceways support the power,

control, and instrumentation wiring for individual items of equipment.  However, if the details

are readily available for identifying which cable and conduit raceway systems in the plant carry

the cabling for safe shutdown equipment, then the scope of the review can be limited to those

raceway systems.

3.4 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

accomplished, certain process variables should be measured.
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These safe shutdown functions are described below along with examples of the process variables

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 shut down.  Additional negative reactivity is also needed to 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 BWRs, the position of each control rod could

be measured; if all the rods are fully inserted, the reactor will remain 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 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.

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 is 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 to 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 to promote natural circulation between the core and the steam
generators.
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• For PWRs the differential pressure across the steam generator tubes should not exceed the
pressure-temperature limits of the plant-specific Technical Specifications to prevent leaks
and ruptures in 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 a SSE instead of staying in the hot shutdown

condition.  However, if this is done, the following additional elements should also be

accomplished:

• There should be a means for reducing the reactor coolant system pressure to the point
where the low pressure residual heat removal system can be operated.

• When the reactor coolant system is connected to the low pressure residual heat removal
system, the system pressure should not exceed a maximum pressure for the low pressure
residual heat removal 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 pressurizer level (for PWRs) 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 remains

covered so that decay heat can be removed during and after the postulated earthquake.  Inventory

control has two elements which should be accomplished:

• Loss of reactor coolant from the reactor coolant system should be minimized.

• Sufficient makeup capacity should be available to compensate for losses due to leakage
from the reactor coolant system and for fluid shrinkage when the reactor coolant
temperature is lowered.  Note: If it is possible to lose cooling capability to the reactor
coolant pump seals, then makeup capacity and coolant supplies should be available to
compensate for possible leakage from these seals.

Process variables which should be measured for monitoring the inventory of the reactor coolant

system include water level in the reactor vessel for BWRs and water level in the pressurizer for
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PWRs.  If the water level drops below the lowest pressurizer level instrument reading in a PWR

(during a potential overcooling transient), then it may be necessary to also measure reactor vessel

level so that the operator can monitor the actual inventory of water in the reactor coolant system.

3.4.4 Decay Heat Removal Function

The decay heat removal function is accomplished by removing decay heat and stored heat from

the reactor core and reactor coolant system at a rate such that overall reactor coolant system

temperatures can be lowered to and maintained within acceptable limits.

Process variables which should be measured for monitoring the decay heat removal function

include reactor coolant temperature and pressure.  For PWRs, both the hot leg (or core exit)

temperature and the cold leg temperature should be measured during natural circulation decay

heat removal conditions to verify that natural circulation is established between the reactor core

and the steam generator.

3.5 SAFE SHUTDOWN ALTERNATIVES

Nuclear power plants typically have several paths or methods which can be used to bring a plant

to a safe shutdown condition; this is due to the redundancy and diversity designed into the plant.

Typical alternative methods for accomplishing the four safe shutdown functions (described in the

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:
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• 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 lower the seismic excitation).

• The operating procedures (normal or emergency) and operator training used to achieve and
maintain 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.

• The practicality/difficulty and cost of returning the plant to normal operation after a SSE
can be considered.

Selection of the preferred safe shutdown alternatives should be done with consultation of the

plant operators and management.

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

accomplishing each of the four safe shutdown functions.  The first four subsections below are for

pressurized water reactors (PWRs); the next four subsections are for boiling water reactors

(BWRs).
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3.5.1 Reactor Reactivity Control (PWR)

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 the chemical and

volume control system (CVCS) or the high pressure coolant injection system (HPCI).

3.5.2 Reactor Coolant Pressure Control (PWR)

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 residual heat removal (RHR) pump 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 differential pressure limit should be avoided.  This limit could be
exceeded if the reactor coolant system pressure (acting on tube ID) is not properly
balanced by the steam generator pressure (acting on the tube OD) for a given temperature.

• Peak reactor coolant system pressure should not exceed a maximum pressure for the low
pressure residual heat removal system when this system is in operation.

These limits can be avoided by increasing or decreasing the reactor coolant system pressure.

Typical methods for decreasing the pressure include:

• Discharge of steam from the pressurizer power-operated relief valve (PORV).

• Discharge of steam from the pressurizer safety relief valve (SRV) at its set pressure.
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• Collapse of the steam bubble in the pressurizer via injection of water with the pressurizer
auxiliary spray.  (Pressurizer spray driven by the pressure drop across the reactor coolant
pumps would not available if offsite power is lost.)

• Discharge via the letdown system.

• Discharge via the residual heat removal (RHR) safety relief valve while at low pressure.

Typical methods for increasing reactor coolant system pressure include:

• Feed via the chemical and volume control system (CVCS).

• Feed via the high pressure coolant injection (HPCI) system.

• Increase the saturation temperature of the reactor coolant in the pressurizer via the
pressurizer heaters.

• Feed via the low pressure coolant injection (LPCI) system while at low pressure.

3.5.3 Reactor Coolant Inventory Control (PWR)

The inventory of the reactor coolant system is controlled by feeding water into the system when

it is low and minimizing the loss of water from the various openings in the system when the

inventory is adequate.  Note that the alternatives for inventory control are directly related to

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 PWRs include:

• Feed via the chemical and volume control (CVCS) system.

• Feed via the high pressure coolant injection (HPCI) system.

• Feed via the low pressure coolant injection (LPCI) system (at low pressure only).

Typical ways in which the reactor coolant system inventory can be lost in PWRs include:
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• Discharge via the reactor coolant pump seal3 leakoff.

• Discharge via the normal and excess letdown paths.

• Discharge via the power-operated relief valve (PORV).

• Discharge via the safety relief valves (SRVs) at their set point.

• Discharge via other vents and drains.

3.5.4 Decay Heat Removal (PWR)

While the reactor coolant system is at high temperature, 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 generator (heat

sink).  Heat can be removed from the secondary side of the steam generator by discharging steam

from the main steam atmospheric steam dump valve.  The main steam safety relief valves

(SRVs) can also be used to discharge steam if the secondary side pressure is allowed to go up to

the SRV set point.  Makeup water can be fed into the secondary side of the steam generator via

the auxiliary feedwater system.

If it is preferred (or required due to certain plant limitations) to bring the plant to a cold

shutdown condition, the residual heat removal (RHR) 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 250 psia and 350°F).  The heat from the

RHR system is typically transferred to the environment via the component cooling water system

and the service water system.

3.5.5 Reactor Reactivity Control (BWR)

The method of controlling reactivity in BWRs is by insertion of the control rods.  A standby

liquid poison control system is available as a backup method for reactivity control; however, it

                                                
3 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 is 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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typically requires 1 to 2 hours to make the reactor subcritical if used by itself.  Therefore control

rod insertion is considered the only viable alternative for rapid shutdown (SCRAM) of the

reactor.

3.5.6 Reactor Coolant Pressure Control (BWR)

In BWRs, the water in the reactor coolant system remains at saturation conditions so that

pressure and temperature are mutually dependent variables.  There are only two limits which

should not be exceeded:

• Peak reactor coolant system pressure should not exceed a maximum pressure.

• Peak reactor coolant system pressure should not exceed a maximum pressure for the low
pressure residual heat removal system when this system is in operation.

The reactor coolant system pressure is typically controlled by opening and closing the safety

relief and safety valves which discharge steam to the suppression pool.  Both of these types of

valves will open automatically to provide overpressure protection when the system pressure

exceeds their set points.  The safety relief valves can also be opened manually to lower the

system pressure so that available low pressure systems can be used for reactor coolant inventory

control and decay heat removal.  Safety valves on the low pressure residual heat removal system

can also be used during low pressure decay heat removal to protect the low pressure system.

3.5.7 Reactor Coolant Inventory Control (BWR)

The water level in the reactor vessel of BWRs is maintained by controlling the flow of water to

(feed) and from (discharge) the reactor coolant system.

Typical methods for increasing reactor coolant system inventory include:

• Feed via the high pressure coolant injection (HPCI) system or the high pressure core spray
(HPCS) system.

• Feed via the reactor core isolation cooling (RCIC) system.
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• Feed via the control rod drive (CRD) hydraulic system.

• Feed via the low pressure coolant injection (LPCI) system for use at low system pressure.

• Feed via the low pressure core spray (LPCS) system for use at low system pressure.

Typical ways in which the inventory of the reactor coolant systems can be lost include:

• Discharge via the safety relief and safety valves.

• Discharge via the normal letdown paths.

• Discharge via other vents and drains.

3.5.8 Decay Heat Removal (BWR)

There are two general methods for removing decay heat from the reactor coolant system of

BWRs: bleed and feed cooling and shutdown or residual heat removal cooling.  Some early

BWRs also have an isolation condenser cooling system.  These methods are summarized below.

The bleed and feed cooling method discharges (bleeds) steam from the reactor coolant system

via the safety relief valves to the suppression pool.  Typically heat is removed from the

suppression pool to the ultimate heat sink, the environment, via the suppression pool cooling

system, the reactor building closed cooling water system (RBCCW), and the emergency service

water system (ESW).  Water is injected (fed) into the reactor coolant system using one of the

methods described earlier for increasing inventory (i.e., feed via HPCI, HPCS, RCIC, CRD

hydraulic supply, LPCI, and/or LPCS).

The shutdown cooling (SC) or residual heat removal (RHR) systems can be used for decay heat

removal after the reactor coolant system pressure has been reduced.  These systems draw water

from the reactor coolant system, cool it in heat exchangers, and pump it back into the reactor

coolant system.  The heat which is removed is sent to the environment via the RBCCW and the

ESW systems.
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Isolation condenser cooling can be used to remove decay heat from the reactor coolant system

while the system is at high pressure.  This system consists of heat exchangers (isolation

condensers) located at a higher elevation in the plant than the reactor vessel.  Steam moves up to

these heat exchangers via a steam supply line where it is condensed on the inside of the tubes in

the tube bundle of the heat exchanger, thereby giving up its heat of vaporization.  The condensate

flows back to the reactor vessel by gravity via a condensate return line.  No pumps are needed to

move the steam or condensate; the differences in fluid density, driven by gravity, cause this flow

to occur spontaneously.  The outside of the tube bundle in the heat exchanger is cooled by water

which boils off and is released as steam to the atmosphere.  Makeup water can be added to the

shell side of the heat exchanger from a dedicated makeup storage tank (using gravity feed) or

from the condensate storage tank (using pumps).  Other sources of water can also be used to

resupply the shell side of the heat exchanger (e.g., fire protection system, suppression pool, etc.).

3.6 IDENTIFICATION OF EQUIPMENT

The purpose of this subsection is to summarize the method of identifying the individual items of

equipment contained in the alternatives selected in Section 3.5 for safe shutdown.  A detailed

description of this method is 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.

• Preparation of a safe shutdown equipment list for relay evaluation.

These steps are summarized below.
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3.6.1 Identification of Fluid System Equipment

The fluid system equipment for the selected safe shutdown alternatives should be identified

separately for each 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 [4]ensure that all the equipment for all four safe

shutdown functions is identified.

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, (2) equipment which could be adversely affected by relay chatter, and (3)

other equipment which may be needed for safe shutdown but does not need to be reviewed for

seismic adequacy or relay chatter.

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&IDS) 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 and 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 (other than those for which a relay

review is needed) are listed 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-l in

Appendix A.  A completed SSEL is shown in Exhibit A-2 in Appendix A.  The data to 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 primary train or component, “2” for the backup train or
component, etc.).

• Equipment class number (from Table 3-l).
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• Equipment identification number (plant unique).

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

• Drawing number and zone showing the location of the equipment 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.e., a seismic review (“S”),
a relay review (“R”), or both (“S, R”).

• Notes (optional).

• 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 equipment 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 (i.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
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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 line 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” or an “S, R” in the “Eval. Type” field of Exhibit A-l 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.

Note that in addition to the active mechanical and electrical equipment identified in Sections

3.6.1 and 3.6.2, the Seismic Review SSEL should also include any cabinets and panels which

house essential relays, as described in Section 6.3.3, Identification of Circuits, Relays,

Consequences of Relay Malfunction.

3.6.4 Preliminary Walkdown to Locate and Identify Equipment for Seismic
Evaluation

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

prior to the full seismic walkdown to accomplish the following objectives:
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• Determine the location in the plant of each item of equipment on the SSEL.

• Identify any other equipment needed for safe shutdown 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.).

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 equipment not mounted on or within

the “box” of safe shutdown equipment.  Examples of this type of equipment found during the

SQUG trial 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 it is included within the “box” of the diesel generator and can be
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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 Safe Shutdown Equipment List (SSEL) for Relay
Evaluation

A Relay Review SSEL should be generated from the Composite SSEL described in Sections

3.6.1 and 3.6.2, for use during the Relay Functionality Review described in Section 6.  This

SSEL for relay evaluation would be a subset of the Composite SSEL and should contain only

one line entry for each unique item of equipment; duplicate items of equipment should be

deleted.

The Relay Review SSEL can be generated from the Composite SSEL by selecting the records

containing an “R” or an “S, R” in the “Eval. Type” field of Exhibit A-l in Appendix A.  A blank

relay review SSEL is shown in Exhibit A-5 in Appendix A; a completed one is shown in

Exhibit A-6.

3.6.6 Database Management System

A database management system can be used to prepare the SSELs.  A database 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 and a single Relay Review SSEL.

• Sort equipment by equipment class and location in the plant for use during the Screening
Verification and Walkdown.

• Print the headings on the Seismic Evaluation Work Sheets (SEWS) prior to the plant
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 database management program is optional.
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3.7 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 is required to

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 to change the symptom-based emergency operating

procedures.  Rather, this review is to ensure that the shutdown path selected for USI A-46 and

included in the SSEL is a legitimate safe shutdown path consistent with plant procedures and

operator training.

One method of reviewing the SSEL against the plant operating procedures is to do a “desk top”

review of the applicable procedures.  Using this method, the normal and emergency operating

procedures are reviewed by an experienced 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

could not recover with the selected set of SSEL equipment.  For those steps in the procedure

which rely upon operator training (i.e., steps which only give an overview summary of the

actions to be taken; detailed steps are omitted), the reviewer should mentally walk through the

actions an operator would take and verify that all the equipment needed is on the SSEL.
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Another method of reviewing the SSEL against the plant operating procedures is to use a

simulator.  A loss of offsite power could then be simulated.  An operator could go through this

simulated transient and be observed and/or interviewed to determine whether any problems are

encountered.

Another method of reviewing the SSEL against the plant operating procedures is to perform a

limited control room walkdown in which an operator talks and walks through a plant shutdown

following a postulated loss of offsite power.  This could include not only the actions taken by the

operator in the control room, but also operator actions taken in the plant where the equipment is

operated from a local control panel or station.

The Operations Department of the plant should decide which of these approaches or combination

of approaches would best accomplish the review of the SSEL against the plant’s operating

procedures.

3.8 DOCUMENTATION

A summary of the systems selected for shutting down the plant following a Safe Shutdown

Earthquake (SSE) and the basis for selecting those systems should be documented.  This

summary can be similar to the generic summaries contained in Appendix A for PWRs or BWRs.

The scope of the equipment included on the Safe Shutdown Equipment List (SSEL) for each of

the systems used to shut down the plant should be identified; this can be done using marked-up

schematic drawings (P&IDS, electrical one-lines, etc.).

The Safe Shutdown Equipment Lists (SSELs) should be retained along with any special

explanations for including or excluding certain items of equipment.

The method used by the plant’s Operations Department to verify the compatibility of the SSELs

with the plant operating procedures should be documented.
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Section 9 summarizes the type of documentation which should be generated and that which

should be included in the report submitted to the NRC.
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REASONS FOR CHANGES TO GIP, PART II, SECTION 3
Listed below are the specific reasons for making the changes marked with a vertical line in the

margin of this section to create GIP-3A from GIP-3, Updated 5/16/97.  The endnote numbers

listed below correspond to the bracketed numbers (e.g., [1]) located in the text of this section

where the changes are made.

                                                
1 SSER No. 2, Sec. II.4.1 – The Staff position is that the licensee must commit to both the SQUG

commitments and the use of the entire implementation guidance provided in GIP-2, unless otherwise
justified to the staff as described in GIP-2 and SSER No. 2.

The GIP has been amended in the “SQUG Commitments” sections of Part II to reiterate the requirement
contained in the GIP, Part I, Section 1.3 to (1) provide written justification to the NRC for prior
approval of any substantial deviations from the SQUG commitments and (2) notify the NRC of
significant or programmatic deviations from the GIP guidance no later than the summary report.

2 SSER No. 2, Sec. II.3.1 – The Staff clarification of the requirement that PWRs be brought to a “hot
shutdown condition” within 72 hours is that the reactor coolant system temperature and pressure should
be lowered to the point at which residual heat removal (RHR) equipment could be used, but that it is not
necessary for RHR equipment to be included on the SSEL.

The GIP has been amended in Part II, Section 3.2.3 to reflect the Staff clarification.
3 SSER No. 2, Sec. II.3.1 – The Staff recommendation is that if a plant’s original design capability or

technical specification limits will not permit the plant to achieve hot shutdown within 72 hours, the
licensee should discuss with, and obtain prior written consent from, the Staff on a case-by-case basis
before implementing the USI A-46 program.

The GIP has been amended in Part II, Section 3.2.3 to reflect the Staff recommendation.
4 Typographical error corrected.
5 SSER No. 2, Sec. II.3.2 – The Staff position is that plant operators should be trained in the use of normal

shutdown procedures or symptom-based emergency operating procedures (EOPs) which would be used
if a safe shutdown earthquake were to occur and that these procedures should be compatible with the
USI A-46 SSEL.

The GIP has been amended in Part II, Section 3.2.8 to clarify that appropriate changes to operator
training should be made if licensees find that changes to the plant operating procedures are necessary to
achieve compatibility with the SSEL.

6 SSER No. 2, Sec. II.3.4 – The Staff position is that safety relief valves mounted on NSSS equipment
should not be excluded from the scope of USI A-46 because GIP Reference 17 does not provide a basis
for such an exclusion.

The GIP has been edited in Part II, Section 3.3.2 to delete safety relief valves from the examples of
NSSS equipment that may be excluded from the scope of the USI A-46 program.



Revision 3A

3-42

7 SSER No. 2, Sec. II.3.5 – The Staff position is that any item of equipment needed for safe shutdown
should be evaluated for relay chatter, even if that item of equipment is itself seismically rugged.

The GIP has been amended in Part II, Section 3.3.3 to clarify that the review for relay chatter must be
conducted even if the equipment being controlled, such as a pump, is seismically adequate.
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