3.0 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

Because of numerous, multiple cross-references to other WAPWR modules in this
section, a 1ist of modules and their appropriate title is provided here for
convenience. The module title will be included in the text where a single
module is referenced.

WAPWR Module WAPWR Module Title

] Primary Side Safeguards System
2 Regulatory Conformance

3 Introduction and Site

4 Reactor Coolant System

5 Reactor System

) Secondary Side Safeguards System (™)
1 Structural/Equipment Design

8 Steam and Power Conversion (*)
9 I&C Electrical Power

10 Containment Systems

n Radiation Protection

12 Waste Management
13 Auxiliary Systems
14 Initial Test Program

15 ACR/Human Factors
16 PRA/Severe Accident
17 Completed Application

(*) Modules merged into one module.

This chapter identifies, describes, and discusses the principal architectural
and engineering design features of those structures, components, equipment,
and systems that are necessary to assure:

A. The integrity of the reactor coolant pressure boundary.
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B. The capability to shut down the reactor and maintain it in a safe
shutdown condition.

C. The capability to prevent or mitigate the consequences of accidents
which could result in potential offsite exposures comparable to the
guideline values of 10CFR100.

3.1 Conformance with Nuclear Regulatory Commission (NRC) General Design
Criteria(GDC)

This section discusses briefly the extent to which the design criteria for
structures, systems, and components important to safety comply with Title 10,
Code of Federal Regulations, Part 50 (10CFR50), Appendix A, "General Design
Criteria for Nuclear Power Plants". As presented in this section, each
criterion 1is first quoted and then discussed in sufficient detail to
demonstrate compliance. For some criteria, where additional information may
be required for a complete discussion, detailed evaluations of compliance with
each criterion are incorporated in more appropriate sections, but are located

by reference.
3.1.1 Overall Requirements
Criterion 1 - Quality Standards and Records

"Structures, systems, and components important to safety shall be designed,
fabricated, erected, and tested to quality standards commensurate with the
importance of the safety function to be performed. Where generally recognized
codes and standards are used, they shall be identified and evaluated to
determine their applicability, adequacy, and sufficiency and shall be
supplemented or modified, as necessary, to assure a quality product, in
keeping with the required safety function.

A quality assurance program shall be established and implemented in order to
provide adequate assurance that these structures, systems, and components will
satisfactorily perform their safety functions. Appropriate records of the
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design, fabrication, erection, and testing of structures, systems, and
components important to safety shall be maintained by or under the control of

the nuclear power unit licensee throughout the 1ife of the unit."

Discussion

The quality assurance program for the WAPWR, together with the quality
assurance, quality engineering, and quality control programs of the major
contractors and their vendors, ensure that structures, systems, and components
important to safety are designed, fabricated, erected, and tested to quality
standards commensurate with the safety functions to be performed. This is
accomplished through the use of recognized codes, standards, and design
criteria. As necessary, additional supplemental standards, design criteria,
and requirements are developed by Westinghouse and the major contractors'
engineering organizations. Appropriate reccrds associated with the engi-
neering and design, fabrication, erection, and testing which document the
¢ompliance with recognized codes, standards, and design criteria are
maintained throughout the 1ife of the units either by or under the control of
the applicant. Quality assurance is described in Chapter 17.0 of RESAR-SP/90
PDA Modules 1, 3 through 14, and in Chapter 17.0 of the integrated RESAR-SP/S0
PDA document.

The principal design criteria, design bases, codes, and standards applied to
the facility are described in Section 3.2. Additiona)l detail may be found in
the pertinent section of the document dealing with structures, systems, and
components important to safety, e.g., the containment as described in
Subsection 3.8.1 of this module.

Criterion 2 - Design Bases for Protection Against Natural Phenomena

*StructJres, systems, and components important to safety shall be designed to
withstand the effects of natural phenomena such as earthquakes, tornadoes,
hurricanes, floods, tsunami, and seiches without the loss of the capability to
perform their safety functions. The design bases for these structures,
systems, and components shall reflect: (1) appropriate consideration of the
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most severe of the natural phenomena that have been historically reported for
the site and surrounding area, with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been
accumulated, (2) appropriate combinations of the effects of normal and
accident conditions with the effects of the natural phenomena, and (3) the
importance of the safety functions to be performed."

Discussion

The structures, systems, and components important to safety are designed
either to withstand the effects of natural phenomena without loss of the
capability to perform their safety functions, or are designed such that their
response or failure will be in a safe condition. Those structures, systems,
and components vital to the shutdown capability of the reactor are designed to
withstand the maximum probable natural phenomena at the site, determined from
recorded data for the site vicinity, with appropriate margins to account for
uncertainties in historical data. Appropriate combinations of structural
loadings from normal, accident, and natural phenomena are considered in the
plant design. The design of the plant in relationship to those natural events
is addressed throughout this module. Seismic and quality group classifica-
tions, as well as other pertinent standards and information, are given in the
sections discussing individual structures and components and in Table 3.2-1.
The nature and magnitude of the natural phenomena considered in the design of
this plant are discussed in Chapter 2.0 of RESAR-SP/90 PDA Module 3,
“Introduction and Site".

Criterion 3 - Fire Protection

"Structures, systems, and components important to safety shall be designed and
located to minimize, consistent with other safety requirements, the
probability and effect of fires and explosions. Noncombustible and
heat-resistant materials shall be used wherever practical throughout the unit,
particularly in locations such as the containment and control room. Fire
detection and fighting systems of appropriate capacity and capability shall be
provided and designed to minimize the adverse effects of fires on structures,
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systems, and components important to safety. Firefighting systems shall be
designed to assure that their rupture or inadvertent operation does not
significantly impair the safety capability of these structures, systems, and
components.”

Discussion

The plant is designed to minimize the probability and effect of fires and
explosions. Noncombustible and fire-resistant materials are used in the
containment, control room, components of safety systems, and throughout the
unit wherever fire 1is a potential risk to safety-related systems. For
example, electrical cables have a fire-retardant jacketing, and fire barriers
and fire stops are utilized as described in Subsection 9.5.1 of RESAR-SP/90
PDA Module 13, "Auxiliary Systems". Equipment and facilities for fire
protection, including detection, alarm, and extinguishment, are provided to
protect both plant equipment and personnel from fire, explosion, and the
resultant release of toxic vapors. Fire protection is provided by deluge
systems (water spray), sprinklers, Halon 1301, and portable extinguishers.
Firefighting systems are designed to assure that their rupture or inadvertent
operation will not prevent systems important to safety from performing their
design functions.

The following code:, guides, and standards are used as guidelines in the
design of the fire protection system and equipment. The system and equipment
substantially conform to the applicaile portions of the following documents:

A. National Fire Protection Association (NFPA) "National Fire Codes."

B. BTP-CMEB 9.5-1, "Guidelines for Fire Protection for Nuclear Power
Plants," July 1981.

Criterion 4 - Environmental and Missile Design Bases

"Structures, systems, and components important to safety shall be designed to
accommodate the effects of and to be compatible with the environmenta)
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conditions associated with normal operation, maintenance, testing, and
postulated accidents, 1including loss-of-coolant accidents (LOCAs). These
structures, systems, and components shall be appropriately protected against
dynamic effects, including the effects of missiles, pipe whipping, and
discharging fluids, that may result from equipment failures and from events
and conditions outside the nuclear power unit."

Discussion

Structures, systems, and components important to safety are designed to
accommodate the effects of and to be compatible with the environmental
conditions associated with normal operation, maintenance, testing, and
postulated accidents, including LOCAs. Criteria are presented in Chapter 3,
and the environmental conditions are described in Section 3.11.

These structures, systems, and components are appropriately protected against
dynamic effects, including the effects of missiles, pipe whipping, and
discharging fluids, that may result from equipment failures and from events
and conditions outside the nuclear power unit. Details of the design,
environmental testing, and construction of these systems, structures, and
components are included in Chapters 3, 5, 6, 7, 9, and 10 in RESAR-SP/90 PDA
(Modules 1, 4, 6, 7, 8, 9, 10 & 13). Evaluation of the performance of the
safety features is contained in Chapter 15 of RESAR-SP/90 PDA (Modules 1, 4,
5, 6, 8, 10, 12, 13 & 18).

Criterion § - Sharing of Structures, Systems, and Components

"Structures, systems, and components important to safety shall not be shared
among nuclear power units unless it can be shown that such sharing will not
significantly impair their ability to perform their safety functions,
including, in the event of an accident in one unit, an orderly shutdown and
cooldown of the remaining unit.*®
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Discussion

The WAPWR is a single unit plant.
3.1.2 Protection by Multiple Fission Product Barriers
Criterion 10 - Reactor Design

“The reactor core and associated coolant, control, and protection systems
shall be designed with appropriate margin to assure that specified acceptable
fuel design 1imits are not exceeded during any condition of normal operation,
including the effects of anticipated operational occurrences.”

Discussion

The reactor core and associated coolant, control, and protection systems are
designed to the following criteria:

A. No fue) damage will occur during normal core operation and operational
transients (Condition 1) or any transient conditions arising from
occurrences of moderate frequency (Condition 2) beyond a smal)
fraction of clad defects for which various aspects of the plant are
designed. Fuel damage, as used here, is defined as penetration of the
fissfon product barrier, 1.e., the fuel rod clad. The small number of
¢lad defects that may occur are within the capability of the plant
cleanup system and are consistent with the plant design bases.

B. The reactor can be returned to a safe shutdown state following a
Condition 3 event with only a small fraction of the fuel rods damaged,
although sufficient fuel damage might occur to preclude the immediate
resumption of operation.

C. The core will remain intact with acceptable heat transfer geometry
following transients arising from occurrences of 1limiting faults

(Condition 4).
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The reactor trip system is designed to actuate a reactor trip whenever
necessary to ensure that the fuel design limits are not exceeded. The core
design, together with the process and decay heat removal systems, provide for
this capability under all expected conditions of normal operation with
appropriate margins for uncertainties and anticipated transient situations,
including the effects of the loss of reactor coolant flow, trip of the turbine
generator, loss of normal feedwater, and loss of bocth normal and preferred

power sources.

Chapter 4 of RESAR-3P/90 PDA Module 5, "Reactor System" discusses the design
bases and design evaluaticn ~f core components. Details of the control and
protection systems' instrumentation design and logic are discussed in Chapter
7 of RESAR-SP/90 PDA Module 9, "I&C and Electric Power". This information
supports the accident analyse¢s of Chaoter 15 of RESAR-SP/90 PDA Modules 1, 4,
5. 6, 8, 10, 12, 13 & 16, which show that the acceptable fuel design limits
are not exceeded for Condition 1 and 2 occurrences.

Criterion 11 - Reactor Inherent Protection

"The reactor core and associated cu. :nt systems shall be designed so that in
the power-operating range the net erfect of the prompt inherent nuclear
feedback characteristics tends to compensate for a rapid 1increase in
reactivity."”

Discussion

whenever the reactor is critical, prompt compensatory reactivity feedback
effects are assured by the negative fuel temperature effect (Coppler effect)
and by the ronpositive operational imit on the moacerator temperature
coefficient of reactivity. The negative Dy, nler coefficient of reactivity is
assured by the inherent design, using low enr ~hment fuel. The nonpositive
moderator temperature coefficient of reactivity is .<sured by administratively
controlling the dissolved absorber concentration <~ by using burnable
absorbers.
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Reactivity coefficients and their effects are discussed 1in Chapter 4 of
RESAR-SP/90 PDA Module 5, "Reactor System".

Criterion 12 - Suppression of Reactor Power Oscillations

“The reactor core and associated coolant, control, and protection systems
shall be designed to assure that power oscillations which can result in
conditions exceeding specified acceptable fuel design 1limits are not possible
or can be reliably and readily detected and suppressed.”

Discussion

Power oscillations of the fundamental mode are inherently eliminated by
negative Doppler and nonpositive moderator temperature coefficient of
reactivity. '

Oscillations, due to xenon spatial effects, in the radial, diametral, and
azimuthal overtone modes are heavily damped due to the inherent design and due
to the negative Doppler and nonpositive moderator temperature coefficients of
reactivity.

Oscillations, due to xenon spatial effects, may occur in the axial first
overtone mode. Assurance that fuel design limits are not exceeded by xenon
axial oscillations is provided by reactor trip functions, using the measured
axial power imbalance as an input.

If necessary to maintain axial imbalance within the 1imits of Chapter 16 of
the integrated PDA document, (i.e., imbalances which are alarmed to the
operator and are within the imbalance trip setpoints) the operator can
suppress xenon axial oscillations by control rod motions and/or temporary
power reductions.

Oscillations, due to xenon spatial effects, in axial modes higher than the
first overtone are heavily dumped due to the inherent design and due to the
negative Doppler coefficient of reactivity.
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The stability of the core against xenon-induced power oscillations and the
functional requirements of instrumentation for monitoring and measuring core
power distribution are discussed in Chapter 4 of RESAR-SP/90 PDA Module 5,
"Reactor System". Details of the instrumentation design and logic are
discussed in Chapter 7 of RESAR-SP/90 PDA Module 9, “I&C and Electrical Power".

Criterion 13 - Instrumentation and Control

*Instrumentation shall be provided to monitor variables and systems over their
anticipated ranges for normal operation, for anticipated operational
occurrences, and for accident conditions as appropriate to assure adequate
safety, including those variables and systems that can affect the fission
process, the integrity of the reactor core, the reactor coolant pressure
boundary, and the containment and jts associated systems. Appropriate
controls shall be provided to maintain these variables and systems within
prescribed operating ranges."

Discussion

Instrumentation and controls are provided to monitor and control neutron flux,
control rod position, fluid temperatures, pressures, flows, and levels, as
necessary, to assure that adequate plant safety can be maintained. Instrumen-
"~ tation is provided in the reactor coolant system, steam and power conversion
system, containment, engineered safety systems, radioactive waste management
systems, and other auxiliary systems. parameters that must be provided for
operator use under normal operating and accident conditions are indicated in
the control room in proximity to the controls for maintaining the indicated
parameters in their proper r~anges.

The quantity and types of process instrumentation provided ensure safe and
orderly operatiun of all systems over the full design range of the plant.
These systems are described in Chapters 6, 7, 8, 9, 10, 11 and 12 of RESAR-
SP/90 PDA Modules 1, 6, 8, 9, 10, 11, 12 and 13.
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Criterion 14 - Reactor Coolant Pressure Boundary

"The reactor coolant pressure boundary shall be designed, fabricated, erected,
and tested so as to have an extremely low probability of abnormal leakage, of
rapidly propagating failure, and of gross rupture.”

Discussion

The reactor coolant pressure boundary (RCPB) is designed to accommodate the
system pressures and temperatures attained under the expected modes of plant
operation, including anticipated transients, with stresses within applicable
limits. Consideration is given to loadings under normal operating conditions
and to abnormal loadings, such as pipe rupture and seismic loadings, as
discussed in Chapter 3. The piping is protected from overpressure by means of
pressure-relieving devices, as required by American Society of Mechanica)
Engineers (ASME), Section III.

Reactor coolant pressure boundary materials and fabrication technigues are
such that there is a low probability of gross rupture or significant leakage.
(Refer to Criterion 31 for further discussion of reactor coolant pressure

boundary.)

Coolant chemistry is controlled to protect the materials of construction of
the RCPB from corrosion.

The RCPB welds are accessible for inservice inspections (ISI) to assess the
structural and leaktight integrity. The details of the IS1 program are given
in the integrated RESAR-SP/90 PDA document. For the reactor vessel, a
material surveillance program conforming to applicable codes is provided.
Chapter 5 of RESAR-SP/90 PDA Module 4, "Reactor Coolant System" has additional
details.

Instrumentation 1s provided to detect significant leakage from the RCPB with
indication in the control room, as di:cussed in Chapter 5 of RESAR-SP/90 PDA
Module 4, "Reactor Coolant System".
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Criterfon 15 - Reactor Coolant System Design

"The reactor coolant system and associated auxiliary, control, and protection
systems shall be designed with sufficient marg'n to assure that the design
conditions of the reactor coolant pressure boundary are not exceeded during
norma)l operation, including anticipated operational occurrences.”

Discussion

Steady-state and transient analyses are performed to ensure that reactor
coolant system (RCS) design conditions are not exceeded during normal
operation. Protection and control setpoints are based on these analyses.

Additionally, RCPB components have a large margin of safety through
application of proven materials and design codes, use of proven fabrication
techniques, nondestructive shop testing, and integrated hydrostatic testing of

assembled components.

The effect of radiation embrittlement is considered in reactor vessel design.
Surveillance samples monitor adherence to expected conditions throughout the
plant life.

Multiple safety and relief valves are provided for the RCS. These valves and
their setpoints meet the ASME criteria for overpressure protection. The ASME
criteria are satisfactory, based on a long history of industrial use. Chapter
5 of RESAR-SP/90 PDA Module 4, “Reactor Coolant System" discusses the RCS
design.

Criterion 16 - Containment Design

"The reactor containment and associated systems shall be provided to establish
an essentially leak-tight barrier against the uncontrolled release of
radioactivity to the environment and to assure that the containment design
conditions important to safety are not exceeded for as long as postulated
accident conditions require."
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Discussion

A spherical steel containment structure encloses the entire RCS. i SO
designed to sustain, without loss of required integrity, the effects of LOCAs
up to and including the double-ended rupture of the largest pipe in the RCS or
double-ended rupture of a steam or feedwater pipe. Engineered safety features
comprising the emergency core cooling system, containment spray system, and
the containment air coolers serve to coo)l the reactor core and return the
containment to near atmospheric pressure. The containment structure and
engineered safety systems are designed to assure the required functional
capability of containing any uncontrolied release of ,adioactivity. The
radiological shielding and the containment 1imit the uncontrolled release of
radioactivity to the environment.

Refer to RESAR-SP/90 PDA Modules 1, 4, 5, 6, 7, 8, 10, 12, 13, and 16.

Criterion 17 - Electrical Power Systems

"An onsite electric power system and an offsite electric power system shall be
provided to permit the functioning of structures, systems, and components
important to safety. The safety function for each system (assuming that the
other system is not functioning) shall be to provide sufficient capacity and
capability to assure that (1) specified acceptable fuel design limits and
design conditions of the reactor coolant pressure boundary are not exceeded as
a result of anticipated operational occurrences and (2) the core is cooled and
containment integrity and other vital functions are maintained in thu event of
postulated accidents.

“The onsite electric power supplies, including the batteries, and the onsite
electric distribution system shall have sufficient independence, redundancy,
and testability to perform their safety functions, assuming a single failure.

"tlectric power from the transmission network to the onsite electric
distribution system shall be supplied by two physically independent circuits
(not necessarily on separate rights-of-way) designed and located so as to
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minimize, to the extent practical, the 1ikelihood of their simultaneous
failure under operating and postulated accident and environmental conditions.
A switchyard common to both circuits is acceptable. Each of these circuits
shall be designed to be available in sufficient time, following the loss of
all onsite alternating current power sources and the offsite electric power
circuit, to assure that specified acceptable fuel design 1imits and design
conditions of the reactor coolant pressure boundary are not exceeded. One of
these circuits shall be designed to be available within a few seconds
following a LOCA to assure that core cooling, containment integrity, and other
vital safety functions are maintained.

“provisions shall be included to minimize the probability of losing electric
power from any of the remaining supplies as a result of, or coincident with,
the loss of power generated by the nuclear power uynit, the loss of power from
the transmission network, or the loss of power from the onsite electric power

supplies.”

Discussion

An onsite electric power system and an offsite electric power system are
provided to permit the functioning of structures, systems, and components
important to safety. As discussed in Chapter 8 of RESAR-SP/90 PDA Module 9
"I& and Electrical Power", each Class 1E electric power system is designed
with adequate independence, capacity, redundancy, and testability to ensure
the functioning of engineered safety features (ESF). Independence is provided
by physical separation and electrical isolation of components and cables.

The onsite AC power system includes a Class 1€ system and a non-Class 1E
system. Onsite AC power is supplied from the 230 kV switchyard through
reserve auxiliary transformers which feed the non-Class 1€ and Class 1'E
buses. The Class 1E AC power system is the power source used in (or
associated with) shutting down the reactor and preventing or limiting the
release of radioactive materia)l following a design basis event. The system is
divided into two independent ac power trains, train A and train B, each fed
from an independent Class 1E bus.
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fach Class 1€ bus 1s provided with two (normal and alternate) offsite
preferred power sources and a standby onsite power source. With both offsite
sources available, each Class 1t bus is supplied from a separate rescrve
auxiliary transformer.

The Class 1E AC system distributes power 1o all safety related loads. Also,
the Class 1E AC system supplies power to certain selected loads which are not
safety related but are important to the plant operation; however, these loads
are tripped when a safety injection signal is received.

The non-Class 1E AC system supplies preferred (offsite) power to the Class 1E
AC system through the reserve auxiliary transformer 4160 V windings. Each
reserve auxiliary transformer has the capacity to supply all connected
non-Class 1€ running loads and to start and run the loads of one Class 1E
train. The offsite power systems are not included in the NPB. :

A failure of a single component will not prevent the safety related systems
from performing their function. fach of the preferred circuits is designed to
be available in sufficient time, following a loss of all onsite power sources
and the other offsite electric power circuit, to assure that specified
acceptable fued design limits and design conditions of the reactor coolant
pressure boundary are not exceeded.

Emergency onsite AC power is furnished by two diesel-generators. Each diesel
generator is connected to a Class 1E bus. The engineered safety feature (ESF)
loads are divided between the Class 1E buses in balanced, redundant load
groupings. Each diesel-generator is capable of supplying sufficient power in
sufficient time for the operation of the ESF required for the unit; both
diesel-generators start automatically. If preferred power is available to the
Class 1E bus, the ESF loads will be started sequentially. However, in the
event that preferred power is lost, the load sequencing system will shed all
loads, connect each diesel-generator to its associated Class 1E bus, and
sequentially start the ESF equipment. The diesel-generators are arranged so
that a failure of a single component will not prevent the safe shutdown of the
reactor. The onsite Class 1E DC power supply consists of four independent
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battery systems. Failure of a single component in the DC power supply will
not impair function of the ESF required to maintain the reactor in a safe

condition.

Criterion 18 - Inspection and Testing of Electric Power Systems

"Electric power systems important to safety shall be designed to permit
appropriate periodic inspecticn and testing of important areas and features,
such as wiring, 1insulation, connections, and switchboards, to assess the
continuity of the systems and the condition of their components. The systems
shall be designed with a capability to test periodically (1) the operability
and functional performance of the components of the systems, such as onsite

power sources, relays, switches, and buses, and (2) the operability of the
systems as a whole and, under conditions as close to design as practical, the

- full operation sequence that brings the systems into operation, including
operation of applicable portions of the protection system, and the transfer of
power among the nuclear power unit, the offsite power system, and the onsite
power system."

Discussion

Class 1E electric power systems are designed as described below in order that
the following aspects of the system can be periodically tested:

A. The operab!lity and functional performance of the components of Class
1€ electric power systems (diese)l generators, ESF buses, DC system).

B. The operability of these electric power systems as a whole and under
conditions as close to design as practical, including the full
operational sequence that actuates these systems.

The dc system is provided with detectors to indicate and alarm when there is a
ground existing on any part of the system. ODuring plant operation, normal
maintenance may be performed.
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Provisions for the testing of Class 1E AC electric power systems, Class 1€ OC
power systems, and the standby power supplies (diesel-generators) are
described 1in Chapter 8 of RESAR-SP/90 PDA Module 9, "I&C and Electrical
Power". Inspection and testing of the offsite power systems are not included
in the NPB.

Criterion 19 - Control Room

"A control room shall be provided from which actions can be taken to operate
the nuclear power unit safely under normal conditions and to maintain it in a
safe condition under accident conditions, including LOCAs. Adcquate radiation
protection shall be provided to permit access and occupancy of the control
room under accident conditions without personnel receiving radiation exposures
in excess of 5 rem whole body, or its equivalent, to any part of the body, for
the duration of the accident."® ;

“Equipment at appropriate locations outside the control room shall be provided
(1) with a design capability for prompt hot shutdown of the reactor, including
necessary instrumentation and controls to maintain the unit in a safe condi-
tion during hot shutdown and (2) with a potential capability for subsequent
cold shutdown of the reactor through the use of suitable procedures."”

Discussion

A control room is provided from which actions can he taken to operate the
nuclear power unit safely under normal conditions and to maintain it in a safe
manner under accident conditions. Operator action outside of the control room
to mitigate the consequences of an accident is permitted. The control room
and its post-accident ventiiation systems are designed to satisfy Seismic
Category 1 requirements, as discussed in Chapter 3. Adequate shielding and
radiation protection are provided against direct gamma radiation and inhala-
tion doses resulting from a postulated release of fission products inside the
containment structure based on the assumptions contained in Regulatory Guide
1.4, The shielding and the control room standby air-conditioning system allow
access to and occupancy of the control rooms under accident conditions without
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personnel receiving radiation exposures in excess of 5 rem whole body or its
equivalent to any part of the body for the duration of the accident. (Refer
to Chapter 15 of RESAR-SP/90 PDA Modules 1, 4, S5, 6, 8, 10, 12, 13 and 16.)
Fission product removal is provided in the control room recirculation
equipment to remove iodine and particulate matter, thereby minimizing the
contrel thyroid dose which could result from the accident. The control room
habitability features are described in Chapter & of RESAR-SP/90 PDA Modules )
and 10.

In the event that the operators are forced to abandon the control room,
panel-mounted instrumentation and controls are provided on the train-related
shutdown panels to achieve and maintain the plant in the safe shutdown
condition. (See Section 7.4 of RESAR-SP/90 PDA Module 9, "I&C and Electrical

Power") .
3.1.3 Protection and Reactivity Control Systems
Criterion 20 - Protection System Functions

"The protection system shall be designed (1) to initiate automatically the
operation of appropriate systems, including the reactivity control systems, to
assure that specified .acceptable fuel design limits are not exceeded as a
result of anticipated operational occurrences and (2) to sense accident
conditions and to initiate the operation of systems and components important
to safety."

Discussion

A fully automatic protection system with appropriate redundant channels is
provided to cope with transient events where insufficient time is available
for manual corrective action. The design basis for all protection systems is
in accordan ¢ with the guidelines of Institute of Electrical and Electronic
Engineers (IEEE) Standards 279-197) and 379-1972. The reactor protection
system automatically initiates a reactor trip when any variable monitored by
the system or combination of monitored variables exceeds the normal operating
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range. Setpoints are designed to provide an envelope of safe operating

conditions with adequate margin for uncertainties to ensure that the fuel
design 1imits are not exceeded.

Reactor trip is initiated by removing power to the rod drive mechanisis of all
the rod cluster control assemblies. This causes the rods to insert by
gravity, thu. rapidly reducing the reactor power. The response and adequacy
of the protection system have been verified by 3nalysis of anticipated
transients.

The ESF actuation system automatically initiates emergency core cooling and
other safety functions by sensing accident conditions, using redundant analog
channels measuring diverse variables. Manual actuation of safety features may
be performed where ample time is available for operator action. The ESF
actuation system automatically trips the reactor on a manual or automatic
safety injection signal.

Criterion 21 - Protection System Reliability and Testability

“The protection system shall be designed for high functional re11ab111ty-and
inservice testability commensurate with the safety functions to be performed.
Redundancy and independence designed into the protection system shall be
sufficient to assure that (1) no single failure results in the loss of the
protection function and (2) removal from service of any component or channel
does not result in the loss of the required minimum redundancy unless the
acceptable reliability of operation of the protection system can be otherwise
demonstrated. The protection system shall be designed to permit periodic
testing of 1ts functioning when the reactor 1is in operation, including a
capability to test channels independently to determine failures and losses of

'rewndmcy that may have occurred."

Discussion

The protection system is designed for functional reliability and inservice
testability. The design employs redundant logic trains and measurement and
equipment diversity.
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The protection system, including the ESF test cabinet, is designed to meet
Regulatory Guide 1.22 and conform to the requirements of IEEE Standards
279-1971 and 379-1972. Functions that cannot be tested with the reactor at
power are tested during shutdown, as allowed by the regulatory guide and these
standards.

In cases where actuated equipment cannot be tested at power, the channels and
logic associated with th's equipment, up to the final actuation device, have
the capability for testing at power. Such testing discloses failures or
reductions in redundancy which may have occurred.

Removal from service of any single channel or component does not result in the
loss of minimum required redundancy. For example, a two-of-three function is
placed in the one-of-two mode when one channel 1{s removed. (Note that
distinction is made between channels and trains in this discussion. A train
may be removed from service only during testing.) Bypassed and inoperable
status indication for safety-related systems is provided in accordance with
Regulatory Guide ).47

Semiautomatic testers are built into each of the two logic trains of the
protection system. These testers have the capability of testing the system
logic very rapidly while the reactor is at power. A self-testing provision is
designed into each tester. (For a detailed description of reliability and
testability of the protection system, refer to Section 7.2 of RESAR-SP/90 PDA
Module 9, "I&C Electrical Power".

Criterion 22 - Protection System Independence

“The protection system shall be designed to assure that the effects of natural
phenomena, and of normal operating, maintenance, testing, and postulated
accigent conditions on redundant channels do not result in the loss of the
prctection function or shall be demonstrated to be acceptable on some other
defined basis. Design techniques, such as functional diversity or diversity
in component design and principles of operation, shall be used to the extent
practical to prevent loss of the protect on function."®
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Discussion

Design of the protection systems includes consideration of natural phenomena,
normal maintenance, testing, and accident conditions so that the protection
functions are always available.

Protection system components are designed, arranged, and qualified for
operation in the environment accompanying any emergency situation in which the
components are required to function.

Functional diversity has been designed into the system. The extent of this
functional diversity has been evaluated for a variety of postulated
accidents. Diverse protection functions will automatically terminate an
accident before intolerable consequences can occur.

Sufficient redundancy and 1independence are designed into the protection
systems to assure that no single failure or removal from service of any
component or channel of a system would result in loss of the protection
function. Functional diversity and consequential location diversity are
designed into the system. Automatic reactor trips are based upon neutron flux
measurements, reactor coolant loop temperature measurements, pressurizer
pressure and level measurements, and reactor coolant pump power supply
underfrequency, undervoltage measurements, and other parameters. Trips may
also be initiated manually or by a safety injection signal. See RESAR-SP/90
PDA Module 9, “I&C Electrical Power" for details.

High quality components, conservative design and applicable quality control,
inspection, calibration, and tests are utilized to guard against common-mode
fatlure. Qualification testing and analysis is performed on the variour
safety systems to demonstrate functional operation at normal and post-accident
conditions of temperature, humidity, pressure, and radiation for specified
periods, 1f required. Typical protection system equipment is subjected to
type tests under simulated seismic conditions, using conservatively large
accelerations and applicable frequencies. The test results indicate no loss
of the protection function. (Refer to Sections 3.10 and 3.11 for further

details).
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Criterion 23 - Protection System Failure Modes

“The protection system shall be designed to fail into a safe state or into a
state demonstrated to be acceptable on some other defined basis if conditions
such as disconnection of the system, loss of energy (e.g., electric power,
incstrument air) or postulated adverse environments (e.g., extreme heat or
cold, fire, pressure, steam, water, and radiation) are experienced."

Discussion

The protection system is designed with consideration of the most probable
failure modes of the components under various perturbations of the environment
and energy sources. tEach reactor trip channel is designed on the
deenergize-to-trip principle so loss of power, disconnection, open channel
faults, and the majority of the internal channel short circuit faults cause
the channel to go into its tripped mode.

Similarly, that portion of the ESF actuation system provided for actuation of
the emergency feedwater system and containment ventilation isolation is
designed to fail into a safe state, except for the final output relays. The
relays are energized to actuate, as are the pumps and motor-operated valves of
the actuated equipment.

For a more detailed description of the protection system, refer to Chapter 7
of RESAR-SP/20-PDA Module 9, "I&C Electrical Power".

Criterion 24 - Separation of Protection and Control Systems

"The protection system shall be separated from the control systems to the
extent that failure of any single control system component or channel, or
failure or remova! from service of any single protection system component or
channel which is common to the control and protection systems, leaves intact a
system satisfying all reliability, redundancy, and independence requirements
of the protection system. Interconnection of the protection and control
systems shall be limited so as to assure that safety is not significantly
impaired."
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Discussion

The protection system is separate and distinct from the control systems, as
described 1in Chapter 7 of RESAR-SP/90 PDA Module 9, "I& and Electrical
Power". Control systems are, in some cases, dependent on the protection
system in that control signals are derived from protection system measure-
ments, where applicable. These signals are transferred to the control system
by 1isolation devices which are classified as protection components. The
adequacy of the system isolation has been verified by testing under conditions
of postulated credible faults. The failure of any single control system
component or channel, or the failure or removal from service of any single
protection system component or channel which is common to the control and
protection system, leaves intact a system which satisfies the requirements of
the protection system. The removal of a train from service is allowed only
during testing of the train. Distinction between channel and train is made in
the discussions.

Criterion 25 - Protection System Requirements for Reactivity Control
Malfunctions

“The protection system shall be designed to assure that specified acceptable
fuel design 1imits are not exceeded for any single malfunction of the
reactivity control systems, such as accidental withdrawal (not ejection or
dropout) of the control rods."

Discussion

The protection system is designed to 1imit reactivity transients so that the
fuel design 1imits are not exceeded. Reactor shutdown by control rod
insertion is completely independent of the normal control functions since the
trip breakers interrupt power to the rod mechanisms regardless of existing
control signals. Thus, in the postulated accidental withdrawal of a control
rod or control rod bank (assumed to be initiated by a control malfunction),
neutron flux, temperature, pressure, level, and flow signals would be
generated independently. Any of these signals (trip demands) would operate
the breakers to trip the reactor.
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Analyses of the effects of possible malfunctions are discussed in Chapter 15
of RESAR-SP PDA Modules 1, 4, 5, &, 8, 10, 12, 13 and 16. These analyses show
that for postulated boron dilution during refueling, start-up, or manual or
automatic operation at power, the operator has ample time to determine the
cause of dilution, terminate the source of dilution, and initiate reboration
before the shutdown margin is lost. The analyses show thiat acceptable fue)
damage limits are not exceeded even in the event of a sin¢le mal’unction of
either system.

Criterion 26 - Reactivity Control System Redundancy and Capability

"Two 1independent reactivity control systems of different design principles
shall be provided. One of the systems shall use control rods, preferably
including a positive means for inserting the rods, and shall be capable of
reliably controlling reactivity changes to assure that under conditions of
normal operation, 1including anticipated operational occurrences, and with
appropriate margin for malfunctions such as stuck rods, specified acceptable
fuel design limits are not exceeded. The second reactivity control system
shall be capable of reliably controlling the rate of reactivity changes
resulting from planned, normal power changes (including xenon burnout) to
assure that the acceptable fuel design 1imits are not exceeded. One of the
systems shall be capable of holding the reactor core subcritical under cold
conditions."

Discussion

Two reactivity control systems are provided. These are rod cluster control
assemblies and gray rod assemblies (RCCAs and GRAs) and chemical shim (boric
acid). The RCCAs/GRAs are inserted into the core by the force of gravity.

During operation, the shutdown rod banks are fully withdrawn. The control rod
system automatically maintains a programmed average reactor temperature
compensating for reactivity effects associated with scheduled and transient
load changes. The shutdown rod banks, along with the control banks, are
designed to shut down the reactor with adequate margin under conditions of
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normal operation and anticipated operational occurrences, thereby ensuring
that specified fuel design limits are not exceeded. The most restrictive
period in the core 1ife is assumed in al)l analyses, and the most reactive rod
cluster is assumed to be in the fully withdrawn position.

The boron system will maintain the reactor in the cold shutdown state
independent of the position of the control rods and can compensate for xenon
burnout transients.

Details of the construction of the RCCAs/GRAs and their operation are
discussed in Chapters 3 and 4 of RESAR-SP/90 PDA Module 5, "Reactor Systems".
The means of controlling the boric acid concentration is described in Chapter
9 of RESAR-SP/90 PDA Module 13, "Auxiliary Systems". Performance analyses
under accident conditions are included 1in Chapter 15 of RESAR-SP/90 PDA
Modules 1, 4, 5, 6, 8, 10, 12, 13 and 16. '

Criterion 27 - Combined Reactivity Control Systems Capability

"The reactivity control systems shall be designed to have a combined
capability, in conjunction with poison addition by the emergency core cooling
system, of relifably controlling reactivity changes to assure that under
postulated accident conditions and with appropriate margin for stuck rods the
capability to cool the core is maintained."

Giscussion

The facility is provided with means of making and holding the core subcritical
under any anticipated conditions and with appropriate margin for
contingencies. These means are discussed in detail in Chapters 4 and 9 of
RESAR-SP/90 P°DA Module 5, "Reactor Systems" and Module 13, “Auxiliary
Systems", respectively. Combined use of the Control Rods/GRAs and the
chemical shim control system permits the necessary shutdown margin to be
maintained during long-term xenon decay and plant cooldown. The single
highest worth Control Rod/GRA is assumed to be stuck full out upon trip for
this determination.
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Criterion 28 - Reactivity Limits

"The reactivity control systems shall be designed with appropriate limits on
the potential amount and rate of reactivity increase to assure that the
effects of postulated reactivity accidents can neither (1) result in damage to
the reactor coolant pressure boundary greater than limited local yielding nor
(2) sufficiently disturb the core, its support structures, or other reactor
pressure vessel internals to impair significantly the capability to cool the
core. These postulated reactivity accidents shall include consideration of
rod ejection (unless prevented by positive means), rod dropout, steam line
rupture, changes in reactor coolant temperature and pressure, and cold water
addition."

Discussion

The maximum reactivity worth of the control rods and the maximum rates of
reactivity insertion employing control rods and boron removal are limited to
values that prevent any reactivity increase from rupturing the RCS boundary or
disrupting the core or vessel internals to a degree that could impair the
effectiveness of emergency core cooling.

The appropriate reactivity insertion rate for the withdrawal of control rods
and the dilution of the boric acid in the reactor coolant systems are
specified 1in the Technical Specifications. The specification 1includes
appropriate graphs that show the permissible withdrawal 1imits and overlap of
the control rod banks as a function of power. These data on reactivity
insertion rates, dilution, and withdrawal limits are also discussed in
Chapter 4 o° RESAR-SP/90 PDA Module S5, "Reactor Systems". The capability of
the chemical and volume control system to avoid an inadvertent excessive rate
of boron dilution is discussed in Chapter 9 of RESAR-SP/90 PDA Module 13,
*Auxiliary Systems". The relationship of the reactivity insertion rates to
plant safety is discussed in Chapter 15 of RESAR-SP/90 PDA Modules 1, 4, 5, 6,

8, 10, 12, 13, and 16.
Core cooling capability following accidents, such as rod ejection, steam line
break, etc., is assured by keeping the reactor coclant pressure boundary
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stresses within faulted condition 1limits, as specified by applicable ASME
codes. Structural deformations are also checked and limited to values that do
not jeopardize the operaticn of neeled safety features.

Criterion 29 - Protection Against Anticipated Operational Occurrences

“The protection and reactivity control systems shall be designed to assure an
extremely high probability of accomplishing their safety functions in the
event of anticipated operational occurrences."”

Discussion

The protection and reactivity control systems have an extremely high
probability of performing their required safety functions in any anticipated
operational occurrences. Diversity and redundancy, coupled with a quality
assurance program and analyses, support this probability as does operating
experience in plants using the same basic design. Failure modes of system
components are designed to be safe medes. Loss of power to the protection
system results in a reactor trip. Details of system design are covered in
Chapters 4 and 7 of RESAR-SP/90 PDA Module 5, "Reactor Systems" and Module 9,
"Auxiliary Systems", respectively.

3.1.4 Fluid Systems

Criterion 30 - Quality of Reactor Coolant Pressure Boundary

“Components which are part of the reactor coolant pressure boundary shall be
designed, fabricated, erected, and tested to the highest quality standards
practical. Means shall be provided for detecting and, to the extent
practical, identifying the location of the source of reactor coolant leakage."

Discussion

A1l RCS components are designed, fabricated, inspected, and tested in
conformance with the ASME Boiler and Pressure Vessel Code, Section III.

WAPWR-S/E 3.1-27 DECEMBER, 1984
2043e:1d



A11 balance of plant components are classified according to Regulatory Guide
1.26, and all nuclear steam supply system (NSSS) compgonents are classified
according to ANS-51.1, 1983 (which is an acceptable alternative to Regulatory
Guide 1.26) and 2re accorded all the quality measures appropriate to these
classifications. The design bases and evaluations of the RCS are discussed in
Chapter 5 of RESAR-SP/90 PDA Module 4, "Reactor Coolant System".

A number of methods are available for detecting reactor coolant leakage. The
reactor vessel closure joint is provided with a temperature monitored leakoff
between double gaskets. Leakage inside the reactor containment is drained to
the containment building and reactor cavity sumps, where the level is
monitored. Leakage is also detected by measuring the airborne activity and
humidity of the containment. Monitoring the inventory of reactor coolant in
the system at the pressurizer, volume control tank, and reactor coolant drain
tank provides an accurate 1indication of integrated Ileakage. Refer to
Chapter 5 of RESAR-SP/90 PDA Module 4, "Reactor Coolant System" for complete
description of the RCPB leakage detection system. :

Criterion 31 - Fracture Prevention of Reactor Coolant Pressure Boundary

“The reactor coolant pressure boundary shall be designed with sufficient
margin to assure that when stressed under operating, maintenance, testing, and
postulated accident conditions (1) the boundary behaves in a nonbrittle manner
and (2) the probability of rapidly propagating fracture is minimized. The
design shall reflect consideration of service temperatures and other
conditions of the boundary material under operating, maintenance, testing, and
postulsied accident conditions and the wuncertzinties 1in determining
(1) material properties, (2) the effects of 1irradiation on material
properties, (3) residual, steady state, and transient stresses, and (4) size
of flaws."

Discussion

Close control is maintained over material selection and fabrication for the
RCS to assure that the boundary behaves in a nonbrittle manner. The RCS
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materials which are exposed to the coolant are corrosion-resistant stainless
steel or Inconel,. The nil ductility transition reference temperature
(RTNDT) of the reactor vessel structural steel is established by Charpy
V-notch and drop weight tests in accordance with 10CFR50, Appendix G,
"Fracture Toughness Requirements".

The reactor vessel specification imposes the following requirements which are
not specified by the ASME code.

The performance of a 100-percent volumetric ultrasonic shear wave test
of reactor vessel plate and a post-hydrotest ultrasonic map of all
welds in the pressure vessel are required. (ladding bond ultrasonic
inspection to more restrictive requirements than those specified in

the code 1s also required to preclude interpretation problems during

inservice inspection.

In the surveillance programs, the evaluation of the radiation damage
is based o1 preirradiation testing of Charpy V-notch and tensile
specimens and postirradiation testing of Charpy V-notch, tensile, and
172 T compact tension specimens. These programs are directed toward
evaluation of the effect of radiation on the fracture toughness of
reactor vessel steels based on the reference transition temperature
approach and the fracture mechanics approach, and are in accordance
with American Society of Testing Materials (ASTM) E-185, Standard
Recommended Practice for Surveillance Tests for Nuclear Reactor
Vessels, and the requirements of 10CFRS0, Appendix M, "Reactor Vessel
Material Surveillance Program Requirements"”.

Reactor vessel core region material chemistry (copper, phosphorous,
and vanadium) is controlled to reduce sensitivity to embrittiement due
to irradiation over the 1ife of the plant.

The fabrication and quality control techniques used in the fabrication of the
RCS are equivalent to those used for the reactor vessel. The inspections of
reactor vessel, pressurizer, piping, pumps, and steam generators are governed
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by ASME code requirements. (Refer to Chapter 5 of RESAR-SP/90 PDA Module 4,
"Reactor Coolant System" for details).

Allowable pressure-temperature relationships for plant heatup and cooldown
rates are calculated, using methods derived from the ASME Code, Section III,
Appendix G, "Protection Against Non-Ductile Failure". The approach specifies
that the allowable stress 1intensity factors for all vessel operating
conditions do not exceed the reference stress intensity factor (KIR) for the
metal temperature at any time. Operating specifications include conservative
margins for predicted changes in the material reference temperatures (RT, )

NDT
due to irradiation.

Criterion 32 - Inspection of Reactor Coolant Pressure Boundary

“Components which are part of the reactor coolant pressure boundary shall be
designed to permit (1) periodic inspection and testing of important areas and
features to assess their structural and leak-tight integrity and (2) an
appropriate ma.erial surveillance program for the reactor pressure vessel."

Discussion

The design of the RCPB_provides accessibility to the entire internal surfaces
of the reactor vessel and most external zones of the vessel, including the
nozzle to reactor coolant piping welds, the top and bottom heads, and external
surfaces of the reactor coolant piping, except for the area of pipe within the
primary shielding concrete. The inspection capability complements the leakage
detection systems in assessing the pressure boundary components' integrity.
The RCPB will be periodically inspected under the provisions of the ASME Code,
Section XI.

Monitoring of changes in the fracture toughness properties of the reactor
vessel core region plates, forgings, weldments, and associated heat-treated
zones is performed in accordance with 1OCFR50, Appendix H. Samples of reactor
vessel plate materials are retained and catalogued in case future engineering
development shows the need for further testing.
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The material properties surveillance program includes conventional tensile and
impact tests, and fracture mechanics specimens. The observed shifts in
RTNDT of the core region materials with irradiation will be used to confirm
the allowable 1imits calculated for all operational transients.

The design of the RCPB piping provides for accessibility of all welds
requiring 1inservice 1inspection under the provisions of the ASME Code,
Section XI. Removable insulation is provided at all welds requiring inservice
inspection.

Criterion 33 - Reactor Coolant Makeup

"A system to supply reactor coolant makeup for protection against smal)l breaks
in the reactor coolant pressure boundary shall be provided. The system safety
function shall be to assure that specified acceptable fuel design limits are
not exceeded as a result of reactor coclant loss due to leakage from the
reactor coolant pressure boundary and rupture of small piping or other small
components which are part of the boundary. The system shall be designed to
assure that for onsite electric power system operation (assuming offsite power
is not available) and for offsite electric power system operation (assuming
onsite power is not available) the system safety function can be accomplished
using the piping, pumps, and valves used to maintain coolant inventory during
normal reactor operation."

Discussion

The chemical and volume control system provides a means of reactor coolant
make up and adjustment of the boric acid concentration. Make up is added
automatically if the level in the volume control tank falls below a preset
level. The positive displacement charging pump is used as the normal means of
reactor coolant make up. This pump is powered from the offsite power system.
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The centrifugal charging pumps are a backup method of providing reactor
coolant make up. The centrifugal charging pumps are capable of supplying the
required make up and reactor coolant seal injection flow when power is
avallable from either onsite or offsite electric power systems. Functional
relfability is assured by provision of standby components assuring a safe
response to probable modes of failure. Detalls of system design, including
descriptions of the effects of small piping and component ruptures, are
provided in Sections 6.3 of RESAR-SP/90 PDA Module 1, "Primary Side Safeguards
System" and Section 9.3 of RESAR-SP,90 PDA Module 13, “Auxiliary Systems" and
in Chapter 15 of RESAR-SP/90 PDA Modules 1, 4, 5, 6, 8, 10, 12, 13, and 16.
Details of the electric power system are included in Chapter 8 of RESAR-SP/90
PDA Module 9, "I&C Electrica) Power".

Criterion 34 - Residual Heat Remova)

“A system to remove residual heat shall be provided. The system safety
function shall be to transfer fission product decay heat and other residual
heat from the reactor core at a rate such that specified acceptable fuel
design 1imits and the design conditions of the reactor coolant pressure
boundary are not exceeded.

"Suitable redundancy in components and features and suitable interconnections,
leak detection, and 1isolation capabilities shal) be provided to assure that
for onsite electric power system operation (assuming offsite power is not
available) and for offsite electric power system operation (assuming onsite
power 1s not available) the system safety function can be accomplished,
assuming a single failure."

Discussion

The residual heat removal (RHR) portion of the WAPWR integrated safeguards
system, in conjunction with the steam and power conversion system, 1s designed
to transfer the fission product decay heat and other residual heat from the
reactor core at a rate which keeps the fuel within acceptable limits. The RHR
system functions when temperature and pressure are below approximately 350°F
and 400 psig, respectively.
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Redundancy of the RHR system is provided by two residual heat removal pumps
(Tocated 1in separate flood-proof compartments, with means available for
draining and monitoring leakage), two heat exchangers, and associated piping,
cadling, and electric power sources. (For a more detailed description of RHR
system redundancy, refer to Subsection 5.4.7 of RESAR-SP/90 PDA Module 1,
"Primary Side Safeguards System".) The RHR system is able to operate on
efther the onsite or offsite electrical power system.

Redundancy of heat removal at temperatures above approximately 350°F is
provided by the four steam generators, atmospheric relief valves, and the
emergency feedwater system.

Details of the system design are provided in Subsection 5.4.7, Chapter 9, and
Chapter 10 of RESAR-SP/90 PDA Modules 1, 13 and, & and 8, respectively.

Criterion 35 - Emergency Core Cooling

"A system to provide abundant emergency core cooling shall be provided. The
system safety function shall be to transfer heat from the reactor core
following any loss of reactor coolant at a rate such that (1) fuel and clad
damage that could interfere with continued effective core cooling is prevented
and [2) clad metal-water reaction is 1imited to negligible amounts.

"Suitable redundancy in components and features and suitable interconnections,
leak detection, fisolation, and containment capabilities shall be provided to
assure that for onsite electric power system operation (assuming offsite power
is not available) and for offsite electric power system operation (assuming
onsite power 15 not avallable) the system safety function can be accomplished.
assuming a single failure."

Discussion
The emergency core cooling portion of the ISS has the capability to mitigate

the effects of any LOCA within the design bases. Cooling water is provided in
an emergency to transfer heat from the core at a rate sufficient to maintain
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the core in a coolable geometry and to assure that clad metal-water reaction
fs 1imited to less than ) percent. Design provisions assure performance of
the required safety functions even with a postulated single failure.

Emergency core cooling 1s provided even 1f there should be a failure of any
component in the system. A passive system of three accumulators which do not
require any external signals or source of power to operate provide the short
term cooling requirements for reactor coolant pipe system breaks. Three

independent and redundant pumping systems are provided: the charging system,
safety 1injection system. and residual heat removal system. The charging
system is a high pressure, low flow system capable of providing the required
emergency cooling for small breaks. The safety 1injection system 1s an
intermediate pressure, {intermediate flow system capable of providing the
required emergency cooling for medium-sized breaks. The charging system can
* be operated to complement the safety injection system. The RHR system is 2
low pressure, high flow system capable of providing the required emergency
cooling for large breaks. The charging system and safety injection system can
be operated to complement the RMR system. These systems are arranged so that

the single failure of any active component does not interfere with meeting the
short term cooling requirements.

The primary function of the ECCS is to deliver borated cooling water to the
reactor core in the event of a LOCA. This 1imits the fuel-clad temperature,
ensures that the core will remain intact and in place with its essential heat
transfer geometry preserved, 2nd prevents a return to criticality. This
protection is afforded for:

A. A1l pipe breaks sizes wup to and including the hypothetical
circumferential rupture of the largest pipe of a reactor coolant loop.

B. A loss of coolant associated with a rod ejection accident.
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The ECCS purtion of the WAPWR 1SS is described in Chapter & of RESAR-SP/90 PDA
Modules 1 and 10. The LOCA, including an evaluation of consequences, is
discussed in Chapter 15 of RESAR-SP/90 PDA Modules 1, 4, 5, 6, 8, 10, 12, 13,
and 16.

Criterion 36 - Inspection of Emergency Core Cooling System

“The emergency core cooling system shall be designed to permit appropriate
periodic 1inspection of important components, such as spray rings 1in the
reactor pressure vessel, water injection nozzles, and piping, to assure the
integrity and capability of the system."

Discussion

The ECCS 1s accessible for visual inspection and for nondestructive inservice
inspection to satisfy the ASME Code, Section XI. Components outside the
containment are accessible for leaktightness inspection during operation of
the reactor.

Criterion 37 - Testing of Emergency Core Cooling System

"The emergency core cooling system shall be designed to permit appropriate
periodic pressure and functional testing to assure (1) the structural and
leak-tight integrity of its components, (2) the operability and performance of
the active components of the system, and (3) the operability of the system as
a whole and under conditions as close to design as prartical, the performance
of the full operational sequence that brings the system 1into operation,
including operation of applicable portions of the protection system, the
transfer between normal and emergency power sources, and the operation of the
associated cooling water system."”

Discussion

The design of the ECCS permits periodic testing of both active and passive
components of the ECCS. Preoperational performance tests of the ECCS
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components are performed by the manufacturer. Initial system hydrostatic and
functional flow tests demonstrate structural and leaktight integrity of
components and proper functioning of the system. Thereafter, periodic tests
demonstrate that components are functioning properly.

tach active component of the ECCS can be individually operated on the norma)
power source or transferred to standby power sources at any time during norma)
plant operation to demonstrate operability. The centrifugal charging pumps
are not normally operating but, as part of the charging system, they are
available for operation as necessary during plant operation. The test of the
safety injection pump: employs the minimum flow recirculation test line which
connects back to the refueling water storage tank. Remote-operated velves are
exercised and actuation circuits tested. The automatic actuation circuitry,
valves, and pump breakers can he checked during integrated system tests
performed during a planned cooldown of the RCS.

Design provisions include special instrumentation, testing, and sampling lines
to perform the tests during plant shutdown to demonstrate proper automatic

'operation of the ECCS. A test signal is applied to initiate automatic action,

and verification is made that the safety injection pumps attain required
discharge heads. The test demonstrates the operation of the valves, pump
circuit breakers, and automatic circuitry. In addition, the periodic
recirculation to the refueling water storage tank verifies the ECCS delivery
capability. This recirculation test includes all but the last valve, which
connects to the reactor coolant piping.

The design provides for capability to test inftially, to the extent practical,
the full operational sequence up to thc design conditions, including transfer
to alternate power sources for the ECCS to demonstrate the state of readiness
and capability of the system. This functional test is performed with the
water level below the safety injection signal setpoint in the pressurizer and
with the RCS initially cold and depressurized. The ECCS valving s set
initially to simulate the system alignment for plant power operation.
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Detalls of the ECCS are found in Chapter 6 of RESAR-SP/90 PDA Modules 1 and
10. Performance under accident conditions 1s evaluated in Chapter 15 of
RESAR-SP/90 PDA Modules 1, 4, 5, 6, 8, 10, 12, 13, and 16. Surveillance
requirements are identified in the Technical Specifications.

Criterion 38 - Containment Heat Removal System

“A system to remove heat from the reactor containment shall be provided. The
system safety function shall be to reduce rapidly, consistent with the
functioning of other assocfated systems, the containment pressure and
temperature following any LOCA and maintain them at acceptably low levels.

"Suitable redundancy in components and features and suitable interconnections,
leak detection, 1solation, and containment capabilities shall be provided to
assure that for onsite electrical power system operation (assuming offsite
power 1s not available) and for offsite electrica) power system operation
(assuming onsite power 15 not available) the system safety function can be
accomplished, assuming a single fatlure."

Discussion

The containment spray and containment fan cooler systems, in conjunction with
the ECCS, are capable of removing sufficient energy and subsequent decay
energy from the containment following the hypothesized LOCA to maintain the
containment pressure below the containment design pressure. During the
post-accident injection phase, water for the containment spray system and ECCS
is drawn from the refueling water storage tank. Ouring the later recircula-
tion phase, spray water and ECCS water are pumped from the containment sumps.

Each of the containment spray and containment fan cooler systems consists of
two independent subsystems supplied from separate Class 1E power buses. No
single fatlure, including loss of onsite or offsite electrical power, can
cause loss of more than half of the installed 200-percent cooling capacity.
The containment spray system and containment fan coolers are discussed in
Chapter & of RESAR-SP/90 PDA Modules 1 and 10. Electrical facilities are
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described ir Chapter 8 of RESAR-SP/90 PDA Module 9, "I&C Electrical Power". A
containment pressure and temperature analysis following a LOCA is given in
Chapter & of RESAR-SP/90 PDA Modules 1 and 10, with additional results found
in Chapter 15 of RESAR-SP/90 PDA Modules 1, 4, 5, 6, 8, 10, 12, 13, and 6.

Criterion 39 - Inspection of Containment Heat Removal System

“The containment heat removal system shal) be designed to permit appropriate
periodic inspection of important components, such as the torus, sumps, spray
nozzles and piping, to assure the integrity and capability of the system.”

Discussion

The essential equipment of the containment spray system (CSS) is outside the
containment, except for risers, distribution header piping, spray nozzles, and
the containment sumps. The containment sumps, spray piping, and nozzles can
be inspected during shutdown. Portions of the containment spray suction
piping and the RHR suc*tion piping from the containment recirculation sumps are
not accessible for fin.pection. Associated equipment outside the containment
can be visually inspected.

The containment air coolers and associated cooling water system piping inside
the containment can be inspected during shutdowns.

These periodic inspections assure that the capability of these heat removal
systems as specified in the Technical Specifications 1s met.

For details on the containment air coolers and containment spray system, see
Chapter & of RESAR-SP/90 PDA Modules 1 and 10.

Criterion 40 - Testing of Containment Meat Removal System
"The containment heat removal system shall be designed to permit appropriate

periodic pressure and functional testing to assure (1) the structural and
Teak-tight integrity of its components, (2) the operabi)lity and performance of
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the active components of the system, and (3) the operability of the system as
a whole, and, under conditions as close to the design as practical, the
performance of the full operational sequence that brings the system into
operation, including operation of applicable portions of the protection
system, the transfer between normal and emergency power sources, and the
operation of the associated cooling water system "

Discussion

The containment spray system and the containment fan cooling system are
designed to permit periodic testing to assure the structural and leaktight
integrity of their components and to assure the operability and performance‘of
the active components of the systems. A1l active components of the CSS and
delivery piping up to the last powered valve before the spray nozzle have the
capability to be tested during reactor power cperation. In addition, when the
unit is shut down, smoke or air can be blown through the tazst connections for
visual verification of the flow path. A1l safety related active components of
the containment fan cooling system can be tested to verify operability during
reactor power operation. In addition, since the containment fan cooling
system is a normally operating system, the performance and operability of
portions of the system are continuously verified during normal reactor power
operation. The facility design allows, under conditions as close to the
design as practicable, the performance of a full operational sequence that
brings these systems into operation. More complete discussions of the testing
of these systems are in Chapters 6 of RESAR-SP/90 PDA Modules 1 and 10, and
the Technical Specifications.

Criterion 41 - Containment Atmosphere Cleanup

"Systems to control fission products, hydrogen, oxygen, and other substances
which may be released into the reactor containment shall be provided, as
necessary, to reduce, consistent with the functioning of other associated
systems, the concentration and quantity of fission products released to the
environment following postulated accidents and to control the concentration of
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hydrogen or oxygen and other substances in the containment atmosphere
following postulated accidents to assure that containment dintegrity is
maintained.

"€ach system shall have suitable redundancy in components and features and
suitable Interconnections, leak detection, 1solation, and containment
capabilities to assure that for onsite electric power system operation
(assuming offsite power is not available) and for offsite electric power
system operation (assuming onsite power is not available) its safety function
can be accomplished, assuming a single failure."

Discussion

The CSS serves to remove radioiodine and other airborne particulate fission
products from the containment atmosphere following a postulated LOCA. The
system consists of two {ndependent systems, each supplied from separate
electrical power buses, as described in Chapter 8 of RESAR-SP/90 PDA Module 9,
“I&C and Electrical Power". Either <ubsystem alone can provide the fission
product removal capacity for which credit is taken in Chapter 15, of
RESAR-SP/90 PDA Modules 1, 4, 5, 6, 8, 10, 12, 13, and 16, in conformance with
Regulatory Guide 1.4. 4

The generation of hydrogen in the containment under post-ac i4ent conditions
has been evaluated, using the assumptions of Regulatory Guide 1.7. (See
Chapter & of RESAR-SP/90 PDA Modules 1 and 10.) A post-accident hydrogen
recombiner system {5 provided with redundancy of vital components so that a
single failure does not prevent timely operation of the system. This system
is described in Subsection 6.2.5 of RESAR-SP/90 PDA Module 10, "Containment
Systems". The post-LOCA purge exhaust system is provided as a backup. No
single failure causes both subsystems to fail to operate.
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Criterion 42 - Inspection of Containment Atmosphere Cleanup System

“The containment atmosphere cleanup systems shall be designed to permit
appropriate periodic finspection of important components. such as filter
frames, ducts, and piping, to assure the integrity and capability of the
systems."

Discussion

The containment atmosphere cleanup systems are designed and located so that
they can be inspected periodically, as required. The essential equipment of
the CSS is outside the containment, except for risers, distribution header
piping, and spray nozzles in the containment. The hydrogen recombiners are
located inside the containment. The post LOCA purge exhaust filter unit and
the hydrogen monitors are located outside the containment. The equipment
outside the containment may be inspected during norma) power operation.
Components of the CSS, the post LOCA purge exhaust system, and the hydrogen
recombiner and monitoring system located inside the containment, can be
inspected during refueling shutdowns. (See Chapter 6 of RESAR/SP-90 PDA
Modules 1 and 10 for details on these systems.)

Criterion 43 - Testing of Containment Atmosphere Cleanup Systems

"The containment atmosphere cleanup systems shall be designed to permit
appropriate periodic pressure and functiona) testing to assure (1) the
structural and leak-tight integrity of its components, (2) the operability and
performance of the active components of the systems such as fans, filters,
dampers, pumps, and valves, and (3) the operability of the systems as a whole
and, under conditions as close to design as practical, the performance of the
full operational sequence that brings the systems into operation, including
operation of applicable portions of the protection system, the transfer
between normal and emergency power sources, and the operation of associated
systems. "
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Discussion

The CSS which serves as the containment atmosphere cleanup system can be
tested. The operation of the spray pumps can be tested by recirculation to
the refueling water storage tank through a test line. The system valves can
be operated through their full travel. The system is checxked for leaktight-
ness during testing. See Subsection 6.2.2.2 of RESAR-SP/90 PDA Modules 1 and
10, for details and Chapter 8 of RESAR-SP/90 PDA Module 9, "I&C Electrica)
Power" for electrical power details. The spray headers and nozzles can be
smoke or air tested, as described in the response to Criterion 40.

Criterion*44 - Cooling Water

A system to transfer heat from structures, systems, and components important
to safety to an ultimate heat sink shall be provided. The system safefy
function shall be to transfer the combined heat load of these structures,
systems, and components under normal operating and accident conditions.

"Suitable redundance in components and features and suitable interconnections,
leak detection, and isolation capabilities shall be provided to assure that
for onsite electric power system operation (assuming offsite power is not
available) and for offsite electric power system operation (assuming onsite
power 1is not available) the system safety function can be accomplished
assuming a single failure."

Discussion

The component cooling water (CCW) and service water (SW) systems are provided
to transfer heat from plant safety-related components to the ultimate heat
sink. These systems are designed to transfer their respective heat loads
under all anticipated normal and accident conditions. Suitable redundancy,
Teak detection, systems interconnection, and 1{solation capabilities are
incorporated in the design of these systems to assure the required safety
function, assuming a single failure, with either onsite or offsite power.
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A complete description of the CCW system is given in Chapter 9 of RESAR-SP/90
PDA Module 13, "Auxiliary Systems".

Criterion 45 - Inspection of Cooling Water System

“The cooling water system shall be designed to permit appropriate periodic
inspection of important components, such as heat exchangers and piping, to
assure the integrity and capability of the system."

Discussion

The CCW system s capable of being monitored during normal operation. The
important components are located in accessible areas. These components have
suitable manholes, handholes, inspection ports, or other appropriate design
and layout features to allow periodic inspection. The integrity of any
underground piping will be demonstrated by pressure and functional tests.
Piping to and from the containment air coolers is accessible for inspection
during reactor shutdown and refueling periods. This system is discussed in
Chapter 9 of RESAR-SP/90 PDA Module 13, “Auxiliary Systems". Inspection of
the SW system 1s not part of the NPB. The SW system 1is not part of the
Nuclear Power Block scope of supply.

Criterion 46 - Testing of Cooling Water System

"“The cooling water system shal) be designed to permit appropriate periodic
pressure and functional testing to assure (1) the structural and leak-tight
integrity of 1its components, (2) the operability and the performance of the
active components of the system, and (3) the operability of the system as a
whole and, under conditions as close to design as practical, the performance
of the full operational sequence that brings the system into operation for
reactor shutdown and for LOCA, including operation of applicable portions of
the protection system and the transfer between normal and emergency power
sources."
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Discussion

The CCW system operates continuously during normal plant operation and
shutdown under flow and pressure conditions that approximate the accident
conditions. These operations demonstrate the operability, performance, and
structural and leaktight integrity of all cooling water system components.

The cooling water system is designed to include the capability for testing
through the full operational sequence that brings the system into operation
for reactor shutdown and for LOCAs, including operation of applicable portions
of the protection system and the transfer between normal and emergency power
sources. The CCW system is capable of being tested during norma) operation by
alternating operation of the systems between the redindant trains.

For a detailed description of the cooling water systems, refer to Section 9:2
of RESAR-SP/90 PDA Module 13, “Auxiliary Systems*. Testing of the SW system
is not part of the NPE.

3.1.5 Reactor Containment
Criterion 50 - Containment Design Basis

“The reactor containment structure, including access opening, penetrations,
and the containment heat removal system, shall be designed so that the
containment structure and 1ts internal compartments can accommodate, without
exceeding the design leakage rate and with sufficient margin, the calculated
pressure and temperature conditions resulting from any LOCA. This margin
shall reflect consideration of (1) the effects of potentia) energy sources
which have not been included in the determination of the peak conditions, such
as energy in steam generators and energy from metal-water and other chemical
reactions that may result from degraded emergency core cooling functioning,
(2) the 1limited experience and experimenta) data available for defining
accident phenomena and containment responses, and (3) the conservatism of the
calculational mode) and input parameters.®
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Discussion

The design of the containment structure is based on the containment design
basis accidents which include the rupture of a reactor coolant pipe in the RCS
or the rupture of a main steam line. In either case, the pipe rupture is
assumed to be coupled with partial loss of the redundant safety feature
systems (minimum safety features). The maximum pressure and temperature
reached for a containment design basis accident are presented in Chapter & of
RESAR-SP/90 PDA Modules 1 and 10. The containment design, as discussed in
Subsection 3.8.2, provides ample margin to the design basis limits.

Criterion 51 - Fracture Prevention of Containment Pressure Boundary

“The reactor containment boundary shall be designed with sufficient margin to
assure that under operating, maintenance, testing, and postulated accioeﬂt
conditions (1) its ferritic materials behave in a nonbrittle manner and (2)
the probability of rapidly propagating fracture 4s minimized. The design
shall reflect consideration of service temperatures and other conditions of
the containment boundary material during operation, maintenance, testing, and
postulated accident conditions, and the uncertainties in determining (1)
material properties, (2) residual, steady-state, and transient stresses, and
(3) size of flaws."

Discussion

Principal load-carrying components of ferritic materials exposed to the
external environment are selected (as discussed in Subsection 3.8.2) so that
their temperatures under normal operating and testing conditions are not less
than 30°F above ni) ductility transition temperature.

Criterion 52 - Capability for Containment Leakage Rate Testing
“The reactor containment and other equipment which may be subjected to

containment test conditions shall be designed so that perfodic integrated
Teakage rate testing can be conducted at containment design pressure.”
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Discussion

The containment system is designed and constructed and the necessary equipment
is provided to permit periodic integrated leakage rate tests during plant
lifetime 1in accordance with the requirements of Appendix J of 10CFRSO.
Details concerning the conduct of periodic integrated leakage rate tests are
included in Chapter & of RESAR-SP/90 PDA Modules ) and 10.

Criterion 53 - Provisions for Containment Testing and Inspection

"The reactor containment shall be designed to permit (1) appropriate periodic
inspection of all important areas, such as penetrations, (2) an appropriate
surveillance program, and (3) periodic testing at containment design pressure
of the leak-tightness of penetrations which have resilient seals and expansion
bellows."

Discussion

Provisions exist for conducting individual leulig® rate tests on containment
penetrations Penetrations are visually inspected and pressure tested for
leaktightness at periodic intervals, Other inspections are performed as
required by Appendix J of 10CFRS0. (Refer to Chapter 6 of RESAR-SP/90 PDA
Modules 1 and 10.)

Criterion 54 - Piping Systems Penetrating Containment

"Piping systems penetrating the primary reactor containment shall be provided
with leak detection, isolation and containment capabilities having redundancy,
reliability, and performance capabilities which reflect the importance to
safety of 1isolating these piping systems. Such piping systems shall be
designed with a capability to test periodically the operability of the
fsolation valves and associated apparatus and to determine 1f valve leakage is
within acceptable Vimits. *
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Discussion

Piping systems penetrating the primary reactor containment are provided with
containment fisolation valves. Penetrations which must be closed for
containment isclation have redundant valving and associated apparatus.
Automatic isolation valves with air or motor operators, which do not restrict
normal plant operation, are perfodically tested to assure operability.
Secondary system piping inside the containment is considered an extension of
the containment boundary, as described in Subsection 6.2.4 of RESAR-SP/90 PDA
Module 10, “Containment Systems". The 4{solation valve arrangements are
discussed in Chapter 6 of RESAR-SP/90 PDA Modules 1 and 10.

Piping that penetrates the containment has been equipped with test connections
and test vents or has other provisions to allow perfodic leak rate testing to
ensure that leakage s within the acceptable 1imit as defined by the Technical
Specifications and Appendix J to 10CFRS0, as described in Chapter 6 of
RESAR-SP/90 PDA Modules 1 and 10.

The fuel transfer tube 1s not classified as a fluld system penetration. The
blind flange anu the portion of the transfer tube inside the containment are
an extension of the containment boundary. The blind flange {solates the
transfer tube at all times, except when the reactor is shutdown for
refueling. This assembly 1s a penetration in the same sense as are equipment
hatches and personnel locks.

Criterion 55 - Reactor Coolant Pressure Boundary Penetrating Containment

"Each 1ine that 1is part of the reactor coolant pressure boundary and that
penetrates the primary reactor containment shal)l be previded with containment
fsolation valves as follows, wunless 1t can be demonstrated that the
containment 1{solation provisfons for a specific class of 1ines, such as
instrument lines, are acceptable on some other defined basis:

1. One locked closed 1solation valve inside and one locked cloted
fsolation valve outside the containment; or
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One automatic isolation valve inside and one locked closed isolation
valve outside the containment; or

One locked closed isolation valve inside and onc automatic isolation
valve outside the containment. A simple check valve may not be used
as the automatic isolation valve outside containment; or

One automatic isolation valve inside and one automatic isolation valve
outside the containment. A simple check valve may not be used as the
automatic isolation valve outside the containment.

"Isolation valves outside the containment shall be located as close to the
containment as practical and, upon loss of actuating power, automatic isola-
tion valves shall be designed to take the position that provides greater
safety.

“Other appropriate requirements to minimize the probability or consequences of
an accidenta) rupture of these lines or of lines connected to them shall be
provided, as necessary, to assure adequate safety. Determination of the
appropriateness of these requirements, such as higher quality in design,
fabrication and testing, additiona) provisions for inservice {nspection,
protection against more severe natural phenomena, and additional f1solation
valves and containment, shall include consideration of the population density
and use characteristics and physical characteristics of the site environs.*

Discussion

Each 1ine that 1s a part of the reactor coolant pressure boundary and
penetrates the containment 15 provided with isolation valves meeting the
intent of this criterion, except that the reactor shutdown cooling lines (RHR
system) which are part of the RCPB and which penetrate the containment are
provided with two fYsolation valves in series, both inside the containment.
This system s a closed system outside the containment and 1s constructed to
ASME Code, Section III, Class 2 specifications and 1s considered the second
passive barrier to fission product release, as described in Chapter 6 of
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RESAR-SP/90 PDA Modules 1 and 10. The arrangement and type of valves utilized
are discussed in Chapter 6 of RESAR-SP/90 PDA Modules 1 and 10. Contzinment
penetrations are Seismic Category 1 and are protected against possible
environmental effects, including missiles.

Criterion 56 - Primary Containment Isolation

"Each Yine that connect uirectly to the containment atmosphere and penetrates
the primary reactor containment shall be provided with containment isolation
valves as follows, wunless 1t can be demonstrated that the containment
fsolatfon provisions for a specific class of 1ines, such as instrument lines,
are acceptable on some other defined basis: .

1. One locked c%osed 1isolation valve inside and one locked closed
isolation valve outside the containment; or .

2. One automatic fisolation valve inside and one locked closed isolation
valve outside the containment; or

3. One locked closed isolation valve inside and one automatic 4solation
valve outside the containment. A simple check valve may not be used
as the automatic isolation valve outside containment; or

4. One automatic isolation valve inside and one automatic isolation valve
outside the containment. A simple check valve may not be used as the
automatic 1solation valve outside the containment.

“Isolation valves outside the containment shall be located as close to the
containment as practical and, upon loss of actuating power, automatic
fsolation valves shall be designed to take the position that provides greater
safety."
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Discussion

Lines which communicate directly with the containment atmosphere and which
penetrate the reactor containment are normally provided with two isolation
valves in series, one inside and one outside the containment, in accordance
with one of the above acceptable arrangements. Several penetrations use
alternative arrangements which satisfy containment isolation on some other
defined bases. Special cases are described in Chapter 6 of RESAR-SP/90 PDA
Modules 1 and 10.

Valving arrangements are combinations of locked-shut isolation valves and
automatic fsolation valves or remote-manual isolation valves. No simple check
valves are utilized as automatic isolation valves outside the containment.
Where necessary, provision for leak detection is provided for lines outside
the containment. ;

Instrument lines satisfy other acceptable criteria. as described in Chapter 6
of RESAR-SP/90 PDA Modules 1 and 10.

Criterion 57 -~ Closed System Isolation Valves

"Each 1ine that penetrates the primary reactor containment and s neither part
of the reactor coolant pressure boundary (RCPB) nor connected directly to the
containment atmosphere shall have at least one containment isolation valve
which shall be either automatic, locked closed, or capable of remote manua)
operation. This valve shall be outside the containment and located as close
to the containment as practical. A simple check valve may not be used as the
automatic Ysolation valve."

Discussion

Lines which penetrate the containment and are neither part of the RCPB nor
connected directly to the containment atmosphere are considered closed systems
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within the containment and are equipped with at least one containment

isolation valve of one of the following types:

A. An automatic isolation valve (a simple check valve is not used as this
automatic valve).

B. A locked-closed valve.
C. A valve capable of remote manual operation.

This valve is located outside the containment and as close to the containment
wall as practical. valve locations are discussed in detail in Subsection

6.2.4 of RESAR-SP/90 PDA Module 10.
3.1.6 Fuel and Reactivity Contro)
Criterion 60 - Control of Releases of Radioactive Materials to the Environment

“The nuclear power unit design shall include means to control suitably the
release of radioactive materials in gaseous and 1iquid effluents and to handle
radioactive solid wastes produced during normal reactor operation, including
anticipated operational occurrences. Sufficient holdup capacity shall be
provided for the retention of gaseous and 1iquid effluents containing
radioactive materials, particularly where unfavorable site environmental
conditions can be expected to impose unusual operational limitations upon the
release of such effluents to the environment.*

Discussion

Means are provided to control the release of radioactive materials in gaseous
and liquid effluents and to handle radioactive solid wastes produced during
normal reactor operation, including anticipated operational occurrences. The
radioactive waste management systems are designed to minimize the potential
for an inadvertent release of radifoactivity from the facility and to assure
that the discharge of radioactive wastes 1s maintained as low as practicable
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below regulatory 1imits of 10CFR20 during normal operation. The radicactive
waste management systems, the design criteria, and the amounts of estimated
releases of radioactive effluents to the environment are described in Chapter
11 of RESAR-SP/90 Module 12, "Waste Management".

Criterion 61 - Fuel Storage and Handling and Radicactivity Contro)

“The fuel storage and handling, radioactive waste, and other systems which may
contain radfoactivity shall be designed to assure adequate safety under norma)
and postulated accident conditions. These systems shall be designed (1) with
a capability to permit appropriate periodic 1inspection and testing of
components important to safety, (2) with suitable shielding for radiation
protection, (3) with appropriate containment, confinement, and filtering
systems, (4) with a residual heat removal capability having reliability and
testability that reflects the importance to safety of decay heat and other
residual heat removal, and (5) to prevent significant reduction in fuel

storage coolant inventory under accident conditions."
Discussion

The spent fuel pool and associated cooling system, fuel handling system, and
radfoactive waste processing system are designed to assure adequate safety
under normal and postulated accident conditions.

The spent fuel pool cooling system provides cooling to remove residual heat
from the fuel stored in the spent fuel pool. The system is designed with
redundancy and testability to assure continued heat removal. The spent fue)
pool cooling system is described 1in Subsection 9.1.3 of RESAR-SP/90 PDA
Module 13, "Auxiliary Systems". The spent fuel pool s designed so that no
postulated accident could cause excessive Jlors-of-coolant f{nventory.
Accidents are discussed in Chapter 15 of RESAR-SP 90 PDA Modules 1, 4, 5, 6,
8, 10, 12, 13, and 16.

Structures, components, and systems are designed and located so that
appropriate periodic inspection and testing may be performed.
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Adequate shielding is provided as described in Chapter 12 of RESAR-SP/9C PDA
Module 11, “"Radiation Protection". Radiation monitoring 1s provided as
discussed in Chapters 11 and 12 of RESAR-SP/90 PDA Module 12, ‘“waste
Management" and Module 11, "Radiation Protection", respectively.

Individual components that contain significant radiocactivity are in confined
areas adequately ventilated through appropriate filtering systems.

Criterion 62 - Prevention of Criticality in Fuel Storage and Handling

"Criticality in the fuel storage and handling system shall be prevented by
physical systems or processes, preferably by use of geometrically safe
configurations."

Discussion

The restraints and interlocks provided for the safe handling and storage of
new and spent fuel are discussed and illustrated in Chapter 9 of RESAR-SP/90
PDA Module 13, "Auxiliary Systems".

Criticality in new and spent fuel storage areas is prevented both by physical
separation of fuel assemblies and the presence of borated water in the spent
fuel storage pool. The center-to-center distance between the adjacent spent
fuel assemblies is sufficient to ensure a keff < 0.95, even if unborated
water is used to fill the spent fuel storage pool. New fuel is stored with
enough center-to-center distance to ensure a keff < 0.98, under conditions
of optimum moderation.

The design of the spent fuel storage rack assembly 4s such that it is
configurationally impossible to insert the spent fuel assemblies in other than
prescribed locations, without physically modifying the rack, thereby
preventing any possibility of accidental criticality.

Lavout of the fuel handling area 1s such that the spent fuel cask cannot
traverse the spent fuel storage pool.
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Criterion 63 - Monitoring Fuel and waste Ztorage

“"Appropriate systems shall be provided in the fuel storage and radioactive
waste systems and associated handling areas (1) to detect conditions that may
result in the loss of residual heat removal capability and excessive radiation
levels and (2) to initiate appropriate safety actions."”

Discussion

Instrumentation is provided to detect and alarm in the control room excessive
temperature or low water level in the spent fuel storage pool. Area radiation
monitors are provided in the fuel storage area for personne! protection and
general surveillance. These area monitors alarm locally and in the contro)
room. Normally, the fuel building ventilation system removes radioactivity
from the atmosphere above the spent fue)l storage poo) and discharges it by way
of the plant vent. The ventilation system 1is continuously mo~itored by
gaseous, particulate, and radioiodine radiation monitors.

If radiation levels reach a predetermined point, an alarm is sounded in the
control room and the ventilation discharge path is automatically transferred
through filter adsorber units which provide adequate filtration before
discharge from the plant vent. (See Chapters 7, 9, and 12 of RESAR-SP/90 PDA
Modules 9, “IAC £1ectr1}a1 Power", 13, "Auxiliary Systems®, and 11, "Radiation
Protection", respectively, for details).

Criterion 64 - Monitoring Radicactivity Releases

“Means shall be provided for monitoring the reactor containment atmosphere,
spaces containing components for recirculation of LOCA fluids, effluent
discharge paths, and -the plant environs for radioactivity that may be released
from normal operations, including anticipated operational occurrences, and
from postulated accidents."”
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Discussion

The containment atmosphere 1is continually monitored during normal and
transient station operations using the containment particulate, gaseous, and
radiofodine radiation monitors. Under accident conditions, samples of the
containment atmosphere provide data on existing airborne radioactive concen-
trations within the containment. Area radiation monitors located in auxiliary
buildings are provided for continual monitoring of radiation levels in the
spaces which contain components for recirculation of LOCA fluids and compo-
nents for processing rad.cactive wastes. Radioactivity levels contained in
the facility effluent and discharge paths and in the plant environs are con-
tinually monitored during normal and accident conditions by the plant radia-
tion monitoring systems. In addition to the installed detectors, periodic
plant environmental surveillance is established. Measurement capability and
reporting of effluents are based on the guidelines of Regulatory Guides 1.4
and 1.21. Radiation monitoring systems are discussed in Section 11.5 and
Subsection 12.3.4 of RESAR-SP/90 PDA Module 12, "Waste Managcment" and Module
11, "Radiation Protection", respectively.
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3.2 CLASSIFICATION OF STRUCTURES, COMPONENTS, EQUIPMENT AND SYSTEMS

This section provides a guide to the classification method of structures,
components, and systems.

3.2.1 Seismic Classification

General Design Criterion 2 of Appendix A to 1YOCFRS50, General Design Criteria
for Nuclear Power Plants, requires that nuclear power plant structures,
systems, and components important to safety be designed to withstand the
effects of natural phenomena such as earthquakes without loss of capability to
perform necessary safety functions. Appendix A to 10CFR100, Seismic and
Geologic Siting Criteria for Nuclear Power Plants, sets forth the principal
seismic and geologic considerations which are used in the evaluation of the
suitability of plant design bases established in consideration of the site
seismic and geologic characteristics.

3.2.1.1 Definitions

Seismic Category 1 structures, components, and systems are classified in
accordance with Regulatory Guide 1.29, Safety-related, Seismic Category I
structures, components, and systems are those necessary to ensure the
following:

A. The integrity of the reactor coolant pressure boundary.

B. The capability to shut down the reactor and maintain it in a safe
shutdown condition.

C. The capability to prevent or mitigate the consequences of accidents
that could result in potential offsite exposures comparable to the
guideline exposures of 10CFR100.
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Seismic Category I structures, components, and systems are designed to
withstand the appropriate seismic loads, as discussed in Sections 3.7 through
3.11 of this module and other applicable loads without loss of function.
Seismic Category I structures are sufficiently isolated from non-Category 1
structures, or they are analyzed to ensure that their structural integrity is
maintained during the postulated safe shutdown earthgquake (SSE). Non-Seismic
Category I systems, cquipment, and components installed in Seismic Category 1
structures whose failure could result in loss of required safety function of
Seismic Category 1 structures, equipment, systems, or components are either
separated by distance or barrier from the affected structure, system,
equipment, or component or designed together with their anchorages to maintain
their structural integrity during the SSE.

Structures, equipment, and systems not classified as Seismic Category 1 are
classified as Seismic Category II.

Safety-related structures, systems, and components that are classified Seismic
Category 1 are in compliance with the quality assurance requirements of
10CFR50, Appendix B.

The criteria used for the NPB design of (a) Seismic Category ! structures,
equipment, systems, and components, (b) Seismic Category Il items, and {c)
Seismic Category II items whose failure could result in the loss of required
safety function of Seismic Category I items are discussed in Section 3.7 of
this module.

3.2.1.2 Classifications

Table 3.2-1 provides a Ilisting of structures, components, and systems within
the NPB and identifies those that are Seismic Category I.

Where only portions of systems are identified as Seismic Category I in Table
3.2-1, the boundaries of the Seismic Category I portions of the system will be
shown on the piping and instrumentation diagrams in appropriate sections of

WAPWR-S/E 3.2-2 DECEMBER, 1984
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the RESAR-SP/90 FDA version.
3.2.2 Classification System

Equipment, components, and stru-:u~es in the WAPWR NPB are categorized
according to nuclear safety, seismic category, codes, and standards. This
system conforms to 10CFR50, ANS-51.1-1983, and Regulatory Guides 1.26 and
1.29. A three element classification is assigned to each item and indicates,
in sequence, the nuclear safety class, the seismic category, and the appli-
cable codes and standards. The classification system provides an easily
recognizable means of identifying the extent to which the NPB components,
equipment, and structures are related to nuclear safety and seismic qualifica-
tion requirements. In addition, the classification system provides the means
whereby the codes and/or standards that govern the design of a component or
structure can be located. Table 3.2-1 provides a listing of the principal
structures, systems, components, and their associated classifications.

3.2.2.1 Nuclear Safety Classifications

The first element of the classification identifies the nuclear safety class.
The nuclear safety classifications designators used on the WAPWR NPB are as
defined in ANSI/ANS=51.1-1983 for SC-1, SC-2, SC-3, and NNS.

3.2.2.2 Seismic Classification

The second element of the classification is either I or II, which designates

the appropriate seismic category. Seismic classifization 1is discussed in
Subsection 3.2.1 of this module.

WAPWR-S/E 3.2-3 DECEMBER, 1984
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3.2.2.3 Codes and Standards

The third element of the classification indicates the principal codes and/or
standards applicable to plant equipment, components, and structures. The
codes and standards designators used on the WAPWR NPB are as follows:

Designator Codes and Standards
] American Society of Mechanical Engineers

Boiler and Pressure Vessel (ASME B&PV)
Code, Section III, Class 1.

2 ASME B&PV Code, Section I1I, Class 2.

3 ASME B&PV Code, Section III, Class 3.

4 Regulatory Guide 1.26 - Table 1 - Quality
Group D.

5 Regulatory Guide 1.143 - Table 1. The

codes and standards used for the construc-
tion of radioactive waste management and
steam generator blowdown systems are pro-
vided 1in Regulatory Guide 1.143. Quality
assurance requirements are to be applied to
radioactive waste management systems as
described in Regulatory Guide 1.143.

6 ASME B&PV Code, Section 1.

7 Applicable National Fire Protection Associ-
ation (NFPA) codes as qualified by Branch
Technical Position APCSB 9.5-1, Appendix
A. The design, fabrication, construction,

and testing of fire protection systems are

WAPWR-S/E 3.2-4 DECEMBER, 1984
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Designator

Codes and Standards

performed in accordance with the applicable
portions of the NEPA codes, which invoke
ANSI B31.1, American Water Worker Associa-
tion (AWWA), American Petroleum Institute
(API), and other codes, depending upon ser-
vice. Quality assurance program require-
ments are implemented to ensure that the
requirements for design, procurement,
installation, testing, and administrative
controls for the fire protection program
are satisfied. The quality assurance
requirements that apply to the fire pro-
tection program are described in Branch
Technical Position APCSB 9.5-1, Appendix A.

Structure of structural components designed
to codes and standards as defined in the
design bases.

Electrical equipment designed tc codes and
standards as defined in the design bases.

Instrumentation and control equipment
designed to codes and standards as defined
in the design bases.

A more complete 1listing of applicable codes and standards is provided in

Table 3.2-2.

WAPWR-S/E
2043e:1d
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TABLE 3.2-1 (Sheet | of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a)- (b) (c) (d) (e) (n (9) (h) )
Principal
Principal System Quality Safety Selsmic Code Construction Safety
_and Components Location Group Class Category Classification Code & Stds. Q-List Related Comments
REACTOR COOLANT SYSTEM
1. Reactor vessel L] A 1 1 | 1 Y Y
and head
2. Steam generator L] A 1,2 1 1,2 1 Y Y
Pressurizer k] A 1 ] : 1 111 Y Y
4. Pressurizer 8 A 1 1 1 11 \J Y
surge |ine
S. Pressurizer L] A 1 | | i Y Y
relief Yines
(upstream of
rellef valves)
6. Safety and L} A | I ! 11 Y Y
rellef valves
1. Pressurizer L] 0 NNS 1 3 I N N Note |
relief tank
8. Reactor coolant 8 A 1 1 i 111 Y Y
pump casing
9. RCS loop plping R A 1 1 ) 11 Y Y
10. valves 8 A 1 1 | 11 Y Y
1. Reactor vessel a A 1 | C LEL-NF Y Y
supports
12. Steam generator R A ) L C T1HE-NF Y Y
supports
13 Pressurizer n B ) I C TIN5 Y Y
supports
14 Reactor coolant f A 1 I C 111 -NF Y Y
pump supports
WAPWR 5 /% DECEMRER, 19A4
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TABLE 3.2 1 (Sheet 2 of 42)
CLASSTFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) () (9) (h) V)
Principal
Principal System Quality Safety Selsmic Code Constru *lon Safety
_and Components Location Group Class Category Classification Code & Stds. Q List Related Comments
15. Other safety L] C 3 1 ) TED N Y Y
related supports
and hangers
16. Lube ol drain B 0 NN 4] L] APL 650 N "
tanks
REACTOR SYSTEM
1. Vessel internals 8 A 3 1 NG 111 Y Y
2. Fuel assemb)ies L] NA 3 I ? W Y Y
Integrated head L} c/o 3 | Nt m Y Y
Pi kage
4. CROM-hous ing A )2 1 1 1t Y Y
5. CROM-mechanism L] B 3 1 2 ~ Y Y
6. Control rods " NA 3 1 s 2 - Y Y
REACTOR MEAD VENT SYSTIM
1. Piping and valves n A 1 | 1 i Y Y
through second
fsolation
2. A1) other piping L] L] 2 I ? (18} Y Y
and valves
3. Instrumentation ] NA 3 1 J mfg Y Y
WAPWR </t DICEMRIR, 1984




TABLE 3.2-1 (Sheet 1 of 42)
CLASSIFICATION Gf STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (fn (9) (h) (Y
Principal

Principal System Quality Safety Selsmic Code Construction Safety
and Component -~ Location  Group Class Category Classification Code & Stds. Q List Related Comments

SAFETY INJECTION SYSTEM

1. Accumulators L} 8 2 I b4 i Y Y

2. Boron injection C 8 2 | 2 11 Y Y
tank

3. Boron Injection C c k] 1 3 1
recirculation
pumps

4. Boron recircula- C NA K} 1 t NEMA MG Y Y
ting pump motors

5. Boron injection C C 3 I 3 11 Y Y
surge tank

6. Safety injection C 8 2 I 2 1 Y Y
pumps

1. Safety injection C NA 3 1 £ NEMA MG Y Y
pump motors

8. Injection piping B.C A ! I 1 11 Y Y
and valves down
stream of check
valves

9. Accumulator dis B A | i ) 11 Y Y
charge piping and
valves down-
stream of MOVs

10. Piping and B 8 2 1 ? 1 Y Y
valves from
EWST and con
tainment sumps

to check valves

WAPWR S /% DECEMRIR, 1944
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TABLE 3.2-1 (Sheet 4 of 42)
CLASSIFICATION OF _STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (f) (9) (h) (&)
Principal
Principa) System Quality Safety Selsmic Code Construction Safety
_and _Components Location Group Class Category Classification Code & Stds. Q List  Related Comments
1. Piping from L] 8 2 1 2 1 Y Y
accumulators
to MOVs
12. Boron injection R A ) 1 1 i Y Y
piping and
valves downstream
of check valve
13. Boron injection C L] 2 I 2 1 Y Y
piping and valves
from charging
pumps to check
valve
14. Safety-related 8.C NA 3 1 J mfg Y Y
Instrumentat fon
15. Safety-related 8.cC NA 3 I £ NEMA MG Y Y

valve operators

RESIDUAL MEAT REMOVAL SYSTEM

1. RMR pumps C L] 2 I 2 11 Y Y
2. RHR pump motors < NA 3 1 £ NEMA MG) Y Y
3. RHR HiXs:
Tube side, C 8 2 1 2 i Y Y
RHR TEMA R
Sheil side, C c 3 I 3 11 Y Y
W TEMA R

WAPWR S/% DECE R, 1984
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TABLE 3.2-1 (Sheet S of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) o (9) (h) (M)
Principal
Principal System Quality Safety Selsmic Code Construction Safety
_and _Component s Location Group Class Category Classification Code & Stds. Q-List Related Comments
4. Piping and 8.cC A 1 | ! 1l Y Y
valves from
hot legs to
pump suction
S. riping and C 8 2 1 2 11 Y Y
valves from
pump suction
injection check
valves
6. Safety-related 8.C LL) 3 1 J mfg Y Y
instrumentat lon
CONTAINMENT SPRAY SYSTEM
1. Containment C R 2 1 2 1 Y Y
spray pumps
2. Contalnment C NA 3 I £ NEMA MG Y Y
spray pump
motors
3. Spray nozzles 2] ] 2 i 2 i Y Y
4. Spray additive C C 3 I 3 1t Y Y
tank
5. Spray eductors C L} 2 1 2 1 Y Y
WAPWR 5 /f DECEMAER, 1984
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TABLE 3.2-1 (Sheet 6 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (f) (9) (h) n
Principal

Principal System Quality Safety Selsmic Code Construction Safety

and Components Location Group Class Category Classification Code & Stds. Q- List Related Comments

6. Process valves B.C B ? 1 ? 11 Y Y
and piping from
EWNST, contalinment
sumps, and educa-
tor Inlet check
valve to spray '
norzles

1. Process valves C C 3 I 3 i Y Y

and piping down
stream of spray
additive tank
to eductor iInlet
check valve
8. Safety-related 8.cC NA 3 | J mfg Y Y
instrumentation

CHEMICAL AND VOLUME CONTROL SYSTEM

1. Volume control C L] ? I 2 11 Y Y
tank

2. Borlc acld C C 3 1 k] 11 Y Y
storage tank

3. Boric acld C e NNS i C APL-650 N N
batching tank

4. Boric acld C C 3 I 3 i Y Y

transfer pumps

WAPWR /% DICEMRER, 1984
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Principal System
and Components

"

V2

WAPWR

Boric acld
transfer pump
motors
Centrifugal
charging pumps

. Centrifugal

charqing pump
motors

. Positive dis-

placement
Positive dis-
placement
charging pump
motor
Regenerative
HX

Letdown HX:
Tube side,
cves

Shell side,
ACCW

Excess letdown WX:

Tube side,
cves
Shell side,
ACCW

S/t

2119 14

(a)

Location

v
Quality
Group _

NA

NA

(<)

Safety
Class

NNS

NNS

(d)

Selsmic
Category

IABLE 3.2-1 (Sheet 1 of 42)
CLASSIFICAYION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(e)

Code
Classification

(f) (9) (h) (B))
Principal
Construction Safely
Code & Stds, Q- List Related Comments
NEMA MG) Y Y
1t Y Y
NEMA MG Y Y
i Y Y
NEMA NG N L]
i Y Y
TEMA-R
i Y Y
TEMA R
1 N N Note n
TEMA R
i Y Y
TEMA-R
11 N “ Note n
TEMA R
DECEMBER, 1904



TABLE 3.2-1 (Sheet 8 of 42)
CLASSIFICATION Of STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (f (9) (m) (1)
Principal
Principal System Quality Safety Selsmic Code Construction Safety
and Components Location  Group Class Category Classification Code & Stds. Q-List Related Comments
13. CVCS catlon C C 3j | 3 11 Y Y
bed demin
eralizers
14. Mixed bed C C 3 I 3 1 Y Y
demineralizers
15. Boric acld C NA 3 I £ m Y Y
tank heater
16. Chemical mixing C 0 NNS I C viltl N N
tank
17. Safety-related C NA 3 | J mfg Y Y
CVCS Instru-
mentat ion
18. Piping to C C 3 I 3 i Y Y
boric acid
storage tank
19. Piping and € C 3 1 3 1t Y Y
valves from
boric acid
storage tank
20. Chemical mixing C 0 NNS 1 C LELIS N N

tank inlet and
discharge piping
21, Piping and C C 3 I 3 1 Y Y
valves from
reactor makeup
water storage
tank discharge

WAPWR /1 DICEMRER, 1984
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TABLE 3.2-1 (Sheet 9 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (f) (9) (h) (8}
Principal
Principal System Quality Safety Selsmic Code Construction Safety
_and Components Location Group Class Cateqory Classification Code & Stds. Q-List Related Comments
22. Letdown plping C R 2 1 2 (38! Y Y

to volume
control tank

23. Charging piping C 8 2 1 2 1t Y ¥
from volume
control tank

24 Wixed bed C B/C 2.3 1 2.3 (4 Y Y
deminerallzer
piping and valves

25. Safety related C NA 3 | 1 NEMA WG Y \j
valve operators

BORON RECYCLE SYSTEM

V. Recycle evaporator C 0 NNS 1 C mig ~ “
feed pumps

2. Recycle evaporator C NA 3 I £ NEMA MG N L]
feed pump motors

3. Boron recycle C C 3 I 3 1t Y Y
holdup tanks

4. Recycle evaporator C 0 NNS i C vilt N N
feed demin-
eralizers

S. Recycle evaporator C 0 NNS 4] C vitl L] L]
condensate
demineralizer

6. Recycle evaporator C 0 NNS 1 C vitl N N
package

WAPWR S /¥ DECEMBIER, 1984
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TABLE 3.2-1 (Sheet 10 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (<) (d) (e) (f) (9) (h) (&)
Principal

Principal System Quality Safety Selsmic Code Construction Safety
and Components Location Group ~ Class_ Category Classification Code & Stds. Q-List Related Comments
1. Recycle evaporator C 0 HNS I C vitl N N

condensate f\liter

Piping and valves C L] NNS 1.1 C B3 ~
9. valve operators C NA 3 I £ NEMA MG
10. Instrumentation C NA 3 1 J mfg N

CONTAINMENT ISOLATION SYSTEM

1. Yalves and piping 8.cC B 2 I 2 i Y Y Selected valves and piping may
be designed to ASME 111}

2. Valve operators 8.C NA 3l 1 £ NEMA MG Y Y

3. Instrumentation 8.C NA 3 1 ) mfg A\ Y

and controls

SERVICE WATER SYSTEM

Not included in the NP

COMPONENT COOLING WATER SYSTEM

1. CCW surge tanks C C 3 1 3 i Y Y

2. CCW pumps C C 3 1 3 11 Y Y

3. COW MRs C C 3 I 3 1 Y Y
TEMA-R

4. CCW pump motors C NA 3 1 £ NEMA MG) Y Y

5. CCw chemical C 1] NNS " c AP1 650 N ~

additlon tanks

WAPWR S/F DECEMRER, 1984
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TABLE 3.2-1 (Sheet 11 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d4) (e) (f) (9) (h) ()}
Principal

Principal System Quality Safety Selsmic Code Construction Safety
_and Components Location  Group  Class  Category Classification Code & Stds. Q List Related Comments
6. Chemical 0 NNS 1 C 83 ~ ~

addition tank

valves and pliping
1. A1) other C 3 | k] It Y Y

process valves

and piping
8. Safety-related NA 3 1 £ NEMA MG Y Y

valve operators
9. Safety-related NA k] I J mig Y Y

Instrumentation

SPENT FUEL COOLING AND PURIFICATION SYSTEM

V. SFP HXs J C 3 I 3 1l Y Y
TEMA R

2. SFP pumps J C 3 I 3 i Y Y
SFP pump motors J NA 3 | f NEMA MG Y Y

4. Refueling water J 0 NNS 1 C mfg N N
purification
pump

5. Refueling water J NA 3 1] L NEMA MG N N
puriiication .
pump motor

& SEP demineralizer J NA NNS 1 C i N N Note 1
SEP sk immer J NA NNS i C nfg
pump

8. SFP skimmer J NA LU I C Vil ~ N
filter

9. Purification ) NA LU 1 C B3 N N

and sk immer
related valves
and piping

WAPWR S/F DECEMBER, 1984
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Principal System
_and_Components_

10. Cooling-related

12.

REACTOR MAKEUP WATER SYSTIM

WASTE PROCESSING SYSTEM - LIQUID

WA
21

ST

valves and piping
Safety related
instrumentation
Safety -related
valve operators

Makeup pumps
Makeup pump
motors

Makeup water
process piping
and valves to
SEP
instrumentation
. A1l other plping

. Waste holdup
tank

. Waste evaporator
feed pump
Waste evaporator
feed pump motor

. Waste evaporator

PWR S /¥
@

(b) (c)
Quality Safety
Group  Class_

C 3

NA 3

NA 3

0 NNS

NA 3

0 NNS

NA 3

0 NNS

1] NNS

0 NNS

NA 3

0 NS

(d)

Selsmic
Category

TABLE 3.2-1 (Sheet 12 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(e)

Code
Classification

(f) (9) ()
Principal
Construction Safety

Code & Stds. Q-List Related

i Y Y
mfg Y Y
NEMA MG Y Y
44!

NEMA MG " N
i N N
mig N

8311

Lil ~ N
It N L]
NEMA MG) N N
i - -

N

Comment s

Note |

Note |

Note q

DECE




Principal System
_and Components

n

2

Waste evaporator
concentrates
holdup tank
Waste evaporator
concentrates
holdup tank pump
Waste evaporator
reagent tank
Waste evaporator
condencate
deminerallizer
Waste evaporator
condensate pump

. Waste evaporator

condensate tank
Chemical drain
tank

Chemical drain
tank pump
Spent resin
storage tank
Waste monitor
tank

Waste monitor
tank pump
Waste monitor
tank pump motor

WAPWR S/%
2119 4

(a)

Location

(b)

Quality
Group.

NA

(c)

Safety
Class

NN

NNS

NNS

(d)

Selsmic
Category

TABLE 3.2-1 (Sheet 1) of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTERS

(e)

Code
Classification

-

iy e
Construction Safety

Code & Stds. Q List Related Comments
AP| -850 N L]

mfg N N

Vit N N

11 N ~

8} N N

i N N

vin N ~

Vil N N

i N N

i N ~

11 N ~

NEMA WG N N

DECEMRIR, 1984



TABLE 3.2-1 (Sheet 14 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (f) (9) h) (&)}
Principal
Principal System Quality Safety Selsmic Code Construction Safety
_and Components Location Group Class Category Classification Code & Stds. Q-List Relatew Comments
V7. Laundry and 0 ] NNS il S Vil N N
hot shower tank
18. Laundry and L} 0 NNS I 5 mfg ~ L]
hot shower
tank pump
19. Reactor coolant L] 0 NNS 1 5 1 L N
drain tank
20. Reactor coolant L] 0 NNS 1 5 11 N N
drain tank pump
21. Pliping and valves L} [ NN I n S LELIN | » N
from waste evap- i
orator and
evaporator con
densate demin-
eralizer through
evaporator
condensate pump
discharge valve
22 Instrumentation D NA 3 1 ) mfq N N

WASTE PROCESSING SYSTEM - GASEOUS

1. Gas decay tanks 0 C 3 I 3 11 Y Y
2. Gas decay tank 0 0 NN I C mig N Kl
drain pump
3. Waste gas drain n 0 NNS 1 C vitl N N
filter
WAPWR < /7 DECIMBER, 1984
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TABLE 3.2-1 (Sheet 1S of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (f) (9) (h) (&)
Principal

Principal System Quality Safety Selsmic Code Construction Safety
_and Components Location Group  Class  Category Classification Code § Stds. Q- List Related Comments
4. Waste gas com- 0 C 3 i 3 i Y Y

pressor package
S. Process piping 0 C 3 | 3 1 Y Y

and valves
6. Draln piping L] D NNS 1 C 831 ~ N

and valves
7. Safety related ] NA 3 1 £ NEMA MG Y Y

valve operators
8. Safety related 0 NA 3 I J mig Y Y

instrumentat fon

RADWASTE VOLUME REDUCTION AND SOLIDIFICATION SYSTEM

Not included in (he NPB

STEAM GENERATOR BLOWDOWN SYSTEM

1. Blowdown MXs J L] NNS I S vitL, L] N
TEMA -C

2. Steam generator ) 0 NNS ) S mig N ~
drain pump

3. Demineralizers J 0 MNS I S Vil

4. Spent resin ) 0 NNS 11 5 vill
storage tank

5. Spent resin A 0 NN I S mfg L] ~
slulce pump

6. Process valves J 0 NNS " 5 LELI L N

and plping outside

containment

WAPWR S /% DECEMBER, 1984
1% 14



TABLE 3.2-1 (Sheet 16 of 42)
CLASSIFICATION OF STRUCTURE S, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (f) (9) (h) (&)
Principal
Principal System Quality Safety Selsmic Code Consiruction Safety
and Components Location Group Class Category Classification Code & Stds. Q List  Related Comments
T Process valves L] L] ? ! ? i Y Y
and piping inside
containment through
outer isolation
valves
8. Instrumentation ) NA 3 ] J mfq N N
MAIN STEAM SYSTEM
1. Steam generator L) L] 2 I 2 1 Y Y
(shell side)
2. Piping from SG L] L] 2 I 2 (A Y Y
to S-way restraint
3. Safety valves C A 2 1 2 1t Y Y
4. Atmospheric C B 2 I 2 i Y Y
rellef valves
5. Atmospheric C WA 3 I £ NEMA MG Y Y
rellief valves
operators
6. Maln steam C L] ? i ? i Y Y
Isolation valves
1 Maln steam C NA 3 I f mig Y Y
fsolation

valve actuators
8. Safely related C NA 3 i f NEMA MG Y Y
valve operators

L) IR, 1984




TABLE 3 2-1 (Sheet 17 of 42)
CLASSIFICATI?N OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (f) (9) ") Q)]
Principal
Principal System Quality Safety Selsmic Code Construction Safety
and Components Location Growp Class Category Classification Code & Stds. Q-List  Related Comments

9. Mechanical 8.C L] 2 I 2 1 Y Y
pressure, flow,
and level
Instruments

10 Safety related a.C NA 3 | J mfig Y Y
Instrumentat fon

1. Steam flow L] L]
limiters

~
~

i Y Y

EMERGENCY FEEDWATER SYSTEM

1. Emergency feed C C 3 1 3 11 Y Y
pump turbine

2. Emergency feed C C 3 | 3 i Y Y
pump s

3. Emergency feed C NA 3 1 f NEMA pe* Y Y
molors -

4. Piping wp 8.C C 3 | 3 i ve- " v
to SG feed
admission MOVs

S. Plping and 8.C 8 2 i 2 i Y Y
valves including
admission MOVs
to S6

6. Pump suction 8.C C 3 i 3 i1 Y Y
valves and

piping

WAPWR S/t DIECIMBIR, 1984
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TABLE 3.2 1 (Sheet 18 of 42)
CLASSIFICATION OF STRUCTURES, COMPONINTS, AND SYSTEMS

(2) (b) (c) (d) (e) (f) (9) (h) (&)
Principal
Principal System Quality Safety Selsmic Code Construction Safety
_and_Components Location Group Class Cotegory Classification Code & Stds. Q List Related Comments
7. Safety related LM NA 1 I J mig Y Y
inst-umentat fon
8. EFWS tank R C k) i 3 i Y Y

START-UP ¢ W SYSIEM

Not included in the NPB

MAIN FEEDWATER SYSTEM

1. Main feed Vine T 8 2 1 2 i Y Y
isolation valves

2. Main feed line T NA 3 1 f NEMA MG Y Y
Isolation

valve motors

3. Maln and auxillary T ] 2 I 2 it Y Y
feed inlet
check valves
4. Piping 1 8 2 1 ? 1 Y Y
S. Feed Isolation 1 NA 3 1 J mig Y Y

instrumentat fon
and controls

6. Safety related 1 NA 3 1 f NEMA MG Y Y
valve motors

POWER CONVERSION SYSTEM

Not included in the NPB

WAPWR S /f DECIMBER, 19
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(a) (b) (c) (d)
Principal System Quality Safety Selsmic
_and Components Location Growp  Class Category

CONDENSER AIR EJECTOR SYSTEM

CIRCULATING WATER SYSTEM

INTAKE STRUCTURE SYSTEMS

CIRCULATING WATER CHMEMICAL INJECTION SYSTEM

CONDENSATE CHEMICAL INJECTION SYSTEM

CONDENSATE FILTER DEMINERALIZER SYSTEM

PLANT MAKEUP WATER SYSTEM

WAPWR 5/
2119 14

(e)

Code

Not

Not

Not

Classification

inc Tuded

inc Yuded

inc Tuded

inc Yuded

inc luded

inc Tuded

inc Tuded

in

in

in

TABLE 3.2-1 (Sheet 19 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(f)
Princ ipal
Construction
Code & Stds.

NPB

NPB

NPR

NP

NPB

NPR

DECEMBER,

1984



Principal System
and_Components

(a)

Location

DEMINERALIZED WATER SYSTEM

DIESEL GENERATOR SYSTEMS

1.

-

D~ 0o

10.
1.

13.

14

s

Day tanks

Fuel transfer pumps
Fuel transfer pump
motors

Fuel filters

Lube of1 HX

Lube oll heater

. Lube oll filters

Cooling jJacket
water heater

Alr compressors
Alr recelvers

Alr compressor
after coolers
Safety-related
instrumentation
Diesel generators
Engine auxiliaries
piping and valves
Lube ol sump

. Fuel ol) storaqe

tanks

WAPWR S/F

.'ll'lc-.

»

m ® =®m = =

K

(b)

Quality
Group

NA

™ "

o Mo 6o O

(<)

Safety
Class

w W W W W

.

CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(d)

Selsmic
Category

TABLE 3.2-1 (Sheet 20 of 42)

(e)

Code
Classification

Not inc luded

oS MO Mo oM

(f)
Principal

Construction
Code & Stds.

in NPB

i
NEMA MG

mig
AR
miq
11
mfg

mfg
1
mfg

mfg

DEMA, NEMA
(A

(9)

Q-List

“« <« =« =« =

(h)

Safety
Related

-« -« -« =« =

Casing s ASME VIII

Casing Is ASME VIII

DECEMBER, 1984




(a)
Principal System
_and_Components Locatton
FIRE PROTECTION SYSTENMS
1. Diese) driven )
fire pumps
2. Dlesel engines J
3. Motor driven J
fire pump
4. Pump motors
S. Diesel fuel ol tanks 0
6. Water storage tanks 0
7. Water system pliping ve

and valves

8. Halon system piping, Vi
‘alves, and components
4 ‘rumentation ve

TARLE 3.2-1 (Sheet 21 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENIS, AND SYSTEMS

(b) (c) (d) (e) (f) (9) (h) 1)
Principal
Quality Safety Selsmic Code Construction Safety

_Group Class_ Category Classification Code & Stds. Q-List Related Comments

B |
AU ¢ IESY NS SYSTEMS (N,, W,, AND 0,)

RCS LIQUID SAMPLING SYSTEM

1. Process sampie valves ¢
and piping

2. RCS sample valves and B
piping through outside
containment isolation

valve

WAPWR S/F
2119 14

Note p
NA NNS 1 ! NiPA N N
NA NN I ! mig
NA NNS 1 ! NFPA N N
NA NNS 1" t NEMA MG L L]
NA NNS 4] ! NFPA N ~
NA NNS 1 ! NFPA N N
NA NNS 4] ! NEPA N N
NA NN I - NEPA N N
NA NNS I ) mfg N "

Not included in NPB
[ NNS I L 8311 N N Note o
8 ? 1 2 11 Y Y
DECEMRER,

1984



Principal System
_and_Components

Sample vessels

4. Sample coolers

5. Gross falled fuel
detector

6. Instrumentation

RCS GAS SAMPLING SYSTIM

-

Sample vessels

2. Yalves and piping
inside vent hood

3. instrumentation

POST-ACCIDENT SAMPLING SYSTEM

1. PASS panel
(mechanical portions)

2. PASS pane)
Instrumentat ion

3. Sample pumps

4. Sample plping
and valves

5. Containment
penetration plping
and valves

WAPWR S/t

.’H'lo‘

(a)

Location

13

TABLE 3.2-1 (Sheet 22 of 42)
CLASSIFICATION Of STRUCTURES, COMPONENTS, AND SYSTEMS

(b) (c) (d) = (e) (f) (9) (h) (&)}
Principal
Quality Safety Selsmic Code Construction Safety

Group  Class  Category Classification Code & Stds. Q-List  Related Comments

0 NNS I L] Vit N N
NNS 11 4 Vil

] NNS I 4 mig

NA NNS I J mig N N
NNS I q vill
NNS I a 831

NA NNS I J mfg N N

D NNS I a 831 N N

NA NWS 1 J mfig N N
NNS 1 a mfg

0 NNS I a 8311

L} 2 I 2 i Y Y

DICEMBER, 19

L1



TABLE 3.7-1 (Sheet 23 of 42)
CLASSIFICATION OF STRUCTURLS, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (f) (9) (h) (8}
Principal
Principal System Quality Safety Selsmic Code Construction Safety
_and Components Location  Group Class Category Classification Code & Stds. Q List  Related Comments

CONTAINMENT , AUXTLIARY BUILDING, AND MISCELLANEOUS DRAIN SYSTEMS

1. Radioactive drain 0 0 NNS 1 1 mfg N ~
SUmp pumps

2. Reactor cavity B 0 NS 1 A mfg N N
SuUmp pumps

3. Containment L] 0 NNS 1 L) mig N N
Sump pumps

4. Penetration room C 0 NNS 1 L) mfg N N
SUmp pumps

S. Auxillary bullding J 0 NNS I 4 mig N N
SUMp pumps

6. Component cooling C 0 NNS I 1 API-650 N N
water drain tank

7. Component cooling C 0 NNS I ) mig N N
water drain tank pumo

8. Diesel building ofly « 1] NNS 1 A mig N N
waste sump pumps

9. Equipment drain C 0 NNS I A APl 650 N N
tank

10. floor drain tank C 0 NNS A 4 AP1-650

11, Containment reactor 8.C NA NNS I t mig

cavity and penetration
roOm Sump pump motors

12. A1l other pump motors C NA NNS " £ NEMA MG) .
13. Instrumentation C NA NNS 1] J miq
14, A)) other valves C 0 NNS I 4 B
and all piping
NAPHR S /§ DICEMBIR, 1984

2119 :1d



TABLE 3.2 ) (Sheet 24 of 42)
CLASSIFICATION O* STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (n (9) (h) (&)
Principal
Principal System Quality Safety Selsmic Code Construction Safety
_and_Components Location Group Class Categqory Classification Code & Stds.  Q List  Related Comments

INSTRUMENT AND SERVICE AIR SYSTEM

1. Alr compressors J NA NNS I C mfg N N
2. Alir compressor motors ) NA NN 1 £ NEMA MG N N
3. Alr recelvers J NA NNS 1 C vitl N N
4. Aftercoolers Al NA NNS I C vitl N N
S. Molsture scparators J NA NNS I C mfg N N
6. Service alr filters J NA NNS 1 C mfg N N
T. Instrument alr filters ) NA NNS I C mfg N N
8. Service alr dryers J NA NNS 1 t mig N N
9. Instrument alr dryers ) NA NNS 1 C mig N N
10. Safety-related piping V8 3 3 1 3 1 Y Y
and valves (other
than containment
1solation)
1. Containment 8 8 2 1 2 11 Y Y
penetration piping
and valves
12. AY1 other plping Ve NA NNS 1 A 831 .1 N N
and valves
13. Instrumentation V8 NA NNS I J mfg N ~
REACTOR COOLANT SYSTEM LEAK DETECTION SYSTEM
1. Radlation monitors 8 NA NNS 1 J mfg
2. Condensate measuring B NA NNS 1 J mig

Instruments

DECEMBER, 1984




TABLE 3.2-1 (Sheet 25 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (f) (9) (h) (&)
Principal

Principal System Quality Safety Selsmic Code Construction Safety
_and Components Location Group Class = Categqory Classification Code & Stds. Q List Related Comments
3. Condensate measuring B8 0 NNS I a 831 N N

piping and valves
4. Humidity detectors ] NA NNS I J mfg
5. Tank and sump level ] 0 NNS I J mfg

instruments

FUEL MANDLING BUILDING DRAIN SYSTEM

1. Sump pumps F 0 NNS I A mig N ~

2. Sump pump motors ¥ NA NN I f NEMA MG ~ N

3. Piping and valves f ] NNS 11 4 831 ~ N

4. Instrumentation F NA NNS 1 J mfq N N

CONTAINMENT AIR COOLING SYSTEM

1. Coolling fans L] NA 3 I C AMCA Y Y

2. Fan motors R NA 3 1 t NEMA NG Y Y

3. Coolers 9 8 ? 1 2 I Y Y

4. Ductwork ] NA 3 1 C ANS| NS09 Y Y

5. Dampers R NA 3 I C ANST NSD9 Y Y

6. Damper motors B NA 3 1 £ NEMA MG Y Y

7. Safety-related R NA 3 1 J mfg Y Y
instrumentat ion

CONTAINMENT PREACCESS FILTER SYSTEM

1. Fans .} 0 NNS 4! C AMCA

2. Fan motors " NA NN 1 t NERA MG N

WAPMR S /¥ DECEMRER, 1984

211914



TABLE 3.2-1 (Sheet 26 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (f) (9) (h) (&)
Principal

Principal System Quality Safety Setsmic Code Construction Safety

_and Components Location Group  Class Category Classification Code & Stds. Q List Related Comments
3. HEPA filters R 0 NNS 1 C ANST NS509 N N

4. Charcoal filters A 0 NNS 11 € ANST N509 N N

S. Meaters B 0 NNS 11 f UL N N

6. Mulstyre eliminators 8 0 NNS 11 C ANST N509 N N

7. Instrumentation L] NA NNS 1 J mig N N

CONTAINMENT POST-LOCA PURGE | XMAUST SYSTEM

1. Containment L] L] 2 I 2 11 Y Y
penetration ducting

2. lIsolation dampers 8 B 2 1 2 11 Y Y

3. Isolation damper A NA 3 1 £ NEMA MG Y Y
motors

4. Heaters C NA NNS 1 £ UL L] N

5. Moisture eliminators € 0 NNS 11 ¢ ANST NSD9 N N

6. HEPA filters C 0 NNS 1 C ANST NSO9 N L

7. Charcoal filters C 0 NNS 1 C ANS]1 NS09 N N

8. Post-LOCA purge C L] NNS 1 C ANST NSD9 N N
exhaust unit housing

9. Instrumentation C NA NNS 1 J mfg N N

CONTAINMENT CROM COOLING SYSTEM

1. Fans R NA NNS 1 C AMCA N N

2. Fan motors L] NA NNS 1 t NEMA MG ~ N

3. Ductwork 8 NA NS I C SMACNA N N

4. Instrumentation 8.C NA NNS 1 ) mfg N N

WAPWR S /¢ DECEMBER, 1984
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TABLE 3.2-1 (Sheet 27 of 42)
CLASSIF ICATION OF STRUCTURES, COMPONENIS, AND SYSTEMS

(a) (b) (c) (d) (e) (f) (9) N (&)
Principal
Principal System Quality Safety Selsmic Code Construction Safety
and Components Location Group Class Category Classification Code & Stds. Q- List Related Comments

N? RECOMBINER AND MONITORING SYSTEM

1. Penetration plping L] L] 2 1 2 It Y Y
and valves

2. Other plping C C 3 I 3 LR Y Y
and valves

3. n, monitors C NA 3 i J mig Y Y

4 N.‘, recomb iners C NA 3 1 C mig Y Y

5. Recombiner 8.C NA 3 1 J mig Y Y

instrumentation

REACTOR EXTERNAL BUILDING MVAC SYSTEM

1. Yentilation fans ¢ NA NNS it C AMCA
2. Ventilation fan C NA NNS 1 £ NEMA MG N ~
motors
3. Ductwork C NA NNS i C ANST NSO L3 N
4. Dampers C NA NNS 1 C ANST NSO9 N L]
5. Damper motors C NA NNS 1 ¥ REMA MG N N
6. Instrumentation C NA NNS I J mig N N
CONTROL ROOL WYAC SYSTEM (ESSENTIAL PORTION)
1. Filter unit fans 6 NA 3 | C AMCA Y Y
2. Filter unit fans 6 LL) 3 1 £ NEMA MG Y Y
motors
3. Return alr fans 6 NA 3 1 C AMCA Y Y
4. Return alr fans motor 6 NA 3 1 t NEMA MG Y Y
WAPWR S /¥ DECEMBER, 19R4
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Principal System
and _Components

10.

12.
13

D - >

Moisture eliminators

Heaters

HEPA filters
Charcoal filters
Cooling colls
Dampers

Damper motors
Duc twork

Safety related
instrumentat lon

(a)

Location

6
6
G
6
6
6
6
6
6

(b)

Qualtity
_Group

ESSENTIAL SAFETY FACILITY AREA HVAC SYSTEM

@ B e > e oW

fans

. Battery room exhaust I

Battery room exhaust 1

fan motors
A/C unit fans

A/C unit fan motors

Cooling ce'ls
Prefilters

Duc twork
Dampers

Damper motors
Safety related
instrumentat ion

WAPWR S/

5"illli}

(c)

Safety
Class.

w W W W W W W W W

wW W W W W W W w

(d)

Selsmic
Category

TABLE 3.2-) (Sheet 28 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(e)

Code
Classification

L T T o T T S T Y

e

e ™ M M O W ™ ™

(f) (9) (h) (8]
Principal
Construction Safety

Code & S5tds. Q-LIst  Related Comments

ANST NSO9 Y Y
" Y Y
ANST NSO9 Y Y
ANST NSO9 Y Y
i Y Y
ANST NS09 Y Y
NEMA MG Y Y
ANS] N509 Y Y
mfg Y Y
AMCA Y Y
NEMA M) Y Y
AMCA Y Y
NEMA MG) Y \J
1 Y Y
ASHRAE Y Y
ANST NS09 Y Y
ANST NSO9 Y Y
NEMA MG Y Y
mig Y Y

DECEMRER, 1984



TABLE 3. 2-1 (Sheet 29 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS :

(a) (d) (c) (d) (e) (1) (9) (L)) (R}
Principal
Principal System Quality Safety Selsmic Code Construction Safety
_and Components Location  Growp Class  Category (Classification Code & Stds, Q- -List Related Comments

CONTROL COMPLEX AREA CABLE SPREADING ROOM NYAC SYSTEM

1. Cable spreading [N NA NN 1 C AMCA ~ N
room A/C fans

2. Cable spreading room 6 NA NS 1" f NEMA WG ~ ~
A/C fan motors

3. Prefilters G NA NNS 4! C ASHRAE N N

4. A} other coolers 6 NA NN 1 C AR| N ~

S. Electric duct heaters 6 NA NNS 1 f u N el

6. A1l other ductwork 6 NA NNS 11 C SMACNA N ~

7. ALl other 6 L1 NNS i J mig N ~
instrumentation

FUEL WANDLING AREA POST-ACCIDENT EXMAUST SYSTEMN

1. Fans F NA 3 1 C AMCA Y Y

Z. Fan motors ¥ NA 3 1 £ NEMA MG Y Y

3. Moisture eliminators F NA 3 1 C ANST N509 Y Y

4. Meaters ¥ NA b 1 1 UL Y Y

S. WEPA filters ¥ NA 3 I C ANST NSD9 Y Y

6. Charcoal filters F NA 3 1 C ANS] NSO9 Y Y

1. Ductwork f NA 3 1 C ANST NSO Y Y

8. Dampers F LL) 3 1 C ANST NSO9 Y Y

9. Dampers motors F NA 3 I £ NEMA NG Y

10. Safety-related ¥ NA 3 i J mig Y Y
instrumentation »

WAPWR -5 /¥ DECIMBER, 1984

211914




TABLE 3.2-1 (Sheet 30 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d4) (e) ) (9) (h) (&)
Principal
Principal System Quality Safety Selsmic Code Construction Safety
and Components Location Sroup Class = Category Classificatlion Code & Stds. Q- List Related Comments

REACTOR EXTERNAL BUILDING OUTSIDE AIR SUPPLY, NORMAL HYAC, RADIOACTIVE FILVER EXHAUST, AND CONTINUOUS EXMAUST SYSTEMS

1. Exhaust unit fans C NA NNS 1 C AMCA L
2. Exhaust unit C LL) NNS 1 f NEMA MG N N
fan motors
3. AT fans C NA NNS I C AMC A N L]
4. A/C fan motors C NA NNS I f NEMA MG N N
S. WEPA filters C NA NNS 1 C ANST NS09 N N
6. Charcoal filters C NA NNS I C ANST N509 N N
T. Electric heaters C NA NNS 1} t " ~ ~
8. Cooling colls C LL) NNS 1 C ARI N N
9. Ductwork C NA NN 1 C SMACNA N N
10. Dampers C NA NNS 4] c ANST NS09 N N
1. Damper motors C NA NNS 1 £ NEMA MG L] N
12 instrumentation C NA NN 1 J mfg ~ N
PIPING PENETRATION VENTILATION SYSTEM
V. Restraint cooling fans C NA NS I € AMCA »
2. Restraint cooling - NA NNS 1 £ NEMA MG N
fan motors
3. Ductwork C NA NNS 1 C SMACNA
Backdraft dampers C NA NNS 1 € ANST NSO09
Instrumentation C NA NNS 1 J mig
PIPING PENETRATION FILTER EXMAUST SYSTEM
V. Fans C NA 3 1 C AMCA Y ]
2. Fan motors C NA 3 ! f NEMA MG Y Y

WAPWR < /% FCEMRER, 1984
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TABLE 3 2-1 (Sheetl 31 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (f) (9) (h) tH
Principal

Principal System Quality Safety Selsmic Code Construction Safety

_and _Components Location  Group Class Category Classification Code & Stds. Q-List Related Comments
3. NEPA filters L8 NA 3 1 C ANST NS09 Y Y

4. Charcoal filters C NA 3 1 C ANST NSO9 Y Y

5. Dampers C NA 3 1 C ANST NSO9 Y Y

6. Damper motors C NA 3 I £ NEMA MG Y Y

7. Ductwork C NA 3 1 C ANST NSO9 Y Y

8. Area coolers C C 3 1 ' L} 1t Y Y

9. Safety-related C NA 3 1 J mfg Y Y

Instrumentat fon

ELECTRICAL PENETRATION FILTER EXHAUST SYSTEM

1. Fans C NA 3 1 C AMCA Y Y
2. Fan motors C NA 3 1 £ NEMA mG) Y Y
3. NEPA filters C NA 3 1 C ANST NSO9 A\ Y
4. Charcoal filters C NA 3 1 € ANST N509 Y Y
5. Ductwork c NA 3 | C ANST NS09 Y Y
6. Dampers C NA 3 1 C ANST N509 Y Y
1. Damper motors C NA 3 1 £ NEMA MG Y Y
8. Safety-related C NA 3 1 J mig Y Y
instrumentat ion
DIESEL GENERATOR BUILDING HVAC SYSTEM
1. €Sy exhaust fans K NA 3 1 C AMC A Y Y
2. ESF exhaust fan K LL} 3 1 £ NEMA W) Y Y
motors
3. ESF ductwork K NA 3 1 C ANST NSD9 Y Y
WAPWR /% DECEMRER, 1984
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TABLE 3.2-1 (Sheet 32 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) () (9) h) (&)
Principal
Principal System Quality Safety Setsmic Code Construction Safety
4and Lomponent s Location Group  Class Category Classification Code & Stds. Q List Related Comments

4. ESF dampers NA ANST NSD9
5. ESF damper motors NA NEMA MG
L1

6. E5F Instrumentation mig

MAIN CONTRCL BOARD

1. Hand switches and
controls for safety-
related equipment

. A1 other instru-
ments and controls

NUCLEAR INSTRUMENTATION SYSTEM
1. A1) instruments 8.c
inputting to
reactor protection
system
PROCESS CONTROL SYSTEM
1. NSSS safety-related 8.C

instrumentation and
controls

DECEMRE




TABLE 3.2-1 (Sheet 33 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) (c) (d) (e) (f) (9) (h) ("
Principa)

Principal System Quality Safety Selsmic Code Construction Safety
_and Components Location  Growp  Class  Category (Classification Code & Stds.  Q-List Related Comments
PROTECTION SYSTEN
1. Protection instry 8.C NA 3 ! J mfg Y Y

mentation and

controls
ROD CONTROL POWER SYSTEM
1. Reactor trip i NA k) 1 t mfg Y Y

switchgear
2. Other switchgear I NA NNC It f mfg N ~
ROD CONTROL SYSTEM
1. Rod contro) 1 NA NNS I J mig L ~

equipment

ROD POSITION INDICATION SYSTEM

1. Rod position 1 L) NS 1 J mig ~ ~
instrumentat fon

RADIATION MONTTORING SYSTEM

1. Safety related ve NA 3 1 J mfg Y Y
portions

WAPWR S /¥ DECEMBER, 1984

2119¢ 14



(a)
Principal System
and Components Location
2. Nonsafety-related, VR
selsmic Category |
portions
3. Other portions vR
ESF ACTUATION SYSTEW
1. A)) portions B.C
REACTOR INSTRUMENTATION
1. A1} portions 8.C
inputting to
reactor protection
2. Other portions 8.C
REACTOR CONTROL SYSTEM
1. Protection related 8.C
portions
2. Other portions 8.C

POST -ACCIDENT MONITORING SYSTEM

1. Safety related 8.C
portions

WAPWR S /%

.‘H“-‘ l

(»)

Quailtty
_Group

TARLE 3.2-1 (Sheet 34 of 42)

CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(c) (d)

Safety  Selismic
Class Category

NN I
NNS I
3 1
3 1
LU I
3 1
NNS I
3 1

(e)

Code
Classification

(f)
Principal
Construction

Code & Stds, Q@

mfgq

mig

mig

mig

miq

mfiq

(9) (h) )

Safety
List  Related Comments

N N
~ ~
Y Y
Y Y
N N
Y \]
N L]
Note &
Y Y

DECEMBER, 1984



(a)

Principal System
_and _Components Locatton

Nonsafety-related, L+
selsmic Category |
portions
. Other portions 8.C
PLANT AUXILIARY CONTROL ROARDS
. Safety-related
portions
. Monsafety related
portions
INCORE INSTRUMENTATION
1. A1l portions
COMPUTER SYSTEM
1. A1l portions Ve
ANNUNCIATOR SYSTEN
1. A1l portions va

SEISMIC MONITORING EQUIPMENT

1. AY) portions v

WAPWR -S/E
211% 14

(b)

Quality
_Group

NA

(c)

Safety
Class

CLASSIFICATION OF SIRUCTURES, COMPONENTS, AND SYSTEMS

(d)

Selsmic
Category

TARLE 3.2-1 (Sheet 35 of 42)

(e)

Code
Classification

(f)
Principal
Constructlon
Code & Stds.

mfq

mig

(9)

Q List

(h)

Safety
Related

1)

Comment s

DECEMRER,

1984
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TABLE 3.2 )V (Sheet 3% of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(a) (b) {c) (d) (e) (f) (9) (h) (M
Principal
Principal System Quality Safety Selsmic Code Construct ion Safety
and Components Location Group Class Category Classification Code & Stds. Q-List  Related Comments
AC SYSTEN - 480 v
1. 4160/480 v N NA 3 I £ mfg Y Y
tran.formers
2. Load centers € NA 3 1 £ mfg Y Y
3. Motor centrol C NA 3 | f mig Y Y
centers
4. Instrumentation C NA 3 1 f mfg Y Y
and control
AC SYSTEN - 2180 v
T. €16 kY buses and € NA 3 i £ mig Y Y
switchgear
2. Instrumentation c NA 3 I £ mig Y ¥
and controls
DC SYSTEM - CLASS ¢
1. Batteries C NA 3 I L mfg Y Y
2. Chargers C NA 3 I £ LK) Y Y
3. Breakers, bus work, € NA 3 I £ mig Y Y
and switchgear
4. Instrumentation C NA 3 1 f mfg Y Y
and controls
5. Mator control C NA 3 | £ miqg Y Y
center
6. Distribut lon panels C NA 3 I ¥ mig Y Y
WAPWR /% DICEMBER, 1984
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TABLE 3.2-) (Sheet 31 of 42)
CLASSIFICATION OF STRUCTURES, CUMPONENTS, AND SYSTEMS

(a) (v) () (d) (e) (f) (9) (h) n
Principal
Principal System Quality Safety Selsmic Code Construction Safety
_and Components Locattion Growp  Class Category Classification Code & Stds. GList Related Comments

120-¥ ac POMER SYSTEM - CLASS ¢

1. Transformers € NA 3 H £ mig Y Y
2. Breakers, bus work, C NA 3 1 t mig Y Y
and switchgear
dc-ac inverters C NA 3 { £ mig Y Y
4. Instrumentation C NA 3 I t mfy Y Y
and control
S. Bistribution panels C NA NNS 1 £ mig ~ N
AC SYSTEW - 13 8 kv
1. 13.8-kV¥ buses and C NA NS 1 £ mig ~ N
switchgear
2. 13.9-ky RCP WE C NA 3 I f mfq Y Y
breakers
STRUCTURES AND BULLDINGS
1. Contaloment bullding # L] 2 1 L4 ASME 111, Y Y
2. fquipment hatch ® a 2 I L8 i Y Y
and persomne! locks
3. Penetration L] L] 2 1 L i A\ Y
sleeves
assemb|les
WAPWR ST DICEMBER, 1984
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Principal System
_and_Components

10.

n

Lk}
AL )

Fuel transfer
tube housing and
bellows assembly
Reactor external
bullding

Dlesel generator
area bullding
Fuel hand!ing
area

Control complex
area

Diesel fuel ot}
storage tanks
Spent fuel pool
and refueling canal
Tiner plate
Contalinment
internal

structures

Electrical cable
trays and supports
Plipe sepports

Pipe whip restraints

(a)

Location

(»)

Quality
Growp

(<)

Safety
Class

(d)

Selsmic
Category

TAL.E 3.2-1 (Sheet 38 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(e)

Code
Classification

LS

(f
Principal
Construction
Code & Stds Q

AlSC
ACTL 318
AlSC
ACIE 318
AlSC
ACL Y18
AlSC
ACL 218
APL -850

AlSC
ACYE 38

AlSC
ACT 118
ACiN49
THE-w¢
AlSC

AlSC
AlSC

(9) (h) (R}

Safety
List Related Comments

Y Y
Y Y
Y v
Y Y
Y Y
¥ ¥
Y ¥
A Y
Y Y
Y Y
Y ¥

DECEMRER, 1984



TABLE 3.2-1 (Sheet 39 of 42)
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

(2) v () (d) (e) (f) (9) ) (8}
Principal

Principal System Ouality Safety Selsmic Code Construction Safety

and (omponent < Location Group Class Category Classification Code & Stds. @ tist  Related Comments

FUEL WANDL ING SYSTER

1. New and spent fyel ¥ NA LN 1 C mfg N ~
storage racks
Refueling machine L] NA NS 1 € mfg

3. RCC storage R NA LN 1] C mig ~ L)
station

4. T™imbie plug 2 NA L 1 c mig Ll ~
storage rack

S. Integrated head L] N L I i mig ~ L]
cable assembly

6. Integrated head 8 NA LN ] € mig ~ ~
cable tray

7. Integrated head L] ~a NN 4 C miq ~ -
1ifting rig

8. integrated head L} € 3 I LE AR L Y Y
missile shield

9. Reactor intermals ] NA L) 1 C mfg N ~
iting rig

10. Fuel handling L ~A e 1 € mig ~ ~
machine

16. Spent fuel ¥ L L 1] € wfg ~ N
hand)ing too!

17, New fuel handling f L1 N n L4 mfg ~ ~
tool

8. Fuel transfer tube ¥ C 3 1 L (1] Y Y
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TABLE 3.2-) (Sheet 40)

CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

FOOTNOTES AND COMMENTS

2. Location

Reactor Building (B,C)*

Containment*

Reactor External Building (F,G,M,1,J,K)*
Fuel Handling Area*

Control Complex Area*

Main Steam Tunnel*

Essential Safety Facility Area*
Auxiliary Equipment Area*
Diesel Generator Area or Building*
wWaste Disposa) building
Transformer Area

Switch vard

Turbine Building

Various Buildings

Outside

-+ T X O X o= X O MO @ P

O <
o

w Nuclear Power Block

b. Qual ty Group

The quality group classification corresponds to those provided in ‘
Regulatory Guide 1.26. NA 1indicates not applicable and 4is used for

equipment and structures that do not fall under the purview of Regulatory

Guide 1.26.

t. Safety Class ‘

The nuclear safety class corresponds to the quality group classifications
in ANSI/ANS-51.1-1983, Nuclear Safety Classes 1, 2, 3, and NNS. ’
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TABLE 3.2-1 (Sheet 41)

ASSIFICATION OF STRUCTUR PONENTS, AND SYSTEM

d. Seismic Category
Seismic Category I is applied to those safety-related structures, systems,
and components that must remain functional during and after a safe
shutdown earthquake (SSE) according to Regulatory Guide 1.29 and to those
nonsafety-related structures, systems, and components that are designed to
Seismic Category 1 requirements.

e. Code, Classification
See Subsection 3.2.2.3.

f. Principa) Construction Code
The codes referenced are primary codes only and are defined in Table
3.2-2. Detailed construction codes are listed 14in the component
specification.

g. Q-List

Y Yes; requires compliance with 10 CFR 50, Appendix B, as implemented
in the WAPWR quality assurance programs.

N No; not within the scope of 10 CFR SO, Appendix B.

h. Safety Related

Y Yes; safety related.
N No; not safety related.
f. Comments

This column contains a 1isting of appliable design criteria and other
amplifying information.
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TABLE 3.2-1 (Sheet 42)

j. The main control board will be qualified by Westinghouse to Institute of
Electrical and Electronics Engineers (IEEE) 344 and 323.

k. Post-accident monitoring system (PAMS) dinstruments are assigned a
classification based on their category as defined in Regulatory Guide
1.97, Revision 2.

i
\
i
ASSIFICATION OF STRUCTUR PONENTS, AND SYSTEM

1. Selected materials, components, parts, appurtenances, and piping
subassemblies are procured in accordance with ASME Code, Section 111,
Class 3, however, the system is designed and installed in accordance with
ANST B31.1. Conformance with these aspects of the ASME code is required
only for initial procurement.

n. The entire heat exchanger is constructed to ASME Section 11l requirements
to ensure the integrity of the safety-related portion.

0. Portions of the sample system that are part of the pressure boundary of
the system being sampled must meet the same quality and code requirements
as that sampled system up to and 4including the first normally shut
fsolation valve in the sample line.

p. The guality assurance program to be applied to fire protection systems 1is
described in Branch Technica) Position APCSB 9.5-1, Appendix A, attached
to Nuclear Regulatory Commission (NRC) Standard Review Plan 9.5.1.

q. The quality assurance program to be applied to radiocactive waste
management systems is described in Regulatory Guide 1.143.

r. Heat tracing and associated heat tracing equipment for the safety
injection system is redundant, procured as Class 1E, and seismically and
environmentally qualified in accordance with 1EEE 323, 344, and 383.
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TABLE 3.2-2 (Sheet 1 of 3)

PRINCIPA AND STANDAR

1 ASME Boiler and Pressure Vessel Code, Section 1.

111-1,2,3, MC, NF, ASME Boiler and Pressure vesse)l Code, Section 111,
. CS Class 1, 2, 3, or MC, NF, or (S.

vIiil ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1.

B31.1 ANS] B31.1.0, Power Piping.

AISC American Institute of Stee)l Construction.

AlISI American Iron and Steel Institute, Specification for
? . the Design of Cold-Formed Steel Structural Members,
1968, Design of Light Gage Cold-Formed Stainless Stee!l
Structural Members.

AMCA Air Moving and Conditioning Association.

ACl 318 American Concrete Institute, Building Code
Requirements for Reiniorced Concrete.

' ACI-349 American Concrete Institute, Code Requirements for
Nuclear Safety Related Structures.

ANST N509 American National Standard Institute, Nuclear Power
Plant Air Cleaning Units and Components, 1976.

AP 620 American Petroleum Institute, Recommended Rules for
Design and Construction of Large, Low Pressure Storage
Tanks.
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AP1-650

AR]

ASHRAE

A 4

DEMA

TEEE

mfg

NEMA MGY

NFPA

SMACNA

TEMA C,R
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TABLE 3.2-2 (Sheet 2 of 3)

PRINCIPAL CODES AND STANDARDS

American Petroleum Institute, Welded Stee) Tanks for
011 Storage.

Air Conditioning and Refrigeration Institute.

American Society of Meating, Refrigerating and Air
Conditioning Engineers.

American Water Works Association

Diesel Engine Manufacturer Association, Standard
Practices for Stationary Diese)l and Gas Engines, 1971,

Institute of Electrical and Electronic Engineers
Manufacturer's standard. Design requirements
specified by designer with appropriate consideration

of the intended service and operating conditions.

Natfonal GElectric Manufacturers Association, 1972,
Motors and Generators.

National Fire Protection Association.

Sheet Metal and Alr Conditioning Contractors Nationa!
Association, Inc.

Tubular Exchanger Manufacturers Association, Class €
or R.
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TABLE 3.2-2 (Sheet 3 of 3)

PRINCIPAL CODES AND STANDARDS

Uniform Building Code.

Underwriters' Laboratories.
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3.3 WIND AND TORMADO LOADINGS
3.3.17 wind Loadings

A1l structures are designed for wind loading in accordance with American
National Standards Institute (ANSI) AS58.1-1982 “Minimum Design Loads in
Buildings and Other Structures" (Reference 1).

3.3.7.1 Design wind velocity

The design wind is specified as a basic wind speed of 110 mph with an annua)
probability of occurrence of 0.02. This wind speed 15 the fastest mile wind
speed at 10 meters above the ground in open terrain (ANSI AS58.1 Exposure C).
The magnitude of 110 mph has been selected based on the most severe location
identified in ANSI AS58.1. The annual probability of occurrence of 0.02 is the
basis established in ANSI AS58.1 for the basic wind speed. Higher winds with a
probability of occurrence of 0.0) are considered in the design by Jytilizing an
Importance Factor of 1.11. This 1is obtained by classifying the NPB as an
essentfal facility at a hurricane oceanline and using the design provisions
for Category IIl of ANSI AS8.1.

vertical wvelocity prqf1les and gust response factors are calculated 1in
accordance with ANSI A58.1 for Exposure C.

3.3.1.2 Determination of Applied Forces

Effective pressures applied to interior and exterior surfaces of the buildings
and the corresponding shape coefficients are caiculated in accordance with
ANSI AS8.1 for Exposure C. Shape coefficients for the reactor exterior
building are calculated using ASCE paper 3269, Reference 2.
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3.3.2 Tornado Loadings

Seismic Category I st}uctures are designed to resist tornado loads without
exceeding the allowable stresses defined in Subsection 3.8.4. In addition,
a1l Seismic Category 1 structures are designed to remain functional when
subjected to wind generated missiles. Seismic Category I structures may
sustain local missile damage such as partial penetration and loca) cracking
and/or permanent deformation, provided that structura)l integrity is maintained
and Seismic Category I systems, components and equipment required to function
during or after passage of a tornado are not subject to damage by secondary
missiles, such as from concrete spalling.

3.3.2.17 Applicable Design Parameters

The tornado used in the design of the NPB 1s the tornado specified in ANSI/ANS
2.3-1983 "Standard for Estimating Tornado and Extreme Wind Characteristics at
Nuclear Power Sites." .Since the nuclear power block 1s intended for a wide
range of sites, the maximum windspeed 1s selected at 320 mph which is the
maximum specified corresponding to a probability of 10'7 per year for any
location in the U.S.

The ANSI/ANS 2.3 standard is based on detailed analyses and evaluation of the
data by experts leading to {issue of the concensus standard in 1983. It
represents more recent in-depth evaluation than was incorporated in Regulatory
Guide 1.76 and the Standard Review Plan.

The design parameters appl‘cable to the design basis tornado are as follows:

Maximum wind speed - 320 mph

o Translational speed - 70 mph maximum/5 mph minimum
Radius from the center of the tornado, where the maximum wind velocity
occurs - 540 ft.

©¢ Atmospheric pressure drop - 1.96 psi.
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3.3.2.2 Determination of Forces on Structures

The procedures specified in Subsection 3.3.1.2 are used to transform the
tornado wind loading and differential pressure loading into effective loads on
structures, with a wind velocity of 320 mph (translational plus rotational
velocities). The dynamic wind pressure is applied to the structure in the
same manner as the wind loads described in Subsection 3.3.1.2, with the
exception that the importance factor, gust factor and the variation of wind
speed with height do oot apply. Loading combinations and load factors used
are as follows:

Wy = W,

Ht = Hp

W = W

Nt = Nw + 0.5 “p

Nt-Hw'va

Ht = Hw + 0.5 Hp + Hm
where

ut = total tornado load

H' = total wind load

Hp = total differential pressure load

wn = total missile load

The maximum pressure drop of 1.96 psi, applicable to a nonvented structure, is
used for Hp' unless a lower value 1s Justified using the provisions of
Reference 3 for partially vented structures. wWhen the tornado loading
includes the missile load, the structure locally may go in the plastic range
due to the missile impact.
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3.3.2.3 Ability of Category I Structures to Perform Despite Failure of
Structures Not Designed for Tornado Loads

The failure of structures, not designed for tornado loadings will ‘not affect
the capability of Category I structures or systems performance. This wil) be
accomplished by any one of the following:

a. Designing the adjacent structure to Category I structure tornado
Toading.

b. Investigating the effect of adjacent structural failure on Category I
structures to determine that nc impairment of function results.

¢. Designing a structura) barrier to protect Category I structures from
adjacent structural failure.

3.3.3 Design and Analysis Procedures

The pressure due to normal winds or (ornado winds will be considered static
and applied to the structure 1ike any other conventional design loading. The
tornado loads will include the tornado wind pressure, interna) pressure due to
tornado created atmospheric pressure drop, and forces dLe to tornado-generated
missiles. The normal wind loads or tornado wind loads will be combined with
other loads as described in Subsection 3.8.4. Conventional design techniques
will be utilized to analyze and design the structures for these loadings in
the same manner as for other static loadings.

3.3.4 References
1. ANSI AS58.1, “"American National Standard Minimum Design Loads tor Buildings

and Other Structures,™ AS8.1-1982, American National Standards Institute
(Revision of ANSI A58.1-1972).
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2. ASCE Paper No. 3269, "Wind Forces on Structures," Transactions of the
American Society of Civil Engineers, Vol. 126, Part II (1961).

3. U.S. Nuclear Regulatory Commission, Standard Review Plan, 3 3.2- "Tornado
Loadings," SRP 3.3.2 Rev. 2, July 1981
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3.4 WATER LEVEL (FLOOD) DESIGN

This section evaluates the Nuclear Power Block (NPB) portions of the WAPWR for
effects of water level (floods). A 1listing of those WAPWR structures,
systems, and components within the scope of the NPB is presented in Table
3.2-1 of this module.

The flooding of a nuclear power plant from natural causes can be attributed to
probable maximum flood (PMF), site and adjacent area probable maximum
precipitation (PMP) runoff, and ground water. Site interface parameters for
flood level and PMP are 1isted in Table 1.9-3 of RESAR-SP/90 PDA Module 3.

NPB Seismic Category 1 structures, systems, and components whose failure could
prevent safe shutdown of the plant or result in uncontrolled release of
significant radioactivity are protected from the effects of the design basis
flood levels or flood conditions including wave and wind effects by the
following methods:

a) Designed to withstand effects of the design basis flood level or flood
condition.

b) Positioned to preclude effects of the design basis flood level or
flood condition.

¢) Housed within structures which satisfy method "a" or "b* above.

Criteria for the design basis flood conform to the guidelines of Regulatory
Guide 1.59, "Design Basis Floods for Nuclear Power Plants" and Regulatory
Guide 1.102, "Flood Protection for Nuclear Power Plants," as well as meeting
the relevant requirements of General Design Criterion 2, “Design Bases for
Protection Against Natural Phenomena," and 10 CFR Part 100, Appendix A,
"Seismic and Geologic Siting Criteria for Nuclear Power Plants," Section IV.C
as related to protecting structures, systems, and components important to
safety from the effects of floods, tsunamis and seiches.
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3.4.1 Flood Protection

This section discusses the flood protection measures provided for NPB Category
I structures, systems, and components.

3.4.1.1 External Flood Protection
3.4.1.1.1 Structura) Flood Protection

A1l NPB plant structures and systems they house are designed to withstund the
effects of flooding. Systems located above grade are protected from flooding
by maintaining the elevation of doors and openings in the exterior walls of
the structures above the final grade elevation. This provides protection from
flooding due to ponding of surface water. Waterstops and waterproof ing
materials are not used on structures above grade since the concrete walls of
these structures provide adequate waterproofing during periods of flooding
caused by heavy precipitation.

NPB systems TJocated below grade are protected by a combination of a
waterproofing system for the structures and the location of safety related
systems in watertight compartments. In addition, an interior floor drainage
system is provided within the structures.

Waterproofing is provided below grade by means of waterstops and waterproofing
materials. Waterstops are provided at expansion and construction joints of
walls and basemats located below grade. MWaterstop material is of synthetic
rubber.

The exterior waterproofing system is applied to the vertical exterior surfaces
of walls below grade and the bottom surface of basemats of NPB plant
structures. The exterior waterproofing system consists of a membrane composed
of several coats of asphalt reinforced with alternate layers of asphalt-coated
glass fabric. The number of coats is consistent with the design hydrostatic
head in accordance with the manufacturer's recommendations.

Below-grade penetrations are provided with waterproof seals.
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. 3.4.1.1.2 Surface Drainage System
The surface drainage system is not within the scope of the NPB.
‘ 3.4.).2 lood Protection for Flooding from Component Failures
The basis for postulating piping failures is described in Section 3.6.

‘ The following design features have been incorporated to meet the criteria of
-Subsection 3.6.1:

a) Redundant safety related components are either located in separate
compartments, protected from flooding by adequate separation, or
protected from flooding by natural drainage.

b) Watertight rooms used tc protect safety related equipment from damage
from flooding have watertight access doors fitted with switches and
‘ circuits that provide an alarm in the control room when the access
door is open. The watertight access doors are designed to withstand
the water pressure exerted by the calculated flood levels

¢) -Passages or piping and other penetrations through walls of a room
containing equipment important to safety are sealed against water
leakage from any postulated failure of water systems.

d) wWalls, doors, panels, or other compartment closures designed to
protect equipment important to safety from damage due to flooding from
. a system rupture are designed for effects of the system rupture.

e) Rooms containing system components and pipes whose rupture could
result in flood damage to equipment important to safety have level
‘ alarms that alarm in the control room.
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f) Equipment is either located or protected such that rupture of a system
connected to a body of water (ocean, reservoir, etc.) will not re.ult
in failure of other essential equipment from flooding.

Each area of the plant is reviewed to determine the postulated fluid system
failure, including non-Seismic Category 1 and non-tornado protected tanks,
vessels, and other process equipment, which results in the most adverse
flooding conditions. Flooding levels are determined for various areas.

Included are consideration of a componert failure in the circulating water
system as well as actuation of the fire protection system outside
containment. The levels calculated are not sufficient to impair either the
operability of essential systems and components or damage essential
structures. The containment and all essential equipment located within are
designec to withstand the environment associated with the DBA (LOCA or MSLB)
inside containment. These environmental conditions consider the max imum
resultant flooding level associated with the rupture of the largest reacto-
coolant system pipe.

The safety related equipment is housed inside Seismic Category I structures
and thus 1is protected against flooding. The safety related structures will
not be jeopardized as a result of the maximum still water level or wave run-up
resulting from a PMF, or storm water accumulated at the plant site due to a
PMP, and therefore, it will not be necessary to bring the reactor to a cold
shutdown for flood conditions.

3.4.1.3 Permarent Dewatering System

A permanent dewatering system is not within the scope of the NPB.

3.4.2 Analysis Procedures

3.4.2.1 Analysis Procedures for External Flooding

The NPB Seismic Category 1 structures are designed to protect the safety
related systems, equipment, and components from the probable maximum
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flood and the highest groundwater level. These struttures meet the
requirements of GDC 2 with respect to their capability to withstand the
effects of the flood or highest groundwater level so that their design
reflects:

1. appropriate consideration for the most severe flood recorded for the
site with an appropriate margin,

2. appropriate combination of the effects of normal and accident
conditions with the effect of the natural phenomena, and

3. the importance of the safety functions to be performed.
3.4.2.2 Analysis Procedures for Flooding from Component
The effects of major flooding as a result of component failures or actuation
of the fire protection system outside containment are determined. The maximum
expected flood level inside the containment as a result of a large break LOCA
is calculated. A1l safety related equipment required to mitigate the effects
of the LOCA are located at or above this elevation inside the containment.
Each postulated faflure in 1liquid-carrying system piping is considered
separately as a single postulated event occurring during normal plant
operation. Each area of the plant is reviewed to determine the failure which
results in the most adverse flooding conditions.
The type of pipe failures considered are:

a) High-energy line break

b) Moderate-energy pipe breaks

¢) Moderate-energy pipe cracks
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d) Fire water system actuation for 10 minutes followed by discharge from
two fire hoses for 10 minutes.

The flow from the postulated failure is assumed to result in a flood in the
compartment in which the component is located, except that consideration is
given to wunprotected communicating compartments. The volume occupied by
equipment in a room is considered negligible except where it is apparent that
large equipment occupies a significant proportion of the available room
volume. Examples of this are rooms specifically designed to accommodate large
storage tanks.

The analysis identifies high-energy fluid piping failure which could lead to
unacceptable flooding conditions. Flood protection design features, as
discussed in Subsection 3.4.1.1, are implemented to mitigate these
consequences thus eliminating potentially unacceptable flooding conditions.
The effects of pipe whip and jet impingement from high-energy piping are not
considered in this criteria except where the effects may give rise to sources
of further flooding.

A1l safety related structures are designed for the effect of ground water
buoyant forces. The electrical manholes for NPB auxiliary and emergency power
system cables are also Seismic Category 1 reinforced concrete structures, but
are founded on soil. Electrical manholes and buried duct runs for NPB
auxiliary and emergency power system cables are capable of normal! function
while completely or partially flooded. The duct runs are sloped towards the
electrical manholes and groundwater finding its way into the conduit will be
drained to the electrical manhole. The electrical manholes are provided with
collection sumps for any water coming through conduits or cracks in the
reinforced concrete walls or slabs of the manholes. When necessary, the water
in the sumps will be removed by portable pumps connected to the pipes from the
sumps .
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3.5 MISSILE PROTECTION

In accordance with the requirements of 10CFRS0, Appendix A, GOC 4, adequate
missile protection is provided to ensure that those portions of the safety
related structures, systems, or components whose failure would result in the
failure of the integrity of the reactor coolant system pressure boundary,
reduce to an unacceptable level the functioning of any plant feature required
for a safe shutdown, or lead to unacceptable offsite radiological
consequences, are designed and constructed so as not to fail or cause such a
failure in the event of a postulated credible missile impact. The following
sections provide the tases for the selection of the postulated missiles,
protection requirements for external missiles, dnd details of the missile
barrier design. Safety related systems or components are protected by
locating them within missile-proof structures, by providing separation, or by
providing missile shields or barriers. Nonsafety related structures, systems,
and components are protected from internally generated missiles if their
failure by postulated missile impact could prevent the required safety
function of other safety related structures, systems, or components.

3.5.1 Missile Selection and Description
The following sources are considered for the generation of missiles:

0 Internally generated missiles:

- Internally generated missiles outside containment.
- Internally generated missiles inside containment.

0 Turbine missiles.
0 Externally generated missiles:

= Missiles generated by natura)l phenomena.
= Missiles generated by events near the site.
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- Aircraft hazards.
- Gravity generated missiles.

The systems located both inside and outside of the containment have been
examined to identify and classify potential missiles.

The basic approach is to ensure design adequacy against generation of missiles
rather than to allow missile formation and design plant features to contain
their effects. In those cases where missile formation does occur, plant
features are designed to contain their effects.

3.5.7.1 Internally Generated Missiles (Outside Containment)

There are two general sources of postulated missiles outside the containment
which are potentizlly generated as a result of plant operation:

0 Rotating component failures. (e.g., pump impeller, fan blade, turbine
disk, motor, etc)

© Pressurized component failures.

A tabulation of safety-related structures, systems, and components and their
locations, seismic catggories. and quality group classifications is given in
Table 3.2-1. General arrangement and section detail drawings are located in
Section 1.2 of RESAR-SP/90 PDA Module 3, “Introduction and Site".

3.5.1.1.1 Rotating Component Failure Missiles

Identification of missiles generated by postulated failure of rotating
components, their sources and characteristics (f.e., size, mass, velocity,
etc.), and location (including adjacent structur 5, casing thicknesses, etc)
is made for a determination of the appropriate missile protection to be
provided.
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Missile selection is based on the following conditions:

A. A1l rotating components that are operated during norma) operating
plant conditions are considered to be potential missiles if the energy
of the missile is sufficient to perforate the housing.

B. The energy in a rotating part associated with component failure is
assumed to occur at 120 percent overspeed.

C. Components within one train of a redundant system are not protected
from potential rotating missiles originating from the same train.
Components within the other train are protected by complete separation
and compartmentalization.

3.5.1.1.2 Pressurized Component Failure Missiles

Based on the design features noted below and review of the plant areas outside
the containment containing pressurized components, there are no pressurized
components whose failure will result in postulated missiles affecting the
safety related systems, structures, and components required for safe shutdown
of the reactor. The design features of the pressurized components and the
basis for the postulated missiles selected are described below.

A. Pressurized components in systems which qualify as high-energy systems
(as defined in Section 3.6) are evaluated as to their potential for
becoming missiles.

B. Temperature detectors or other detectors 1{nstalled in high-energy
piping are evaluated as potential missiles 4f failure of a single
circumferential weld could cause their ejection.

C. where auxiliary fittings such as thermocouple wells, pressure gauges,
vents, drains, and test connections are attached to piping or process
equipment by threaded connections only, they are postulated as
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missiles. When such fittings are attached by welding and the
completed joint has a greater design strength than the parent metal,
they are not postulated as missiles.

D. valves of American Nationa) Standards Institute (ANSI) rating 900 psig
and above, constructed in accordance with Section III of the American

Society of Mechanical Engineers (ASME) Boile and Pressure Vesse)
(B&PV) Code, are pressure seal, bonnet-type valves. For pressure seal
bonnet valves, valve bonnets are prevented from becoming missiles by

the retaining ring, which would have to fail in shear, and by the
yoke, which would capture the bonnet or reduce bonnet energy. Because
of the highly conservative design of the retaining ring (safety
factors in excess of eight may be used), bonnet ejectica s highly
improbable for these valves.

E. Most valves of ANSI rating 60C psig and below are valves with bolted
bonnets. For the valve bonnet to be the source of a significant
missile, rupture would take the form of a through-wall circumferentia)
crack in the bonnet area. Such a crack would be detected as a leak
long before it could propagate into a serious loss of fluid, or a

missile generating faflure. valve bonnets are preventcd from becoming
missiles by 1imiting stresses in the bonnet-to-body bolting material
by rules set forth in the ASME B&PY Code, Section III, and by
designing flanges in accordance with applicable code requirements.
Even if bolt failure were to occur, the likelihood of all bolts
experiencing a simultaneous complete severance failure is very
remote. The widespread use of valves with bolted bonnets and the low

historical incidence of complete severance valve bonnet failures .
confirm that bolted bonnets need not be considered as credible
missiles.

F. Vvalve stems are not considered as potential missiles if at least one
feature, in addition to the stem threads, is included in their design
to prevent ejection. For exampie, valies with backseats are prevented
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from becoming missiles by this feature. In addition, air-operated or
motor-operated valve stems are effectively restrained by the valve

operators.

G. Nuts, bolts, nut and bolt combinations, and nut and stud combinations
have only a small amount of stored energy and thus are not considered
potential missiles.

H. Normally closed gate valves are not considered as potential missile
sources, since the force of the fluid acts perpencdicularly to the
disc, stem, and operator.

I. Components within one train of a system containing redundant trains
are not protected from potential pressurized missiles originating from
the same train. Components within the other train are protected by
complete separation and compartmentalization.

The conclusion, based on design features noted above, that valve bonnets are
not credible missiles is also supported by industry experience.

3.5.1.2 Internally Generated Missiles (Inside Containment)

For systems located inside the reactor containment the basic approach is to
assure design adequacy against generation of missiles, rather than allow
missile formation and try to contain their effects. Failure of the reactor
vessel, steam generators, pressurizer, reactor coolant pump castings, and
piping leading to generation of missiles is not considered credible. This is
because of the material characteristics, inspections, quality control during
fabrication, erection and operation, conservative design, and prudent
operation as applied to the particular component.

The two general sources of postulated missiles outside the containment

(Subsection 3.5.1.1) also apply to inside the containment. A tabulation of
missiles generated by postulated failure of rotating and pressure retaining
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components, their sources and characteristics (i.e., size, mass, velocity,
etc), and Tlocation 1s made for the determination of appropriate missile
protection to be provided. For the reactor coolant pressure poundary (RCPB),
the selection of potential missiles is based on the application of single-
failure criteria to the norma) retention features of plant equipment for which
there is a source of energy capable of creating a missile in the event of the
postulated removal of the normal retention features. wWhere redundancy is
provided by the normal retention features, such that sufficient retention
capability remains to prevent creation of @ missile in the event of a
postulated failure of a single retention feature, no potential missile is

postulated.
3.5.1.2.1 Control Rod Drive Mechanisms

Gross failure of a contro)l rod drive mechanism (CROM) housing sufficient to
allow a control rod to be ejected rapidly from the core is not considered
credible for the following reasons:

A. Control rod drive mechanisms are shop hydrotested in excess of 150% of
system design pressure.

B. Control rod drive mechanism housings are individually hydrotested to
125% of system design pressure after they are installed on the reactor
vessel to the head adapters and are checked again during the hydrotest
of the completed reactor coolant system.

C. Control rod drive mechanism housings are made of type 304 stainless
steel. This material exhibits excellent notch toughness at all
temperatures that will be encountered.

D. Stress levels in the mechanisms are not affected by system transients
at power or by thermal movement of the coolant loops.
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However, for conservatism it is postulated that the top plug on the CRDM will
become loose and will be forced upward by the water jet. CRDM missiles are
contained by the integrated head missile shield.

3.5.1.2.2 valves

Valves (as a pressure component) are evaluated to identify potential
missiles. Design features described below, as well as 1in Subsection

3.5.1.1.2, preclude values from being considered as credible sources of
missiles.

Valves with a nominal diameter larger than 2 inches are designed against

bonnet-to-body connection failure and subsequent bonnet ejection by means of
the following:

A. Compliance with the ASME Code, Section I11.

B. Control of load during tightening of bonnet-to-body bolted
connections.

keactor coolant pressure retaining parts are constructed in accordance with
the ASME BA&PV Code, Section III, Class 1. The valves are hydrostatically
tested in accordance with the ASME Code, Section III.

In the special case of those valves located on the top of the pressurizer,
which extends above the operating deck, certain vertical missiles (although
not considered credible) are postulated. Protection is provided by the
concrete roof slab, which prevents potential damage to the containment,
engineered safeguards components, and components located outside the
pressurizer compartments.

3.5.1.2.3 Temperature and Pressure Sensors

The only credible source of jet-propelled missiles from the reactor coolant
piping and piping systems connected to the reactor coolant system is that
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represented by the temperature and pressure sensor assemblies. The resistance
temperature sensor assemblies can be of two types, i.e., with well and without
well. Two rupture locations are postulated: one around the welding between the
boss and the pipe wall, another at the welding (or thread) between the
temperature element assembly and the boss for the without-well element and the
welding (or thread) between the wel) and the boss for the with-well element.

A temperature sensor is installed on the reactor coolant pumps close to the
radial bearing assembly. In evaluating missile potential, it is assumed that
the mounting plate could break and the pipe plug on the external end of the
hole could become a missile.

The missile characteristics of these temperature and pressure element
assemblies are not of concern from a containment penetration standpoint.

3.5 1.2.4 Other Missiles

The missile characteristics of the reactor coolant pump temperature sensor,
the instrumentation well of the pressurizer, and the pressurizer heaters are
also evaluated.

Pressurizer heaters are potential missiles; but inasmuch as they would be
ejected in a downward direction, no damage to safety-related structures,
systems, and components inside the containment would occur.

Consideration is also given to the reactor coolant pump flywheel as a
potential missile source. For a discussion of the design, fabrication,
inspection and material requirements placed on this component to assure its
integrity, see Subsection 5.4.1.5 of RESAR-SP/90 PDA Module 4, “Reactor
Coolant System". In addition, provisions are made i1 the sa‘ety related
circuitry to the pump motor to assure that specified overspeed 1imits are not
exceeded even under faulted conditions; see Subsection 5.4.1.3 of RESAR-SP/90
PDA Module 4, “Reactor Coolant System" for a discussion of the reactor coolant
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pump overspeed considerations. The degree of compliance of the pump flywhee)
with Regulatory Guide 1.14 is discussed in Section 5.4.1.5 and Section 1.8 of
RESAR-SP/90 PDA Module 4, "Reactor Coolant System".

The pressurizer relief tank rupture discs are designed such that their failure
will not result in the formation of missiles. With rupture, the disc will
split into quadrants that will be retained by the disc circumference. The
tank is located low in the containment outside the secondary shield wall, and
disc rupture will not cause failure to either the primary or secondary
systems.

Based on the design features and the analysis presented ir the preceding
sections, it is concluded that because of compartmentalization, protective
barriers, redundancy, and low kinetic energy associated with missiles, the
intended safety function of the essential structures, systems, or components
will not be impaired by any type of rotating or pressurized missile source.

3.5.1.3 Turbine Missiles

The turbine-generator and information related to turbine transient
characteristics, potentia) missile generation and properties, placement and
orientation, strike zones, missile probability analysis, overspeed protection,
and turbine testing are not included in the scope of the Nuclear Power Block
(NPB).

3.5.1.4 Missiles Generated by Natura) Phenomena

The credible missiles at WAPWR created by natural phenomena are those
generated by tornadces. The design basis tornado missiles are based on the
ANSI/ANS 2.3-1983, *“Standard Design Missile Spectrum For wWind Velocity of
320 mph". The ANSI/ANS 2.3 standard is based on detailed analyses and
evaluation of the data by experts leading to issue of the concensus standard
in 1983. It represents more recent in-depth evaluation than was incorporated
in Regulatory Guide 1.76 and the Standard Review Plan. The assessment of
possible hazards due to these missiles is based on the guidelines of
Regulatory Guide 1.117.
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The methodology used to design the Category I structures to provide adequate
protection for the safety-related equipment, system, and components s
described in Section 3.5.3 of this module.

Safety related systems and components are protected by missile barriers.
Where concrete exterior walls and roofs are used as barriers to orfer missile
protection, such walls have a 24-inch minimum thickness, while the roofs are
at least 21 inches thick.

3.5.1.5 Missiles Generated by Events Near the Site

Although not part of the NPB, there are no credible site proximity missiles
assumed by events near the WAPWR site.

3.5.1.6 Aircraft Hazards

Although not part of the NPB, no credible aircraft hazards to the WAPWR site
are taken.

3.5.1.7 Gravity-Generated Missiles

The occurrence of falling objects as a result of seismic events is prevented
by adequately supporting equipment in areas where the possibility of
interaction exists. The postulated occurrence of falling objects as a result
of the failure of a crane or hoist is discussed in RESAR-SP/90 PDA Module 13,
"Auxi'iary Systems.®

3.5.2 Structures, Systems, and Components to be Protected From Externally
Generated Missiles

3.5.2.1 Genera)
the scurces cf mis<iles which, 1f generated, could affect :he safety of the

plant are considered in Subsection 3.5.1. Safety related structures, systems,
and components are designed to withstand the impact of postulated missiles,
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are physically separated from the source of missiles, or are protected by a
missile barrier. Included in this (as 1t relates to potential missiles) is
the consideration of the guidelines of Regulatory Guide 1.13 to assure
integrity of the spent fuel storages facility and fuel therein, and Regulatory
Guide 1.117 for protection from the effects of the Design Basis tornado.
Evaluation of the integrity of the facility ultimate heat sink and protection
against turbine missiles is ~ot part of the NPB.

3.5.2.2 Missile Barriers Within Containment

The secondary shield walls, the refueling canal walls, the various structura)
beams, and the operating floor act as missile barriers separating reactor
coolant loops from other protected components and missile sources. These
barriers also protect the reactor coolant pressure boundary (RCPB) in each
loop from those fidentified missiles generated elsewhere in the containment
building while protecting the RCPB in each loop from externally generated
missiles. The feedwater system is routed so that 1t is not affected by
potential missiles.

Except for short piping runs in the safety injection system (SIS) which must
supply cooling water to the reactor coolant system after a loss of coolant
accident, the emergency safety features are located outside the secondary
shield. The SIS 1ines which penetrate the secondary shield do so in the
vicinity of the loop segment to which they are attached.

A missile shield structure ‘s provided over the control rod drive mechanisms
(CRDMs) to block any identified missiles generated in that location. The
design of the missile shield is discussed in Subsection 3.5.3. The control
rod drives are protected from horizontal missiles by the refueling canal walls
that extend vertically above the CRDMs. The head vent and letdown system
piping s the only high-energy piping located close to the CROMs. (No
potential missile sources exist in the system.) A roof slab 1s providad to
protect against identified missiles that originate in the region where the
pressurizer extends above the operating floor.
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Missile barriers are provided, as required, to prevent missiles generated by
the failure of main steam or feedwater components inside the containment from
causing loss of dintegrity of the containment, isolation system, or steam
system associated with another steam generator, or from causing loss of
function to other required systems or components inside the containment in
accordance with the missile protection design criteria previously listed in
Subsection 3.5.1.

3.5.2.3 Barriers for Missiles Generated Outside of Plant Structures

Protective structures, shields, and missile barriers are designed to provide
protection against identified missiles generated outside these structures,
shields, and missile barriers. The missile barriers are designed for the
tornado and accident missiles described in Subsection 3.5.1 utilizing the
approach stated in Subsection 2.5.3.

3.5.2.4 Missile Barriers within Plant Structures Other Than Containment

Missile barriers are provided within plant structures outside the containment
in conformance with the missile protection design criteria discussed in
Section 3.5. For the pressurized and rotating component failure missiles that
originate outside the containment, identified in Subsection 3.5.1, the
following steps are taken to assure that the missile protection design
criteria are met.

A. Missiles are categorized according to the system in which they
originate.

B. The components that must be protected from a missile are identified in
accordance with the missile protection design criteria given in
Subsection 3.5.1.
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3.5.3 Barrier Design Procedures

Missile barriers and protective structures are designed to withstand and
absord missile 1mpact loads in order to prevent damage to safety-related
components.

Formulae used for missile penetration calculations (for missiles other than
turbine missile) into NPB steel or concrete barriers are:

Concrete (Modified Petry Formula)

2
v
0 = KAy Logyy (7 + 555500

D' =D 1+ e H(T/0-2),

where

D' = actual depth of penetration (ft)
= depth of penetration for an infinite slab (ft)
T = thickness of the slab (ft)

i ] igh
Ap = sectional pressure 1mpa?ts:1e:4§%-g?:si1e (psf)

V. = impact velocity (ft/sec)
K = experimentally obtained material coefficient for penetration

tee) t rd Formul

% . —2— (16,000 T° + 1,500 E n
S
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where:

critical kinetic energy required for perforation (ft-1b)
missile diameter (in)

o m™m
"

S = ultimate tensile strength of the target (steel plate) (psi)
T = target plate thickness (in)

w = 1ength of a square side between rigid supports (in)

52 = length of a standard width (4 in)

The ultimate tensile strength is directly reduced by the amount of bilateral
tension stress already in the target. The equation is good within the
following ranges:

0.1 < T/D < 0.8,
0.002 < T/L < 0.05,
10 < L/D < 50,

5 < W/ < B,

8 < W/T <100,

70 < < 400

wWhere:
L = missile length, in,
vc = velocity, ft/sec, and

the missile is assumed to be cylindrical.

In using the Modified Petry and Stanford formulae for missile penetration it
is assumed that the missile irpacts normal to the plane of the wall on a
minimum impact area and, in t'ie case of reinforced concrete, does not strike
the reinforcing. Due to the conservative nature of these assumptions, the
minimum thickness required for missile shields will be taken as the thickness
Jjust perforated.
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In applying the Stanford formula to the design of steel missile barriers,
certain modifications to the formula are necessary to reflect the actual
geometric and material properties of the missile and target under impact
conditions. Test programs are continuing which, when completed, will define
all the required modifications to the Stanford formula for the design of steel
missiles barriers.

Secondary .iissiles caused by spalling of a concrete wall are of generally low
energy and will therefore be neglected except where relatively fragile safety
class equipment would be encountered. The thickness of a reinforced concrete
wall which will just spall is calculated from the following formulae:

1.8

B2 W 0.215 y
> I D (-—1000) +0.50D

S=2.280 + 1.13x

where:

S = thickness to just scab (in)

X = penetration in infinite concrete (in)
w = weight of missile (1b)

0 = diameter of missile (in)

v = striking velocity of missile (ft/sec.)
f' = compressive strength of concrete (psi)

The equations are stated to be good within the following ranges:

1<D <16
0.4 < W< 2500
1500 < f_ < 8000
500 < v < 3000
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Structural members designed to resist missile impact will be designed for
flexural, shear, and buckling effects using the equivalent static 1oad
obtained from the evaluation of structura) response. Stress and strain limits
for the equivalent static load will comply with the requirements of applicable
codes or specifications except for the area local to the missile impact, where
the stress and strain may exceed the allowables provided there wil) be no loss
of function of any safety related system.

In general, Westinghouse-supplied equipment is not designed to withstand the
impact of postulated missiles; therefore, the BOP designer considers the
effects of postulated missiles and provides the necessary protection to safety
related components as determined by the missile seléction bases provided in
Subsection 3.5.1.

The exception to this is the control rod drive mechanism (CRDM) missile
shield, which is supplied by Westinghouse as part of the integrated head. A
missile shield structure is provided over the CRDMs to block missiles that
might be associated with a fracture of the pressure housing of any mechanism.
This missile shield is a reinforced stee) structure attached to the reactor
vessel head and located above the CRDMs.

For the case of CRDM housing plug and drive shaft impact, which is the design
case, it is assumed that the plug partially perforates the missile shield.
The drive shaft then hits the Plug and further penetrates the stee) missile
shield; the effective thickress of the stee) missile shield is more than three
times the combined penetration for the design case. The CRDM missile shield
is also designed to withstand the dynamic impact loads due to the missile and
the water jet,

3.5.4 Missile Protectiun Interface Requirements
The BOP applicant must consider the effects of poctulated missiles and provide

the necessary protection to safety related components as determined by the
bases provided in Section 3.5 of this module. In genera) Westinghouse
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supplied equipment 1s not designed to withstand the impact of postulated
missiles. Tables 3.5-) through 3.5-4 11st typical characteristics of missiles
postulated inside the containment from equipment within the scope of the NPB.

A1l systems, equipment, and structures, identified as within the NPB scope in
Table 3.2-1 and which are also required following a high-energy line break,
must be evaluated for protection against missiles in Subsection 3.5 as well as
those missiles ddentified by the BOP Applicant. However,

design against
postulated missiles 1s a function of plant layout,

the missile generating
source locations, the particular accident postulated at the time, etc., and

only when all of this information 1is available can those safety related

systems be evaluated for the degree of protection required.

Equipment within the NPB scope outside containment has been evaluated for
potential missile sources. As a resuit of this review, the following
information concerning potential missile sources and systems within the NPB
scope which require protection from internally generated missiles outside
containment is provided. The recommendafions of standard ANSI NI77, *Plart
Design Against Missiles,” have been followed.

Components within the NPB scope outside containment have been evaluated for
potential missile sources. valves in high pressure systems have been
reviewed. As a result of this review, 1t 1is concluded that there are no
credible sources of missiles associated with valves since there is no single
fatllure associated with any potential valve parts that can result in the
generation of a missile. Therefore, there are no postulated missiles
associated with valves within the NPB scope outside containment.

Pumps located within the NPB systems outside containment have been evaluated
for missiles associated with overspeed failure. The maximum no-lcad speed of
these pumps 4s equivalent to the operating speed of their motors.
Consequently, no pipe break or single failure 1in the suction line would
increase pump speed over that of the nc-load condition. Furthermore, there
are no pipe break plus single failure combinations which could result in o
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significant increase 1in pump suction or discharge head. Therefore, no
overspeed is expected and missiles associated with pumps within the NPB scope
outside containment are not credible.

The fabrication specifications of the Mg set flywheels have contro) of
material to meet ASTM-AS533-7D, Grade B8, Class I with inspections per
MIL-I-45208A and flame cutting and machining operations governed to prevent
flaws in the materia). Nondestructive testing for nil-ductility (ASTM-£-208),
charpy V-notch (ATM-A593), ultrasonic (ASTM-A578 and A579) and magnetic
particles (ASTM Section ITI, NB2545) is performed on each flywheel material
Tot. In addition to these requirements stress calculations are performed
consistent with guidelines of ASME Section III, Appendix A to show the
combined primary stresses due to centrifugal forces and the shaft interference
fit shall not exceed 1/3 of the yield strength at norma)l operating speeds
(1800 rpm) and shall not exceed 2/3 of the yield strength at 25 percent
overspeed. However, no overspeed 1s expected for the following reason: The
flywheel dimensions are 32.26 inches in diameter x 4.76 inches wide and weighs
approximately 1300 pounds. The flywheel mounted on the generator shaft which
fs directly coupled to the motor shaft, 1s driven by an 1800 rpm synchronous
motor. The torque developed by the motor is insufficient for overspeed.
Therefore, there are no credible missiles from the MG sets.
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WESTINGHOUSE PROPII!YARY CLASS 2

TABLE 3.5-1

SUMMARY OF TYPICAL CONTROL ROD DRiVE MECHANISM MISSILE ANALYSIS

Calculation Data

Missile Impact Kinetic
Typical Examples of Weight Velocity Energy Penetration
Postulated Missiles _(1b) (ft/sec) (ft-1b) (in)
1. Mechanism Housing Plug 1 90 1,380 0.05
2. Mechanism Housing Plug 133 150 46,157 0.80
and Drive Shaft Impact-
ing on same Missile
Shield Spot
3. Drive Shaft Latched 1,500 12.1 1,490 0.057
to Mechanism
WAPWR-S/E 3.5-19
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accelerated by the water

jet.

Drive shaft further pushes
the plug into the shield.
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WESTINGHOUSE PROPRIETARY CLASS 2

TABLE 3.5-2

VALVE - TYPICAL MISSILE CHARACTERISTICS

Flow
Weight Discharge Thrust To Impact Impact Area Velocity
Missile Description {1b)  Area (1n21 Area (1n21 Area (1n21 Ratio (psi) (fps)

Safety Relief valve Bonnet 350 2.86 80 24 15.6 10
(3" x 6" or 6" x 6")
3 Inch Motor Operated Isolation 400 £.5 13 28 14.) 135
Valve Bonnet (plus motor
and stem) (3")
2 Inch Air Cperated Rellef 15 1.8 20 20 3.75 115
Valve Bonnet (plus stem)
3 Inch Air Operated Spray 120 5.5 50 50 2.4 190
Valve Bonnet (plus stem)
4 Inch Air Operated Spray Valve 200 9.3 50 50 4 190
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TABLE 3.5-3

PIPING TEMPERATURE ELEMENT ASSEMBLY - TYPICAL MISSILE CHARACTERISTICS

1. For a tear around the w2ld between the boss and the pipe:

Characteristics "without well* "with well"
Flow Discharge Area 0.11 in? 0.60 in
‘ Thrust Area 7.1 1n2 9.6 1n2
Missile wWeight 11.0 1b 15.2 1b
Area of Impact 3.14 1n2 3.14 1n2
["2;9;2; :::aht] 3.5 psi 4.84 psi
Velocity 20 ft/sec 120 ft/sec

2. For a tear at the junction between the temperature element assembly and
the boss for the "without well" element and at the junction between the
boss and the well for the *with well" element.

. Characteristics "*without well* "with well"
Flow Discharge Area 0.N 1n2 0.60 1n2
Thrust Area 3.14 in? 3.14 1n?
Missile wWeight 4.0 1b 6.1 1b
Area of Impact 3.14 1n2 3.14 1n2

Missile Weight

[ Impact Area ] 1.27 psi 1.94 psi
Velocity 20 ft/sec 120 ft/sec
‘ WAPWR-5/E 3.5-21 DECEMBER, 1984
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TA 3.5-4

IYPICAL CHARACTERISTICS OF OTHER MISSILES
POSTULATED WITHIN REACTOR CONTAINMENT

Reactor Coolant Instrument
Pump Temperature wWall of Pressurizer
Element Pressurizer Heaters

Weight 0.25 1b 55 1b 15 b
Discharge Area 0.50 1n2 0.442 1n2 0.80 ﬂnz
Thrust Area 0.50 in? 1.35 in? 2.4 in?
Impact Area 0.50 1n2 1.35 1n2 2.4 1n2
Missile weight
( Impact Area J 0.5 pst 4.1 psi 6.25 psi
Velocity 260 ft/sec 100 ft/sec 55 ft/sec
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3.6 PROTECTION AGAINST THE DYNAMIC EFFECTS ASSOCIATED WITH THE POSTULATED
RUPTURE OF PIPING

In the event of the high- or moderate-energy pipe failure within the plant,
adequate protection is provided to ensure that essentia) structures.-systems.
or components are not impacted by the effects of postulated piping failure.
Essentia)l systems and components are those required to shut down the reactor
and mitigate the consequences of the postulated piping failure.

The following sections provide the bases for selection of the pipe failure
locations, and the determination of the resultant effects.

3.6.1 Postulated Piping Failures in Fluid Systems Inside and Outside
Containment

The criteria and methods used to address postulated piping failures are
described below. Table 3.6-1 provides a matrix of plant systems that
indicates their classification: high-energy, and/or essential. Selection of
pipe failure locations and evaluation of the consequences on nearby essential
systems, components, and structures are presented in Subsection 3.6.2.

3.6.1.1 Design Bases

The following design bases relate to the evaluation of the effects of the pipe
failures determined in Subsection 3.6.2:

A. The selection of the failure type is based on whether the system is high
or moderate-energy during normal operating conditions of the system.

High-energy piping includes those systems or portions of systems in
which the maximum normal operating temperature exceeds 200°F or the
maximum normal operating pressure exceeds 275 psig.
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Piping systems or portions of systems pressurized above atmospheric
pressure during normal plant conditions and not ddentified as
high-energy are considered moderate energy.

Piping systems that exceed 200°F or 275 psig for about 2 percent or less
of the time the system is in operation or that experience high-energy
pressures or temperatures for less than 1 percent of the plant operation
time are considered moderate-energy.

B. The following assumptions are used to determine the thermodynamic state
in the piping system for the calculation of fluid reaction forces:

For those portions of piping systems normally pressurized during
operation at power, the thermodynamic state in the pipe and
associated reservoirs are those of full (100-percent) power
operation.

e Moderate-energy pipe cracks are evaluated for spray wetting, flooding,

and other environmenta) effects.

D. wWhere postulated, each Jlongitudiral or circumferential break in
high-energy fluid system piping or leakage crack in moderate-energy
fluid system piping is considered separately as a single initial event
occurring during normal plant conditions.

k. Offsite power 1is assumed to be wunavailable if a trip of the
turbine-generator system or reactor protection system is a direct
consequence of the postulated piping failure.

F. A single active component failure is assumed in systems used to mitigate
the consequences of the postulated piping failure or to shut down the
reactor, except as noted 1in paragraph G below. The single active

component failure is assumed to occur in addition to the postulated
piping failure and any direct consequences of the piping failure, such
as un‘*t trip and loss of offsite power.

WAPWR-S/E 3.6-2 DECEMBER, 1984
1999%e:1d



R P == ot ki e e D e

G. when the postulated piping failure occurs in one of two or more
redundant trains of a dual-purpose, moderate-energy essential system,
single failures of components in other trains (and associated supporting
trains) are not assumed; this is because the system 1is designed to

‘ Seismic Category 1 standards, powered from both offsite and onsite
sources, and constructed, operated, and inspected to quality assurance,
testing, and inservice inspection standards appropriate for nuclear
safety systems.

H. A1l available systems, including those actuated by operator actions, are
employed to mitigate the consequences of a postulated piping failure to
the extent clarified in the following paragraphs:

1. In determining the availability of the systems, account is taken of
the postulated failure and its direct consequences, such as unit
trip and loss of offsite power, and of the assumed single active
component failure and its direct consequences. The feasibility of
carrying out operator actions is cetermined on the basis of ample

. time and adequate access to equipment being available for the
proposed actions. Although a postulated high/moderate-energy line
failure outside the containment may ultimately require a cold
shutdown, operation at hot standby is allowed in order for plant
personne)l to assess the situation and make repairs.

2. The wuse of non-Seismic Category I piping in mitigating the
consequence of postulated piping failure outside the containment is
clarified in the following paragraphs:

a. For non-Seismic Category I piping which 1s not seismically

supported, it is assumed that a safe shutdown earthquake could

be the cause of the failure. Therefore, only Seismic Category I

equipment and seismically supported non-category I equipment can

. be used to mitigate the consequences of the failure and bring
the plant to a safe shutdown.
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b. Category 1 and seismically supported non-Category I piping
systems Jlocated outside the containment are assumed to fail
nonmechanistically (i.e., failure is produced by some mechanism

other than an earthquake) for the purpose of pipe break hazard .

analysis. Therefore, non-Category 1 equipment can be used to
bring the plant to a safe shutdown following a postulated pipe
break event, subject to the power being available to operate
such equipment and provided that the radiological consequences
are insignificant in comparison to 10 CFR 100 dose guidelines.

I. A whipping pipe is not considered capable of rupturing impacted pipes of
equal or greater nominal pipe diameter and equal or greates wall
thickness. This 1s based on the assumption that only piping is
determined to do the impacting. A whipping pipe 1s considered capable
of developing a through-wall leakage crack in a pipe of larger nominal
pipe size with thinner wall thickness, assuming that only piping is
determined to do the impacting. The above criterion is not utilized
where the potential exists for valves or other components in the
whipping pipe to impact the targets, since these are treated on a

case-by-case basis.

J. Pipe whip 1s assumed to occur in the plane defined by the piping
geometry and to cause movement in the direction of the jet reaction.

1f unrestrained, a whipping pipe having a constant energy source
sufficient to form a plastic hinge is considered to form a jlastic hinge
and rotate about the nearest rigid pipe whip restraint, anchor, or wall
penetration capable of resisting the pipe whip loads. If the direction
of the initial pipe movement caused by the thrust force is such that the
whipping pipe impacts a flat surface normal to its direction of travel,
it 1s assumed that the pipe comes to rest against that surface, with no
pipe whip in other directions.
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In general, whipping ends from a pipe break are restrained so that
plastic hinge formation is not allowed to occur. Where a plastic hinge
could be formed, the effects are evaluated. Pipe whip restraints are
provided wherever postulated pipe breaks could impair the ability of any
essential system or component to perform its intended safety functions.

K. The calculation of thrust and jet impingement forces considers any line
restrictions (e.g., fiow limiter) between the pressure source and break
location and the absence of energy reservoirs, as applicable.

L Pipe breaks are not postulated to occur in pump and valve bodies since
the wall thickness exceeds that of connecting pipe.

M. Pipe breaks are not postulated to occur in systems for which postulated
through-wall cracks have been shown to be stable for worst case loadings
(See Subsection 3.6.2.1.1E for a 1listing of these systems). Leak
detection systems are provided which are capable of detecting the
leakage from a postulated through-wall crack.

3.6.1.2 Description

Will be provided in RESAR-5P/90 FDA version.
3.6.1.3 Safety Evaluation

Will be provided in RESAR-SP/90 FDA version.

3.6.2 Determination of Break Locations and Dynamic Effects Associated with
the Postulated Rupture of Piping

This subsection describes the design bases for focating postulated breaks and
cracks in high and moderate-energy piping systems inside and outside of the
containment, the procedures used to define the jet thrust reaction at the
break location, the procedures used to define the jet impingement loading on
adjacent essentia)l structures, systems, or components, pipe whip restraint
design, and the protective assembly design.
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3.6.2.1 Criteria Used to Define High/Moderate-Energy Break/Crack Locations and
Configurations

A postulated high-energy pipe break is defined as a sudden, gross failure of
the pressure boundary of a pipe either in the form of a complete circumfer-
ential severance (i.e., a guillotine break) or as a sudden longitudinal,
uncontrolled crack. For moderate-energy fluid systems, pipe failures are
confined to postulation of controlled cracks in piping. The effects of these
cracks on the safety-related equipment are analyzed for flooding and wetting
only. These cracks do not result in jet impingement or whipping of the
cracked piping.

3.6.2.1.1 High-Energy Break Locations

With the exception of those portions of the piping identified in Subsections
3.6.2.1.1.0 or E, breaks are postulated in high-energy piping at the following
locations:

A. American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessel (B and PV) Code, Section III, Division 1 - Class 1 Piping

1. In the reactor coolant system primary loops, there are no
postulated break Tlocations based on the criteria of Subsection
3.8:2:5. 0.k,

2. Pipe breaks are postulaied to occur at the following locations in
Class 1 piping runs or branch runs outside the primary RCLs as

follows:
a. At terminal ends of the piping, including:

(1) Piping connected to structures, components, or anchors
that act as essentially rigid restraints to piping trans-
lation and rotational motion due to static or dynamic
loading.
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(2) Branch intersection points are considered a terminal end
for the branch line unless the following are met: the
branch and the main piping systems are modeled in the same
static, dynamic, and thermal analyses, and the branch and
main run are of comparable size and fixity, f.e., the
nominal size of the branch is at least one-half of that of
the main.

At all intermediate locations where the following conditions
are satisified:

(1) Any intermediate locations where the maximum stress range
as calculated by equation (10) and either (12) or (13)
exceeds 2.8 Sm (where Sn is the design stress intensity)
as described in paragraph NB-3653 of the ASME B and PV Code,
Section III.

(2) Any intermediate locations where the cumulative usage factor
exceeds 0.25.

B. ASME B and PV Code, Section III - Class 2 and 3 Piping Systems

1.

WAPWR-S/E
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Pipe breaks are postulated to occur at terminal ends.

Pipe breaks are postulated at intermediate Jocations between
terminal ends where the maximum stress value, as calculated by
the sum of equations (9) and (10) in subarticle NC-3652 of the
ASME B and PV Code, Section 111, Reference 3, considering normal
and upset plant conditions (1.e., sustained loads, occasional
loads, therma)l expansion, and an operating basis earthquake
(OBE) event) exceeds 0.9 (1.8 Sh + SA).

Sh and SA are the allowable stress at maximum hot
temperature and allowable stress range for thermal expansion,
respectively, for Class 2 and 3 piping, as defined in subarticle

NC-3600 of the ASME B and PV Code, Section III.
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Nonnuclear Piping (i.e., not ASME Section III Class 1, 2, or 3)

Breaks in nonnuclear piping are postulated at the following locations
in each run:

1. At the locations specified for ASME Section III, Reference 1,
Class 2 and 3 piping (refer to Subsection 3.6.2.1.1.B), if the
nonnuclear piping is analyzed and supported to withstand full safe
shutdown earthquake loadings.

2. 1In the absence of stress analysis, breaks in nonnuclear piping are
postulated at the following locations in each run or branch run:

a. Terminal ends.

b. Each intermediate fitting, e.g., short and long radius elbows,
tees, and reducers; welded attachments; and valves.

High-Energy Piping in Containment Penetration Areas

Breaks are not postulated in the portions of Class 2 piping between
the containment penetration flued-head and five-way restraints (i.e.,
break exclusion zone) provided subject piping meets the following
provisions:

1. Stresses do not exceed those specified in Subsection 3.6.2.1.1.B.

2. The maximum stress in this piping as calculated by equation (9),
per paragraph NC-3652 of ASME Section III, when subjected to the
combined loadings of 4internal pressure, deadweight, and pipe
rupture outside the protective restraints, does not exceed 1.8

Sh'
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. 3. The number of circumferential and longitudinal piping welds and
branch connections is minimized.

Areas of system piping where no breaks are postulated are 25
‘ follows: :
a. The main steam piping, from the containment penetration
flued-head outboard weld, to the upstream weld of the five-way
' restraint, which 4s downstream of the main steam {isolation
valves, including the main steam safety valves and branch

piping to the main steam safety valves.

b. The main feedwater piping from the containment penetration to
the five-way restraint which 4s upstream of the isolation
valve.

when required for isolation valve operability, str tural fintegrity,

‘ or containment integrity, five-way restraints ¢ ble of resisting
torsional and bending moments produced by a po  iated pipe break,
either upstream or downstream of the piping and valves which form the
containment isolation boundary, are located reasonably close to the
isolation valves or penetration.

The five-way restraints do not prevent the acceis required to conduct
inservice inspection examinations specified in Section XI of the ASME
Code. Inservice examinations completed during each inspection inter-
val provide examination of circumferential and longitudinal pipe welds

‘ within the boundary of these portions of piping during each inspection
interval.

Welded attachments to these portions oi piping for pipe supports or

' other purposes are avoided. Where welded attachments are necessary,
detailed stress analyses are performed to demonstrate compliance with
the 1imits of Subsection 3.6.2.1.1.

APWR-S/E 3.6
999%¢:1d

9 DECEMBER, 1984




The five-way restraints outside the containment on the main steam and
main feedwater 1lines are located as close as possible to the
containment to accommodate the design for the reactor external
building and main steam tunne) and stil) minimize stresses.

For evaluation of environmental effects (excluding jet impingement)
longitudinal breaks, with break flow areas of 1.0 square feet, are
postulated in the main steam and feedwater piping. Locations which
have the greatest effect on essential equipment are chosen.

€. Piping Within Mechanistic Pipe Break Criteria
The criteria below are used to verify that there are no pipe break
locations 1in 1ines greater than 6 inches nominal diameter in the

following high energy systems:

Reactor coolant

Emergency core cooling

Chemical and volume control

Main ~team

Main feedwater

Steam generator blowdown
DieseI'qenerator and related systems

The mechanistic pipe break approach is used instead of hypothetically located
pipe ruptures and eliminates the structura) analysis associated with these

ruptures. Application of this approach is applied to high-energy piping
provided:

a. Operating experience, tests, or analyses have indicated no particular
susceptibility to failure from effects of intergranular stress corrosion
cracking, water hammer, or thermal fatigue.
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b. Supports of heavy interconnected components (such as reactor vessel, steam
generator, and main reactor coolant pump in the reactor coolant system)
are designed to withstand normal operation and SSE loads, and loads
resulting from any postulated pipe rupture. '

Dynamic effects associated with hypothetical ful) flow area circumferential or
Tongitudinal breaks in the piping need not be considered when application of
the mechanistic pipe break approach is technically justifiable in accordance
with the evaluation criteria described below. The specific dynamic effects
excluded are:

Pipe whip and reaction forces.

Jet impingement loads.(‘)

€. Subcompartment pressurization such as reactor cavity asymmetric
pressurization transients.

d. Break associated transient loads in unbroken portions of the system such
as loads on the reactor internals or steam generator internals and pump

overspeed.

The following requirements apply to high-energy piping inside or outside

containment:

a. For purposes of specifying design criteria for emergency core cooling,
containment systems, other non-structural engineered safety features, and
for the evaluation of environmental efferts, loss of coolant (even in the
piping with apolicability of the mechanistic pipe break approach) is
assumed through an opening equivalent to twice the flow area of the
largest diameter pipe in the system, or that pipe which will result in the
most 1imiting accident conditions.

" However, environmental effects, wetting and flooding of surrounding
equipment, and spaces due to leakage must be considered.
WAPWR-S/E 3.6-11 DECEMBER, 1984
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b. Except as required by (a) above, high-energy piping may be treated with
potential of through-wall crack leakage rates equal to: 1) the maximum
allowable unidentified leakage conditions associated with the piping, or;
2) the leakage for a rectangular crack having a one-half wall thickness
width and a one-half pipe diameter length.

The following information is developed in the RESAR-SP/90 FDA for each line
for which the mechanistic pipe break approach is applied:

a. A discussion to support a conclusion that the line s very unlikely to
experience stress corrosion cracking, or extreme repetitive loads, or
excessive loads such as might occur from thermal or mechanical low and
high cycle fatigue or a water hammer.

b. Identification of types and specifications of al) concerned materials; al)
base metal, forgings and weldments, and safe-ends will be included. The
materials properties data and information used in the analysis will be
provided, and the sources of all data reported.

¢. Specification of the type and magnitude of the loads applied (forces,
bending and torsional moments), their source(s) and method of
combination. Identification of the 1location(s) at which the minimum
margin (e.g., stress-to-strength ratio) occurs for base materials and
weldments and safe-ends. For geometrically complex lines or systems, it
may be necessary to analyze several locations to assure that the more
1imiting locations are identified.

Step-tise A alysis Criteria

The following analytical steps, 1llustrated in Figure 3.6-1, assume that
circumferentially oriented postulated cracks are 1imiting. If this is not the
case, then the analysis described in (a) through (c¢) below will also include
the postulation of axial cracks and/or elbow cracks. 1f applied moments
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(including SSE) are quite low and applied maximum axial forces dominate,
relatively long part-through-wall cracks are analyzed to demonstrate that they
are stable.

a. Postulated Fabrication Flaw |

At the location or locations of (c) above, postulate a fabrication flaw
that may be missed during fabrication and preservice inspections or would

» be permitted by code, whichever is Tlarger. Demonstrate by fatigue
analysis that the crack will not grow through the wall or extend
significantly in length during plant design life.

b. Postulated Leakage Crack

Even though (a) above demonstrates that a leaking pipe is unlikely, a
through-wall crack at the selected location is postulated. The size of
the postulated crack should be large enough so that the leakage is assured
of detection with adequate margin using 2 times the minimum installed leak
detection capability when the pipe(s) 1is (are) subjected to normal
operational loads. If auxiliary leak detection systems are relied on,
they will be described.

¢. Stability and Critical Crack Sizes

Demonstrate crack size margin by showing that 2 times the postulated
leakage crack as defined in (b) above is less than the critical crack size
using normal plus SSE loads. In some cases, a 1imit load analysis may
suffice for this purpose, however, an elastic-plastic fracture mechanics
analysis may be used when applicable.
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3.6.2.1.2 Types of Breaks/Cracks Postulated

3.6.2.1.2.1 ASME Section III Piping Other than RCL Piping - High-Energy

The following types of breaks are postulated to occur at the locations
determined in accordance with Subsection 3.6.2.1.1 - A, B and C.

In piping of 4 1inches nominal gciameter or greater, both
circumferential and longitudinal breaks are postulated at each
selected break location unless eliminated by comparison of
longitudinal and axial stresses with the maximum stress as follows:

If the maximum stress range exceeds the limits specified in
Subsection 3.6.2.1.1.A.2.b or 3.6.2.1.1.8B.2 but the circum-
ferential stress range is at least 1.5 times the axia)l stress
range, only a circumferential break is postulated.

2. If the maximum stress range exceeds the limits specified in
Subsections 3.6.2.1.1.A.2.b or 3.6.2.1.1.8.2 but the axial stress
is at least 1.5 times the circumfcrential stress range, only a
longitudinal break is postulated.

Longitudinal breaks, however, are not postulated at termina) ends.

B. In piping ¢ nominal diameter greater than 1 inch but less than 4
inches, only circumferential breaks are postulated at each selected
break location.

C. No breaks are postulated for piping of nominal diameter 1 inch or less.

3.6.2.1.2.2 Nonnuclear Piping - High-Energy
The types of breaks for high-energy nonnuclear piping are postulated as

discussed in Subsection 3.6.2.1.2.1; the corresponding break locations are
determined in accordance +ith Subsection 3.6.2.1.1.C.
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3.6.2.1.2.3 ASME Section III and Nonnuclear Piping - Moderate-Energy

Through-wal)l leakage cracks are postulated in moderate-energy piping including
branch runs larger than 1 inch nominal diameter as ciarified below:

A. Through-wall leakage cracks are not postulated in those portions of
piping between containment isolation valves, provided they meet the
requirements of ASME Code, Section III, subarticle NE-1120, and are
designed so that the maximum stress range does not exceed 0.45 (1.8
Sh B SA).

B. Through-wall leakage cracks are not to be postulated in
moderate-energy fluid system piping located in an area where a break
in the high-energy fluid system is postulated, provided that such
cracks do not result in environmental conditions more limiting than
the high-energy pipe break.

C. Through-wall leakage cracks are to be postulated in:

(1) ASME, B and Pv Code, Section III, Division 1 =~ Class 1 piping
where the maximum stress range in the piping is greater than 1.4
Sm’

(2) ASME, B and PV Code, Section III, Division 1 - Class 2 or 3 piping
and seismically supported nonnuclear class piping at locations
where the maximum stress range in the piping is greater than 0.45
(1.8 Sh . SA)‘

To simplify amalysis, cracks may be postulated to occur everywhere in
moderate-energy piping regardless of the stress analysis results to determine
the maximum damage from fluid spraying and flooding, with the consequent
hazards or environmental conditions. Flooding effects are determined on the
basis of 30 minutes operator time required to effect corrective actions.
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3.6.2.1.3 Break/Crack Configuration

3.6.2.1.3.1 High-Energy Break Configuration

Following a circumferential break, the two ends of the broken pipe are assumed
to move clear of each other unless physically limited by piping restraints,
structural! members, or piping stiffness. The effective cross-sectional
(inside diameter) flow area of the pipe is wused in the jet discharge
evaiuation. Movement 15 assumed to be in the direction of the jet reaction
initially with the total path controlled by the piping geometry.

The orientation of a longitudinal break, except when otherwise justified by a
detailed stress analysis, 1s assumed to be at opposing points on a line
perpendicular to the plane of a fitting for a nonaxisymmetric fitting and
anywhere around the circumference of the fitting for axisymmetric fittings.
The flow area of such a break 1s equal to the cross-secttonal flow area of the
pipe. Both circumferential and longitudinal breaks are postulated to occur,
but not concurrently, in all high-energy piping systems at the locations
specified in Subsection 3.6.2.1.1, except as follows:

a. Circumferential breaks are not postulated in piping runs of ) «inch nominal
diameter or less. °

b. Longitudinal breaks are not postulated in piping runs of a nominal
diameter less than four inches.

t. Longitudinal breaks are not postulated at intermediate locations in piping
runs where the stress and cumulative usage factor 1imits for postulating
intermediate rupture locations as specified in Subsection 3.6.2.1.1 for
Class ) piping and for Class 2 and 3 piping are not exceeded.

d. Longitudina) breaks are not postulated at terminal ends.
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Only one type of break is postulated at locations where, from a detailed
stress analysis such as a finite element analysis, the state of stress can
identify the most probable type. If the primary plus secondary stress in
the axial direction is found to be at least 1.5 times that in the
circumferential direction for the most severe loading combination
associated with Level A and Level B cservice 1limits, then only a
circumferential break 1s postulated. Conversely, if the primary plus
secondary stress in the circumferential direction is found to be at least
1.5 times that in the axial direction for the most severe loading
combination associated with Level A and Level B service limits, then only
a longitudinal break is postulated.

wWhere the postulated break location is at a tee or elbow, the locations
and types of breaks are determined as follows:

1. Without the benefit of a detailed stress analysis, such as a finite
element analysis, circumferential breaks are postulated to occur
‘ individually at each pipe-to-fitting weld, and longitudinal breaks
postulated to occur 1individually (except in piping with a nominal
diameter less than four inches) on each side of the f\tttnb at its
center and oriented perpendicular to the plane of the fitting, or

2. Alternatively, if a detailed stress analysis or test is performed, the
results may be used to predict the most probable rupture location(s)
and type of break.

‘ g. Where the postulated break location is at a branch run connection, a
circumferential break is postulated at the branch run pipe-to-fitting weld.

h. Where the postulated break location 1s at a welded attachment (lugs,
stanchions, etc.) a circumferential break is postulated at the centerline
of the welded attachment.
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i. Where the postulated break location 1s at a reducer, circumferential
breaks are postulated at each pipe-to-fitting wel.. Longitudinal breaks
are oriented to produce out-of-plane bending of the piping configuration
on both sides of the reducer at each pipe-to-fitting weld.

3.6.2.1.3.2 Moderate-Energy Crack Configuration

Moderate-energy crack openings are assumed to be a circular orifice with
cross-sectional flow area equal to that of a rectangle one-half the pipe
inside diameter in length and one-half wall thickness in width.

3.6.2.2 Analytical Methods to Define Forcing Functions and Response Models
3.6.2.2.1 Forcing Functions for Jet Thrust

To determine the forcing function for means identified by Subsection
3.6.2.1.1-A, B and C, the fluid conditions at the upstream source and at the
break exit dictate the analytical approach and approximations that are used.
For most applications, one of the following situations exists:

0 Superheated or saturated steam.
0 Saturated or subcooled water.
0 Cold water (nonflashing).

Analytical methods for calculation of jet thrust for the above-described
sftuations are discussed in Reference 5.

3.6.2.2.1.1 Time Functions of Jet Thrust Force on Intact Reactor Coolant Loop
(RCL) Piping

To determine the thrust and reactive force loads to be applied to the RCL
during the postulated Iloss-of-coolant accident (LOCA) 4n Subsection
3.6.2.1.1-A, B and C, it is necessary to have a detailed description of the
hydraulic transient. Mydraulic forcing functions are calculated for the
intact RCLs as a result of a postulated LOCA in branch runs connecting to the
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primary RCL. These forces result from the transient flow and pressure
histories in the reactor coolant system (RCS). The calculation is performed
in two steps. The first step is to calculate the transient pressure, mass
flowrates, and thermodynamic properties as a function of time. Tpe second
step uses the results obtained from the hydraulic analysis, along with input
of areas and direction coordinates, and calculates the time-history of forces
at appropriate locations (e.g., elbows) in the RCLs.

The hydraulic mode]l represents the behavior of the coolant fluid within the
entire RCS. Key parameters calculated by the hydraulic model are pressure,
mass flowrate, and density. These are supplied to the thrust calculation,
together with plant layout information, to determine the time-dependent loads
exerted by the fluid on the loops. In evaluating the hydraulic forcing
functions during a postulated LOCA, the pressure and momentum flux terms are
dominant. The inertia and gravitational terms are taken into account in the
evaluation of the local fluid conditions in the hydraulic model.

The blowdown hydraulic analysis is required to provide the basic information
concerning the dynamic behavior of the reactor core environment for the loop
forces. This requires the ability to predict the flow, quality, and pressure
of the fluid throughout the reactor system. The MULTIFLEX code, Reference 2,
was developed with a capability to provide this information.

The MULTIFLEX computer code calculates the hydraulic transients within the
entire primary coolant system. This hydraulic program considers a coupled,
fluid-structure interaction by accounting for the deflection of the core
support barrel. The depressurization of the system is calculated using the
method of characteristics applicable to transient flow of a homogeneous fluid

in thermal equilibrium.

The ability to treat multiple flow branches and a large number of mesh points
gives the MULTIFLEX code the flexibility required to represent the various
flow passages within the primary RCS. The system geometry i1s represented by a
network of one-dimensional flow passages.

WAPWR-S/E 3.6-19 DECEMBER, 1984
1999e:1d



The THRUST computer program was developed to compute the transient (blowdown)
hydraulic forces resulting from a LOCA. The THRUST code calculates forces
exactly the same way as the STHRUST code which is described in Reference 3.

The blowdown hydraulic loads on primary loop components are computed'from the

equation:
3
F=148A ((P - 14.7) + —%——)
Pg Am x 144

The symbols and units are as follows:
F = Force (1bf)
A = Aperture area (ftz)

P = System pressure (psia)

M = Mass flowrate (1bm/s)

p = Density (Ibm/ft )
g = Gravitational constant = 32.174 ft-1om/1b —52

Am = Mass flow area (ftz)

In the model! to compute forcing functions, the RCL system is represented by a
model similar to that employed in the blowdown analysis. The entire loop
layout 1is represented in a global coordinate system. Each node 1s fully
described by:

A. Blowdown hydraulic information.

B. The orientation of the streamlines of the force nodes in the system,
which includes flow areas, and projection coefficients along the three
axes of the global coordinate system.
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tach node is modeled as a separate control volume with one or two flow
apertures associated with it. Two apertures are used to simulate a change in
flow direction and area. Each force is divided into its x, y, and z compo-
nents using the projection coefficients. The force components are then summed
over the total number of apertures in any one node to give a total x force, a
total y force, and a total z force. These thrust forces serve as input to the
piping/restraint dynamic analysis.

3.6.2.2.2 Dynamic Analysis of the Reactor Coolant Loop Piping and Equipment
Supports

The dynamic analysis of the RCL for LOCA loadings is described in Section 3.9.

3.6.2.3 Dynamic Analysis Methods to Verify Integrity and Operability

3.6.2.3.1 Dynamic Analysis Methods to Verify Integrity and Operability for
Other than RCL

The analytical methods of Reference 4 are used to determine the jJet
impingement effects and loading effects applicable to components and systems
resulting from postulated pipe breaks.

3.6.2.3.2 Dynamic Analysis Methods to Verify Integrity and Operability for
the RCL

3.6.2.3.2.1 Genera)

A LOCA 1s assumed to occur for a postulated branch line break in Subsection
3.6.2.1.1-A down to the restraint of the second normally open automatic
isolation valve (Case II, Figure 3.6-2) on outgoing 11nos(.) and down to and
including the second check valve (Case 111, Figure 3.6-2) on incoming 1ines

a. It 1s assumed that the motion of the unsupported line containing the
isolation valves can cause failure of the operators of both valves to

function.

WAPWR-S/E 3.6-21 DECEMBER, 1984
1999¢:1d



normally with flow. A pipe break beyond the restraint or second check valve
does not result in an uncontrolled loss of reactor coolant if either of the
two valves in the line closes.

Accordingly, both of the automatic isolation valves are suitably proticted and
restrained as close to the valves as possible so that a pipe breax beyond the
restraint does not jeopardize the integrity and operability of the valves.
Further, periodic testing capability of the valves to perform their intended
function 1s essential. This criterion takes credit for only one of the two
valves performing its intended function. For normally closed isolation or
incoming check valves (Cases I and Iv, Figure 3.6-2), a LOCA is assumed to
occur for pipe breaks on the reactor side of the valve. Branch lines
connected to the RCL are defined as large strictly for the purpose of pipe
break criteria if they have an inside diameter greater than 4 inches. Rupture
of these lines results in a rapid blowdown from the RCL, and protection is
basically provided by the accumulators and the low-head safety injection pumps
(residual heat removal pumps).

Branch lines connecterd to the RCL are defined as small for the purpose of pipe
break analysis if they have an inside diameter equal to or 1less than 4
inches. This size is such that emergency core cooling system analyses, using
realistic assumptions, show that no clad damage is expected for a break area
of up to 12.5 square inches corresponding to 4 inches inside diameter piping.

Engineered safety features are provided for core cooling and boration,
pressure reduction, and activity confinement in the event of a LOCA or steam
or feedwater line break accident to ensure that the public is protected in
accordance with 10 CFR 100 guidelines. These safety systems are described in
Subsection 6.2.1.2 of RESAR-SP/90 PDA Module 10, "Containment Systems."

To assure the continued integrity of the essential components and the
engineered safety systems, consideration is given to the consequential effects
of the pipe break itself.to the extent that:
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. A. The minimum performance capabilities of the engineered safety systems
are not reduced b2low that required to protect against the postulated

break.
B. The containment leak tightness is not decreased below the design value
. if the break leads to a LOCA.(?
C. Propagation of damage is limited in type and/or degree to the extent
that:
' 1. A pipe break which is not a LOCA will not cause a LOCA or steam or

feedwater line break. However, a break which is not a LOCA is
permitted to propagate to a single 0.375 inch diameter primary
side line provided that line 4s not part of a post accident
monitoring system.

2. An RCS pipe break will not cause a steam or feedwater system pipe
break, and vice versa.

. 3.6.2.3.2.2 \Large RCS Piping

Large branch line piping, as defined in Subsection 3.6.2.3.2.1, is restrained
to meet the following criteria in addition to items A through C of Subsection
3.6.2.3.2.1 for a pipe break resulting in a LOCA:

A. Propagation of the break postulated in accordance with Subsection
3.6.2.1.1-A to the wunaffected loops 1s prevented to ensure the
delivery capacity of the accumulators and low head pumps.

. B. Propagation of the break postulated in accordance with Subsection
3.6.2.1.7-A in the affected loop is permitted to occur but does not
exceed 20 percent of the flow area of the line which initially
ruptured. This criterion 1s voluntarily applied so as not to increase

' substantially the severity of the LOCA.

a. The containment 1s here defined as the containment structure and
penetrations, the steam generator shell, the steam generator steam side
1nstrmnut{on connections, the stum. feedwater, lowdown, and steam

' generator drain pipes within the containment structure.
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3.6.2.3.2.3 Small Branch Lines

Should one of the small pressurized lines, as defined 1in Subsection
3.6.2.3.2.1, fail and result in a LOCA, the piping is restrained or arranged
to meet the following criteria in addition to items A through C of Subsection
3:6.2.3.2.1;

A. Break propagation is limited to the affected leg, i.e., propagation to
the other leg of the affected loop and to the other loops is
prevented. However, a break is permitted to propagate to a single
0.375 inch diameter line attached to another leg of the affected loop
provided that line is not part of a post accident monitoring system.
Damage to the high-head safety injection lines connected to the other
leg of the affected loop or to the other loops is prevented.

B. Propagation of the break 1in the affected leg is permitted but is
1imited to a total break area of 12.5 square inches (4-inch inside
d1anote}). The exception to this case is when the initiating small
break is a cold leg high-nead safety 1injection 1line. Further
propagation is not permitted for this case.

C. Propagation of 1the break to a high-head safety 1injection 1line
connected to the affected leg is prevented if the line break results
in a loss of core cocling capability due to a spiliing injection line.

3.6.2.3.3 Types of Pipe Whip Restraints
3.6.2.3.3.17 Pipe wWhip Restraints

To satisfy wvarying requirements of available space, permissible pipe
deflection, and equipment operability, the restraints are designed as a
combination of an energy-zbsorbing element and a restraining structure
suitable for the geometry required to pass the restraint load from the
whipping pipe to the main building structure.
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. The restraint structure is typically a structura)l steel frame or truss and the
energy-absorbing element is usually either stainless steel U-bars or energy-
absorbing material as described below:

® .

Stainless Stee) U-Bar

This type consists of one or more U-shaped, upset-threaded rods of
stainless steel looped around the pipe but not in contact with the
pipe to allow unimpeded pipe motion during seismic and therma)
movement of the pipe. At rupture, the pipe moves against the U-bars,
which absorb the kinetic energy of pipe motion by yielding plastically.
A typical example of a U-bar restraint is shown in Figure 3.6-3.

Energy Absorbing Material

This type of restraint consists of a crushable, stainless steel,
internally honeycomb-shaped element designed to yfeld plastically
under impact of the whipping pipe. A design hot position gap is
provided between the pipe and the energy-absorbing material to allow
unimpeded pipe motion during seismic and thermal pipe movements. A
typical example of an energy-absorbing material restraint is shown in
Figure 3.6-4.

3.6.2.3.4 Analytical Methods

3.6.2.3.

o .

WAPWR -5/
1999¢:1¢

4.1 Pipe Whip Restraints

Location of Restraints

1. For purposes of determining pipe hinge length and thus locating
the pipe whip restraints, the plastic moment of the pipe is

determined in the following manner:

M = 11,1258
p

v y
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where:

zp = Plastic section modulus of pipe

Sy = Yield stress at pipe operating temperature.

1.1 = 10-percent factor to account for strain hardening.

Pipe whip restraints are located as close to the axis of the
reaction thrust force break as practicable. Pipe whip restraints
are generally located so that a plastic hinge does not form in the
pipe. If, due to physical limitations, pipe whip restraints are
located so that a plastic hinge can form, the consequences of the
whipping pipe and the jet impingement effect are further investi-
gated. Lateral guides are provided where necessary to predict and
control pipe motion.

Generally, restraints are designed and located with sufficient
clearances between the pipe and the restraint such that they do
not interact and cause additional piping stresses. A design hot
position gap 4s provided that will allow maximum predicted
thermal, seismic, and seismic anshor movement displacements to
occur without interaction.

Exceptions to this general criterion may occur when a pipe support
and restraint are incorporated into the same structural stee)
frame, or when a zero design gap is required. In these cases the
restraint i1s included in the piping analysis, if required.

In general, the restraints do not prevent the access required to
conduct inservice 1inspection examination of piping welds. When
the location of the restraint makes the piping welds inaccessible
for 4inservice 1inspection, a portion of the restraint 1is made
removable to provide accessibility.
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B. Analysis and Design

Analysis and design of pipe whip restraints for postulated pipe break

effects are 1in accordance with Reference 5. Specifically, the

following criteria are adopted in analysis and design:

1. Pipe whip restraints are designed based on energy absorption
principles by considering the elastic-plastic, strain-hardening
behavior of the materials used.

2. A rebound factor of 1.1 is applied to the jet thrust force.

3. Except in cases where calculations are performed to verify that a
plastic hinge is formed, the energy absorbed by the ruptured pipe
is conservatively assumed to be zero; i.e., the thrust force
developed goes directly into moving the broken pipe and is not
reduced by the force required to bend the pipe.

4. In elastic-plastic design, limits for strains are as follows:

¢ = Allowable strain used in design.
a. Stainless Steel U-Bars
g = 0.5
u
where:
€ = ultimate uniform strain orf stainless steel
(strain at ultimate stress).
b. Energy-Absorbing Material
¢e = 0.8¢
u
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€ = maximum crushable height at uniform crushable
strength.

5. A dynamic increase factor is used for steel which is designed to
remain elastic.

3.6.2.4 Guard Pipe Assembly Design Criteria

Protective assemblies/guard pipes are not employed in this design.
3.6.2.5 Material to be Submitted for the Operating License Review
This will be provided in RESAR-SP/90 FDA version.

3.6.2.6 References

1. ASME Section III, Subsection NB and NC-3650.

2. "“MULTIFLEX, A FORTRAN-IV Computer Program for Analyzing Thermal-Hydraulic-
Structure System Dynamics," WCAP-8708 (Westinghouse Proprietary Class 2),
February 1976, and WCAP-8709 (westi ighouse nonproprietary), February 1976.

3. “Documentation of Selected Westinghouse Structural Analysis Computer
Codes," WCAP-8252, Revision 1, (Westinghouse), May 1977.

4. Moody, F. J., Fluid Reaction and Impingement Loads, Paper Presented at the
ASCE Specialty Conference, Chicago, December 1973.

5. "Simplified Pipe Whip Analysis and Restraint Design Procedures,”
WCAP-10221, December 1982.
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TABLE 3.6-1 (SHEET 1 of 2)

ESSENTIAL AND HIGH-ENERGY SYSTEMS

Essent1a1(‘) High(b)
system Systems Energy
Reactor Coolant x X
Component cooling water X -
Emergency core cooling X X
Residual heat removal X -
Containment spray X -
Chemical volume and contro) ’ X
Nuclear sampling - X
Spent fuel cooling and - -
purification
Main steam X X

a. Not all essential systems are required for all postulated piping
failures. Also, not all portions of essential systems are required for a

postulated piping failure.
b. Not all pertions of high-energy systems contain high-energy fluid.
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TABLE 3.6-1 (SHEET 2 of 2)

ESSENTIAL AND HIGH ENERGY SYSTEMS

Essent1a1(a) nigh(b)

System Systems Energy
Main feedwater » X
Emergency Feedwater X X
Steam generator blowdown X X
Safety-related heating, X >
ventilating, and air
conditioning
Essential chilled water X -
Waste processing - X
Diesel generator and related X X
systems
Fire protection - -
Instrument and service air. - -
WAPWR-S/E 3.6-30
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Figure 3.6-1.
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(a) - Postulated Fabrication Flaw

Select locations in the pipe to be
considered based on highest stress for
each material location.

Postulated crack that may be missed
during fabrication and pre-service
inspections or would be permitted by
Code, whichever is larger.

Demonstrate by analysis that crack wil)
not grow significantly during service.

(b) - Postulated Leakage Crack

Assume a crack which allows leakage
that is 2 times greater than minimum
leak detection capability under normal
operating loads so that detection of
crack is assured.

(c) - Stability and Critical Crack Size

Compare postulated leakage crack size
to critical crack size under normal
plus earthquake loads.

Demonstrate that 2 times the postulated
leakage crack size is stable and, thus,
less than the critical crack size.

Analysis Criteria for Mechanistic Pipe Break Approach
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CASE | QUTGOING LINESW!TH NORMALLY CLOSED VALVE
¢ REACTOR COOLANT PIPING /

/ )
BOUNDARY
CASE 11 QUTGOING LINESWITH NORMALLY OPEN VALVES
F. /
/ )

NOTE: THE REACTOR COOLANT PUMP
NO. 71 SEAL IS ASSUMED TO BE
EQUIVALENT TO FIRST VALVE

FAIL CLOSED OR
FAIL-AS-IS VALVE

RESTRAINT l
UNDARY
CASE 111 INCOMING LINES NORMALLY WITH FLOW
= /
)] )
NO. 1 T
NO. 2 ? I
BOUNDARY
TEST CONNECTION
CASE IV INCOMING LINES NORMALLY WITHOUT FLOW
£ /7
J f __jl_ )

BOUNDARY
TEST CONNECTION (MEANS OF VERIFYING
THAT CHECK VALVE IS CLOSED)

CASE v ALL INSTRUMENTATION TUBING AND INSTRUMENTS CONNECTED
DIRECTLY TO THE REACTOR COOLANT SYSTEM IS CONSIDERED AS
A BOUNDARY. HOWEVER, A BREAK WiTHIN THIS BOUNDARY RESULTS
INARELATIVELY SMALL FLOW WHICH CAN NORMALLY BE MADE UP
WITH THE CHARGING SYSTEM.

Figure 3.6-2. Loss of Reactor Coolant Accident Boundary Limits
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SADDLE PLATE

STRAP PLATE
INSULATION
BRACKET PLATE 3 v1 pe— TAPPED BAR OR CLEVIS
P L _,-“‘\
TTER PIN
BASE PLATE © SADDLE PIN & COTTE

L
7//////*’///‘_/7/////'////7/////

SUPPORTING STRUCTURE

Figure 3.6-3. Typical U-Bar Restraint
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§ PIPE HOT POSITION

BEARING BLOCK SUPPORT STRAF

INSULATION

BEARING BLOCK (SOLID OR BUILT-UP
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b WOT POSITION DESIGN GAP

ww—— ENERGY ABSORBING MATERIAL (EAV
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?\h BACK-UP STRUCTURE
- <

Figure 3.6-4. Typical EAM Restraint
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3.7 SEISMIC DESIGN

The seismic design requirements vary in accordance with the seismic
classification of structures, systems and components.

The seismic loading requirements are characterized by the safe shutdown
earthquake (SSE) and the operating basis earthquake (OBE). The SSE is defined
as the maximum vibratory ground motion at the plant site that can be
reasonably predicted from geologic and seismic evidence. The OBE is that
earthquake which, considering the 1local geology and seismology, can be
reasonably expected to occur during the plant life.

A11 seismic Category I structures, systems and components are designed for SSE
and OBE conditions. The structures, systems and components that are not
sufficiently separated by distance or by barriers such that their failure
could result in loss of a required safety function are classified as seismic
Category 1II. Seismic Category II structures, systems and components are
designed together with their supports to maintain their structural integrity
during the SSE.

3.7.1 Seismic Input

As described in Subsettion 2A.5.2 of Appendix 2A, RESAR-SP/90 PDA Module 3,
"Introduction and Site*, a ZPA of 0.1 g for OBE and 0.3 g for SSE free field
input motions are established as the baseline seismic condition for the NPB
design application. Figure 3.7-1 shows the ground response spectrum
normalized at 0.3 g ZPA of an SSE free field input for the NPE. The broad
frequency band for spectral amplification and the relatively high ZPA
amplitude of 0.3 g are expected to cover a variety of site application
conditions. Section 2A-5 of RESAR-SP/90 PDA Module 3, "Introduction and Site"
and Subsection 3.7.2.4 describe the use of the seismic input in conjunction
with a wide range of foundaticr properties for soil-structure interaction
analysis to characterize the en.. op seismic input to structures, systems and
components. As a result, when the floor response spectra for a specific plant
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site are generated through a final design verification analysis, the plant
specific floor response spectra at key locations will be properly enveloped by
the floor response spectra developed for the NPB design.

3.7.1.1 Design Recrznse Spectra

The free-field design response spectra are shown in Figures 3.7-1 and 3.7-2
for the horizontal and the vertical componients of the SSE and in Figures 3.7-3
and 3.7-4 for the horizontal and vertical components of the OBE. The design
response spectra are in conformance with Regulatory Guide 1.60, Design
Response Spectra for Seismic Design of Nuclear power plants.

3.7.1.2 Design Time-History

Synthesized time histories of 10-second total duration are generated for each
of the three components - two horizontal and one vertical, of the SSE seismic
design response spectra of Subsection 3.7.1.1. The time histories are
normalized in each direction at 0.3 g for SSE and 0.1 g for OBE.

As shown in Figures 3.7-5 through 3.7-7, the design response spectra are
properly enveloped by the response spectra calculated for the synthesized time
histories in all three directions. The selection of frequency intervals for
response spectra calculation is consistent with that of Regulatory Guide 1.122.

3.7.1.3 Critical Damping values

Damping is an energy dissipation mechanism which reduces the amplification of
the vibratory response. Critical damping is defined as the least amount of
damping which causes a single-degree-of-freedom viscous system to return to
fts original position without oscillation after ‘initial disturbance. For
analytical modeling purposes, damping ratio shown as a percentage or fraction
of critical damping value is often specified to account for a variety of
energy dissipation mechanisms which can be related to materizl, response
condition and type of connections of a structure. For typical structures and
components, the damping values are considered as given in Table 3.7-1.
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Consistent with the Wectinghouse positions in Reference 1, the NPB design uses
the damping values of B% and 5% of critical for the respective SSE and OBE
events for the primary coolant loop systems. For the remaining safety related
piping systems, the frequency dependent damping values as established by the
Pressure Vessel Research Council Technical Committee on Piping Systems and
endorsed by Westinghouse 1in Reference 1 are considered. Figure 3.7-8
summarizes the damping values used for the piping design/analysis for the NPB.

Also consistent with Regulatory Guide 1.61, damping values higher than those
cited above may be used if Justified b test results. Using the tests
reported in References 2, 3 and 4, the OBE and SSE damping ratios of 7 percent
and 10 percent, respectively, will be onsidered for the fuel assembly and a
damping ratio of 5 percent will be specified conservatively for both the OBE
anu SSE seismic response analyses for the control rod drive mechanism (CRDM).

3.7.1.4 Supporting Media for Seismic Category I Structures

Refer to Subsection 2A.5.3 of RESAR-SP/90 PDA Module 3, "Introduction and
Site".

3.7.2 Seismic System Analysis

This subsection describes the seismic analyses of the Category 1 structures,
systems and components. Seismic systems are defined herein as the Category 1
structures, systems or component which, for analysis purposes, are considered
in conjunction with foundation medium in forming a sofl-structure or
foundation-structure 1interaction model. A1l Category I structures, systems
and components not designed as seismic systems and al' Category I distributive
systems such as heating, ventilation and air-conditioning systems, electrical
cable trays, conduits, and piping are considered as seismic subsystems and
their analyses are described in Subsection 3.7.3 of this module.
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3.7.2.1 Seismic Analysis Methods

Seismic systems are analyzed by direct integration to determine the effects of
input ground motions on the Nuclear Power Block to obtain structura) design
loads for the seismic systems and to define seismic environment for the
subsequent seismic analysis of structures, systems and components which are
not supported directly on soil or foundation medium.

The analyses of the seismic systems are performed on the baseline configura-
tion of the Nuclear Power Block to resist the ground motions of 0.1 g and 0.3
g IPA for the respective OBE and SSE as defined in Subsection 3.7.1. The
potential variability of any site specific soi) condition as defined in
Section 2A-5 of RESAR-SP/90 PDA of Module 3, "Introduction and Site* is
covered by this baseline design as a result of employing the envelope seismic
requirements which are resulting from using bounding soil properties in the
soil-structure interaction analyses. As discussed in Subsection 3.7.2.4, the
envelope seismic requirements are derived by considering three analysis cases
characterized by the sofl shear wave velocity of 1000 ft/sec, 2500 ft/sec and
infinite each in the half-space impedance function modeling method of the
sofl-structure 1interaction models. By performing seismic analyses as
described in the following paragraphs, the seismic performance of the baseline
configuration is expected to be more than sufficient when the site specific
data are incorporated into the final design verification by the impedance
function method and the finite boundaries mcdeling methods to demonstrate the
design adequacy as required by the Standard Review Plan (NURFG-0800, Rev. 1,

July 1981).
3.7.2.2 Natural Frequencies and Response Loads

The seismic system analyses of the building structure of the NPB are performed
using a time-history direct integration method. The floor response spectra
generated from this method 1s indicative of the frequency content of the
soil-structure system. Natural frequer:ies, mode shapes or modal responses
are not obtained in this method as in “he response spectrum analysis method.
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The direct integration method provides the internal force time history
responses for the sticks used to model the NPB building. Seismic design load
information such as uplift force, shear, torsion and overturning moment are
computed. Alternatively, seismic design loads may be obtained .using the
response spectrum analysis methods described in Subsection 3.7.3.

3.7.2.3 Procedure Used for Modeling

The Category 1 seismic systems are modeled for seismic analysis by
appropriately accounting for the effects of soil-structure interaction to
simulate the overall behavior of the seismic systems. Figure 3.7-9 displays
the stick model representation of the seismic systems to model the mass and
stiffness properties of the reactor external building, the concrete shield
building, interior concrete shield, and the steel spherical containment
fastened on the common base mat. The discrete masses are lumped at the nodes
located at the floor levels and the locations of major discontinuity of the
building systems. Six degrees of freedom are assigned to each noie although
only three translational masses and one rotatory mass moment of inertia about
the vertical axis are considered for each node. The equivalent
three-dimensional beam elements are used to connect the nodal points to model
the stiffness relationship between nodes.

To account for the soil-structure interaction effect, the building stick model
is coupled to the discrete soil dynamic properties through a common nodal
point of the mass center of the base mat. At this common node, three
translational and three rotational degrees of freedom as depicted in Figure
3.7-9 are introduced. As discussed in Subsections 3.7.2.4 and 3.7.2.5, this
soil-structure interaction model 1s used to generate the seismic loads on
structure and the floor response spectra of the buildings.

3.7.2.4 Soil-Structure Interaction

The acceptance criteria of Subsection 3.7.2 of the SRP require that modeling
methods for conducting soil-structure interaction analysits include both the
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half-space impedance method and the finite boundaries methods. This
requirement for. design verification analysis will be accomplished once the
site soil data are provided by the applicants and a fina) analysis is done to
confirm the design.

The soil-structure interaction effect is dependent on the site specific
configuration such as embedment depth, dynamic nonlinear soil behavior, depth
and boundaries of soil layering and the analysis techniques employed. The
purpose of combining all these parameters in a soil-structure interaction
analysis 4s to simulate the dynamic properties of the soil-structure
interaction system. In recognizing the potential effects of these parameters,
the impedance function model 4s considered sufficient for the purposes of
generating the seismic structural design load information and the bounding
seismic input to the subsystems of the baseline configuration. The following
modeling considerations as outlined in the solid blocks of Figure 3.7-10 for
the soil-structure interaction analysis are sufficient for the Nuclear Power
Block generic applications.

1. The stick models represent the baseline configuration of the NPB seismic
systems including the reactor external building, the shield building, the
interior concrete and the steel containment.

2. The equivalent stiffness and damping coefficients of a soil medium are
characterized by three types of soil at a shear wave velocity of 1000
ft/sec, 2500 ft/sec and infinite to envelope the potential site specific
variability of soils. The procedures to evaluate the stiffness and
damping properties of the soil media are in accordance with those of the
*Standard for the Seismic Analysis of Safety-Related Nuclear Structures®,
ASCE (Reference 5).

3. The building and the soil analytica) models are coupled to determine the
responses of the systems. These responses include uplift force, shears,
torsion, displacements and overturning moments at the individual floors
and the interface between the building and the base mat.
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4. The soil-structure interaction model is used in a time-history analysis to
compute the in-structure response spectra for all the important locations
where the subsystems will be located and seismic anmalyses are required to
demonstrate the seismic performance of subsystems. As described in
Subsection 3.7.2.5, response spectra at three critical locations are
selected to define the interface site specific requirements to demonstrate
design adequaéy of the NPB application.

As indicated in Figure 3.7-10, the baseline configuration of the NPB is
qualified for the generic design ground motion. During the design verifica-
tion for the site specific application, the site specific requirements will be
evaluated against the envelope seismic capabilities estabished during the
gqualification of the baseline NPB configuration. Because of the inherent
margin for the generic design of the NPB, the final design verification for
soil-structure interaction analysis can be accomplished without the need for
detailed seismic analysis of structures, systems and components which have
been qualified for the baseline configuration.

3.7.2.5 Development of Floor Response Spectra

The floor response spectra for the NPB buildings zre developed using the
generic time-history analysis for the soil-structure models. Time-history
responses are obtained at floors for three orthogonal directions considering
concurrent horizontal and vertica) seismic inputs to the analysis models. The
frequency intervals used for computing the spectra are consistent with those
of Regulatory Guide 1.122. Since the natural frequencies are not computed for
the soil-structure system and since the intervals between the selected
frequenciss are small, no additional frequency points are specifically
jdentified for calculating response spectral values.

Figures 3.7-11 through 3.7-19 display the results of floor response spectra
calculated for the three critical interface locations: 1) the reactor pres-
sure vessel support, 2) the operating deck of the reactor containment
structure, and 3) the control room floor of the reactor external building. Ir
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each figure which represents spectral requirements in one designated direc-
tion, the 5% damping generic floor response spectrum drawn with a solid line
is constructed to envelop the three floor response spectra resulting from the
analytical models of three different soil conditions. In accordance with
Regulatory Guide 1.122, the spectrum band-broadening of 15% is introduced.
The generic floor response spectra serve as a basis for designing the
subsystems of the baseline configuration of the NPB. The site specific floor
response spectrum obtained will be measured against these generic floor
response spectra during the final verification analysis of the NPB.

3.7.2.6 Three Components of Earthquake Motion

The soil-structure systems are analyzed with the three-dimensional models
subjected to simultaneous dinput seismic motions 1in three orthogonal
directions. As a result, the three-component earthquake effects need not be
addressed.

3.7.2.7 Combination of Modal Responses

This subsection does not apply as only direct integration time-history

analyses are performed on the systems.

3.7.2.8 Interaction of Non-Category I Structures With Seismic Category I
Structures

The non-category I structures are designed to resist seismic effects as
discussed in Section 3.7. The deflections of the Category I structures are
provided for the design of the non-category I structures for preventing
potential impacting between adjacent buildings. The soil-structure
interaction between the turbine generator building and its underlying soil may
affect the seismic behavior of the adjacent NPB structure system. However,
the effects of this shallowly embedded structure are judged to be small and
are expected to be covered by the present use of the enveloping soil
properties data for the response calculation for the NPB.
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Effects of Parameter variati on Floor ,ponse Spectra

uncertainties associated with the analytical models for deriving the
tructure response spectra are accounted for by broadening the spectrum
+15% across the frequency band in accordance with Regulatory Guide

As described 1in Subsection 3.7.2.5, each generic spectrum curve
envelopes the broadened spectrum peaks for the three soil-structure analytical
models. The resulting broad-band envelope floor response spectra are more
than sufficient to address the potential uncertainties in modeling the seismic

systems.

Constant Vertical Static Factors

No constant vertical static factors are used for Category I structures. The
same method of analysis is used for both vertical and horizonta) responses of

the structures.

Method Used to Account for Torsional Effects

The development of the generic floor response spectra by varying the
underiying soil properties contains sufficient margin to account for the
accidental torsional effects on a site specific configuration. The generic
floor response spectra are judged to be sufficient for analysis and design of
subsystems anchored on floors.

3.7.2.12 Comparison of Responses

This section does not apply as response spectrum analysis wil) not be utilized
for the systems of the NPB. Response spectra comparison, however, will be
uced to demonstrate the conservatism of the generic baseline design as applied
to site specific configuration.

3.7.2.13 Methods for Seismic Analysis of Dams

to the NPB scope
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3.7.2.74 Determination of Seismic Category 1 Structure Overturning Moment

The Category I NPB structure is designed to resist overturning due to the com-
bined effects of the vertical and two horizontal components of seismic ground
motion. The moment equilibrium method is considered in which the maximum
seismic overturning moment is obtained from the analyses described in
Subsection 3.7.2.2. The gravity force reduced by the hydrostatic buoyance
force provides stability of the structure in resisting overturning moment.
The minimum safety factor against overturning moment is 1.1 for an SSE
combined with the other applicable loading conditions.

3.7.2.15 Analysis Procedure for Damping

The damping property of the soil-structure system of the NPB is affec*ea by
the type of soil medium and the details of the structural concrete and stee)
used for constructing the plant. In order to model the system dynamic
properties the ASCE nonproportional damping modeling approach of Reference 5
is considered. This 4s accomplished by introducing first the segmentally
proportional damping for the respective concrete and steel portions of the NPB
building structures for the stick model of Figure 3.7-9. For the soil medium,
a set of discrete dampers and springs are introduced at the base of the
building structures in @ccordance with the impedance function approach of
Reference 5. This resulting nonproportionally damped sofil-structure system
calls for dynamic response analysis by the direct integration approach as
discussed in Subsection 3.7.2.1.

3.7.3 Seismic Subsystem Analysis

This section describes the seismic analysis performed on subsystems.
3.7.3.1 Seismic Analysis Methods

Both the time-history ‘solution and the response spectrum analysis technigue
are used for analyzing the subsystems of the NPB. In general, analyses follow
the ASCE Seismic Analysis Standard Committee approaches of Reference 5,
“Standard for the Seismic Analysis of Safety-Related Nuclear Structures.”
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The generic floor response spectra of Subsection 3.7.2.5 serve as design input

for the subsystems.

when the time~history solution 1is considered, synthesized time histories of
10-second tota) duration are generated for each of the three components - two
horizontal and one vertical, of the floor response spectra. The Westinghouse
program DEBLIN2, Reference 6, 1is wutilized to synthesize the spectrum-
compatible time histories. The program modifies earthquake motions by a
frequency suppressing and raising technique in an iterative scheme to assure
that the response spectra of the resulting time histories will properly
envelope the corresponding floor response spectra. Statistical independence
among the time history components {s assured «by requiring the cross
correlaiion coefficients among different dinputs to be less than 0.3
(References 7 and 8). The resulting three components of the acceleration time
histories will be simultaneously input to subsystems for either a
direct-integration or a modal superposition time-history solution.

For subsystems modeled with linear elastic response, the response spectrum
analycis of Reference 5 is performed. The generic floor response spectra are
applied to subs&stems with consideration of the three components of earthquake
motion as per Subsection 3.7.3.6 and the combination of modal responses as per
Subsection 3.7.3.7.

3.7.3.2 Determination of Number of Earthquake Cycles

For each OBE the system and component will have a maximum response
corresponding to the maximum induced stresses. The effect of these maximum
stresses for the total number of OBE's must be evaluated to assure resistance

to cyclic loading.

The OBE is conservatively assumed to occur five times over the life of the
plant. The number of maximum stress cycles for each occurrence depends on the
system and component damping values, complexity of the system and component,
duration and frequency contents of the {input earthquake. A precise
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determination of the maximum number of stress cycles can only be made using
time history analysis for each ftem which is not feasible. Instead, a time
history study has been conducted to arrive at a realistic number of maximum
stress cycles for all Westinghouse systems and components.

To determine the conservative equivalent number of cycles of maximum stress
associated with each occurrence, an evaluation was performed considering both
equipment and its supporting building structure as single degree-of-freedom
systems. The natural frequencies of the building and the equipment are
conservatively chosen to coincide.

The results of this study indicate that the total number of maximum stress
cycles in the equipment having peak acceleration above 90 percent of the
maximum absolute acceleration did not exceed eight cycles. If the equipment
was assumed to be rigid in a flexible building, the number of cycles exceeding
90% of the maximum stress was not greater than three cycles.

This study was conservative since it was performed with single degree-of-
freedom models which tends to produce a more uniform and unattenuated response
that a complex finteracted system. The conclusions indicate that 10 maximum
stress cycles for flexible equipment (natura! frequencies less than 33 Hz.)
and 5 maximum stress cycles for rigid equipment (natural frequencies greater
than 33 Hz) for each of 5 OBE occurrences should be used for fatigue
evaluation of WAPWR systems and components.

3.7.3.3 Procedure Used for the Modeling

A. Modeling of Piping Systems for Dynamic Analysis

The piping systems are modeled utilizing a three-dimensional structural
representation composed of concentrated lumped masses connected by
appropriate piping system. The model accounts for the interaction effect
between piping, equipment and supports. Supports are modeled as flexible
members with the appropriate stiffness to represent the suppor.

WAPWR-S/E 3.7-12 DECEMBER, 1984
1656e:1d




compliance. The piping model is terminated at equipment nozzles which are
modeled as rigid anchors with consideration given to the seismic
amplification of equipment, as follows:

1. For rigid equipment in which the fundamental frequency 1s equal or
higher than 33 Hz, the amplified response spectra of the structure is
used.

2. For equipment in which the fundamental frequency is lower than 33 Mz,
the amplified response spectra and the seismic anchor displacement of
the equipment at the pipe/nozzle 1interface point {s wused.
Alternatively, a simplified model of the equipment to account for
dynamic interaction and amplification 1s coupled with the piping
model, and the amplified structure response spectra are used to excite
the coupled model.

A1l in-line components are included in the model. The concentrated mass
of 1in-line components such as valves, flanges, and strainers are
represented as lumped masses. Valve operators are modeled as an offset
lumped mass to account for the torsional and in-plane bending effects on

the piping.
The following criteria are used for the decoupling of piping subsystems:

1. When piping is decoupled from the equipment, the nozzle is modeled as
a full, six-degree-of-freedom restraint.

2. For the analysis of main runs, branch connections are decoupled from
the main runs when the ratio of the branch to run section moduli is
equal to or less than 1/16, or the ratio of the branch to run moment

of inertia is 1/50.

3. Piping subsystems (main or branch runs) which are decoupled into
separate analytical models satisfy one of the following criteria:
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(a) The decoupling point is a full anchor for the piping of both
separate models.

(b) The boundary of each decoupled model contains a sufficiently long
region of common overlap to other models which effectively
provides restraint(s) in each of the three orthogona)l directions
in order to justify decoupling.

B. Modeling of Equipment

Seismic Category 1 equipne . is modeled as lumped systems which consist of
a series of discrete mass points connected by elastic members. A))
significant concentrated weights are represented as lumped masses.
Typical examples of concentrated weights are weights of motor rotor and
pump impeller in the analysis of shafts. The number of dynamic degrees of
freedom is at least twice the number of modes having frequencies less than
33 Hz.

3.7.3.4 Basis for Selection of Frequencies

There are no specific design criteria that attempt to cause the fundamenta)
frequencies of NPB equipment to be different from the forcing frequencies of
the supporting structures. The effect of the equipment fundamental frequen-
cies relative to the supporting structure forcing frequencies is, however,
considered in the analysis of the NPB equipment.

3.7.3.5 Use of Equivalent Static Load Methed of Analysis

The static load equivaient or static analysis method involves the multiplica-
tion of the total weight of the equipment or component member by the specified
seismic acceleration coefficient. The magnitude of the seismic acceleration
coefficient is established on the basis of the expected dynamic response
characteristics of the component. Components that can be adequately charac-
terized as single-degree-of-freedom systems are considered to have a moda)
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participation factor of 1. Seismic acceleration coefficients for multidegree-
of-freedom systems may be determined as 1.5 times the peak spectral
acceleration of the applicable response spectrum. Smaller values may be used,
1f Justified.

3.7.3.6 Three Components of Earthquake Motion

Seismic Category I subsystems and components are analyzed by considering the
combined effects of seismic loads occurring in three mutually perpendicular
directions, two in the horizontal direction and one in the vertical direc-
tion. The total combined response (displacements, stresses, and forces) due
to the three components of earthquake motion 1s obtained by using the ‘
square-root-sum-of-the-squares (SRSS) formula applied to the resultant
codirectional responses. For instance, for each item of interest, such as
displacement, force, stress, etc., the total response is obtained by applying
the SRSS method. The mathematical expression for this method (with R as the
item of interest) is:

g ) 172
Re = (I R)) (M
R T

where:

Rc = total combined response at a point.
RT = value of combined response of direction T.

The system and equipment response can also be determined using time-history
analyses. When a time-history analysis is performed, the two horizontal and
the vertical time-history components are applied simultaneously.

3.7.3.7 Combination of Modal Responses
The total codirectional seismic response is obtained by combining the indi-

vidual modal responses utilizing the SRSS method. An optional method is the
algebraic combination of modes with closely spaced frequencies (Reference 9).
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The groups of closely spaced modes are chosen such that the difference between
the frequency of the first mode and the last mode in the group does not exceed
10 percent of the lower fregquency. Groups are formed starting from the lowest

frequency and working toward successively higher frequencies.: No one
frequency is in more than one group. The combined total response is obtained
as follows:
N ; s Nj-1 Nj ]
RT2 = I Ri g3 I I RKRI Kt (2)
i=1 j= KeM, R=K+)
where:

= total codirectional response.
= response of mode 1§.

R
R
N = total number of lower frequency, flexible modes.
S = number of groups of closely spaced modes.

M

= lowest modal number associated with group j of closely spaced

J

modes.
Nj = highest modal number associated with group j of closely spaced

modes.
g = coupling factor with

' ' =)
W, - w

teg = [+ (———+—)?)  an (3)

(wak - B‘w‘

v 2,172

W =W (1 - (BK) ) (4)

B, B + = (5)
K K ”K td
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frequency of mode K
fraction of critical damping in mode K.

duration of the earthguake.

The options used to account for high-frequency (>33.0 HZ) modes are described

below:

The Residual Load Method (RLM) with Uniform Response Spectrum Analysis

1

based on the following equations (Reference 10):

(X )= [M1(13)-[og) [og)" M) [3D) (K,)

% Tr*
(¢4] [o4] [M]

influence matrix
stiffness matrix
[(M] mass matrix
(Xc} residual displacement vector from truncated higher
{YC} residual acceleration vector
(¥ } = ground acceleration vector

[¢d] flexible mode shape matrix

The combination of shock directions for these truncated higher modes is
obtained from equation (1). The total response from flexible and

truncated higher modes is given by:

1/2

RetoTaL

where R b 1 flexible and truncated mode responses from
-

rce
CF

equation (1).
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B. The full zero period acceleration method (FZPA) with Uniform Response
Spectrum Analysis is based on the fo'lowing equations (Reference 10):

(X} = =01 (M) (9 () SN CY Ed
(X} = (3] (%) (10)

The combination of shock directions for the FZPA response is obtained from .
equation (1). The total response from flexible modes and the FZPA

response is obtained by SRSS combination similar to equation (8).

C. The RLM with Multiple Response Spectrum Analysis is based on the following
equations (Reference 11):

(X =(K17 [MX(LYI-[og] [og)" MIIYD) (Ky) (1)
(Kl= (1Y) - o) [og)" (M) [YD) () (12)
where

(Y] = ~(K]™ [Kg) (13)

and KG is system-support coupling stiffness matrix,

The combination of shock directions along with flexible and truncated
modes is performed in the same manner as in item A above. (See subsection
3.7.3.9 for further details).

D. The FZPA method with Multiple Response Spectra Analysis is based on the
fcllowing equations (Reference 11):

-] .
(X} = =(K17 [ [v] (X)) (14)
(%) = 1) (%) (15)
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The combination of shock directions along with flexible and truncated
modes is performed in the same manner as in item B above. (See Subsection
3.7.3.9 for further details.)

3.7.3.8 Analytical Procedures for Piping

The Seismic Category I piping systems are analyzed and evaluated according to
the rules of the American Society of Mechanical Engineers (ASME) code, Section
III. When modal seismic response spectrum analysis methods are used to
evaluate piping seismic response due to inertial 1loading arising from
excitations at different supports within one or more buildings, the procedures
described in Section 3.7.3.9 are used. The effect of differential seismic
anchor motions at different supports are included in the piping analysis
according to the rules of the ASMt code, Section III. The piping stresses due
to seismic anchor motions are combined with stresses from other applicable
loads including seismic inertial loading and then evaluated as required by the
ASME code, Section III. For analysis of seismic anchor motions, the
procedures described in Section 3.7.3.9 are used.

3.7.3.9 Multiple Supported Equipment Components With Distinct Inputs

A. To evaluate piping and equipment components seismic response due to
inertial loading arising from excitations at different supports within one
or more buildings, either modal envelope seismic response spectra analysis
method or modal non-uniform seismic response spectra analysis method is
used.

A.1 The modal envelope seismic response spectra analysis method is the
same as the standard model seismic response spectra analysis method
for a singly- or multiply-supported system subject to uniform
translational seismic excitation except that it utilizes, for each
direction of excitation the single envelope spectrum or the worst
single spectrum. The single envelope or worst spectrum is assumed by
this procedure to account for the influence of phasing and
interdependence characteristics of non-uniform excitation represented
by translational spectra at various supports.
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A.2 In the modal non-uniform seismic response spectra analysis method
(References 11, 12 and 13), for each direction of excitation, multiple
input response spectra representing the non-uniform seismic excitation
at all support (boundary) points of the structural system (model) are
explicitly used without being approximated, consclidated or replaced
as in the case of the modal superposition envelope response spectra
method. Further, for each direction of excitation, the phasing and
interdependence characteristics of the multiple input response spectra
representing non-uniform seismic excitation are identified and
properly accounted for by this method as outlined below.

Proportional Input - For this type of input, the support motion at a
given point can be obtained simply through multiplication of a
reference excitation by a real number. This, therefore, includes the
uniform excitation as a special case. Support motions that are 180°
out-of-phase are alsc included here sin.e they can be obtained through
multiplication of a reference excitation by a negative real number.
Support point motions associated with a single-mode response of a

supporting structure or with a rigid supporting structure are examples
of this type of 1input. For this type of input, the representative
maximum modal response 1is obtained by algebraic combination of
contributions of individual support point inputs.

Independent Input - For this type of input, the support motions are
treated to be statistically independent and are therefore essentially
uncorrelated. Support point motions associated with supporting
structures of widely differing dynamic characteristics can be
considered as practical examples of this type of input. For this type
of input, the representative maximum modal response is obtained by the
square-root-sum-of-squares (SRSS) combination of contributions of
individual support point inputs.

Mixed Input - This type of non-uniform excitation consists of a
combination of the two types described above. For this type of input,
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the representative maximum modal response is obtained by the SRSS
combination of contributions of the representative maximum moda)
responses obtained for each of the two types described above.

After maximum possible use of algebraic and SRSS combinations, as
described above, absolute sum combination s used only as a last
resort in absence of another more realistic combination.

B. The response due to differential seismic anchor motions 4s calculated
using static analysis (without including dynamic load factor). 1In this
analysis, the static model s identical to the static portion of the
dynamic mode) used to compute the seismic response due to inertial
loading. In particular, the structural system supports in the static
model are identical to those in the dynamic model. The effect of relative
seismic anchor displacements are obtained either by wusing the worst
combination of the peak displacements or by proper representation of ttre
relative phasing characteristics associated with different support inputs.

C. The results of modal seismic spectra analysis in Item A above and the
results of seismic anchor motion analysis in Item B above are combined by
the SRSS when required by consideration for the ASME classification of the
stresses.

3.7.3.10 Use of Constant Vertical Static Factors

Constant vertical load factors are not used as the vertical floor response
load for the seismic design of safety-related components and equipment within
the wWestinghouse scope of responsibility.

3 7.3.11 Torsional Effects of Eccentric Masses
The effect of eccentric masses, such as valves and valve operators, is

considered in the seismic piping analyses. These eccentric masses are modeled
in the system analysis, and the torsional effects caused by them are evaluated
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and included in the total system response. The total response must meet the
1imits of the criteria applicable to the safety class of the piping.

3.7.3.12 Buried Seismic Category I Piping Systems and Tunnels
There are no buried seismic Category I piping systems and tunnels in the NPB.
3.7.3.13 Interaction of Other Piping With Seismic Category 1 Piping

Where seismic Category I piping systems are in close proximity to non-seismic
piping, the non-seismic pipes are restrained so that no failure of the seismic
Category I system can occur.

where seismic Category 1 piping 4s directly conrected to non-seismic
Category I piping, the seismic effects of the latter are prevented from being
transferred to the seismic Category 1 piping by use of anchors or a
combination of restraints; or when this is not practical, the interactive
effects of the unrestrained portion of the non-seismic Category 1 piping are
included in the analyses, and evaluated for acceptability.

3.7.3.14 Seismic Analyses for Reactor Internals (Core, Core Supports,
Mechanisms)

Fuel assembly, core support structure, and control mechanism component
stresses induced by seismic disturbances, are analyzed by finite element
computer techniques. The time-history response of the building is used to
generate the finput to the system model of the above components. These
components are modeled as spring and lumped mass systems or beam elements.

The component seismic response of “Fe fuel assemblies is analyzed to determine
design adequacy. The response of the core structures and mechanisms is used
in the ASME B&PV code evaluations. Fuel assembly damping and grid strength
capability are determined experimentally.
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The mechanisms, both the contro)l rod drive mechanism (CROMs) and the displacer
rod drive mechanisms (DRDMs), are seismically analyzed to confirm that
stresses under the combined loading conditions, do not exceed allowable levels
as defined by the ASME Code, subsection III, for condition B and condition D
events. The mechanisms are modeled as a system of lumped and distributed
masses, and the resultant seismic bending moments and shear loadings along the
length of the mechanisms are calculated. The corresponding stresses are then
combined with the stresses from other loadings and the combination is shown to
meet the requirements of the ASME Core, Section III.

3.7.3.15 Analysis Procedure for Damping

Where the eguipment or component consists of subcomponents with the same
damping characteristics, the same critical damping value is wused for the
entire equipment or component. The corresponding critical damping value is
chosen from Table 3.7-1 and Figure 3.7-8. For seismic Category I equipment or
component consisting of subcomponents with different damping characteristics,
two approaches are considered: 1) the lowest critical damping value associa-
ted with the subcomponents in the equipment or component s used in the
analysis for all modes, 2) the composite damping values or nonproportional
damping models as proposed by the ASCE Seismic Analysis Standard Committee of
Reference 5 are used.

3.7.4 Seismic Instrumentation

Seismic instrumentation 4: provided to the NPB to gather information on the
input ground motion and the output vibratory responses of the representative
Category I structures and equipment so that an evaluation can be made as to:

0 Whether input design response spectra were exceeded,

o Whether the vibratory responses of the representative Category I
structures and equipment were exceeded,

o The need for shutdown of the plant, and
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© The degree of conservatism of the mathematical models used in the seismic
analysis of the building and equipment.

The design consideration of the seismic instrumentation 1s based on a Safe
Shutdown Earthquake (SSE) of 0.3g ZPA and an Operating Basis Earthquake (OBE)
of 0.1g ZPA.

3.7.4.1 Comparison With Regulatory Guide 1.12

The seismic instrumentation described below consists of time-history
accelerographs, seismic switches, response spectrum recorders and peak
accelerographs meeting the USNRC Regulatory Guide 1.12, Revision 1 (April
1974), as required for a severe earthquake with ZPA of 0.3g or higher.

3.7.4.2 Location and Description of Instrument

The instrumentation deicribed below is employed to measure and record the
seismic inputs and the plant structural and equipment responses and to provide
displays and alarms to operators to act and engineers to evaluate the plant
seismic capability atter an earthquake.

when external power supply is needed for operating the instrument during and
after earthquakes, the Class 1£ 120 Vv uninterruptable power supply will be

provided.
3.7.4.2.1 Time-History Accelerograph

Three triaxial time-history accelerographs will be provided, one each at the
following locations:

1. A free field at approximately 500 ft from the edge of the reactor external
building

2. The top of the foundation base mat (Reference Elevation = 72m) and inside
the reactor externzl building
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3. The concrete operating floor (Reference Elevation = 100m) and inside the

reactor containment.

A fourth time-history accelerograph will be installed in the main control room
concrete floor if the design site ground motion is 0.3g ZPA or higher.

Each time-history accelerograph package consists of a triaxial senscr with
triaxial starter unit and a recorder unit. The triaxial sensor unit is
responsive in the frequency range of 0.1 Hz to 30 Hz in the three orthogonal
axes. The starter unit also has corresponding acceleration sensors set to
energize the triaxial sensor unit whenever the threshold acceleration is
exceeded in any of the three orthogonal axes. The threshold accelerations are
set between 0.005g and 0.02g, depending on locations, to avoid actuation due
to insignificant motion, but to record a seismic disturbance which may have a
ground acceleration magnitude significantly lower than that of the Operating
Basis Earthquake of 0.1 g ZPA.

The recorcer units and a common playback unit will be housed in a control
panel which in turn will be located in the main control room (Subsection
3.7.4.2.6). The three starter units installed in the main control room, the
operating floor and the basemat of the reactor containment will be oriented
such that their axes and the axes of the sensor units are pointing in the same
direction and aligned to the principal axes of the reactor external building.

The time-history accelerograph 1is fully operational within 0.1 second of
seismic starter actuation. Once actuated, an amber 1light, one for each
accelerograph package, remains on in the control room. The accelerograph will
operate continuously during that period in which the acceleration exceeds the
starter threshold plus at least five (5) seconds.

The recorder unit will be capable of a minimum 25 minutes total recording
time. The common playback system allows immediate graphical time-history
accelerogram playback capability.

The starter unit and seismic switch as described in the next paragraph can be
tested from the main control room.
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3.7.4.2.2 Seismic Switch

One seismic switch will be located at the top of the foundation mat inside the
reactor external building and in the general vicinity where the time-history
accelerograph of Subsection 3.7.4.2.1 1is installed. If the design sit

specific ground motion is 0.3g ZPA or higher, second seismic switch will

a b
installed on the Class 1 piping connected to reactor coolant loop Th

seismic switch will be responsive to frequencies from 0.1 Hz to 30 Hz. The
switch on the basemat will be set at 0.1g corresponding to an OBE. The
seismic switch is a triaxial low frequency acceleration sensor with adjustable
threshold accelerations in three orthogonal directions. It operates with an
internal rechargeable power supply. The minimum duration of the switch
actuation s adjustable (6-20 seconds), and remains actuated as long as the
setpoint is exceeded. Audio alarm will result cnce the seismic switch is
actuated.

3.7.4.2.3 Triaxial Spectrum Recorder

The triaxial response spectrum recorder provides a permanent record of
spectral accelerations at 12 discrete frequencies on all three axes. The
recorded values in the main control room provides a basis to see whether the
spectral acceleration levels at individual discrete frequencies are within, or
above, the OBE response spectrum levels.

The response spectrum recorders will be responsive to a frequency range of )
Hz to 30 Hz with appropriate damping value to facilitate comparison of
spectral accele:ation values associated with the OBE response spuctra. They
will be employed to provide more information on the seismic input and the
potential plant seismic response property with no need to wait for detailed

processing of the time-history accelercgraph records.

A total of four response spectrum recorders are provided, one each at the

following locations:
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1. The top of the foundation base mat inside the reactor external building
and near the vicinity of the time-history acceleragraph of Subsection
3.7.4.2.1.

2. The class 1 piping connected to reactor coolant loop.

3. The concrete operating floor of the main control room.

4. The support to a Category I piping system.

In case the design site specific ground motion is 0.3g ZPA or higher, a fifth
response spectrum recorder will be 1installed on the supporting pad of a
Category I equipment structure.

3.7.4.2.4 Triaxial Peak Accelerograph

The peak accelerograph is a self contained passive device capable of
permanently recording peak acceleration. It detects peak acceleration in a
frequency range from 0.1 Hz to 20 Hz. Data from the peak accelerograph wil)
be manually retrieved following an earthquake and will be used in the detailed
evaluation of seismic performance of the plant structures, systems and

components.

A total of three triaxial peak accelerographs are provided, one 2ach at the
following locations:

1. The reactor coolant pump motor

2. The Class 1 piping connected to reactor coolant loop.

3. The Category I piping outside the containment.

In case the design site specific ground motion is 0.3g ZPA or higher, a fourth

peak accelerograph will be installed on the supporting pad of a Category I
equipment structure.
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3.7.4.2.5 Criteria for Instrument Location

The selection of the above locations for installing seismic instrument is
based on the guidance provided in the USNRC Regulatory Guide 1.12, Revision )
for an SSE acceleration of 0.3g or higher, unless as noted

K11 instruments are accessible for inspection, test and service except for the

1

instruments on the reactor coolant pump motor and the reactor coo!

piping which are accessible only during reactor shutdown.

Table 3.7-2 summarizes the locations of the seismic instruments.

3.7.4.2.6 Seismic Instrumentation Control Panel

An instrumentation panel located in the main control room will be provided to
house the recording, playback and calibration units which are wused in
conjunction with the time-history accelerographs. It also contains the audio
alarms and visval displays in association with the operation of the seismic
switches and the response spectrum recorders.

3.7.4.3 Control Room Operator Notifications

Operator notification consists of alarms, indicating lights and graphical
displays.

Audio and visual alarms will be proviced in the main control room for the

following parameters:
Containment foundation ZPA input in excess of 0.1g (OBE)

Actuation of any time-history accelerographs

e spectral values in any frequency and any axis in excess of design

1 accelerations as recorded by the response spectrum recorders
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The time-history accelerograph records will be played back to provide visual
displays as needed after earthquakes.

3.7.4.4 Comparison of Measured and Predicted Responses

The plan for utilization of the seismic data includes both the function of the
operator and engineering to evaluate the effects of an earthquake on the
plant. For a detail description of the data flow, refer to Figure 3.7-20.

Initial determination of the earthguake effect is performed immediately after
the earthquake by comparing the measured response spectra from the containment
base mat with the OBE and SSE design response spectra for the corresponding
location.

If the measured spectra exceed the OBE response spectra, the plant will be
shutdown and a detailed analysis of the earthquake motion will be undertaken.

After an earthquake, the data from the seismic recording instruments are
reviewed. See Figure 3.7-20. The data from these dinstruments will be
analyzed to obtain the seismic accelerations experienced at the location of
major Category I structures and equipment. The measured responses from the
instruments will be used to evaluate seismic Category I structures and systems
in which the spectra are compared with those used in the design to determine
whether the 0BE design level has been exceeded or not.

During shutdown as a result of OBE earthquake, the equipment mounted triaxial
peak accelerographs will be used to determine 'f the design limitation of
specific equipment to which it is fastened has been exceeded. If the measured
responses are less than the values used in the design and qualification of the
Seismic Category 1 structures, systems, and equipment and a visual inspection
of the systems and components reveals no damage, the structure, system, or
equipment is considered adequate for future operation. Otherwise, damage is
cor~ected, and a new analysis 1s made to assure the adequacy of those items
for future use.
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3.7.4.5 Inservice Surveillance

Calibration and alignment on three orthogonal axes will be performed prior to
fuel loading in order to assure proper operation. Periodic testing and
calibration will be performed in accordance with technical specification.
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TABLE 3.7

REGULATORY GUIDE 1.61 DAMPING VALUES FOR
STRUCTURES OR COMPONENTS'®)

Percent of Critical Damping Per Mode

Structure of Component 0BE SSE
Welded steel structures 2 4
Bolted steel structures 4 7
Prestressed concrete structures 2 5
Reinforced concrete structures 4 7

a. Damping values for foundation material, used in foundation-structure
interaction analysis, are not included in this table.
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Instrumentation
Location

1. Free Field

Y.

500 ft from Reactor

External Building

11. Inside Contzirment

]
2.
3

4.

. Basemat

Operating Floor

. Reactor Coolant

Pump Motor
Class 1 Piping

II11. Outside Containment

1.
- 5
3.
q.

Main Control Room
Cat. 1 Equip. Sup.
Cat. I Piping Sup.

Cat. I Piping

TABLE 3.7-2
SEISMIC MONITORING INSTRUMENTATION REQUIREMENTS

Triaxial
Time-History Triaxial Response Triaxial Peak
Accelerograph Spectrum Recorder Accelerograph
1.
‘i ]ﬁ
]Q
1
1 1
1%.x 1
X 11X

*  Readout and annunciated in the Main Control Room
# May be omitted 1f site soil structure interaction is negligible
x May be omi*ted for design SSE less than 0.3g ZPA
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Figure 3.7-1 Safe Shutdown Earthquake Horizontal Response Spectra

‘ WAPWR =S /€ DECEMBER, 1984
1656e:1d



Figure 3.7-2 Safe Shutdown Earthquake Vertical Response Spectra
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Figure 3.7-3 Operating Basis Earthquake Horizontal Response Spectra
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Figure 3.7-4 Operating Basis Earthquake Vertica) Response Spectra
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figure 3.7-5

Comparison of Design Response Spectra
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Figure 3.7-6 Comparison of Design Response Spectra
- Horizontal Direction 2
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Figure 3.7-7 Comparison of Design Response Spectra - Vertical Direction
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Figure 3.7-8 westinghouse Position on Damping
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Figure 3.7-9 Analytical Model - Seismic System
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3.8 DESIGN OF CATEGORY I STRUCTURES

A detailed description of the containment structures, internal structures and
other Category I structures is provided in the following sections.

3.8.1 Concrete Containment

This section 1s not applicable to the Nuclear Power Block. The concrete
shield building 1s 4ncluded in Category I structures and 1is described in
Subsection 3.8.4.

3.8.2 Steel Containment
3.8.2.1 Description of the Containment

The containment vessel s a free-standing, spherical, welded stee) shell, 60 m
inside diameter and 42 mm thick. The lower portion of the shell below
elevation 92.2 m 1s encased between the building foundation concrete and the
interior structure base concrete, without any structural connection between
the steel and concrete. The strength provided by concrete encasement is
ignored, and the shell thickness in the embedded segment is the same as in the
upper portion. To reduce the secondary stresses in the shell in the area
around elevation 92.2 m a strip of & compressible material will be provided
all around the contact area.

The vessel includes the shell, equipment hatch, penetrations, airlocks,
miscellaneous appurtenances and attachments. The containment penetrations,
other than the equipment hatch and the afrlorks, consist of the fuel transfer
penetration, mechanical penetrations, and electrics) penetrations. A fuyel
transfer tube is provided at elevation 88.7 m for transfer of fuel between the
fuel pool and tre containment refueling canal.

Mechanical penetrations are treated as fabricated piping assemblies meeting
the requirements of ASME [II, Subsection NE, and are assigned the same
tlassification as the piping system that includes the assembly.
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The process line and flued heads making up the pressure boundary will be
consistent with the system piping materials; fabrication, inspection, and
analysis requirements will be as required by ASME 1II, Subsection NE. AN
welds on the process pipe will be accessible for inspection in accordance with
ASME Section XI.

Medium voltage electrical penetrations for reactor coolant pump power use
sealed bushings for conductor seals. The assemblies incorporate dual seals
along the 2xis of each conductor.

Low voltage power, control and instrumentation cables enter the containment
vessel through penetration assemblies which are designed to provide two leak
tight barriers in series with each conductor.

3.8.2.2 Applicable Codes, Standards, and Specifications

The steel containment is designed, fabricated and tested in accordance with
the provisions of ASME Boiler and Pressure Vessel Code, Division 1, Section
111, Subsection NE.

A1l structural steel non-pressure parts such as ladders, walkways, handrail,
etc. will be designed in accordance with the American Institute of Steel
Construction (AISC), "Specification for the Design, Fabrication and Erection
of Structural Stee)l Buildings".

The containment penetrations, other than airlocks and the equipment hatch
consist of electrical and piping penetrations. The portion of the
penetrations consisting of the pipe sleeve welded to the vessel will be
designed, fabricated, installed, and tested according to the requirements of
the ASHME Code, Section III, Subsection NE. The connections between the vesse)
pipe sleeve and the piping passing through the containment vessel shell will
consist of a bellows assembly, flued head or other welded connection designed,
fabricated, installed, and tested to meet the requirements of the particular
system and Section III of the ASME code. The containment pipe sleeves in
which electrical penetration assemblies are installe¢ will be designed to meet
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the requirements of ASME Code, Section III as well as being compatible with
the electrical penetration assemblies. The electrical penetration assemblies
will be designed, fabricated, installed and’ tested in accordance with the
requirements of IEEE 317-1976.

3.8.2.3 Loads and Load Combinations

The Tloads and the load combinations used in the design of the containment are
in accordance with the requirements of ASME Coce, Section 111, Sudbsection NE.

Seismic loads are discussed in Section 3.7 of this module. Missile effects
and pipe rupture loads are discussed in Sections 3.5 and 3.6, respectively, of
this module. The design internal pressure is 46 psig. The design externa)
pressure will be 2.0 psig. The containment interior structure is vented at
the operating deck to allow LOCA pressure release to the upper containment.
The efore, the containment shell s not subjected to LOCA transient
pressures. The load combinations are shown in Table 3.8-1.

3.8.2.4 Design and Analysis Procedures

The design and analysis procedures for the containment vessel conform to the
requirements of ASME Boiler and Pressure Vessel Code, Section I11I, Subsection
NE. The following computer programs are employed for the 3-dimensiona)
analysis of the containment shell.

1. "WECAN" - Westinghouse Electric Corporation Analysis Program.

2. "“ASHSD" - "Dynamic Stress Analysis of Axisymmetric Structure Under
Arbitrary Loading," developed by Ghosh and Wilson Program.

"ASHSD" 1s used to analyse a two-dimensional mode] of the axisymmetric
shell of revolution. The applied loads can vary in meridional and
circumferential directions. The “WECAN® program s used to analyze a
detailed three dimensional finite element model, and is used for areas
where the vessel is not axisymmetric such as the regions around the
penetrations.
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Classical theory and analysis methods are also used for Tocal areas
such as the personnel Jlocks and smal) penetrations. For conditions

where compressive stresses occur, the critical buckling stress is
checked against the provisions of code case N-284.

3.8.2.5 Structural Acceptance Criteria

The containment vessel will receive a code stamp. The vessel is designed and
will be fabricated, installed and tested in accordance with the orovisions of
ASME Code, Section III, Subsection NE. The stress intensity limits for all
load combinations are specified in Table 3.8-2. Critical buckling stresses
are checked in accordance with the provisions of the ASME Code case N-284.

3.8.2.6 Materials, Quality Control, and Special Construction Techniques

Materials for the containment vessel, including equipment hatch, equipment and
emergency personnel access locks, penetrations, attachments, and appurtenances
will meet the requirements of NE-200C of ASME-II'. The basic containment
material is SA-516, Grade 70 carbon steel. Stairways, ladders and platforms
will be fabricated from A-36 carbon steel. Impact test requirements will be
as specified in NE-2000. Charpy V-notch specimens and other details will be
specified in accordance with the requirements of the ASME Code.

The quality control program involving welding procedures, erection tolerances,
and nondestructive examination of both shop and field fabricated welds is in
conformance with Articles NE-4000 and NE-5000 of the ASME Code. There are no
special construction techniques used on the Class MC items.

3.8.2.7 Testing and Inservice Inspection Requirements

Testing of the Class MC {tems and the pipe assemblies forming the pressure
boundary within the Containment vessel will be 1in accordance with the
provisions of articles NE-6000 and NC-6000 of the ASME code respectively.
Periodic testing of these items will also be done as required by 10 CFR 50,
Appendix J.
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3.8.3 Concrete and Steel Internal Structures
3.8.3.1 Description of the Internal Structures

The concrete and steel internal structures support the reactor coolant system
(RCS) components and related piping systems and equipment inside the
containment pressure boundary. The concrete structures also provide radiation
shielding. The 1nternal structures consist of the primary shield wall,
various compartment walls, refueling canal walls, operating floor, and
intermediate slabs and platforms.

A description of the main structures that constitute internal structures is
given in the following paragraphs; their locations are shown in Figure 1.2-2
of RESAR-SP/90 PDA Module 3, "introduction and and Site". Tne primary shield
wall provides radiation shielding, structural support for reactor vessel
nozzles and alsc protection from interna) missiles. It is designed to
withstand post-LOCA pressures and temperatures, and reactions from reactor
vessel supporis. The primary shield is six feet thick. The rea tor pressure
vessel (RPV) support system consists of four seats under two hot leg and two
cold leg nozzles, which are spaced 90° apart in the primary shield wall.
Under these seats, steel weldments embedded in the primary shield are provided.
to transfer reactor loads to the primary shield wall.

The steam generators (SG) are supported vertically by four steel! columns,
bolted to support pads on the vesse! and basemat embedments. Steel framing
attached to the compartment walls provides SG latera) support.

For the reactor coolant pumps, three steel columns, bolted to the pump pads
and basemat embedments, provide vertical support, and steel tie rods anchored
to the primary shield and other concrete partition walls provide the lateral
restraint, '

In each loop, major equipment is enclosed in three compartments. Two
compartments enclose the steam generators and cerresponding reactor coolant
pumps. The third compartment encloses the reactor vesse) and the 1incore
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instrumentation assemblies The walls of these compartments are
3 feet thick and are designed to withstand LOCA pressures and to

radiation shielding.

The refueling canal 4is a reinforced concrete structure provided
uncerwater transfer of fuel assemblies and for the storage of the

internals. The entire refueling canal 1s lined with stainless stee)

The fuel transfer tube connects the refueling canal to the spent fue) poo
d

3
+h

During refueling operations, the canal is filled with borated water to a

that 1imits the radiation from fue) assemblies to acceptable levels

at elevation 100m provides for operating personne)

associated operating functions. 0.75 meter thick reinfcrced
concrete slab with openings for venting the equipment compartments below The
floor slab is supported by the refueling canal walls, equipment compartment

19

walls and vertical steel columns tpaced 3m to 6ém apart.

The hatch covers and other removable structures are also included in the
category of internal structures. The removable slabs and hatch covers are
tied down to eliminate any possibility of these becoming missiles during an
accident.

es, Standards, and Specifications

following codes and standards are applicable to the design, fabrication,
testing of the interna) structures.

American Institute of Stee) Construction, “Specification for the
Design, Fabrication and Erection of Structura) Steel for Buildings."

American Concrete Institute, "Code Requirements for Nuclear
Safety-Related Structures," ACI 349.

American Society of Mechanica) Engineers, ASME Boiler and Pressure
Vessel Code, Section III, Divisiun 1, Subsection NF.
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ds and Load Combinations

and load combinations are the same as for other Category
described in Subsection 3.8.4.3 and the associated tables,
and tornado loads (W,) are not applicable to

structures because of the protection

and Analysis Procedures

layout of *internal structures, as shown in genera) arrangement drawings
(Figure 1.2-2. sheets 1 through 9 of RESAR-SP/90 PDA Module 3, "Introduction
and Site") s similar to the internal structures in other PWR containments
Preliminary analyses indicate the adequacy of the internal structures For
the analysis of complex structures, finite element analysis programs such as

WECAN are used.

tructural Acceptance Criteria

The concrete interna)l structures are designed in accordance with the require-
ments of ACI-349 (Reference 2 of Subsection 3.8.3.2), wusing the strength
design method. Th2 design of steel tructures, excluding the equipment
supports, follows the AISC specification (Reference 1 of Subsection 3.8.3.2).
The RCS equipment supports are designed in accordance with ASME Subsection

NF. (Reference 3 of Subsection 3.8.3.2)

3.8.3.6 Materials

A description of major materials is given in Subsection 3.8.4.6. The

compressive strength of concrete used for Category I internal structures,

;c is 4000 psi
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Testing and Inservice Inspection Requirements

No testing required except Quality Contro).

.8.4 Other Seismic Category I Structures

he major Category 1 structure covered by this section is the Reactor External
Building. This 1includes the Shield Building, the Auxiliary Equipment Area.
the Fuel Handling Area, the Contro) Complex Area, the Diesel Generator
Building, the Main Steam Tunnel, and the Essential Safety Facility Area

Description of the Structures

The containment shield building consists of a reinforced concrete cylinder and
a hemispherical dome supported on a flat circular concrete basemat. The
inside radius of the cylindrical and the spherica)l segments is 32m. The
thickness of the dome is 0.5m, and the thickness of the cylindrical wall is
0.9m. The shield building houses the stee) containment vessel, and is
designed to provide radiation shielding as well as missile protection for the
steel containment and other safety related structures. An outline of the
shield building is shown in Figure 1.2-2, sheets ) through 9 of RESAR-SP/90
PDA Module 3, "Introduction and Site".

An annular space is provided between the containment vessel and containment
shield building above elevation 92.2 m. The annular space provides a
controlled air volume for filtering and access to penetrations for testing and

inspection.

The portion of the reactor building below elevation 92.2 m is an extension of
the auxiliary building, and 1s used to house safety related equipment. The

auxiliary building houses the chemical and volume control system (CVCS),

emergency core cooling system (ECCS), residual heat removal system (RHR),
heating ventilation and air-conditioning (HVAC, systems, and other equipment.
It is a reinforced concrete structure composed of a foundation basemat, walls,
columns, beams, and floor slabs.
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The fuel handling area includes the spent fuel storage pool and the new fue)
storage area. The spent fuel poo) is a concrete box, with a stainless stee!
lining on the 14nside surface. The new fuel storage area 1s a separate
reinforced concrete pit providing temporary dry storage for the new fue)
assemblies. The transfer tube transfers fuel assemblies between the fye)
handling building and tre containment.

The control complex area is part of the Nuclear Power Block and 1s located
between the containment and the turbine building. The area 1ncludes the
control room, cable spreading rooms, switchgear, anu HVAC equipment and a few
nonsafety related components. The diesel-generators are located adjacent to
the reactor building with floors at elevation 92.2 m and elevation 100.0 m.
These are reinforced concrete structures and house diesel-generators and
cranes for equipment handling. Air hand1ing, exhaust and silencing equipment
is also dnstalled in this area. Figure 1.2-2, sheets 1 through 9 of
RESAR-SP/90 PDA Module 3, "Introduction and Site" shows the layout and the
general arrangement of these structures.

3.8.4.2 Applicable Codes, Standards, and Specifications

Category I structures will be designed 1in accordance with the codes and
standards listed below:

1. American Institute of Stee) Construction, *"Specification for the
Design, Fabrication, and Erection of Structural Steel for Buildings".

2. American Concrete Institute, "Code Requirements for Nuclear
Safety-Related Structures", ACI-349.

3.8.4.3 Loads and Load Combinations

3.8.4.3.1 Loads

The following loads are considered in design and evaluation of Category I
structures.
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3.8.4.3.1.1 Norma) Loads

Dead Loads (D)

The dead loads include the weight of framing, roufs, floors, walls, parti-
tions, platforms, shielding, earthfill, and all permanently attached equip-
ment, piping conduits and cable trays. The vertical and latera) pressures
of liquids are also treated as dead loads, as provided in Subsection

9.3.3 of ACI 349.

Live Loads (L)

Live loads include all loadings superimposed by the use and occupancy of the
building and not permanently fixed to the structure.

Following are the minimum Yive loads for use in the design

kg/m? 1b/ft?

0 Stairs and walkways - distributed loag - 488 100
or a moving concentrated load of 454 kg
(1,000 pounds)

© Railings, 30 kg/m or 91 kg (20 1b - -
/1ineal ft. or 200 1b) applied in any
direction at top of railing

o Platforms and gratings 488 100

0 Ground floors 1220 250

© Engineered safeguards area 976 200

0 Elevated floors not specified 976 200
otherwise
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No live load reduction is allowed for buildings of the Nuclear Power Block.
Impact and the effect of concentrated loads is considered. Temporary loads
which may exist during construction are considered if they exceed the floor
design load. A minimum construction load of 50 psf 4s wused on al)
structures. Other loads which vary with intensity and occurrence, such as
soil pressure (H), are treated as live load.

Operating Basis Pipe and Equipment Loads (Ro)

A1l structural members subjected to pipe loads are designed for these loads
for normal operating or shutdown conditions, based on the most critical
transient or steady-state conditions.

A1l structural members are designed for the maximum weight of all equipment
which they support.

In the design of the operating deck, refueling canal, steam generator
enclosures, etc., 9impact loads associated with handling, refueling, and
maintenance 1s considered, so that functiona) integrity of safety egquipment
and structures is not impaired.

Operating Basic Temperature Loads (To)

The location and magnitude of any temperature changes and gradients affecting
the structure is investigated and incorporated in the design.

3.8.4.3.1.2 Environmenta) Loads

Wind (W) and Tornado Loads (Ht)

A1l structures exposed to outside environment are designed to resist wind and
tornado loads, ac specified in Section 3.3 of this module. 1In addition, all

Seismic Category 1 structures, unless otherwise prot:cted, and structures
protecting Seismic Category I systems, components or equipment, are designed
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to remain functional when subjected to wind generated missiles.

Category 1 structures may sustain local missile damage such as parti
penetration and local cracking and/or permanent deformation, provided that
structural integrity is maintained, perforation of air controlled environments

1

is precluded and Seismic Category 1 systems, components and equipment are not

damage by secondary missiles, such as from concrete spalling

Seismic Loads - Operating Basis Earthquake (EC) and Safe Shutdown
Earthquake (E )
L 4

Category I structures are designed for the uperating Basis and Safe Shutdown
y )

Earthquake as defined in Section 3.7 of this module
1.3 Design Basis Accident Loads

These loads consist of the following effects resulting from a loss-of-coolant,

accident or other pipe ruptures
Pressure Load (Pa)

There are two distinct types of pressures associated with a design basis
accident. One is the short duration differential transient pressures existing
in the various compartments during initial energy release. The other is long
term pressure after the accident. Both pressure types are considered in the
design

Jet Impingement Load &

N
-

This 1s the dynamic impact load resulting from pressurized fluid jet being
ejected from a postulated pipe rupture.

Missile Load (Y))
m

This is the Yoad due to a postulated missile (including pipe whip) associated
with a design basis accident.
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The operating deck and upper reactor vesse) internal storage area in the
refueling canal are evaluated for reactor vessel head drop.

Pipe and Equipment Supports Therma)l Reaction Loads (Ra)

Pipe and equipment supports reaction load under thermal conditions generated
by the postulated event and including Ro.

Thermal Loads (Ta)

These are the overall and local therma) loads associated with a design basis
accident.

Dynamic Pipe Break Reaction Load (Yr)

This is the dynamic reaction loads on pipe and equipment restraints or support
foundations due to a pipe break.

3.8.4.3.2 Load Combinations

The load combinations and allowadble stresses used in the design of Category I
structures other than the containment vessel are given in Tables 3.8-3 and

3.8-4,
3.8.4.4 Design and Analysis Procedures

The shield building and 4its attachments are designed 1in accordance with
ACI-349. The reinforced concrete foundation mat, which is constructed as an
integral part of the shield building, and the other Category I structures are
also within the jurisdiction of the above mentioned code. The load combina-
tions and allowable stresses used in the design are given in Tables 3.8-3 and
4 . The structural analysis of Category I structures 1s done using the

finite element analysis computer code, "WECAN". The building model is assumed
supported on linear sofl springs which simulate the foundation conditions.

The total structure is also checked for overturning and sliding due to latera)
loads.
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3.8.4.5

Structural Acceptance Criteria

A1l Category I structures are designed in accordance with the provisions of

ACI-349,

method.

as modified by Regulatory Guide 1.142, using the strength design
The allowable stresses in steel elements are governed by the

provisions of the AISC Code.

3.8.4.6

Materials

Structural Stee)

Plates, decking, and their connections, stairs and grating - ASTM A36
unless otherwise noted.

2. Shapes, base plates, and their connection materials - ASTM AS72 Grade
50 or ASTM A36 or ASTM AS516 Grade 60 or 70.

3. Bolts - ASTM A307 and ASTM A325, or ASTM A490 when necessary, or ASTM
A193 Grade B7 or BB Class 2, ASTM A194 Grade 4, 7, or 8 and ASTM A320
Grand L7.

4. Consumables (Electrodes, Fluxes, Bare Electrodes, etc.) - Meta)
deposited to have a minimum fy = 50,000 psi and a minimum elongation
of 20 percent in 2 inches.

5. Pipe - ASTM A106 Grade B or ©, ASTM A333 Grade 1, or ASTM A155 Grade
KCF 60 or 70.

6. Stainless Steel Plate - ASTM A240 Type 304.

7. Forgings - Carbon Steel ASTM A350 Grade LF) for welding.

8. Castings - Carbon Steel ASTM A216 Grade WCB, or A352 Grade LCB.
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Concrete and Embedded Items

Concrete - compressive strength of concrete, f_ is

Reinforcing - ASTM A615 Grade 60.
Embedded Steel - ASTM A36 or ASTM A572 Grade 50

V.

Welded Wire Fabric - ASTM A497.

Mechanical Rebar Connector - Cadweld sleeve ASTM

with tensile strength not less than 125 percent of

strength of reinforcing bar.

4000 psi

A519 or equivalent

minimum yield

Studs - Mild Steel tensile strength not less than 55,000 psi and 20

percent minimum elongation in 2 4inches.

Grating, Ladders, Handrails

Galvanized steel (require special

approval for use insid

containment.)

Painting Materials Inorganic Zinmc
Polyamide,

Inorganic Zinc.

Unacceptable Materials

The following materials shall not be used unless
each particular application.

Low-alloy Steel

Aluminum

Silicate, Epoxy
Alky) Silicate

specifically approved for

Flammable materials (e.g., certain foam-plastic 1insulations) unless
completely enclosed in steel or other fire-proof

specifically approved in each particular case.

WAPWR-S/E
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3.8.4.7 Testing and Inservice Surveillance Requirements

There will be no testing or inservice surveillance for the <hield building and
other Category I structures, beyond the quality control tests performed during
the construction.

3.8.5 Foundations
3.8.5.17 Description of the Foundatior;

The Reactor External Building fouidation 4s a reinforced concrete mat
supported directly on firm soi) or sound rock. (Refer to WAPWR plant layout
Figures 1.2-2, Sheets 8 and 9, of RESAR-SP/90 PDA Module 3, “Introduction and
Site"). The Reactor External Building foundation 1s separated from the
foundatior mats of other adjacent structures to eliminate any structural
interaction. The thickness of the foundation will be determined from site -
specific analyses which consider the specific soil conditions.

3.8.5.2 Applicable Codes, Standards, and Specifications

Reinforced concrete foundations are designed as Category 1 structures as
described in Section 3.8.4.

3.8.5.3 Loads and Loading Combinations

The loads and load combinations are the same as for other Category I concrete
structures. (Refer to Table 3.8-3 for load combinations and load factors for
Category I concrete structures).

3.8.5.4 Design and Analysis Procedures

The reinforced concrete foundations of Category I structures are analyzed by
1inear elastic methods and designed for the reactions due to static, seismic
and all other significant loads at the base of the superstructures supported
by the foundation. The foundation mat behaves as a flat plate on an elastic
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loads are transferred to the foundation med i

horizoanta)
&ONLa

loads are transferred to the foundatior med

)r shear keys

crete foundation mat 1is designed in accordance
ACI-349, Code for concrete structures Factors

against overturning, s1iding and floatation are defined below

Minimum Factors of Safety

For Combination Overturning sliding

Floatation

Dead loads or their related interna) moments and

forces, including any permanent equipment loads

Live loads or their related internal moments and
forces, 1including any movable equipment 1loads
and other loads which vary with intensity and
occurrence, such as soi)l pressure. Live load is
included as applicable in any particular
situation.

is the lateral earth pressure.

s the bouyant force of the design basis flood
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Severe environmenta) loads include:

3 - Loads generated by the operating basis
earthquake.

" - Loads generated by the design wind specified for
the plant.

Extreme environmenta) loads include:

£’ - Loads generated by the safe shutdown earthquake.

wt - Loads generated by the design tornado specified
for the plant.

3.8.5.6 Materials

Materials are described in Subsection 3.8.4.6.

3.8.5.7 Testing and Inservice Inspection Requirements

No testing required except normal Quality Control during construction.
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TABLE 3.8-1

CONTAINMENT LOAD COMBINATIONS AND LOAD FACTORS

Category

Test

Design

Level 'A' Service Limit
Level 'B' Service Limit
Level 'C' Service Limit

Level 'D' Service Limit

Symbols:

dead loads.
operating basis earthquake.
= safe shutdown earthquake.
live load.
test pressure lead.
accident/incident maximum pressure.
piping loads
= accident/incident temperature thermal load.
test temperature thermal load.
loads due to pipe rupture.
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TABLE 3.8-2

STRESS INTENSITY LIMITS FOR STEEL CONTAINMENT

Primary Stresses Primary & Peak Stresses
Secondary Stresses
Load Categories Gen. Mem. Local Mem. Bending & PL+Py+Q P+ Php e
Pm P Local Mem.
Py + P (6)

Testing Condition Pneumat ¢ 0.755, 1155, 1155, wn/al?) fatigue evaluation(®
Design Condition V.05 1.5Sme 1.55me N/A N/A
Level A Service Limit(1) 1.05mc 1.55nc 1.55mc 3.05p) fatigue evaluation
Level B Service Limit 1.05pm¢ 1.55me 1.55me 3.05m¢ fatigue evaluation

Not Integral and

Continuous 1.054¢ 1.55m¢ 1.5Smc 3.05m¢ N/A
Level C Service Limit

Integral .n’ 1.25mc OF *  1.85y, or * 1.85, or * N/A N/A

Cont inuous(4).(7) 1.05y 1.55y 1.55y

Not lnto'rtl and 1.25mc OF *  1.8Spc OF *  1.85p or * N/A N/A

cont inuous(4) 1.05, 1.55, 1.55,
Level D Service Limit

Integ. Elas. Analysis(3) s 1.55¢ 1.55¢

L3 N/A N/A

Con. Inelas. Anlys.(3) s S¢ S¢
Post-flooding 1.25mc OF * ). 85y Or * ) .85y or * St n/al2)
Condition(4) 1.0s 1.55 1.55,

NOTES:

("

(2)
(3)

(4)
(5)
(6)
(n
(8)

The allowable stress intensity Spuy shall be the Sm Visted in Table 1-1.0 and the allowable stress Intensity Spc shall be the S, listed in Tables
1-10.0 of Appendix I of the ASME Code.

N/A - No evaluation required.

S¢ Is 85% of the general primary membrane allowable permitted in Appendix F. In the application of the rules of Appendix F, Sguq, 1f applicable,
shall be as specified in Table 1-1.0.

These limits identifled by (*) sign iIndicate a cholce of the larger of two 1imits.

The number of test sequences shall not exceed 10 unless a fatigue evaluation 1s considered.

Values shown are for a solid rectangular section. See NE-3220 for other than a solid rectangular section.

These stress Intensity Vimits apply also to the partial penetration welds.

Values shown are appl.cable when P < o.usyv When Py > O.HS,, use the larger of “he twa limits,

(25 - 1.5 (P/Sy)) V.25 or [2.5 - 1.8 (PL/Sy) ] Sy.
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TABLE 3.8-3
LOAD COMBINATIONS AND LOAD FACTORS FOR CA I CONCRETE STRUCTURES

Load Combinations and Factors

Combination #

Load Dec.ription

Dead

Live

Earth

Normal reaction
Normal therma)
OBE

ind

do

rna
cid
¢id

ent therma)

ent therma)
reactions

Accident pressure

Accident jet,

Design per ACI-349 Strength Design Method for all load combinations
Where any load reduces the effects of other loads, the correspond-
iny coefficient for that load shall be taken as 0.9 1f 4t can be
demonstrated that the load 1s always present or occurs simultane-
ously with the other loads. Otherwise the coefficient for the
Toad shall be taken as zero.

Seismic loads will only be combined with ruptures of pipes that
are not seismically supported.
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.8-4
> FOR CATEGORY I STEEL STRUCTURES

Load Combinations and Factors

Combination #
Load Description
Dead

Liquid

Live

Earth

Normal reaction

o © © © © ©

Normal thermal

0BE

Wind

SSE

Tornado

Accident therma)

Accident thermal
reactions

Accident pressure

Accident jet,

Missile reactions

Allowable Stress i 1.6S

Notes: 1) S denotes allowable stresses per AISC Specification, Part I
2) Where any load reduces the effects of other loads the correspond-
ing coefficient for that load shall be taken as zero unless it can
be demonstrated that the load is always present or occurs simul-
taneously with the other loads.
Seismic Toads will only be combined with ruptures of pipes that
are not seismically supported.
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3.9 MECHANICAL SYSTEMS AND COMPONENTS
Special Topics for Mechanical
Design Transients

v

The following five operating conditions, as defined in Section 111 of the ASME
Code, are considered 1in the design of the class 1 components, component

supports, and reactor internals

Level A Service Conditions (Normal Condi

Any condition in the course of start-up, operation in the design power

range, hot standby and system shutdown, other than Level B, Level C, Leve)

“a

D Service conditions or testing

Level Service Conditions ) Conditiof idents of Moderate

rrequency)

Any deviations from Level A Service Conditions anticipated to occur often
enough that cesign should include a capability to withstand the service
conditions without cperational impairment. The Level B Service Conditions
include those transients which result from any single operator error or
control malfunction, transients caused by a fault in a system component
requiring its {isolation from the system, and transients due to loss of
load or power Level B Service Conditions include any zbnormal incidents
not resulting in a forced outage and also forced outages for which the
corrective action does not include any repair of mechanical damage The
estimated duration of a Level B Service Condition shall be included in the

design specifications.
Level C Service Conditions {(Emergency Conditions - Infrequent Incidents)
Those deviations from Level A Service Conditions which require shutdown

for correction of the conditions or repair of damage in the systenm The
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conditions have a low probability of occurrence but are included to
provide assurance that no gross loss of structural integrity will result
as a concomitant effect of any damage developed in the system. The total

number of postulated occurrences for such events shall not cause more than

25 stress cycles having an Sa value greater than that for 106 cycles

from the applicable fatigue design curves of the ASME Code Section III.
Level D Service Conditions (Faulted Conditions - Limiting Faults)

Those combinations of service conditions associated with extremely low
probability, postulated events whose consequences are such that the
integrity and qperability of the nuclear energy system may be impaired to
the extent that consideration of public health and safety are invelved.
Such considerations require compliance with safety criteria as may be
specified by jurisdictional authcrities.

Testing Conditions

Testing conditions are those pressure overload tests including hydrostatic
terts, pneumatic tests, and leak tests specified. Jther types of tests
shall be classified under normal conditions.

To provide the necessary high degree of integrity for the class 1 equipment,
the transients selected for equipment fatigue evaluation are based upon a
conservative estimate of the magnitude and frequency of the temperature and
pressure transients resulting from various operating conditions in the plant.
To a large extent, these transients are based on engineering judgment and
experience and are considered to be of such magnitude and/or frequency to be
significant in the component design and fatigue evaluation processes.
Pertinent variations in pressure, fluid temperature, and flow are used to
describe these transients.

The design transients and the number of cycles that are normally used for
fatigue evaluation of major Reactor (oolant System components are summarized
in Table 3.9-1. 1In accordance with ASME III, Level C and Level D Service
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Conditions are not fncluded in fatigue evaiuations. Also, class 2 and class 3
piping systems do not require thermal transient analysis.

3.9.1.1.1 Level A Service Conditions (Normal Conditions)

The following primary system transients are considered Level A Service
Conditions:

Reactor coolant pump start-up/shutdown
Plant heatup and cooldown
Unit loading and unloading between 0 and 15 percent of ful) power
uUnit loading and unloading between 15 and 100 percent
Reduced temperature return to power
Step load increase and decrease of 10 percent of full power
Large step load decrease with steam dump
Load regulation
. Boron concentration equalization
Feedwater cycling

T o0 M M o O o >

Loop out of service

Refueling

Turbine roll test

Primary side leakage test
Secondary side leakage test

Core 1ifetime extension
Feedwater heaters out of service

£ W O B X ™ M e m

A. Reactor Coolant Pumps (RCPs) Start-up and Shutdown

The RCPs are started and stopped during routine operations such as RCS
venting, plant heatup and cooldown, and in connection with recovery from
certain transients such as loop out of service and loss of power. Other
(undefined) circumstances may also require pump starting and stopping.

Of the spectrum of RCS pressure and temperature conditions under which
these operations may occur, three conditions have been selected for
defining transients:
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\

. . (a)
Cold condition - 70°F and 400 pswg(

(b)

Pump restart condition 100°F and

ot condition - 557°F and 2235 psig

These pressure and temperature values are defined for use in the
design and fatigue evaluation processes. Actual pump starting and
stopping conditions may be controlled by other factors such as

reactor vessel material ductility considerations.

For RCP starting and stopping operations, it is assumed that variations in
RCS primary side temperature, and in pressurizer pressure and temperature
are negligible, and that the steam generator secondary side is completely
unaffected. The only significant variables are the primary system flow
and the pressure changes resulting from the pump operations.

The following cases are considered:
Case 1 - First Pump Start-up (Last Pump Shutdown)

variations in reactor coolant loop flow accompany start-up of the
first pump, both in the loop containing the first pump pump being
started and in the other locp: (loops in which the pumps remain idle
but reverse flow is developed;. This case involves a higher dynamic
pressure loss in the loop coniaining the pump being started, but the
magnitude of the flow change is less than in Case 2. For the last
pump shutdown case, the transient is the reverse of the first pump
start-up transient.

(a) The lowest pressure required for RCP operation may be 300 psig. However,
400 psig is considered a conservative value for design purposes.

(b) These conditions are 1included to take care of situations requiring
stopping and restarting the pumps after plant heatup has commenced.
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Case 2 - Last Pump Start-up (First Pump Shutdown)

This case conservatively represents the variations in reactor coolant

Toop flow accompanying start-up of the second and third pumps

Initially flow exists through the second and third loops in the
reverse direction as the result of starting the first pump. The
remaining pumps in these loops are then started in sequence and a new
equilibrium flow 1s established. The magnitude of flow reversal is
the largest in the loop containing the last pump to be started. For
the first pump shutdown case, the transient is the reverse of the last
pump start-up transient.

Table 3.9-10 includes the RCP start-ups and shuidowns associated with
RCS heatup and cooldown.

The values shown in this table represent the design conditicns for the
pump starting and stopping operations. The processes by which these
conditions are attained are parts of other operations and are not
defined here. For example, the RCS venting operation involves
pressurizing the system to approximately 400 psig with a charging
pump, starting and stopping one RCP to purge out air during the
venting, then depressurizing back to essentially acmospheric
pressure. For design purposes this process is assumed to be repeated
four times per loop for earh of 200 venting operations during the
plant 1ifetime. This establishes the design value of 800 starts/stops
for each RCP associated with the venting operation.

Another consideration is that the loop flow change associated with
pump start-up develops a pressure differential in the normal (forward)
direction across the divider plates of the steam generator in that
locp. In the loops undergoing reverse flow, the direction of the
divider plate AP 1s reversed. The magnitudes of the dynamic
pressure drops depend on the volumetric flow rate through the loop and
on the density and viscosity of the reactor coolant.
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Plant Heatup and Cooldown

The plant heatup and cooldown operations are conservatively represented by
uniform temperature ramps of 100°F per hour when the system temperature is
above 350°F. This rate bounds both potential nuclear heatup operations
and cooldown using the steam dump system.

Below 350°F, only reactor coolant pump heat and small amounts of decay
heat are available tc heat the RCS. Cooldown between 350°F and the

shutdown temperaturz of 120°‘((' is accomplished by the Residual Heat

Removal System (RHRS). In this range, a uniform ramp rate of S50°F per

hour bounds the temperature rate change resulting from these operations.

Rates in excess of the above values will not be attained in actual
practice because of other limitations such as:

material ductility considerations which establish maximum permissible
temperature rates of change, as functions of RCS pressure and
temperature.

Reduction in heatup rates on pump energy only because of increasing

losses and decreasing pump power as system temperature increases.

Reduction in cocldown rates as steam dump and residial heat remova)
approach their respective temperature endpoints.

Interruptions in the heatup and cooldown cycles due to such factors as
protection against RCS cold overpressure, pressurizer steam bubble
formation, contrel rod withdrawal, sampling, water chemistry contro)
and gas adjustments.

Reactor Coolant System temperature can be as low as 70°F during the shut-
down period. Between 70°F and 120°F the temperature s assumed to change
very slowly, without causing any significant thermal transient effects.
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The number of such complete heatup and cooldown operations 1s specified as
200 each, which corresponds to five such occurrences per year for the
40-year plant design life.

‘ The plant design permits plant heatups and cooldowns to be conducted in
accordance with efther of two basic modes:

© Tne “"steam bubble" mode, which involses maintenance of a steam cushion
‘ in the pressurizer to the maximum extent possible during plant heatup
and cooldown. This helps to protect against reactor vessel

overpressurization at low reactor coolant temperatures.

© The “"water solid" or *conventional" mode, which permits early reactor
coolant pump operation during plant heatup, resulting in more rapid
plant heatup and earlier azttainment of the no-load temperature.

C. Unit Loading and Unloading Between 0 and 15 Percent of Full Power

The unit loading and unloading cases between 0 and 15 percent power are
represented by continuous and uniform ramp power changes, requiring 30
minutes for loading and 5 minutes for unloading. During loading, reactor
coolant temperatures are increased from the no-load value to the norma)

load program temperatures at the 15 percent power level. The reverse
temperature change occurs during unloading.

Prior to loading, 1t 1s assumed that the plant is at hot standby under
feedwater cycling conditions. Loading commences and the feedwater

‘ temperature increases from the no-load value to the 15 percent power value
controlled by steam dump and turbine start-up heat input to the
feedwater. Prior to unloading, feedwater heating is terminated, steam
dump {s reduced to residual heat removal requirements, and feedwater
temperature decreases from the 15 percent power value to the no-load
value. The RCS pressure and pressurizer pressure are assumed to remain
constant at the normal operating value during these vperations.
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The number of these loading and unloading transients is assumed to be 500
each during the 40-year plant design life.

D. Unit Loading and Unloading Between 15 and 100 Percent of Ful® ©- ~r per
r .Nute

The unit loading and unloading operations are conservatively represented
by continuous and uniform ramp power change of 5 percent per minute
between 15 percent and 100X power levels. This load swing is the maximum
possible consistent with operation under automatic reactor control. It
should be noted that in actual practice, changes in power level may take
place at rates less than 5 percent per minute. The reactor temperature
will vary with load as prescribed by the reactor control system.

The number of loading and unloading operations is specified as 13,200.
One loading operation per day yields 14,600 such operations during the
40-year design life of the plant. By assuming a 90 percent availability
factor, this number is reduced to 13,200.

It is also possible that as many as 2000 of the loading operations may be
conducted in accordance with the “reduced temperature return to [ower"
transient discussed in the following section. Both of these transients
are evaluated to determine which is the more severe for the particu1;r
conponent design. If the reduced temperature mode is more severe, then
2000 occurrences of that transient should replace 2000 occurrences of the
5 percent per minute ioading operation, reducing the number of 5 percent
per minute loadings to 11,200.

E. Reduced Temperature Return to Power

The reduced temperature return to power operation is designed to improve
the spinning reserve capabilities of the plant during load follow
operatiors. The transient will normally begin at the ebb (50 percent) of
a load follow cycle and will proceed at a rapid positive rate (typically §
percent per minute) until the abilities of the control rods and the
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coolant temperature reduction (negative moderator coefficient) to supply
reactivity are exhausted. At that point further power {increases are
1imited by the ability of the boron system to dilute the reactor coolant.
The reduction in primary coolant temperature is 1imited by the protection
system to about 20°F below the programmed value.

The reduced temperature return to power operation is not intended for
daily use. It s designed to supply additional plant capabilities when
required because of network fault or upset condition. Hence, this mode of
operation 1s not expected to be used more than once a week in practice
(2000 times in 40 years).

If for a particular component this transient is more severe than the &
percent per minute loading described in the preceding section, then 2000
occurrences of the 5 percent per minute loading for that componei.: should
be replaced by the reduced temperature return to power transient.

Step Load Increase and Decrease of 10 Percent of Full Power

The 10 percent step change in load demand results from disturbances in the
electrical network into which the plant output is tied. The reactor
control system is designed to restore plant equilibrium without reactor
trip following a io percent step change in turbine load demand initiated
from nuclear plant equilibrium conditions in the range between 15 percent
and 100 percent full load, the power range for automatic reactor control.
In effect, during load change conditions the reactor control system
attempts to match turbine and reactor outputs in such a manner that peak
reactor coolant temperature is minimized and reactor coolant temperature
is restored to its programﬁod setpoint at a sufficiently slow rate to
prevent excessive'preSSurizer pressure decrease.

Following a step decrease in turbine load, the secondary side steam
pressure and temperature initially increase. ODuring this time, the RCS
average temperature and pressurizer pressure also {ncrease, but this
change lags slightly behind the secondary side changes. Because of the
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power mismatch between the turbine and reactor and the increase in reactor
coolant temperature, the contro)l system automatically inserts the contro)
rods to reduce core power. With the step load decrease, the reactor
coolant temperature will ultimately be reduced from +ts peak value to a
value below its initial equilibrium value. The reactor coolant average
temperature setpoint change is made as a function of turbine generator
load as determined by first stage turbine pressure measurement The
pressurizer pressure will also decrease from its peik pressure value and
follow the reactor coolant decreasing temperature ‘:rend. At some point
during the decreasing pressure transient, the sa:urated water in the
pressurizer begins to flash which reduces the rate of pressure decrease.
Subsequently the pressurizer heaters :ome on 10 restore the pressurizer
pressure to its normal value.

Following a step increase in turbine load, the reverse situation occurs,
f.e., the secondary side steam pressure and temperature initially decrease
and the reactor coolant average temperature and pressure initially

decrease. The control system automatically withdraws the control rods to

increase core power. The decreasing pressure transient is reversed by

actuation cf the pressurizer heaters and eventually the system pressure is
restored to its normal value. The reactor coolant average temperature
will be raised to a value above its initia)l equilibrium value at the
beginning of the transient.

The number of each operation is specified at 2000 times or 50 per year for
the 40-year plant design l1ife.

The 10 percent step load increase transient for the change from 90 percent
to 100 percent of full load can be initiated at any power level between 15
percent and 90 percent full load. The 10 percent step load decrease
transient for. the change from 100 percent to 90 percent of full load car
be initiated at any power level between 25 percent and 100 percent »f full
load.
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Large Step Load Decrease With Steam Dump

This transient applies to a step decrease in turbine load from full power
of such magnitude that the resultant rapid increase in reactor coolant
average temperature and secondary side steam pressure and temperature will
automatically initiate a secondary side steam dump that will prevent both
reactor trip and 11fting of steam generator and pressurizer safety
valves. The plant 1is designed to accept a step decrease of (later)
percent of full power (complete loss of outside load, but retaining the
plant auxiliary load) the steam dump system provides a heat sink to
accommodate the difference 1in allowable wunloading rates between the
turbine and the RCS.

Subsequent to the large step load decrease, reactor power is reduced at a
controlled rate, resulting in lower flow through the steam dump system.
Another consequence of this event is turbine overspeed to 110 percent of
nominal (controlled overspeed Jjust below the turbine overspeed trip
setpoint). This results 1in proportional increases in generator bus
frequency, reactor coolant pump speed, and reactor coolant flowrate.

The number of occurrences of this transient is specified at 200 times or §
per year for the 40-year plant design life.

Load Regulation

The plant is designed to participate actively in the minute-to-minute load
sharing duty for the electrical network. The function of the 1load
regulation mode of operation is to minimize the power production costs of

the utility. Power allocations are calculated on a continuous basis
(generally by a dispatch .omputer) and the outputs of the various units on
the grid are adjusted automatically to minimize costs.

The normal load variations can be accommodated by operation of the Reactor
Control System. However, this could lead to excessive control rod and/.r
mechanism wear. It also could generate axial power distributions wnich
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might require unusual operator attention or excessive adjustments in

reactor coolant boron concentrations. These effects can be minimized by

operation in the load regulation mode, under which normal reactor power
level variations are controlied only by changes in coolant temperature

These are converted into reactor power changes through negative moderator
coefficient feedback.

Load regulation, in response to changes in electrical network demand as
described above, is referred to as automatic frequency control (AFC). In
addition, load regulation may be employed in connection with governor free
operation (GFO). GFO 1involves smali but frequent changes 1in demand
initiated at the turbine level with the turbine control system regulating
the throttle valves in response to grid frequency deviations. It 1is
1ikely that during most of the plant 1ife the turbine wil)l operate unde:
both AFC and GFO inputs.

Load regulation 1s accomplished simply by expanding the temperature error
deadband 1in the Rod Control System. this will allow the coolant
temperature to drift (to supply reactivity changes through the moderator
temperature coefficient) in response to the locally or remotely initiated
power changes.

Whether or not the plant is to participa*e in load regulation and the
21lowable magnitude of the load variations due to AFC and GFO operation
are set by the plant operator. For purposes of this design transient, it
fs assumed that the plant participates in the maximum allowable leve) of
load regulation at all times during power operation with the only
restriction being that the combination of nominal operating power level
and maximum load regulation variations does not result in the plant
exceeding 100% rated load. The maximum allowable level of load regulation
varies during core 1ife. A larger level of load regulation is permitted
later in core 1ife as the moderator temperature coefficient becomes more
negative For design purposes 1t is assumed that the allowable levels of
AFC and GFO are 5 percent and 3 percent, respectively, of full power.
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The allowable levels of AFC and GFO were established based on the
foilowing component cycling 1imits. Assuming continuous operation of the
plant in the Load Regulation Mode for the 40-year plant life and

accounting for 90% availability the following component cycling limits

should not be e eeded:

. 6
CRDM Stepping <10 x 10" steps
) Pressurizer Spray On-0ff Cycling < 500,000

(c) Pressurizer Backup Heater On-0ff Cycling < 500,000

The above noted component cycling should be considered to occur in
addition to the duty cycles imposed on these components due to all other
modes of plant operation.

Boron Concentratinn Equalization

Following significant 1increase in RCS boron concentration relative to
pressurizer boron concentration, the pressurizer spray is initiated in
order to equalize concentration between the loops and the pressurizer.
This can be done by manually operating the pressurizer backup heaters,
thus causing a pressure 1increase which will 14initiate spray. The
pressurizer pressure {increases above the setpoint value before being
returned to 2250 psia by the proportional spray. This pressure is then
maintained at 2250 psia by spray operation, matching the heat input from
the backup heater until the concentration is equalized.

For design purposes, 1t is assumed that this operation is performed on.e
during each daily design basis load follow cycle. With one load follow
cycle per day and a 90 percent plant availability factor over the 40-year
design 1ife, the total number of occurrences is 13,200.

The only effects of these operations on the primary system are as follows:

The reactor coolant pressure var.es 1in step with the pressurizer
pressure

WAPWR-S/E DECEMBER, 1984
2045e:14d




The pressurizer surge line nozzle at the hot leg will experience the

temperature shocks associated with outflow with the pressurizer

These operations caute no significant effects on the steam generator
se~ondary sides.

Feedwater Cycling

This transient can occur when the plant is at hot standby no-load
conditions, during which intermittent feeding start-up feedwater into the
steam generators is assumed. Due to fluctuations arising from this mode
of cperation, the reactor coolant average temperature decreases to a lower
value and then 1immediately begins to return to normal no-load
temperature. This transient is assumed to occur 2000 times over the life
of the plant.

Feedwater additions required during plant heatup and cooldown operations
are also essumed to be covered by the feedwater cycling transient, but
with no increase in the total number of cycles. An occurrence (one cycle)

is assumed to last two hours.

Loop Out of Service

For equipment design purposes, the plant is assumed to be operating at a
reduced power level with a single loop out of service fo: 1imited periods

of time. This is accomplished by reducing reactor power level and
tripping a single reactor coolant pump (as opposed to tripping a pump
while at full power, as discussed in the Partial Lrss of Flow Transient
description). Flow increase in the loops which remain in service (active
loops) and reverse flow is established in the loop with the idle pump
(fnactive loop). Flow through the reactor is reduced.
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when a loop 1s to be shut down, reactor power is reduced to the maximum
allowable power level for N-1 loop operation and conditions stabilized.
The pump is tripped and conditions 3ar again stab‘lized at the same power
level.

It 1s assumed that this transient occurs twice per year or 80 times in the
11fe of the plant. Conservatively, 1t is assumed that all B0 occurrences
can occur in the same loop. In other words, it must be assumed that the
whole RCS is subjected to 80 transients while each loop i: also subjected
to 80 inactive loop transients.

when an inactive loop is brought back into service, the power level is
reduced to approximately 10 percent, conditions stabilized, and the
inactive reactor coolant pump is started. Subsequent return to full power
{s conducted in accordance with a normal loading operation. It is assumed
that an inactive loop is {nadvertently started while reactor power is
above the allowable value 10 times over the 1ife of the plant. (This
transient 1is covered under upset conditions.) Thus, the normal start-up
of an inactive loop 1s assumed to occur 70 times during the life of the
plant.

L. Refueling .

-

At the beginning of the refueling operation, the RCS is assumed to have
been cooled to 140°F. At this time the vesse! head is removed and the
refueling canal 1s filled. This is done by transferring water from the
emergency water storage tank into the loops by means of the residual heat
removal (RHR) pumps. The refueling water flows directly into the reactor
vessel by way of the accumulator connections and cold legs.

For design purposes this operation is assumed to occur twice per year or
B0 times over the life of the plant.
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Turbine Roll Test

This transient occurs during the hot functional test period for turbine
cycle checkout. Reactor coolant pump power is used to heat the reactor
coolant to operating temperature (no-load conditions) and the steam
generated will be used to perform a turbine roll test. However, the plant
cooldown during this test will exceed the 100°F per hour design rate.

The number of such test cycles is specified as 20, to be performed at the
beginning of plant operating 1ife prior to reactor operation. This
transient occurs before plant start-up and the number of cycles is,
therefore, independent of other operating transients.

Primary Side Leakage Test

A leakage test will be performed after each opening of the primary
system. During this test the primary system pressure is raised (for
design purposes) to 2500 psia, with the system temperature above the
minimum temperature 1imposed by reactor vessel materfal ductility
requirements, while the system is checked for leaks.

In actua’l practice, the primary system is pressurized to approximately
2400 psig, as measured at the pressurizer, to prevent the pressurizer
safety valves from 1i1fting during the leakage test. In addition, the
secondary side of the steam generator must be pressurized so that the
pressure differential across the tube sheet does not exceed 1600 psi.
This can be accomplished with the steam, feedwater and blowdown lines
closed off {if the plant is cold. However, this test s usually conducted
toward the end of a normal plant heatup, so the secondary side is hot and
pressurized and this 1imitation can be met without difficuity.

For design purposes it is assumed that 200 cycles of this test will occur
during the 40-year design 1ife of tne plant.
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0. Secondary Side Leakage Test

During the 1ife of the plant it may be necessary to check the secondary
side of the steam generator, particularly the manway closures, for
leakage. For design purposes, 1t 1s assumed that the steam generator
secondary side 1s pressurized to Jjust below 41ts design pressure, to
prevent the safety valves from 1ifting. In order not to exceed a
secondary side to primary side pressure differential of 670 psi, the
primary side must also be pressurized. The primary system must be above
the minimum temperature Iimposed by reactor vessel materifal ductility
requirements, typically between 120°F (BOL) and 250°F (EOL). It is
assumed that this test is performed 80 times during the 1ife of the plant.

P. Core Lifetime Extension

This transient can occur at the end of normal core 1ife when the upper
1imit on boron concentration for maintaining full thermal power condition
becomes less than can reasonably be achieved by dilution. In order to
extend core 1ife time the operator will:

1) Allow the reactor coolant average temperature to decrease below the
normal programmed value, thereby compensating for fuel burnup through

the negative moderator temperature coefficient of reactivity.

2) Manually control the turbine to maintain full thermal power conditions
until the turbine throttle valves have fully opened.

3) Reduce turbine load by the amount necessary to maintain adequate
reactor operating margin during the brief period of time necessary to
take a feedwater heater out of service.

4) Take one feedwater heater out of service.

5) Increase turbine load to the full thermal power vilue.

WAPWR-S/E 3.9-17 DECEMBER, 1984
2045e:1d



This process can be repeated until several banks of feedwater heaters have
been removed from service and the turbine throttle values are fully open.

The transient is then completed

For design purposes this transient is assumed to occur once per year for a
total of 40 occurrences over the plant design life During this mode of
operation the plant is not capable of daily load follow. Thus, this
transient must be considered separately from the Unit Loading and

Unloading and Reduced Temperature Return to Power transients.

Feedwater Heaters Qut of Service

During the course of plant operating, one or more feedwater heaters may be
taken out of service. During the period of time that the heaters are out

of service, 1t is desirable to maintain the plant at full rated therma)
load. To accomplish this:

1) Reduce turbine load by the amount necessary to maintain adeguate
reactor operating margin during the brief period of time necessary to
take the feedwater heaters out of service.

Take the designated feedwater heaters out of service.

3) Increase turbine load to the full thermal power value.

The specific case considered 1s both high pressure feedwater heaters out

~f service. This is the most conservative case to evaluate as it produces

larger tempc-ature changes than other feedwater heater outage cases. This

case 1s aiso the most credible, as it allows full power to be realized.

For design purposes, it is assumed that this t-ansient occurs 3 times per
year or 120 times over the 1ife of the plant.
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3.9.1.1.2 Level B Service Conditions (Upset Conditions)

The following primary system transients are considered upset conditions (Leve)
B Service Conditions):

Loss of load
Less of offsite power
Partial loss cof flow

o O o >

Reactor trip from low power

Case A - With No Cooldown

Case B - With No Cooldown and No S.I.
Case C - With No Cooldown and S.I.
Reactor trip from full power
Inadvertent RCS depressurization
Inadvertent start-up of an inactive loop
Control rod drop

Excessive feedwater flow

Cold overpressurization

Sudden stoppage of flow

™ R %e s X 6 T ™

Operating basis earthquake
A. Loss of Load

This transient applies to a step decrease in turbine load from ful)l power
(turbine trip) without 4immediately initiating a reactor trip. This
represents the most severe pressure transient on the RCS under Upset
conditions. The (eactor eventually trips as a consequence of a high
pressurizer level trip initiated by the reactor protection system (RPS).
Since redundant means of tripping the reactor are provided as a part or
the RPS, a transient of thi: nature 1s not expected but is included to
ensure a conservative design.

The number of occurrences of this transient is specified at 40 times or
once per year for the 40-year plant design life.
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Loss of Offsite Power

This transient applies to a blackout situation involving the loss of
outside electrical power to the station, assumed to be operating initially
at 100 percent power, followed by reactor and turbine trips. Under these
circumstances, the reactor coolant pumps are deenergized, as are al)
electrical loads connected to the turbine-generator bus including the main
feedwater and condensate pumps. Following coastdown of the reactor
coolant pumps, natural circulation builds up in the system to some
equilibrium valve. This condition permits removal of core residual heat
through the steam generators which at this time are being cooled by the
Secondary Side Safeguards System. Steam is removed for reactor cooldown
through the steam generator safety valves.

The number of occurrences of this transient is specified at 40 times or
once per year for the 40-year plant design life.

This transient also bounds the Emergency Condition Complete Loss of Flow
transient, as well as loss of main feedwater. The postulated number of
occurrences of the Loss of Offsite Power transient is considered to cover
all three events. .

Partial Loss of Flow

This transient applies to a partial loss of flow from full power, in which
a reactor coolant pump is tripped out of service as the result of a loss
of power to that pump. The consequences of such an event are a reactor on
low reactor coolant flow, followed by turbine trip and automatic opening
of the steam dump system. Flow reversal occurs in the affected loop which
causes reactor coolant at cold leg temperature to pass through the steam
generator and be cooled still further. This cooled water then flows
through the hot leg piping and enters the reactor vessel outlet nozzles.
The net result of the flow reversal is a sizable reduction in the hot leg
coolant temperature of the affected loop.
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The number of occurrences of this transient 1s specified at 40 times or

once per year for the 40-year plant design life.
Reactor Trip from Low Power

A significant fraction of the reactor trips experienced by an operating
plant will occur during normal power loading and unloading operations,
with the highest probability existing during a normal plant start-up with
reactor power in the 10-25 percent range. Most probable causes of these
trips are low steam generator water level, instrument error, and operator
error(e.g., fallure to execute prescribed manual blocks of nuclear
instrumentation trips) during loadirg.

Since the initial primary-secondary temperature difference 1s less than at
full power conditions, the RCS cooldown transient is much less severe than
that accompanying a reactor trip from full power.

The definition of a low power reactor trip transient is consistent with
operating plant experience and avoids the “fatigue analysis penalty"
associated with bounding these events by trips occurring at full power.

For design purposes this transient is postulated to occur 200 times during

the plant lifetime, and to be initiated when the reactor is operating at
approximately 25 percent power.

Reactor Trip From Full Power

A reactor trip from full power may occur from a variety of causes
resulting in temperature and pressure transients in the RCS and in the
secondary side of the steam generator. This 4s the result of continued
heat transfer from the reactor coolant through the steam generator. The
transient continues wuntil the reactor c(oolant and steam generator
secondary side temp:ratures are in equilibrium at zero power conditions.

A continued supply of feedwater and controlled dumping of steam remove the
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core residual heat and prevent steam generator safety valve actuations.
The reactor coolant temperature and pressure undergo a rapid decrease from
full power values as the reactor protection system (RPS) causes the
control rods to move into the core.

For design purposes, reactor trip is assumed to occur a total of 200 times
or 5 times per year over the 1ife of the plant. Three (3) basic cocldown
cases are considered.

Case A - Reactor Trip with No Cooldown

Steam and feedwater flow are both controlled to bring the plant back to
the no-load conditions and maintain it at no-load. It is assumed that the
turbine control system operates as designed in 95 percent of the 200
reactor trip cases. For the remaining 5 percent, or 10 occurrences, is is
conservatively assumed that this system fails, resulting in an emergency
turbine overspeed. This situation could be initiated with malfunction of
the turbine control system following a Large Step Load Decrease with Steam
Dump, resulting in turbine speed increase past the overspeed trip set
point. It is assumed that the reactor then trips and that the turbine
speed increases to 120 percent of nominal, with accompanying proportional
increases 1in generator bus frequency, reactor coolant pump speed, and
reactor coolant flow rate. None of the other RCS primary  side,
pressurizer, or steam generator secondary side variables are affected.

For design purposes, it is assumed that the Emergency Turbine Overspeed
constitutes a special case of the Reactor Trip with No Cooldown
transient. Thus, for 10 of the B0 occurrences the effects of the reactor
coolant flow variation are to be considered in addition to the basic
pressure and temperature variations.
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Case B - Reactor Trip with Cooldown and No Safety Injection

For this case, 1t is assumed that start-up feedwater system is actuated on
Tow steam generator water level and that both start-up and main feedwater
flow continues for approximately one minute after the reactor trip,
maintaining a high heat transfer rate through the steam generator. This
continues to drive the primary side pressure and temperature down and RCS
pressure decreases to just above the safety injection setpoint. The main
feedwater flow 1s terminated while startup feedwater flow is continued
The plant is brought back to no-load conditions. For design purposes, 80

occurrences of this transient are specified.
Case C - Reactor Trip with Cooldown and Safety Injection

This transient is similar to Case B, but it is assumed that the protection
system setpoints are such that the RCS pressure decreases to just below
the safety injection setpoint. The high head safety injection system is
actyated; 1ts operation lowers the RCS temperature and raises the RCS
pressure. After approximately one minute, main feedwater flow 1is
terminated while emergency feedwater flow (actuated on the safety

injection signal) is continued. The plant is brought back to the no-load

condition after safety injection 15 manually terminated. For design

purposes, 40 occurrences of this transient are specified.

This transient 4is considered to bound the Upset Condition Inadvertent
Safety Injection Actuation transient, as the consequences of a Case C
reactor trip and an 1{nauvertent S.1. are essentially the same.
Inadvertent S.1. actuation will cause a reactor trip, which is assumed to
be accompanied by excessive cooldown (Case C). The postulated number of
occurrences covers both events.
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Inadvertent Reactor Coolant System Depressurization

Several events (an be postulated as occurring during norma) plant
operation which will cause rapid depressurization of the RCS. These
include:

a. Actuation of a single pressurizer safety valve.

b. Inadvertent opening of one pressurizer power-operated relief valve due
either to equipment malfunction or operator error.

¢. Malfunction of a single pressurizer pressure controller causing one
p. ser-operated relief valve and two pressurizer spray valves to open.

d. Inadvertent opening of one pressurizer spray valve, due either to
equipment malfunction or operator error.

e. Inadvertent auxiliary spray.

0f these events, the pressurizer safety valve actuation causes the most
severe transients, and is wused as a conservative “umbrella® case to
represent the reactor coolant pressure ind temperature variations arising
from any of them.

a. Umbrella Case

When a pressurizer safety valve opens and remains open, the system
rapidly depressurizes, the reactor trips, and the safety injection
system (SIS) is actuated. The passive accumulators of the SIS are
ectuated when pressure decreases to approximately 1600 psi. The RCS
reaches an equilibrium condition where the water release rate through
the open pressurizer safety valve 1s equivalent to the safety
injection flow. The RCS 15 also cooled down by the flow through the
safety valve, the safety injection flow, and emergency feedwater
flow.
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Eventually, the plant must be taken to a cold shutdown condition, as
the operator can take no immediate action to stop the transient and
bring the plant to hot standby if the safety valve remains open

For design purposes, this transient 1{s assumed to occur 10 times
during the 40-year design 1ife of the plant.

Inadvertent Auxiliary Spray

Although inadvertent auxiliary spray actuations are included among the

transient events covered by the umbrella case, the pressurizer safety
valve actuation case selected to represent all the depressurization
transients does not 1involve spray operation. Therefore, for the
umbrella case it is assumed that pressurizer spray is not actuated,
and that no temperature transients due to flow occur at the spray
nozzle.

However, should auxiliary spray flow be initiated inadvertently, it
could cause severe thermal shock at the pressurizer spray nozzle and
on the pressurizer vessel. Therefore, to ensure a conservative design
for these components, an "inadvertent auxiliary spray" transient is
defined.

The inadvertent auxiliary spray transient will occur if the auxiliary
spray valve is opened during normal plant o.eration due to failure of
a control component or operator error. This will introduce cold water
into the pressurizer resulting in a sharp pressure decrease and
eventually in a low pressure reactor trip. The temperature of the
auxiliary spray flow 4§s dependent upon the performance of the
regenerative heat exchanger. The most conservative case assumes that
the let down stream is shut off, and that unheated charging fluid
enters the 653°F pressurizer. For design purposes, 1t 1s assumed that
the temperature of the spray water is 70°F and that the spray flowrate
is equal to the normal charging rate. It 1s also assumed that
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auxiliary spray flow continues for five minutes before it is shut off,
and that the resulting 653°F and 70°F temperature changes at the
pressurizer and spray nozzle occur as steps.

The resulting rapid RCS pressure reduction is less severe than that
accompanying the umbrella case transient and need not be considered
separately. Also for design purposes, it is assumed that no reactor
coolant temperature changes occur as the result of 4{nadvertent
auxiliary spray.

The total number of occurrences of this transient during the 40-year
design 1ife of the plant is specified as ten.

G. Inadvertent Start-up of an Inactive Loop

This transient can occur when 2 loop is out of service as described in
Subsection 3.9.1.1.1, Loop Out of Service. With the plant operating at
maximum aliowable power level, the reactor coolant pump in the 1inactive
loop s started as a result of operator error. Reactor trip occurs on

high nuclear flux. For design purposes, this transient is assumed to
occur ten times during the 1ife of the plant.

H. Control Rod Drop

This transient occurs 1f a bank of control rods drops into the fully
inserted position due to a single component failuie. The reactor is
tripped on either low pressurizer pressure or negative flux rate,
depending on time in core 1ife and magnitude of the reactivity insertion.
It is assumed that this transient occurs 4C times over the life of the
plant.
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I. Excessive Feedwater Flow

This transient {s conservatively defined as an umbrella case to cover
. occurrence of several events of the same general nature.

The postulated excessive feedwater flow transient results from inadvertent
opening of a feedwater control valve when the plant is at the hot standby
. or no-load condition. The feedwater, condensate, and heater drains
systems are 1in operation. The stem of a feedwater control valve is
assumed to fail with the valve {immediately reaching the full open
position. In the affected steam generator (failed loop), the feedwater
flow step increases from essentially zero flow to the value determined by
the system resistance and the developed head of all operating feedwater
pumps. Steam flow is assumed to remain at zer~o and main feedwater flow is
isolated on a reactor coolant low T"g signal; a subsequent Ilower
Tco\d signal (or a 1low pressurizer pressure signal) actuates the
‘ Integrated Safeguards. Feedwater flow is dinitiated by the safety
injection signal, and 1t {s assumed that all EFW pumps discharge 32°F
water into the affected steam generator. It is assumed for conservatism
in the secondary side analysis that emergency feedwater flows to the steam
generators not affected by the maltunctioned valves in these “unfailed
Toops." After plant conditions stabilize, the emergency feedwater flow is
terminated. The plant is then either taken to cold shutdown, o returned
to the no-load condition at a nominal heatup rate using the start-up
Feedwater System wunder manual control. For design purposes, this
transient is assumed to occur 30 times during the 40-year 1ife of the

‘ plant.

J. Cold Overpressurization

RCS cold overpressurization events are important from the standpoint of
brittle fracture and crack propagation in an irradiated reactor vessel.
In addition, other (non-irradiated) RCS components may be affected by
application of high pressure at temperatures below the NDT temperature.
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0f concern primarily are RCS pressurization rates and the effects of cold
overpressurization mitigation controls on the maximum and minimum
pressures reached following initiation of the transient.

One or more of the following basic types of cold overpressurization
mechanisms should be considered in the analysis of RCS components.

© Heat 1input mechan.sm, represented by start-up of a single reactor
coolant pump immediately following a plant cooldown with water in the
steam generators being warmer than the water in the reactor and loop
piping. Pump operation will circulate the colder loop water through
the steam generator, resulting in heating of this water and a rapid
RCS pressure increase.

0 Mass input mechanism, represented by Jletdown line {solation while
charging flow continues with a water solid pressurizer. The net mass
addition results in rapid pressurization of the RCS.

0 Mass input mechanism, represented by inadvertent start-up of a single
safety injection pump, with a water solid pressurizer and continuation
of normal charging and letdown. The net mass addition results in rapid
pressurization of the RCS. (The probability of occurrence of this
type of event may be extremely low due to administrative controls
and/or control system features.)

Each of these cases should be evaluated at both the low end (70°F) and the
high end (300-350°F) of the brittle fracture temperature range.

For design purposes 10 occurrences are defined, of the applicable most
conservative case for each RCS component sensitive to cold

overpressurization effects.
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Sudden Stoppage of Flow

This event is based on the instantaneous seizure of a reactor coolant pump
rotating assembly while the plant 1{s operating at full power. The
resulting reactor coolant pressure, temperature, and flow variations will
be the same as for the Condition IV Reactor Coolant Pump Locked Rotor
transient. The analyses of the affected RCS components, however, must show
that stress levels remain within Level B Service limits for this Upset
Condition event. An exception is the affected reactor coolant pump, for
which the analyses of pressure boundary components must satisfy Level D
Service 1imits. (It is assumed that the affected pump would be replaced.)

For design purposes this transient is assumed to occur five times during
the plant Tifetime.

Operating Basis Earthgquake (OBE)

The OBE is that earthquake which is reasonably expected to occur during
the plant life. The number of occurrences for fatique evaluation is
assumed to be five earthquakes each with < 0.1 g horizontal ZPA with
Regulatory Guide 1.60 spectra.

3.9.1.1.3 Level C Service Conditions (Emergency Conditions)

The following reactor coolant system transients are considered emergency
conditions (Level C Service Conditions):

A. Small loss-of-coolant accident
B. Small steam line break
C. Small feedwater line break.

Small Loss-of-Coolant Accident

For design transient purposes, the small loss of coolant accident is
defined as a break equivalent to the severance of a 1 inch inside diameter
branch connection. Breaks smaller than one inch 1D are also covered by
this definition. (The one 1inch and smaller breaks do not cause
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accumulator injection; those which are much larger than one inch will
cause accumylator injection and are considered Faulted Conditions. Breaks
smaller than approximately 3/8 inch produce no significant thermal
transients and can be handled by the norma) makeup system.) The Reactor

Coolant system depressurizes quickly, and it 4is assumed 1hat the
Integrated Safeguards System {s actuated as {ts pressure setpoint is
reached. It delivers water at an assumed minimum temperature of 32°F as
soon as RCS pressure falls below the shutoff heat of the high head SI
pumps .

For design purposes, it is assumed that this transient occurs five times
during the 1ife of the plant.

B. Small Steam Line Break

For design transient purposes, a small steam line break is defined as a
break equivalent in effect to a steam generator safety valve opening and

remaining open. The following conservative assumptions are used in
defining the transients:

a. The reactor is initially in a hot, zero power condition.

b. The small steam line break results in immediate reactor trip and SI
actuation.

c. A large shutdown margin, coupled with no feedback or decay heat,
prevents heat generation during tne transient.

Operation of the high head safety injection pumps repressurizes the RCS
within a relatively short time to the pressure corresponding to the

shutoff head of the pumps.

This transient is assumed to occur five times during the 1ife of the plant.
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C. Small Feedwater Line Break

This transient 1{s postulated to result from rupture of an emergency
feedwater 1ine or other small line, or from a small break in the feedwater
Tine 1{tself, between the feedwater 1solation valve and the steam
generator. The reactor is tripped, efther by a safety injection signal
generated on Jow steam line pressure or on low steam generator water
level. The Emergency Feedwater System is actuated on low steam generator
water level and deiivers cold emergency feedwater to the 4intact steam
generators. The affected steam generator eventually blows down following
the break.

Cases both with and without reactor coolant pump operation are
considered. For design purposes five occurrences of this transient during
the plant 1ifetime are postulated.

3.9.1.1.4 Level D Service Conditions (Faulted Conditions)

The following reactor coolant system transients are considered faulted
conditions (Level D Service Conditions). Each of the following accidents
should be evaluated for one occurrence:

A. Primary coolant system auxiliary 1line pipe break (large loss-of-
coolant accident)

Large steam line break

Feedwater 1ine break

Reactor coolant pump locked rotor

Control rod ejection

Steam generator tube rupture

Safe shutdown earthquake

o Mmoo oo

A. Primary Coolant System Auxiliary Line Pipe Break (Large Loss-of-Coolant
Accident)

Following rupture of a primary coolant system auxiliary line pipe
resulting in a large loss of coolant, the primary system pressure
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decreases causing the primary system temperature to decrease. Because of
the rapid blowdown of coolant from the system and the comparatively large
heat capacity of the metal sections of the components, it is likely that
the metal will still be at or near the operating temperature by the end of

blowdown. The Integrated Safeguards System is actuated on low pressurizer
pressure to 1introduce water from the EWST (at an assumed minimum
temperature of B80°F) 1into the RCS. The safety injection signal also
results in reactor and turbine trips.

B. Large Steam Line Break

This transient is based on the complete severance of the largest steam
line. The following conservative assumptions were made:

a. The reactor is initially in a hot, zero power condition.
b. The steam 1ine break results 1in 1{mmediate reactor trip and SI

actuation of the Integrated Safeguards System. The emergency
feedwater system is actuated.

© No return to criticality occurs in the core.

© The Integrated Sa‘eguards and Emergency Feedwater Systems operate
at design capacity to increase the cooldown rate (both systems)
and repressurize the Reactor Coolant System (Integrated Safeguards
System).

As a loss of power could occur at the same time as the steam line
break, two cases should be considered:

o With offsite power -~ "Pumps running" case -- Reactor coolant
pumps remain in operation.
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o Without offsite power -- “pumps tripped" case -- Reactor coolant
pumps are de-energized and coolant flow coasts Gown to the natuyra)
circulation value.

The designer must evaluate both of these cases and select the one
which represents the most conservative design values for the
particular component.

C. Feedwater Line Break

This accident involves a double-ended rupture of the main feedwater piping
from full power, resulting in the rapid blowdown of one steam generator
and the termination of main feedwater flow to the others. Turbine trip,
with immediate reactor trip, occurs on a low-low level signal from the
faulted steam generator. The emergency feedwater system (EFWS) 4s
actuated and cools a minimum of two intact steam generators. Loss of the
plart from the grid 4s assumed to rause a blackout, all RCPs a&aie
deenergized and coast down to reduce the coolant flow to the natural
circulation value. The Integrated Safeguards System is actuated and is
assumed to deliver maximum safeguards flow unti]l manually shut off.

In the analysis no credit 1is taken for operation of pressure control
systems, steam dump or steam generator power operated relief valves, and
it 1s assumed that steam 1ine check valves are not provided. Thus, the
intact steam generators feed the break through the main steam header after
the steam generator with the break discharges 1ts 1iquid inventory. Steam
flow continues until the main steam lines are isolated on low steam line
pressure. The magnitudes of the reverse steam and liquid flows from the
intact steam generators to the break are dependent on the minimum flow
area in the feedwater ring and feedwater nozzle.

D. Reactor Coolant Pump Locked Rotor
This accident 1s based on the instantaneous seizure of a reactor coolant

pump with the plant operating at full power. The locked rotor can occur
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in any loop. Reactor trip occurs almost immediately as the result of low
coolant flow in the affected loop.

E. Control Rod Ejection

This accident {s based on the single most reactive control rod being
instantaneously ejected from the core. This reactivity insertion in a
particular region of the core causes a severe pressure increase in the RCS

such that the pressurizer safety valves will 11ft and also causes a more
severe temperature transient in the loop associated with the affected
region (the so-called *“hot" 1loop) than 1in the other loops. For
conservatism the analysis 1s based on the reactivity insertion and does
not include the mitigating effects (on the pressure transient) of coolant
blowdown through the hole in the vessel head vacated by the ejected rod.

F. Steam Generator Tube Rupture

This accident is postulated as the double-ended rupture of a single steam

generator tube resulting in decreases in pressurizer level and reactor
coolant pressure. Eventually the loss of reactor coolant causes a reactor
trip (also a turbine trip) on low pressurizer pressure. The ensuing plant
cooldown results in Integrated Safeguards System actuation due to low
pressurizer pressure. The safety injection signal automatically starts
the emergency feedwater pumps and i1solates the main feedwater lines. The
steam line leading from the affected steam generator is {solated. when
the pressurizer water level {s recovered, the operator stops safety
injection and cold shutdown conditions.

For the RCS primary side, this event will cause a transient which 1s no

“more severe than that associated with Reactor Trip with Cooldown and
Safety Injection. Therefore, no special primary side stress analysis 1is
required. An analysis of the secondary side will be prepared as part of
the FDA when detailed requirements have been developed for the steam
generator and related RCS and plant designs.
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G.

Safe Shutdown Earthquake

The SSE 1s defined as the maximum vibratory ground motion which can
reasonably be predicted from geologic and seismic evidence. For design
purposes this 1s assumed as < 0.3 g horizontal ZPA with Regulatory Guide
1.60 Spectra.

. 3.9.1.1.5 Test Conditions

The following reactor coolant system transients under test conditions are
discussed:

®

A. Primary side hydrostatic test
B. Secondary side hydrostatic test
C. Tube leakage test

Primary Side Hydrostatic Test(])

The pressure tests include both shop and field hydrostatic tests which
occur as a result of component or system testing. This hydro test is
performed at a water temperature which is compatible with reactor vesse)
material ductility requirements and a test pressure of 3107 psig (1.25
times design pressure). In this test, the RCS 1s pressurized to 3107 psig
coincident with steam generator secondary side pressure of 0 psig. The
RCS 1s designed for 10 cycles of these hydrostatic tests which are
performed prior to plant start-up. The number of cycles 1s independent of
other operating transients.

Additional hydrostatic tests will be performed to meet the in-service
inspection requirements of ASME Section XI. A total of four such tests is
expected. The increase in the fatigue usage factor caused by these tests

1These hydrostatic test cycles are to be considered in the stress and fatigue
analyses,
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is easily covered by the conservative number (200) of primary side leakage

tests that are considered for design and no additional specification is
required.

B. Secondary Side Hydrostatic Test(])

The secondary side of the steam generator is pressurized to 1.25 design
pressure with a minimum water temperature of 120°F coincident with the
primary side at 0 psig.

For design purposes, it s assumed that the steam generator wil)

-

experience 10 cycles of this test.

These tests may be performed either prior to plant start-up, or
subsequently following shutdown for major repairs or both. The number of
cycles is therefore independent of other operating transients.

C. Tube Leakage Test

During the 1ife of the plant, it may be necessary to check the steam
generator for tube leakage and tube-to-tubesheet leakage. This is done by
visual inspection of the underside (channel head side) of the tube sheet
for water leakage with the secondary side pressurized. Tube leakage tests
are performed during plant cold shutdowns.

For these tests the secondary side of the steam generator is pressurized
with water, initially at a relatively low pressure, and the primary system
remains depressurized. The underside of the tube sheet 1s examined
visually for leaks. If any are observed, the secondary side 1s then
depressurized and repairs made. The secondary side is then repressurized
(to a higher pressure) and the underside of the tube sheet is again
checked for leaks. This process is repeated until all the leaks are
repaired. The maximum (final) secondary side test pressure reached is 840
psig.

TThese hydrostatic test cycles are to be considered in the stress and fatigue
analyses.
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Both the primary and secondary sides of the steam generator are be at
ambient temperature during these tests.

The total number of tube leakage test cycles is defined as B00 during the
40-year 11fe of the plant. Following is a breakdown of the anticipated
number of occurrences at each secondary side test pressure:

. Number of

Test Pressure, psig Occurrences
200 400
400 200
600 120
840 . 80

Neither the primary side nor secondary side design pressures are exceeded

‘ during the Tube Leakage Test. This test is included under Test Conditions
since the expected secondary-to-primary pressure differentia)l exceeds the
design value of 670 psi for some of the test cycles.

3.9.1.2 Computer Programs Used in Analysis

3.9.1.2.7 NPB Systems and Components

The following computer programs will be used in dynamic and static analyses to
determine mechanical loads, stresses, and deformations of Seismic Category I

. components and equipment.
A. WESTDYN - static and dynamic analysis of redundant piping systems.
B. FATCON - fatigue analysis of piping systems

C. WESAN - reactor coolant loop equipment support structures analysis and
evaluation.
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D. WECAN - finite-element structural analysis and nonlinear time history
seismic analysis.

3.9.1.3 Experimental Stress Analysis

No experimental stress analysis methods are used for Category I systems or
component.. However, Westinghouse makes extensive use of measured results
from prototype plants and various scale model tests as discussed in Subsection
39532

3.9.1.4 Consideration for the Evaluation of the Faulted Condition

The analytical methods used to evaluate the faulted conditions for seismic
Category 1 ASME Code and non-code items are described in the Subsection 3.9.4
of this module.

3.9.2 Dynamic Testing and Analysis

3.9.2.17 Piping vibration, Thermal Expansion, and Dynamic Effects

A preopera:ional test program {is implemented, as required by NB-3622.3,
NC-3622, and ND-3611 of Section IIIl of the ASME Boiler and Pressure Vesse
Code, to verify that the piping and piping restraints will withstand dynamic
effects due to transients such as pump trips and valve trips, and that piping
vibrations are within acceptable levels,

The preoperationa)l test program for the Class 1, 2, and 3 and high-energy
piping systems is to simulate actua) operating modes to demonstrate that the
components comprising these systems meet functional design requirements and
that piping vibrations are within acceptable levels. Piping systems are
checked in three sequential steps or series of tests and inspections.

Construction acceptance, the first step, entails inspection of components for
correct 4installation. DOuring this phase, pipe and equipment supports are

PWR-S/E 3.9-38 DECEMBER, 1984
S5e:1d




checked for correct assembly and setting. The cold locations of reactor

coolant system (RCS) components, such as steam generators and reactor coolant
pumps, are recorded.

During the second step of testing, plant heatup, the plant is heated to norma)
operating temperatures. During the heatup, all systems are observed

perifodically to verify proper expansion; expansion data is recorded at the end
of heatup.

During the third step of testing, performance testing, systems are operated
and performance of critical pumps, valves, controls, and auxiliary equipment
is checked. This phase of testing includes transient tests such as reactor
coolant pump trips, reactor trip, and relief valve testing. Ouring this phase
of testing, the piping and piping restraints are observed for vibration and
expansion response. Automatic safety devices, control devices, and other
major equipment are observed for indications of overstress, excess vibration,
overheating, and noise. Each system test includes critical valve operation
during transient system modes.

The locations in the piping system selected for observation during the
testing, and the respective acceptance criteria, are provided in the detailed
preoperationa)l vibratipn, thermal expansion, and dynamic effects test program
plan. These are submitted to the Nuclear Regulatory Commission (NRC) at least
60 days prior to the initiation of the test program.

Provisions are made to verify the operability of essential snubbers by
recording hot and cold positions. If vibration during testing exceeds the
acceptance criteria, corrective measures are taken and the test rerun to
demonstrate adequacy.

Should additiona) restraints be installed, piping rerouted, or other
corrective action taken as a result of the preoperational piping test, the NRC
is provided with documentation of such action. The analysis verifying that
system response 1s within acceptable 1imits will be on file.
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Vibratory dynamic loadings can be placed in two categories: (1) transient
induced vibrations and (2) steady-state vibrations. The first is a dynamic
system response to a transient, time dependent forcing function, such as fast

valve closure, while the second is a constant vibration, usually flow induced.

A. Transient Response
Dynamic events falling in this category are anticipated operational
occurrences. The systems and the transients to be included in the
preoperational test program to verify the piping system are:
1. Main steam turbine stop valve trip
2. Main steam atmospheric dump valves opening
3. Main steam condenser dump valves opening
4. Steam generator power-operated relief valve opening
5. Main steam isolation valve closure
6. Main feedwater 1ine check valve closure
7. Pressurizer power operated relief valve opening
8. Pressurizer vent opening
9. Reactor vessel head vent opening
For these types of transients, a time-dependent dynamic analysis is
performed on the system. The stresses thus obtained are combined with
system stresses resulting from other operating conditions in accordance
with the criteria provided in Subsections 3.9.1 and 3.9.3.
Details of the program and the pipe monitoring scratch plates and strain
gage locations, including the criteria for evaluation of data gained, are
provided in the test procedures.

B. Steady-State Vibration
Syster vibration resulting from flow disturbances falls 1into this
category. Positive displacement pumps may cause such flow varfation and
vibrations and, as such, will be reviewed. Such systems will be checkec,
including the charging systems.
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Since the exact nature of the flow disturbance is not known prior to pump
operation, no analysis is performed. A steady-state vibrational testing

will be conducted by visual and local measurements.

The acceptance criteria is that the meximum measured amplitude shall not
induce a stress in the piping system greater than one-half the endurance
1imit, as defined in Section III of the ASME BAPY Code.

when required, additional restraints are provided to reduce the stresses
to below the acceptance criteria levels.

During the thermal expansion test, pipe deflections will be measured or
observed at various locations based on the location of snubbers, hangers, and
expected large displacements. One complete thermal cycle, {.e., cold position
to hot position to cold position, will be monitored. Acceptance criteria for
the thermal expansion test will be based on the movements established by
thermal piping analysis and will verify that the piping system is free to
expand thermally (1.e., piping does not bind or lock at spring hangers and
snubbers nor interferes with structure or other piping).

The systems to be monitored are selected portions of:

Reactor cooling system

Main steam system

Main feedwater systen

Chemical and volume control system
Residual hcat removal (RMR) system
Containment spray system

Emergency core cooling system (ECCS)
Secondary side safeguards system
Steam generator blowdown system
Component cooling water systoem

© © © © © ©o o © ©o ©
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3.9.2.2 Seismic Qualification Testing of Safety-Related Mechanical Equipment

Westinghouse utilizes amalysis, test, or a combination of test and analysis
for seismic qualification of equipment. Testing is the preferred method;
however, analysis 1s wutilized when one of the following conditions is
satisfied:

A. The equipment is too large or the external loads, connecting elements, or
appurtenances cannot be simulated with a shaker table test.

B. The only requirement that must be satisfied relative to the safety of the
plant is the maintenance of structural integrity (mechanica) equipment
only).

C. The component represents a simple linear system or nonlinearities can be
conservatively accounted for in the analysis.

Ihe operabiifty of Seismic Category 1 mechanical equipment must be
demonstrated if the equipment is active; 1.e., mechanica) operation is relied
on to perform a safety function. The operability of active Safety Class 2 and
3 pumps, active Safety Class 1, 2, or 3 valves and their respective drives,
operators and vital auxiliary equipment is shown by satisfying the criteria
given in Subsection 3.9.3.2.

Inactive Seismic Category 1 equipment such as heat exchangers, racks, and
consoles are shown to have structural fintegrity during a seismic event by
analysis satisfying the stress criteria applicable to the particular piece of
equipment .

A 1ist of Seismic Category I equipment is provided in Table 3.2-1.

The criteria used to decide whether dynamic testing or analysis should be used
to qualify Seismic Category 1 mechanical equipment are as follows:
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A. Analysis Without Testing

Structural analysis without testing is used if structural integrity

alone can assure the design-intended function. Equipment which falls
into this category includes:

Ductwork

Tanks and vessels
Heat exchangers
Filters

Inactive valves

® o " oo

2. Rotational analysis without testing 4s wused to qualify rotating
machinery items where it must be verified that deformations due to
seismic loadings will not cause binding of the rotating element to the
extent that the component cannot perform its design-intended function.

‘ The seismic qualification of pumps 4s discussed more fully in
Subsection 3.9.3.2.1. The procedure discussed therein applies, with
some variations, to other items in this category.

3. Dynamic anmalysis without testing 1s used to qualify heavy machinery
too large to be tested. It is verified that deformations due to
seismic loadings will not cause binding of the moving parts to the
extent that the component cannot perform 1{ts required safety
function. Components which fall into this category include:

o  Pumps
© Turbines
© Generators
o Fans
. © Diesr engines
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B. Dynamic Testing

Dynamic testing is used for components with mechanisms that must change
position in order to perform their required safety function. Such
components include:

0o Electric motor valve operators

o Vvalve limit switches

o Similar appurtenances for other act‘ve mechanical equipment

The seismic qualification of Seismic Category 1 electrical equiprent is
discussed in Section 3.10.

C. Combinations of Analysis with Testing

A combination of analysis, static testing, and dynamic testing is used for
seismic qualification of complex equipment. Such equipment includes:

Standby diesel-generators

Turbine-driven emergency feedwater pumps

Main steam and main feedwater isolation valves
Other active valves

5 W N -

The seismic qualification of active valves 1is discussed more fully in
Subsection 3.9.3.2.

The acceptance criteria which are used are as follows:

1. Tests, when used, demonstrate that the component is not prevented from
performing 1ts required safety function during and after the test.

2. MAnalysis, when used for qualification of vessels, pumps, or vaives,
verifies that stresses do not exceed the allowables specified in
Tables 3.9-3 and 3.9-5 and that deformations do not exceed those which
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will permit the component to perform its design-intended function.
The results of tests and analyses of safety-related mechanica)’
equipment are available for inspection.

3.9.2.3 Dynamic Response Analysis of Reactor Internals Under Operationa) Flow
Transients and Stecady-State Conditions

For a discussion of the dynamic response analysis of the reactor internals,
see Subsection 3.9.2.3 of RESAR-SP/90 PDA Module 5, "Reactor System.*

3.9.2.4 Preoperational Flow-Induced Vibration Testing of Reactor Internals

For a discussion of the preoperational flow-induced vibration testing of the
reactor finternals, see Subsection 3.9.2.4 of RESAR-SP/90 PDA Module &5,
*Reactor System."

3.9.2.5 Dynamic System Analysis of the Reactor Internals Under Faulted
Conditions

For a discussion of the dynamic system analysis of the reactor internals, see

Subsection 3.9.2.5 of RESAR-SP/90 PDA Module 5, "Reactor System.*

3.9.3 ASME Code Class 1, 2, and 3 Components, Component Supports, and Core
Support Structures

3.9.3.17 Loading Combinations, Design Transients, and Stress Limits

American Society of Mechanical Engineers (ASME) Class 1, 2, and 3 components

and component supports are designed to an appropriate combination of plant
conditions and design loadings. The plant conditions are design, normal,

upset, emergency, and faulted conditions. The design loadings are pressure,
temperature and deadweight loads.

The ASME Code Class components are constructed in accordance with the ASME
B&PY Code, Section II1 requirements. For Code Class 1 components, very
stringent requirements are fimposed and are met. For Code Class 2 and 3
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components, the requirements are less stringent but adequate, in accordance
with the lower classification.

3.9.3.1.1 ASME Code Class ) Components and Supports

Loading combinations for ASME Class 1 components and component supports are
presented in Table 3.9-2 and stress limits for these components are given in
Table 3.9-3. A detailed discussion of design transients for tne NPB
components is provided in Subsection 3.9.1.

The structural stress analyses performed on the ASME Class 1 components and
supports consider the loadings specified as shown in Table 3.9-2. These loads

result from thermal expansion, pressure, weight, operating basis earthquake
(OBE), safe shutdown earthquake (SSE), design basis loss-of-coolant accident,

and plant operational thermal and pressure transients.

3.9.3.1.1.7 Analysis of the Reactor Coolant Loop Piping and Supports

The loads wused in the analysis of the reactor coolant loop piping are
described in detail below.

A. Pressure

Pressure loading 1s {dentified as either membrane design pressure or
general operating pressure, depending upon its application. The membrane
design pressure is used in connection with the longitudinal pressure
stress and minimum wall thickness calculations in accordance with the ASME
Code as stated in Table 3.2-1.

The term operating pressure is used in connection with determination of
the system deflections and support forces. The steady-state operating
hydraulic forces based on the system initial pressure are applied as
general operating pressure loads to the reactor coolant loop model at
change in direction or flow area.
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Weight

A deadweight analysis is performed to meet Code equirements by applying a
1.0 g load downward on the complete piping system. The piping is assigned
a distributed mass or weight as a function of 4ts properties. This method
provides a distributed loading to the piping system as a function of the
weight of the pipe and contained fluid during norma) operating conditions.

Seismic

The input for the reactor coolant loop piping seismic analysis is in the
form of three statistically independent orthogonal time-history
accelerations. The earthquake accelerations for the horizonta) directions
are applied to the containment basemat simultaneously w'th the vertical
acceleration in the vertica) direction.

For the OBE ind SSE seismic analyses, 5 and 8 percent critical damping,
respectively, are wused in the reactor coolant 1loop/supports system
analysis. (See Figure 3.7-8)

Optional seismic analysis methods which may be used for low seismic plants
include the uniform response spectra method and the multiple response
spectra method.

Loss-of-Coolant Accident

Blowdown loads are developed in the reactor coolant loops as a result of
transient flow and pressure fluctuations following a postulated pipe break
in one of the reactor coolant loop auxiliary connections. Structura)
consideration of dynamic effects of postulated pipe breaks requires
postulation of a finite number of break locations. Postulated pipe break
locations are given in Section 3.6.
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Time-history dynamic analysis 1s performed for these postulated break
cases. Hydraulic models are used to generate time dependent hydraulic

forcing functions used in the analysis of the reactor coolant loop for
each break case.

E. Transients

The ASME Code, Section IIl requires satisfaction of certain requirements

relative to operating transient conditions. Operating transients are
summarized in Subsection 3.9.1.1.

To provide the necessary high degree of integrity for the RCS, the
transient conditions selected for fatigue evaluation are based on
conservative estimates of the magnitude and anticipated frequency of
occurrence of the temperature and pressure transients resulting from
various plant operation conditions.

The analytica)l methods used in obtaining the solution consist of the transfer
matrix method and stiffness matrix formulation for the static structura)
analysis, the time-history d{ntegration, or response spectra methods, for
seismic dynamic analysis, and time history integration analysis methods for
effects of high-energy 1ine pipe breaks.

The integrated reactor coolant loop/supports system mode)! is the basic system
model used to compute loadings on components, component supports, and piping.
The system model {includes the stiffness and mass characteristics of the
reactor coolant loop piping and components, the stiffness of supports, the
stiffnesses of auxiliary line piping which affect the system. The deflection
solution of the entire system is obtained for the various loading cases from
which the interna) member forces and piping stresses are calculated.

A. Static

The reactor coolant 1loop/supports system mode), constructed for the
WESTDYN computer program, 1s represented by an ordered set of data which
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numerically describes the physical system. Figure 3.9-1 shows an

fsometric line schematic of this mathematica) model. The steam generator
and reactor coolant pump vertical and lateral support members are

‘ described in Section 5.4.14 of RESAR-SP/90 PDA Module 4, “Reactor Coolant
System."

The spatial geometric description of the reactor coolant loop mode! is
. based upon the reactor coolant loop piping layout and equipment drawings.
The node point coordinates and incremental lengths of the members are
determined from these drawings. Geometrical properties of the piping and
elbows along with the modulus of elasticity E, the coefficient of therma)
expansion a, the average temperature chahge from ambient temperature
AT, and the weight per unit length are specified for each element. The
primary equipment supports are represented by stiffness matrices which
define restraint characteristics of the supports. The vertical therma)
growth of the reactor vessel nozzle centerline and equipment support
points are considered in the construction of the model for thermal
‘ analysis.

The mode! 1is made up of a number of sections, each having an overall
transfer relationship formed from {its group of elements. The linear
elastic properties of the section are used to define the stiffness matrix
for the section. Using the transfer relationship for a section, the loads
required to suppress all deflections at the ends of the section arising
from the thermal and boundary forces for the section are obtained. These
loads are incorporated int the overall load vector.

After all the sections have been defined in this manner, the overall

stiffness matrix and associated load vector to suppress the deflection of

all the network points is determined. By finverting the stiffness matrix,

the riexibility matrix 1s determined. The flexibility matrix fis
. myltiplied by the negative of the load vector to determine the network
point deflections due to the thermal and boundary force effects. Using
the general transfer relationship, the deflections and interna) forces are
then determined at al) node points in the system.
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The static solutions for deadweight, thermal, and general pressure loading
conditions are obtained by using the WESTDYN computer program.

B. Seismic

The model used in the static anmalysis is modified for the dynamic analysis
by including the mass characteristics of the piping and equipment. 1n the
time-history seismic amalysis, the containment 4internals structure, and
all of the piping loops are included in the system coupled model. The
effect of the equipment motion on the reactor coolant loop/supports system
is obtained by modeling the mass and the stiffness characteristics of the
equipment in the overall system model.

The steam generator is typically represented by four discrete masses. The
Towest mass is located at the intersection of the centerlines of the inlet
and outlet nozzles of the steam generator. The second mass is located at
the steam generator upper support elevation. The third mass 1s located at
the top of the transition cone and the fourth at the steam outlet nozzle.

The reactor coolant pump is typically represented by a two discrete mass
model. The lower mass is located at the intersection of the center)ines
of the pump suction and discharge nozzles. The upper mass 1s located near
the center of gravity of the motor.

The reactor vessel and core internals are typically represented by
approximately ten discrete masses. The masses are lumped at various
Tocations along the length of the vessel and along the length of the
representation of the core internals.

The component upper and lower lateral supports are inactive during plant
heatup, cooldown and normal plant operating conditions. However, these
restraints become active due to the rapid motions of the reactor coolant
loop components that occur from the dynamic loadings, and are represented

PWR-S/E 3.9-50 DECEMBER, 1984
045e:14d




by stiffness matrices and/or individual tension or compression spring
members in the dynamic model. The analyses are performed at the fu))
power condition.

The total response 1is obtained by modal superposition time history
integration of the equations of motion. The results of the analysis are
time-history forces and displacements. The time-history displacement
response is then used in computing support loads and in performing the
reactor coolant loop piping stress evaluation.

The details of the response spectra seismic analysis, which 1s also
sometimes used, are described in Subsection 3.7.

Loss~of-Coolant Accident

The mathematical mode) used in the static analyses 1s modified for the
loss-of-coolant accident analyses to represent the severance of the
reactor coolant loop auxiliary piping at the postulated break locations.
Modifications finclude addition of the mass at the break. rhe natura)
frequencies and eigenvectors are determined from this loop model.

The time-history bydraulic forces at the node points are combined to
obtain the forces and moments acting at the corresponding structural
Tumped-mass node points.

The dynamic structural solutfon for the full power loss-of-coolant
accident s obtained by using a Runge-Xutta integration technique and
normal mode theory.

When elements of the system can only be represented as single acting
members (tension or compression members), they are considered as nonlinear
elements, which are represented mathematically by the combination of a
gap, a spring, and a viscous damper. The force in this nonlinear element

PWR-S /L 3.9-5] DECEMBER, 1984
045e:1d



is treated as an externally applied force in the overall normal mode
solution. Multiple nonlinear elements can be applied at the same node, if
necessary.

The loss-of-coolant accident displacements of the reactor vessel are
applied in time-history form as input to the dynamic analysis of the
reactor coolant loop. The 1loss-of-coolant accident analysis of the
reactor vessel includes all the forces acting on the vessel including
internals reactions and loop mechanical loads. The reactor vessel
analysis is described in Subsection 3.9.5.

The asymmetric external pressure loads on the RCF and steam generator
resulting from the postulated pipe rupture and pressure buildup in the
loop compartments are applied to the same 1integrated reactor coolant
loop/supports system model used to compute loadings on the components,
component supports, and reactor coolant piping, as discussed above. Jet
impingement loads on the RCL piping, components, and supports resulting
from postulated auxiliary line pipe ruptures are also applied to the
RCL/support model. The response of the entire system is obtained for the
various external loading cases from which the internal member forces and
piping stresses are calculated.

The time-history displacement response of the loop s used in computing
support loads and in performing stress evaluation of the reactor coolant
loop piping.

Fatigue

Operating transients 1in a nuclear power plant cause thermal and/or
pressure fluctuations 4in the reactor coolant fluid. The thermal
transients cause time-varying temperature distributions across the pipe
wall., These temperature distributions resulting in pipe wall stresses may
be further subdivided in accordance with the Code into three parts, a
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uniform, a linear, and a nonlinear portion. The uniform portion results

in general expansion loads. The linear portion causes a bending moment

across the wall and the nonlinear portion causes a skin stress.

‘ The transients as summarized in Subsection 3.9.1.1 are used to define the
fluctuations in plant parameters. A one-dimensional finite difference
heat transfer program is used to solve the thermal transient problem. The
pipe is represented by at least fifty elements through the thickness of

‘ the pipe. The convective heat-transfer coefficient employed 1in this
program represents the time varying heat transfer due to free and forced
convection. The outer surface 1s assumed to be adiabatic while the inner

surface boundary experiences the temperature of the coolant fluid.
Fluctuations in the temperature of the coolant fluid produce a temperature
distribution through the pipe wall thickness which varies with time. The
average through-wall temperature, TA, is calculated by integrating the
temperature distribution across the wall. This integration is performed
for all time steps so that 7\ is determined as a function of time.

A load-set is defired as a set of pressure loads, moment loads, and
through-wall thermal effects at a given 1location and time in each
transient. The through-wall thermal effects are functions of time and can
be subdivided into four parts:

1. Average temperature (TA) fs the average temperature through-wall of
the pipe which contributed to gencral expansion loads.

2. Radial linear thermal gradient which contributes to the through-wall
bending moment (AT,).

3. Radial nonlinear therma)l gradient (572) which contributes to a
peak stress associated with shearing of the surface.

4, Discontinuity temperature (TA - TB) repgresents the difference in
average temperature at the cross sections on each side of a
discontinuity.
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Each transient s described by at least two load-sets representing the

maximum and minimum stress state during each transient. The construction

of the load-sets is accomplished by combining the following to yield the
maximum (minimum) stress state during each transient.

AT]

%74 - %Tp

d. Moment loads due to TA

e. Pressure loads

This procedure produces at least twice as many load-sets as transients for
each point,

For all possible load-set combinations, the primary-plus-secondary and

| peak stress intensities, fatigue reduction factors (K') and cumulative
usage factors, U, are calculated. The FATCON-7 program is used to perform
this analysis in accordance with the ASME Code, Section III, Subsection
NB-3650.

The combination of load-sets yielding the highest alternating stress
intensity range is first used to calculate the incremental usage factor.
The next most severe combination is then determined and the incrementa)
usage factor <calculated. Thit procedure 1s repeated wuntil all
combinations having allowable cycles <106 are formed. The total
cumylative usage factor at a point 1s the summation of the incrementa)
usage factors.
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3.9.3.1.1.2 Class 1 Auxiliary Branch Lines

The allowable stresses for ASME Code Class 1 components and supports are given
irn Table 3.9-3. A1l Class 1 components and supports are designed and analyzed
for Levels A, B, and C Service Conditions, and corresponding service level
requirements to the rules and requirements of the ASME Code, Section III. The
analysis or test methods, and associated stress or load allowable limits that
are used in evaluation of Level D Service Conditions are those that are
defined 1in Appendix F of the ASME Code, Section III with the following
supplementary option.

The analytical methods used to obtain the solution consist of the transfer
matrix method and stiffness matrix formulation for the static structural
analysis, and the response spectrum method for seismic dynamic analysis.

The integrats. Class 1 piping and supports system model is the basic system
mode] used to compute loadings on components, component and piping supports,
and piping. The system models include the stiffness and mass characteristics
of the Class 1 piping components, the reactor coolant loop, and ihe stiffness
of supports that affect the system response. The deflection solution of the
entire system 1is obtained for the various loading cases from which the
internal member forces and piping stresses are calculated.

A. Static

The Class 1 piping system models are constructed for the WESTDYN computer
program, which numerically describes the physical system. A network model
is made up of a number of sections, each having an overall transfer
relationship formed from {its group of elements. The Ilinear elastic
properties of the section are used to define the characteristic stiffness
matrix for the section. Using the transfer relationship for a section,
the loads required to suppress all deflections at the ends of the section
arising from the thermal and boundary forces for the section are obtained.
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After all the sections have been defined in this manner, the overall
stiffness matrix and associated load vector to suppress the deflection of
all the network points is determined. By inverting the stiffness matrix
the flexibility matrix 1s determined. The flexibility matrix s
multiplied by the negative of the load vector to determine the network
point deflections due to the thermal and boundary force effects. Using
the general transfer relationship, the deflections and internal forces are
then determined at all node points in the system.

The support loads are also computed by multiplying the stiffness matrix by
the displacement vector at the support point.

B. Seismic

The models used in the static analyses are modified for use in the dynamic
analyses by including the mass characteristics of the piping and equipment.

The lumping of the distributed mass of the piping systems s accomplished
by locating the total mass at points in the system that will appropriately
represent the response of the distributed system. Effects of the primary
equipment motion, that 1{s, reactor vessel, steam generator, reactor
coolant pump, and pressurizer, on the Class 1 piping system are obtained
by modeling the mass and the stiffness characteristics of the primary
equipment and loop piping in the overall system model. Alternately, the
effects of the primary equipment and loop motion are represented by
resonse spectra and anchor motions calculated at the connection points to
the RCS loop.

The supports are represented by stiffness matrices in the system mode) for
the dynamic analysis. Shock suppressors that resist rapid motions are
also included in the analysis. The solution for the seismic disturbance
employs the response spectra method. This method employs the lumped mass
technique, 1linear elastic properties, and the principle of moda)
superposition.
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The total response obtained from the seismic analysis consists of two

parts: the inertia response of the pioing system, and the response from
differential anchor motifons. The stresses resulting from the anchor
motions are considered to be secondary and, therefore, 2re included in the
fatigue evaluation.

Loss-of-Coolant Accident

The mathematical models used in the seismic analyses of the Class 1 lines
are also used for RCL auxiliary pipe break effect analysis. To obtain the
dynamic solution for auxiliary lines 6 inches and larger, and certain
small-bore 1ines required for ECCS consideration, the time history
deflections from the analysis of the reactor coolant loop are applied at
branch nozzle connections. For other small-bore lines that must maintain
structural integrity, the motion of the RCL s applied statically.

Fatigue

A thermal transient heat transfer analysis is performed for each different
piping component on all the Class 1 branch lines. The normal, upset, and
test condition transients identified in Section 3.9.1.1 are considered in
the fatigue evaluation.

For each thermal transient, two load sets are defined representing the
maximum and minimun stress states for that transient.

The FATCON computer program 1s wused to calculate the primary-plus-
secondary and peak stress intensity ranges, fatigue reduction factors, and
cumulative usage factors for all possible load set combinations. It fis
conservatively assumed that the transients can occur in any sequence, thus
resulting in the most conservative and restrictive combinations of
transients.
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The combination of 1load sets yielding the highest alternating stress
intensity range 1s determined and the {ncremental wusage factor
ctalculated. Likewise, the next most severe combination is then determined
and the incremental usage factor calculated. This procedure is repeated

until all combinations having an allowable cycle of <106 are formed.
The total! cumulative usage factor at a point is the summation of the

incremental usage factors.
3.9.3.1.1.3 Loading Combinations and Stress Limits

Loading combinations and stress 1imits for Class 1 components and supports are
given in Tables 3.9-2 and 3.9-3. Detail load combinations and stress 1imits
for the pressurizer and safety and relief valve piping are described in
Subsection 3.9.3.

3.9.3.1.2 ASME Code Class 2 and 3 Components and Supports

The loading combinations for ASME Code Class 2 and 3 components and supports
furnisned with the NPB are given in Table 3.9-5.

The allowable stress limits established for the components are sufficiently
low to assure that violation of the pressure retaining boundary will not
occur. These limits, for each of the loading combinations, are component
oriented and are presented in Table 3.9-5. Active(a) pumps and valves are
further discussed in paragraph 3.9.3.2. The component supports are designed
in accordance with ASME B&PY Code, Section III, Subsection NF.

3.9.3.1.3 Analysis of Primary Components and Valves

Pri-.-y components that serve as part of the pressure boundary in the reactor
coola .t loop include the steam generators, reactor coolant pumps, pressurizer,

a. Active components are those whose operability is relied upon to perform 2
safety function (as well as reactor shut down function) during the
transients or events considered in the respective operating condition
categories.
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piping, and reactor vessel. This equipment is American Nuclear Society
(ANS)Safety Class 1 and the pressure boundary meets the requirements of ASME
Code, Section III. This equipment is evaluated for the loading combinations
outiined in Table 3.9-2. The equipment is analyzed for (1) the normal loads
of weight, pressure, and temperature, (2) mechanical transients of OBE, SSE,
and auxiliary line pipe ruptures, and (3) pressure and temperature transients
outlined in Section 3.9.1.1.

The results of the reactor coolant loop analysis are used to determine the
loads acting on the equipment nozzles and the support/component interface
Jocations. These 1loads are supplied for all 1loading conditions on an
*umbrella" load basis. That is, on the basis of previous plant analyses, a
set of loads is determined which should be larger than those seen in any
single plant analysis. The umbrella loads represent a conservative means of
allowing detailed component analysis prior to the completion of the system
analysis. Upon completion of the system analysis, conformance is demonstrated
between the actual plant loads and the loads used in the analyses of the
components. Any actual loads larger than the umbrella loads are evaluated by
individualized analysis.

Seismic analyses are performed individually for the RCP, the pressurizer, and
the steam generator. Detafled and complex dynamic models are used for the
dynamic analyses. The response spectra corresponding to the building
elevation at the highest component/building attachment elevation is used for
the component analysis. Seismic analyses for the steam generator, RCP, and
pressurizer are performed using 5 percent damping for the OBE and 8 percent
damping for the SSE. The reactor pressure vessel is seismically qualified in
accordance with ASME III by the reactor vessel vendor. The loadings used in
the analysis are supplied by Westinghouse and are based on loads generated by
a dynamic system analysis.

Auxiliary equipment that serves as part of the reactor coolant system pressure
boundary include Class 1 valves and Class 1 auxiliary piping. <Class 1 valves
in the RCS are designed and analyzed according to the requirements of
Subsection NB-3500 of ASME Code, Section III. This equipment is evaluated for
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the loading combinations and stress limits in Tables 3.9-2 and 3.9-3. The
operability criteria for 1tihese valves are described in Section 3.9.3.2.
valves in sample lines connected to the RCS are not cocnsidered to be ANS
Safety Class 1 nor ASME Class 1. This 1s because the nozzles where the lines
connect to the primary system piping are orificed to a 3/8-inch hole. This
hole restricts the flow so that loss through a severance of one of these lines
can be made up by normal charging flow.

3.9.3.2 Pump and Valve Operability Assurance
3.9.3.2.1 Pumps
Safety related active pumps are subjected to 1in-shop tests which include
hydrostatic test of casing to 150 percent of the design pressure, and
performance tests to determine the following:

o Total developed head.

© Minimum and maximum head.

0 Net positive suction head (NPSH) requirements except as noted below.

0 Other pump/motdér characteristics
where applicable, bearing temperature and vibration are monitored during the
performance tests. After the pump is installed, it undergoes cold hydrostatic
testing, hot functional testing, and applicable periodic inservice inspection
and testing to ver‘fy and assure the functional ability and reliability of the

pump for the design 1ife of the plant.

In addition to the required testing, the pumps are designed and supplied in
accordance with the following specified criteria:
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In order to ensure that the active pump will not be damaged during the

seismic event, the pump manufacturer must demonstrate by test or analysis
that the lowest natural frequency of the pump is greater than 33 Hz. The
pump, when having a natural frequency above 33 Hz, will be considered
essentially rigid. This frequency is considered sufficiently high to
avoid problems with amplification between the component and structure for
all seismic areas. A static shaft deflection analysis 1s performed. The
natural frequency of the support is determined and used in conjunction
with the project seismic response spectra. The deflection determined from
the static shaft analysis is compared with the applicable clea~ances.

If the natural frequency is found to be below 33 Hz, a dynamic analysis is
performed using a finite element model to determine the amplified input
accelerations necessary to perform the shaft analysis. The shaft
deflection analyses are performed using the adjusted accelerations and the
deflections compared with allowable shaft clearances. Assumptions used
for generating the analytical mode)l are verified by test.

The maximum seismic nozzle loads are also considered in an analysis of the
pump supports to ensure that unacceptable system misalignment cannot occur.

To compiete the pump qualification, the pump motor and all appurtenances
vital to the operation of the pump are independently qualified for
operation within their specified environment, as well as during the
maximum seismic event in accordance with Institute of Electrical and
Electronics Engineers (IEEE) Standard 344-1975.

From this, it is concluded that the safety-related pump/motor assemblies
will not be damaged, will continue operating under safe shutdown
earthquake (SSE) 1loadings, and will perform their intended functions.
These proposed requirements take into account the complex characteristics
of the pump and are sufficient to demonstrate and assure the seismic
operability of the active pumps.
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3.9.3.2.2 Valves

Safety-related, active valves are subjected to a series of stringest tests
prior to service and during the plant 1ife. Prior to 4installation, the
following tests are performed: shel)l hydrostatic test, backseat and main seat
leakage tests, disc hydrostatic tests, and operational tests to verify that
the valve opens and closes. For the operability qualification of motor
operators for the environmental conditions over the installed life, refer to
Section 3.11 and Subsection 3.i.3, Regulatory Guide 1.73. Cold hydro tests,
hot functional tests, periodic inservice inspections, and periodic inservice
operations are performed in situ to verify and assure the functional ability
of the valve. These tests guarantee reliability of the vaive for the design
11fe of the plant. The valves are constructed in accordance with the ASME
B&Y Code, Section III. On active valves, an analysis of the extended
structure is performed for static equivalent seismic SSE loads applied at the
center of gravity of the extended structure. The stress limits used for
active Class 2 and Class 3 valves are shown in Table 3.9-5. 1In addition to
these tests and analyses, representative valves of each design type are tested
for verification of operability during a simulated plant faulted condition
event by demonstrating operational capabilities within the specified limits.
The testing procedures are described below.

The valve is mounted in a manner that will conservatively represent typical
valve installations. The valve includes the operator, accessory solenoid
valves, and limit switches when attached to the valve in service. The
operability of the valve during o« faulted condition 1s demonstrated by
satisfying the following criteria:

A. Active valves shall have a first natura)l frequency that is not less than
33 Hz.

B. A static load or loads equivalent to those resulting from the faulted
cordition accelerations is applied to the extended structure center of
gravity so that the resulting deflection is in the nearest direction cf
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the extended structure. The design pressure of the valve is applied to
the valve during the static deflection tests.

C. The valve 1s cycled while in the deflected position. The valve must
function within the specified operating time 1imits while subject to
design pressure.

D. Electrical motor operators, limit switches, and pilot solenoid valves
necessary for operation are qualified in accordance with IEEE Seismic
Qualification Standards. IEEE Standard 344 is used for this qualification.

The above testing program applies to valves with extended structures. The
testing is conducted on a representative number of valves. Valves from each
of the primary safety related design types are tested. Valve sizes that cover
the range of sizes in service are tested.

Valves that are safety related, but can be classified as not having an
extended structure such as check valves and safety valves, are considered
separately.

Check valves are characteristically simple in design, and their operation is
not affected by seismic accelerations or the maximum applied nozzle loads.
The check valve design 1s compact, and there are no extended structures or
masses whose motion could cause distortions that could restrict operation of
the valve. The design of these valves is such that once the structural
integrity of the valve is assured, using standard design or analysis methods,
the ability of the valve to operate is assured by the design features. 1In
addition to these design considerations, the valve also undergoes the
following: (1) in-shop hydrostatic test, (2) in-shop seat leakage test, and
(3) periodic in situ valve exercising and inspection.
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Pressurizer safety valves are qualified for operability in the same manner as
valves with extended structures, as described above. The qualification
methods include analysis of the bonnet for static equivalent SSE loads, in
shop hydrostatic and seat 1leakage tests, and perfodic in situ wvalve
inspection. Additionally, representative pressurizer safety valves are tested
to verify analysis methods. This test is described as follows:

A. The safety valve is mounted to represent the specified installation.
B. The valve body is pressurized to its normal system pressure.
C. A static load representing the faulted condition seismic load is applied

to the top of the valve bonnet in the weakest direction of the extended
structure.

D. The pressure is increased until the valve actuates.

€. Actuation of the valve at its setpoint ensures its operability during the
faulted.condition.

Using these methods, all the safety related valves in the system are qualified
for operability during a faulted event. These methods conservatively simulate
the seismic event, and assure that the active valves perform their safety
related function when necessary.

3.9.3.2.3 Pump Motor and valve Operator Qualification

Active pump motors and active valve motor operators, limit switches, and
solenoid valves are seismically qualified in accordance with IEEE Standard
344-1975,

3.9.3.2.4 Active ASME Code Class 2 and 3 Pumps

Safety related active pumps are subjected to in-shop tests that dinclude
hydrostatic tests of casing to 150 percent of the design pressure, and
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performance tests to determine total developed head, minimum and maximum head,
net positive suction head (NPSH) requirements, and other pump/motor
characteristics. vibration is monitored during the performance tests.

In addition to the requirad testing, the pumps are designed and supplied in
accordance with the following specified criteria:

A. In order to ensure that the active pump will not be damaged during the
seismic event, the pump manufacturer is required to demonstrate by test or
analysis that the lowest natural frequency of the pump is greater than 33
Hz. The pump, when having a natural frequency above 33 Hz, will be
considered essentially rigid. This frequency is considered sufficiently
high to avoid problems with amplification between the component and
structure for all seismic areas. A static shaft deflection analysis of
the rotor 1is performed. The natural frequency of the support is
determined and used in conjunction with the project seismic response
spectra. The deflection determined from the static shaft analysis is
compared to the allowable rotor clearances.

If the natural frequency is found to be below 33 Hz, an analysis is
performed to determine the amplified input accelerations necessary to
perform the static analysis. The static deflection analyses are performed
using the adjusted acceler~tions.

B. The maximum seismic nozzle loads are also considered in an analysis of the
pump supports to ensure that unacceptable system misalignment cannot occur.

C. To complete the seismic qualification procedures, the pump motor and all
appurtenances vital to the operation of the pump are {independently
qualified for operation during the maximum seismic event in accordance

with 1EEE Standard 344-1975.

From this, i1t 1s concluded that the safety related pump/motor assemblies will
not be damaged and will continue operating under SSE loadings and will perform
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their intended functions. These proposed requirements take into 3ccount the
complex characteristics of the pump anc are sufficient to demonstrate and
assure the seismic operability of the active pumps.

3.9.3.3 Design and Installation Details for Mounting of Pressure Relief
Devices

3.9.3.3.1 Pressure Relief Devices on NPB Components

The pressurizer safety and relief valve (PSARY) discharge piping systems
provide overpressure protection for the RC3. The spring-loaded safety valves
Tocated on top of the pressurizer are designed to prevent system pressure from
exceeding design pressure by more than ten percent. The power-operated relief
valves, also located on top of the pressurizer, are designed to prevent system
pressure from exceeding the norma) operating pressure by more than 100 psi. A
water seal 1s maintained upstream of each valve to minimize leakage.
Condensate accumulation on the inlet side of each valve prevents any leakage
of hydrogen gas or steam through the valves. The valve outlet side is sloped
to prevent the formulation of additional water pockets.

If the pressure exceeds the setpoint and the valve opens, the water slug from
the loop seal discharges. The water slug, driven by high system pressure,
generates transient thrust forces at each location where a change in flow
direction or area occurs. The valve discharge conditions considered in the
thrust analysis of the PSARV piping systems are as follows: 1) the safety
valves are assumed to open simultaneously while the relief valves remain
rlosed, and 2) the relief valves open simultaneously while the safety valves
are closed.

In addition to these two cases, which consider water seal discharge (water
slug) followed by steam, solid water from the pressurizer (cold overpressure)
fs also analyzed.
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For each pressurizer safety and relief piping system, an analytical hydraulic
model is developed. The piping from the pressurizer nozzle to the relief tank
nozzle 1s modeled as a series of single pipes. The pressurizer 1s modeled as
a reservoir which contains steam at constant pressure (2500 psia for safety
system and 2350 psia for relief system) and at constant temperature of 6B0°F.
The pressurizer relief tank is modeled as a sink which contains steam and
water mixture.

Fluid acceleration inside the pipe generates reaction forces on all segments
of the line which are bounded at either end by an elbow or bend. Reaction
forces resulting from fluid pressure and momentum variations are calculated.
These forces are defined in terms of the fluid properties for the transient
hydraulic analysis.

Unbalanced forces are calculated for each straight segment of pipe from the
pressurizer to the relief tank. The hydraulic analysis includes the effect of
water slug discharge. The time histories of these forces are used for the
subsequent structural analysis of the pressurizer safety and relief lines.

The structural model used in the seismic analysis of the safety and relief
lines 1s modified for the valve thrust analysis to represent the safety and
relief valve discharge. The time-history hydraulic forces are applied to the
piping system lump mass points. The dynamic solution for the valve thrust is
obtained by using a modified predictor-corrector-integration technique and
normal mode theory.

The time-history solution is performed in subprogram FIXFM. The input to this
subprogram consists of the natural frequencies and normal modes, applied
forces, and nonlinear elements. The natural frequencies and norma)l modes for
the modified pressurizer safety and relief line dynamic model are determined
with the WESTDYN program. The support loads are computed by multiplying the
support stiffness matrix and the displacement vector at each support point.
The time-history displacements of the FIXFM subprogram are used as input to
the WESDYN2 subprogram to determine the internal forces, deflections, and
stresses at each end of the piping elements.
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The loading combinations considered in the analysis of the PSARV piping are
given in Tables 3.9-6 through 3.9-9.

3.9.3.3.2 O0Other Pressure Relief Devices on Components

The design of pressure-relieving devices can be generally grouped in two
categories: open discharge and closed discharge.

A. Open Discharge:

An open discharge is characterized by a relief or safety valve discharging
to the atmosphere or to a vent stack open to the atmosphere.

The design of open discharge valve stations includes the following
considerations:

1. Stresses in the valve header, the valve inlet piping, and 1local
stresses in the header-to-valve inlet piping junction due to thermal
effects, 1internal pressure, seismic loads, and thrust 1loads are
considered. These stresses are calculated in accordance with the
applicable subsections of Section 111 of the ASME B&PV Code.

2. Thrust forces include both pressure and momentum effects.

3. wWhere more than one safety or relief valve is installed on the same
pipe run, valve spacing is as specified in ASME Code.

4. Where more than one safety or relief valve is installed on the same
pipe run, the sequence of openings that induces the maximum stresses
is considered as recommended by Regulatory Guide 1.67.

5. The minimum moments to be used in stress calculitions are those
specified in ASME Code.
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6. The effects of the valve discharge on piping connected to the valve
header are consicered.

7. The reaction forces and moments used in stress calculations include
the effects of a dynamic load factor (DLF), or are the maximum
instantaneous values obtained from a time-history structural
analysis. A dynamic load factor of 2.0 1s wused, 1f a dynamic
structural analysis 1s not performed, to determine the dynamic load
factor as recommended by Regulatory Guide 1.67.

B. Closed Discharge

A closed discharge system is characterized by piping between the valve and
a tank or some other terminal end. Under steady-state conditions, there
are no net unbalanced forces. The 14initial transient response and
resulting stresses are determined using either a time-history computer
solution or a conservative equivalent static solution. In calculating
initia) transient forces, pressure and momentum terms are included. Water
slug effects are also included.

3.9.3.4 Component and Piping Supports

For statically applied loads, the stress allowables of Appendix F of ASME
Code, Section II! are used for Code components.

Dynamic loads for components loaded in the elastic range are calculated using
dynamic load factors, time-history analysis, or any other method that assumes
elastic behavior of the component. A component {s assumed to be in the
elastic range if yielding across a section does not occur. The limits of the
elastic range are defined 4in Paragraph F-1323 of Appendix F for Code
components, Local yielding due to stress concentration s assumed not to
affect the validity of the assumptions of elastic behavior. The stress
allowables of Appendix F for elastically analyzed components are used for Code
components.

WAPWR-S/L 3.9-69 DECEMBER, 1984
2045e:1d



For non-Code components, allowables are based on tests or accepted industry
standards comparable to those in Appendix F of ASME Code, Section III.

3.9.3.4.1 ASME Code Class 1 Component Supports

The load combinations and allowable stresses for ASME Code Class ) components
and component supports are given in Tables 3.9-2 and 3.9-3, respectively.

3.9.3.4.1.1) Primary Component Supports Models and Methods

The static and dynamic structural analyses employed the matrix method and
normal mode theory for the solution of lumped-parameter, multimass structural
models. The equipment support structure models are dual-purpose, since they
are required to represent gquantitatively the elastic restraints that the
supports impose upon the loop, and to evaluate the individual support member
stresses due to the forces imposed upon the supports by the loop.

A description of the supports is found in Subsection 5.4.14 of RESAR-SP/90 PDA
Module 4, "Reactor Coolant System.* Detailed models of the supports are
developed using beam elements and plate elements, where applicable. The
reactor vessel supports are modeled using the WECAN computer program. Steam
generator and RCP supports are normally modeled as linear or nonlinear springs.

For each operating condition, the loads (obtained from the reactor coolant
loop analysis) acting on the support structures are appropriately combined.
The adequacy of each member of the steam generator supports, RCP supports, and
piping restraints for auxiliary connections is verified by solving the ASME
Code, Section III, Subsection NF stress and interaction equations. The
adequacy of the reactor pressure vessel support structure is verified using
the WECAN computer program and comparing the resultant stresses to the
criteria given in ASME Code, Section III, Subsection NF.

The test load method given in F-1370(d) 1s an acceptable method of qualifying
components in lieu of satisfying the stress/load limits established for the
component analysis.
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The test load option 1s used to qualify the reactor pressure vessel nozzle
support pads. To duplicate the loads that act on the pads during faulted
conditions, the tests, which utilized a one-eighth linear scale mode), are
performed by applying a unidirectiona) static load to the nozzle pad. The
Toad on the nozzle pad was reacted upon by a support shoe that was mounted to
the test fixture.

The modeling and application of the load thus allows the maximum load capacity
of the support pads to be established accurately. The test load, LT. is
then determined by multiplying the maximum collapse load by sixty-four (ratio
of prototype area to model area), and 1included temperature effects in

accordance with the rules of the ASME Code, Section III.

The loads on the reactor vessel support pads, as calculated in the system
analysis for faulted conditions, are limited to the value of .80 LT' The
tests performed and the limits established for test load method ensure that
the experimentally obtained value for LT §s accurate and that the support

pad design is adequate for its intended function.
3.9.3.4.2 ASME Code Class 2 and 3 Supports

Class 2 and 3 component supports are decigned and analyzed for design, normal,
upset, emergency, and faulted conditions to the rules and requirements of
Section III, Subsection NF of the ASME Code. The stress limits for Class 2
and 3 component supports for all loading conditions are defined in Table
3.9-5. The analyses or test methods and associated stre.s or load allowable
1imits that are wused in the evaluation of 1linear supports for faulted
conditions are those defined in Appendix F of the ASME Code. Plate and shell
type supports satisfy the faulted condition 1imits provided in Subsection NF.
Paragraph 3321, of the ASME Code, Section III. Supplementary requirements are
presented 1in Subsection 3.9.3.2.1 which 1include stress analysis and
evaluation of pump/motor support alignment. Thus, the operability of active
pumps 4s not compromised by the supports during faulted conditions. The
allowable stresses and loading combinations for ASME Code Class 2 and 3
component and component supports are given in Tables 3.9-4 and 3.9-5.
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2.9.3.4.3 Snubbers Used as Component Supports

The location and size of the snubbers are determined by stress analysis. The
location and line of action of a snubber are selected based on the necessity
of limiting seismic stresses in the piping and nozzle loads on equipment.
Snubbers are chosen in lieu of rigid supports where restricting thermal growth
would induce excessive thermal stresses in the piping or nozzle loads or
equipment. The snubbers are constructed to ASME Boiler and Pressure Vessel
Code, Section III, Subsection NF standards.

Two types of tests are performed on the snubber.
A. Production tests are made on every unit:

B. Qualification tests are performed on randomly selected production
models to demonstrate the required load performance (load rating).

In the piping system seismic stress analysis, the mechanical snubbers are
modeled as stops. Where necessary, the snubber spring rates are incorporated
into the analysis.

The recommendations of Regulatory Guide 1.124 applicable to the service limits
and loading combinations for Class 1 linear supports are met as discussed in

Table 3.9-5.

A tabulation of snubbers utilized as supports for safety-related systems and
components is provided in the Technical Specifications.

Supports for active pumps and valves are included in the overall design and
qualification of the component.

Design specifications for snubbers include:
o Seismic requirements.

© Normal environmental parameters.
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o Accident/post-accident environmental parameters.

0 Full-scale performance test to measure pertinent performance

requirements.
0 Instructions for periodic maintenance (in technical manuals).
3.9.4 Control Rod Drive Systems

Descriptive information on the control rod drive mechanism (CRDM) and gray rod
drive mechanism (GRDM) 1s provided in Section 3.9.4 of RESAR-SP/90 PDA
Module 5, “"Reactor System."

Information relating to design specifications and design stresses for the
drive mechanisms is provided in Sections 3.1 and 3.9.3 of this module, and 4.5
of RESAR-SP/90 PDA Module 5, "Reactor System."

The contro) rod drive mechanisms (CRDMs), the gray rod drive mechanisms (GRDM)
and their support structures are evaluated for the loading combinations
outlined in Table 3.9-2.

A detailed finite-element mode) of the drive mechanisms and supports is
constructed using the WECAN computer program with beam, pipe, and spring
elements. For the LOCA analysis, nonlinearities 1in the structure are
represented. These 1include RPI plate impact, tie rods, and 1ifting leg
clevis/RPY head interface. The time-history motion of the reactor vessel
head, obtained from the RPY analysis, is input to the dynamic model. Maximum
forces and moments in the drive mechanisms and support structures are then
determined. For the seismic analysis, the structural model is linearized and
the floor response spectra corresponding to the drive mechanisms tie rod
elevation is applied to determine the maximum forces and moments in the
structure.
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The bending moments calculated for the drive mechanisms for the various
loading conditions are compared with maximum allowable moments determined from
a detailed finite-element stress evaluation of the drive mechanisms. Adequacy
of the drive mechanisms support structure 1is verified by comparing the
calculated stresses to the criteria given 4n ASME Code, Section 1III,
Subsection NF.

Operational transients are listed in Section 3.9.1 of this module.

3.9.5 Reactor Pressure Vessel Internals

Information on the design® arrangements, loading conditions, and design bases
is provided in Section 3.9.5 of RESAR-SP/90 PDA Module 5, “Reactor System.®

The structural analysis of reactor vessel and internals consider simultaneous
application of the time-history loads resulting from the reactor coolant loop
mechanical loads and internal hydraulic pressure transients. The vessel is
restrained by reactor vessel supports at the reactor vessel nozzles, and by
the reactor coolant loops with the primary supports of the steam generators
and the RCPs.

3.9.5.1 Loading Conditions

Following a postulated auxiliary line pipe rupture, the reactor vessel is
excited by time-history forces. As previously mentioned, these forces are the
combined effect of phenomena: (1) reactor coolant loop mechanical loads and
(2) reactor internals hydraulic forces.

The reactor coolant loop mechanical forces are derived from the elastic
analysis of the loop piping for the postulated auxiliary line break. The
reactions on the nozzles of all the unbroken piping legs are applied to the
vessel in the reactor pressure vessel blowdown analysis.
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The 1internals reaction forces develop from asymmetric pressure distributions

inside the reactor vessel. For an auxiliary line break on the vessel inlet
Teg, the depréssur1zat1on wave path is through the broken loop inlet nozzle
and into the region between the core barrel and reactor vessel. This region
is called the downcomer annulus. The initial waves propagate up, down and
around the downcomer annulus and up through the fuel. In the case of an
auxiliary 1ine break on the vessel outlet leg, the wave passes through the
reactor pressure vessel outlet nozzle and directly into the upper internals
region, depressurizes the core, and enters the downcomer annulus from the
bottom of the vessel.

Thus, for an outlet leg auxiliary line break, the downcomer annulus is
depressurized with much smaller differences in pressure horizontally across
the core barrel than for the inlet leg auxiliary 1ine break. For both breaks,
the depressurization waves continue their propagation by reflection and
translation through the reactor vessel fluid but the initial depressurization
wave has the greatest effect on the loads.

The reactor internals hydraulic pressure transients are calculated including
the assumption that the structural motion 1s coupled with the pressure
transients. This phenomena has been referred to as hydro-elastic coupling or
fluid-structure interaction. The hydraulic analysis considers the
fluid-structure 4interaction of the core barrel by accounting for the
deflections of constraining boundaries which are represented by masses and
springs. The dynamic response of the core barrel in 1ts beam bending mode
responding to blowdown forces compensates for internal pressure variation by
increasing the volume of the more highly pressurized regions.

3.9.5.2 Reactor Vessel and Internals Modeling

The mathematical model of the reactor pressure vessel is a three-dimensional
nonlinear finite-element model which represents the dynamic characteristics of
the reactor vessel and its internals in the six geometric degrees of freedom.
The mode] was developed using the WECAN computer code. The model consists of
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three concentric structural submodels connected by nonlinear impact elements
and stiffness matrices. The first submodel represents the reactor vessel
shell and associated components. The reactor vessel is restrained by the
reactor vessel supports and by the attached primary coolant piping. Each
reactor vessel support is modeled by a linear horizontal stiffness and a
vertical impact element. The attached piping is represented by a stiffness
matrix.

The second submodel represents the reactor core barrel, neutron panels, lower
support plate, tie plates, and secondary core support components. This
submodel 1is physically located inside the first, and is connected to it by a
stiffness matrix at the internals support ledge. Core-barrel-to-vessel-shel)
impact is represented by nonlinear elements at the core barrel flange, core
barrel nozzle, and lower radial support locations.

The third and innermost submodel represents the upper support plate, guide
tubes, support columns, upper and lower core plates, and fuel. The third
submodel 1is connected to the first and second by linear stiffness and
nonlinear elements.

3.9.5.3 Analytical hethods

The time-history effects of the internals loads and loop mechanical loads are
combined and applied simultaneously to the appropriate nodes of the
mathematical model of the reactor vessel and internals. The analysis is
performed by numerically integrating the differential equations of motion to
obtain the transient response. The output of the analysis 4includes the
displacements of the reactor vessel and the loads in the reactor vesse)
supports which are combined with other applicable faulted condition loads and
subsequently wused to calculate the stresses in the support:. Also, the
reactor vessel displacements are applied as a time-history input to the
dynamic reactor coolant Toop blowdown analysis. The resulting loads and
stresses in the piping components and supports include both loop blowdown
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loads and reactor vessel displacements. Thus, the effect of the vessel
displacements upon loop response and the effect of loop blowdown upon vesse)
displacements are both evaluated.

3.9.6 Inservice Testing of Pumps and Valves

Inservice testing of ASME Code Class 1, 2, and 3 pumps and valves will be
performed in accordance with Section XI of the ASME Boiler and Pressure Vessel
Code and applicable addenda, as required by 10 CFR 50, Section 50.55a(g).

A preservice inspection program (nondestructive examination) and a preservice
test program (pumps and valves) for each unit will be prepared. The inservice
inspection program and inservice test program will be prepared within 6 months
after the units' operating license issue date. These programs will comply
with applicable inservice 1inspection provisions of 10 CFR 50.55a(g). The
preservice programs will provide details of areas subject to examination, as
well as the method and extent of preservice examinations. Inservice programs
will detail the areas subject to examination and method, extent, and frequency
of examinations after start-up.

3.9.6.1 Inservice Testing of Pumps

The pump test program will 1ist all safety-related Class 1, 2, and 3 pumps
that are provided with an emergency power source and are necessary to shut the
plant down safely or mitigate the consequences of an accident. The pump test
program will be in accordance with Subsection IWP of the ASME Code, Section
XI, to the extent practical, and comply with all applicable portions of 10 CFR
50.55a(g). The hydraulic and mechanical test parameters to be measured or
observed will be defined in a separate inservice inspection program.

3.9.6.2 Inservice Testing of Valves

The valve test program will 1ist all safety-related (1.e., those valves
necessary to shut the plant down safely or mitigate the consequences of an
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accident) Class 1, 2, and 3 valves subject to operational readiness testing

and will indicate the test parameters to be measured or observed. The test
program will conform to the requirements of ASME Code, Section XI, Subsection
IWY, to the extent practical, and comply with all applicable portions of 10
CFR 50.55a(g). Test parameters to be measured or observed will be defined in
a separate inservice inspection program.

3.9.6.3 Relief Requests

Relief from the testing requirements of Section XI will be requested when full
compliance with requirements of the code is not practical. In such cases,
specific information will be provided which identifies the applicable-code
requirements, justification for the relief request, and the testing method to
be used as an alternative.
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Jable 3.9-)
(Sheet 1 of 4)

SUMMARY OF REACTOR COOLANT SYSTEM DESIGN TRANSIENTS

Level A Service Conditions
(Normal Conditions)

A. Reactor coolant pump start-up/shutdown

B. Heatup and cocldown

G Unit loading and unloading between
0 and 15% of full power

D. Unit loading and unloading between 15 and
100% of full power

¥ Reduced temperature return to power

F. Step load increase and decrease of
10% of full power

G. Large step load decrease with steam dump

H. Load Regulation

. Boron concentration equalization

J. Feedwater cycling

Rs Loop out of service

a. Normal lToop shutdown
b. Normal loop start-up

WAPWR-S /€ 3.9-79
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Occurrences

4,000

200 (each)

500 (each)

13,200

2,000

(each)

2,000 (each)

200

See discussion

13,200

2,000

40
30
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Table 3.9-1
(Sheet 2 of 4)

SUMMARY OF REACTOR COOLANT SYSTEM DESIGN TRANSIENTS

Refueling

Turbine roll test

Primary side leakage test

Secondary side leakage test

Core 1ife time extension

Feedwater heaters out of service

Level B Service Conditions

Upset Condition

A. Loss of load
B. Loss of otfsite power
s Partial loss of flow
D. Reactor trip from low power
€. Reactor trip from full power
a. With no cooldown
b. With cooldown and no safety injection
¢. With cooldown and safety injection
WAPWR-S/E
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Occurrences

80

20

200

80

40

120

40

40

40

200

80
80
40
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Table 3.9-1
(Sheet 3 of 4)

SUMMARY OF REACTOR COOLANT SYSTEM DESIGN TRANSIENTS

Occurrences

‘ F. Inadvertent reactor coolant system 10
depressurization

G. Inadvertent start-up of an inactive loop 10
H. Control rod drop 40
I. Excessive feedwater flow 30
J. Cold overpressurization 10
@
K. Sudden stoppage of flow 5
L. Operating bas’s earthquake 50 cycles

Level C Service Conditions
(Emergency ;ond1t1ons)(a)

A. Small loss-of-coolant accident 5
l B. Small steam break 5
£. Small feedwater line break 5

(a) In accordance with the ASME Code Section III, Nuclear Power Plant
Components, emergency and faulted conditions are not included in fatigue
evaluations.
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Table 3.9-)
(Sheet 4 of 4)

SUMMARY OF REACTOR COOLANY SYSTEM DESIGN TRANSIENTS

Level D Service Conditions
(Faulted Condﬁtions)(a) Occurrences
A. Primary Coolant System Auxiliary Line 1

Pipe Break (Large Loss-of-Coolant Accident)

B. Large steam break ]

C. Feedwater line break 1

D. Reactor coolant pump locked rotor 1

E. Control rod ejection 1

¥ Steam gererator tube rupture |

G. Safe shutdown earthquake ] ’

Test Conditions

A. Primary side hydrostatic test 10

B. Secondary side hydrostatic test 10

C. Tube leakage test 800

(a) In accordance with the ASME Code Section III, Nuclear Power Plant
Components, emergency and faulted conditions are not included in fatigue
evalvations.
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Table 3.9-2

LOADING COMBINATIONS FOR ASME CLASS )
COMPONENTS AND SUPPORTS

' Plant Design/Service Loading
Classification Leve) Combination
Design Design Design pressure, design
. temperature, deadweight
Normal Service level A Normal condition transients,
deadweight
Upset Service level § Upset condition transients,

deadweight, O8E

Emergency Service level C Emergency condition transients,
‘ deadweight
Faulted Service level D Faulted condition transients,
deadweight, SSE, pipe rupture
loads
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Table 3.9-3
(Sheet 1 of 2)

STRESS CRITERIA FOR ASME B&PV CODE SECTION 111
CLASS 1 COMPONENTS(3) AND SUPPORTS

Design/Service
Leve) Vessels/Tanks Piping
Design and ASME B&PV Code,

service level A

Service level B
(Upset)

Service level C
(Emergency)

Service level D
(Faulted)

Pm: Pb. Ps. Ped. Qt2. Sy. Cp, Sp and Sy as defined

WAPWR-S/E
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Section 111
NB-3221, 3222

ASME BAPV Code,
Section 111
NB-3223

ASME BAPV Code,
Section III
NB-3224

ASME B&PY Code,
Section 111

see paragraph
3.9.1.4
NB-3225

ASME B&PVY Code,
Section 111
NB-3652, 3653

ASME BAPYV Code,
Section 111
NB-3654

ASME BAPY Code,
Section 11!
NB-3655

ASME BAPV Code,
Section 111

see paragraph
3.9.1.4
NB-3656

Pumps

ASME B&PY Code,
Section I11
NB-3221, 3222

ASME BAPY Code,
Section 111
NB-3223

ASME B&PY Code,
Section 111
NB-3224

ASME BAPVY Code,
Section 111

(No active
Class 1 pump
used)

NB-3225

3.9-84

Valves

ASME BA&PY Code,
Section 111
NB-3520, 3525

ASME BAPV Code,
Section 111
NB-3525

ASME B&PV Code,
Section 111
NB-3526

(b)

by ASME BA&PV Code, Section 111

Componen
$ pportszc)(d)

ASK® BA&P\ Code,
Sect'on [I1?
Subsection Nr
NF-3221, 3222
NF-3231.1(a)
NF-3240

ASME BAPV Code,
Section 111
Subsection NF
NF-3223, 3231.1(a)
NF-3240

ASME BAPV Code,
Section 111
Subsection NF
NF-3224, 3231.1(b)
NF-3240

ASME B&PV Code,
Section 111
Subsection NF,

see paragraph
3.9.1

NF-3225, 3231.1(c)
NF-3240
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Table 3.9-3
(Sheet 2 of 2)

STRESS CRITERIA FOR ASME BA&PY CODE SECTION 111
CLASS 1 cOMPONENTS(3) AND SUPPORTS

CLASS I VALY RVICE LEVEL D CRITERIA

a. A test of the components may be performed in lieu of analysis.

ACTIVE INACTIVE

Calculate Pm from Subsection Calculate Pm from Subsection
NB-3545.1 with Internal NB-3545.1 with Internal
Pressure Ps = 1,25 Ps Pressure Ps = 1.50 Ps
Pm < 1.5 Sm Pm < 2.45 Sm or 0.7 Su
Calculate Sn from Subsection Calculate Sn 7rom Subsection
NB-3545.2 with NB-3545.2 with
Cp =1.5 Cp=1.5
Ps = 1.25 Ps Ps = 1.50 Ps
Qt2 = 0 Gt2 = 0
Ped = 1.3X value of Ped Ped = 1.3X value of Ped
from equations of NB-3545.2 from equations of NB-3545.2
Sn < 3 Sm Sn < 3 Sm

B3 Including pipe supports.

d. In 1instances where the determination of allowable stress values utilizes S, (ultimate tensile

stress) at temperatures not included in ASME I11I, Sy shall be calculated using one of the methods
provided in Regulatory Guide 1.124, Revision 1.
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Table 3.9-4

LOADING COMBINATIONS FOR ASME CODE CLASS 2 AND 3
COMPONENTS AND SUPPORTS FOR THE NPB

Plant Design/Service

Condition Level Requirements Loading Combination(2,b)

Design Design Design pressure, Design tempera-
ture, Deadweight

Normal Service Level A Normal condition pressure, normal
condition metal temperature,
deadweight

Upset Service Level B Upset condition pressure, upset
condition metal temperature,
deadweight, OBE

Emergency Service Level C Emergency condition pressure,
emergency condition metal temper-
ature, deadweight

Faulted Service Level D Faulted condition pressure,

faulted condition meta)
temperature, deadweignt,
SSE, pipe rupture

2. Temperature is used to determine allowable stress only.

b. Pressure, and temperatures are those associated with the respective plant
conditions (i.e., normal, upset, emergency, and faulted), as noted, for
the component under consideration.
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Design/Service
Level

Design and

Service Level A

Service Level B
(upset)

Service Level C
(Emergency)

Service Level D
(Faulted)

WAPWR -S /E
2045¢:14d

STRESS CRITERIA FOR ASME R&PY CODE SECTION

Vesseisllanks

ASME BAPY Code
Section 111

NC 3217
NC/ND-3310, 3320

ASME BAPY Code
Section 111
NC/ND-3310, 3320

ASME BAPY Code
Section 111
NC/ND-3310, 3320

ASME BA&PV Code
Section 111
NC/ND-3310, 3320

Table 3.9-5

CLASS 2 AND 3 COMPONENTS

Piping

ASME BAPV Code
Section 111

NC/ND-36%2, 3653

ASME BAPY Code
Section 111
NC/ND-3653

ASME BA&PV Code
Section 111
NC-3654

ASME BAPY Code
Section 111
NC-3655

Pumps

SME B&PV Code
Section 111
NC/ND-3400

ASME BA&PY Code
Section 111
NC/ND-3400

ASME BAPY Code
Section 111
NC/ND-3400

ASME BAPY Code
Section 111
NC/ND-3400

3.9-87

111

Valves

ASME BAPY Code
Section 111
NC/ND-3510

ASME BAPY Code
Section 111
NC/ND-3520

ASME BAPY Code
Section 111
NC/ND-13520

ASME BAPV Code
Section I11
NC/ND-3520

Component Supports

ASME BAPY Code
Section 111
NF-3321
NF-3231
NF-3260

ASME BA&PV Code
Section 111
NF-3321
NF-3231
NF-3260

ASME BAPV Code
Section I11
NF-3321
NF-3231
NF-3260

ASME BAPVY Code
Section 111
NF-3221
NF-3231
NF-3260
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WESTINGHOUSE PROPRIETARY CLASS 2

Table 3.9-6

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR PRESSURIZER
SAFETY AND RELIEF VALVE PIPING - UPSTREAM OF VALVES

Plant/System Piping
Operating Load Allowable Stress
Combination Condition Combination Intensity
] Normal N 1.5 Sm
2 Upset N + OBE + SOTU 1.8 Sm/l.s Sy
a
| 3 Emergency N + SOTE 2.25 Sm/l.e Sy
4 Faulted N + SSE + SOTF 3.0 Sm

1. Table 3.9-8 contains SOT definitions and other load abbreviations.
2. SRSS 1s to be used for combining dynamic load responses.
3. This also applies to pressurizer nozzles and valve support brackets.
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Combination

Table 3.9-7

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR
PRESSURIZER SAFETY AND RELIEF VALVE PIPING
SEISMICALLY DESIGNED DOWNSTREAM PoRTION'')(2)

Plant/System
Operating
Condition

Norma

Upset

Upset

Emergency

Faulted

Load
Combination

N + SOTU

N + DBE + SOTU

N + SOTE

x
+

SSE + SOTf

Piping
Allowable Stress

Intensity

1.0 Sh

1.8 Sh
1.8 S
1.85

2.4 5

1. Table 3.9-8 contains SOT definitions and other load abbreviations.
2. SRSS 1s to be used for combining dynamic load responses.
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N -
SOT =
SOT =
soT =
SOT =
OBE =
SSE =
Sh B
Sm =
Sy =
WAPWR-S/E

2045e:14d

Table 3.9-8
DEFINITIONS OF LOAD ABBREVIATIONS

Sustained loads during normal plant operation

System operating transient

Relief valve discharge transient

Safety valve discharge transient

Max (SOTU, SOTE). or transition flow

Operating basis earthquake

Safe shutdown earthquake

Basic material allowable stress at maximum (hot) temperature
Allowable design stress intensity

Yield strength value
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ASME Code
Section III

ondition

Design 1

Design 11
Normal/Upset 1
Normal/Upset 11
Normal/Upset 11l
Emergency |

Emergency I1I

Faulted |

WAPWR-S/E
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Table 3.9-9

LOAD COMBINATIONS FOR PRESSURIZERS SAFETY
AND RELIEF VALVE NOZZLES AND SUPPORT BRACKETS

External
Load

Combinations

DW +
DW +
DW +
W +
oW +
W +

DW +

DW +

0BE
VOR
T + OBE
T + VOR
T + VOS

VOS
172
(vog + 0BEY)

172
(vog + SSE)

3.9-9

Internal
Pressure

Design
Design
Transient
Transient
Transient
Transient

Transient

Transient
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Table 3.9-10

PUMP STARTING/STOPPING CONDITIONS

Plant RCS Sé Secondary Number of
Condition (°F)/(psig) (°F)/(psig) Starts/Stops Operation
Cold 707400 70/0 800 RCS venting
Cold 70/400 70/0 200 RCS heatup, cooldown
Restart 1007400 100/0 500 Hot functionals RCP stops,

starts

Hot 567/2235 567/1183 1250 Transients and misce)laneous
Hot 5617/2235 567/1183 1250 Transients and miscellaneous
WAPWR-S/E 3.9-92 DECEMBER, 1984
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STEAl!
GENLCRATOR

REACTOR
PRESSURE VESSEL

STEAM GENERATOR
UPPER SUPPORT
REACTOR
COOLANT

REACTOR
COOLANT
PUM!
STEAM SUPPORT
R GENERATOR
G LOWER
XC SUPPORT
RCL GLOBAL COORDINATE SYSTE:N
Figure 3.9-1. Reactor Coolant Loop Supports System,
Dynamic Structural Model
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. 3.10 SEISMIC QUALIFICATION OF SEISMIC CATEGORY I INSTRUMENTATION AND
ELECTRICAL EQUIPMENT

This sectinn presents information to demonstrate that instrumentation and

‘ electrical equipment in the single unit Nuclear Power Block (NPB), classified
as Seismic Category I, are capable of performing designated safety related
functions in the event of an earthquake. Items in the NPB scope include; (1)
the containment building, (2) the fuel handling facilities, (3) the mechanical

. safeguards equipment area, (4) the auxiliary systems area, (5) the
instrumentation and controls area, (6) the control room, (7) the electrical
power distribution equipment area, (8) the emergency diescl generator area,
and (9) the technical support center. A detailed listing of NPB scope items
can be found in Table 1.1-1. The information presented includes
identification of the Category I instrumentation and electrical equipment, the
qualification criteria employed for each item of equipment, and documentat.on
of the qualification process employed to demonstrate the required seismic
capability.

‘ 3.10.1 Seismic Qualification Criteria

The Seismic Category 1 instrumentation and electrical equipment are designed
to withstand the effects of the safe shutdown earthquake (SSE) and remain
functional during and after accident conditions. The parameters used to
develop seismic loadings and criteria for Seismic Category 1 instrumentation
and electrical equipment are described in Section 3.7.

The Seismic Category 1 instrumentation and electrical equipment is divided

‘ into two classifications: that equipment which is designed to maintain its
functional capability during and after an SSE, and equipment which, although
not required to maintain 1ts functional capability, is designed to maintain
the pressure boundary integrity of the system of which it is a part during and
after an SSE.

The performance requirements for the Seismic Category 1 electrical and
instrumentation items and their respective supports are structura)l as well as
functional. where applicable, the structura)l requirements are in accordance
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with American Institute of Steel Construction (AISC), *Specifications for the
Design, Fabrication, and Erection of Structural Steel for Buildings," adopted
February 12, 1969, or similar codes applicable for other construction
materials.

The structural requirements for instrumentation equipment and systems which
are required to maintain pressure boundary integrity are in accordance with
the ASME Boiler and Pressure vessel Code, Section III, 1977 edition through
1977 Winter addenda.

The reactor protection system and engineered safety features actuation system
(ESFAS) are designed with the capability to initiate a protective action

during and after the SSE.

The NRC recommendations concerning the methods to be employed for seismic
qualification of electrical equipment are contained in Regulatory Guide 1.100,
*Seismic Qualification of Electric Equipment for Nuclear Power Plants,® which
endorses 1EEE Standard 344-1975, °“IEEE Recommended Practices for Seismic
Qualification of Class 1€ Equipment for Nuclear Power Generating Stations.®

WAPWR will meet this standard, as modified Dby Regulatory Guide 1.100, by
either type test, analysis, or an appropriate combination of these methods.
WAPWR will meet this commitment employing the methodology described in the
fina) NRC approved version of Reference 1.

3.10.2 Methods and Procedures for Qualifying Electrical Equipment and
Instrumentation

In accordance with 1EEE Standard 344-1975, seismic qualification of safety-
related electrica)l equipment is demonstrated by either type testing, amalysis,
or a combination of these methods. The choice of qualification methods fis
based upon many factors including: practicability, complexity of equipment,
economics, availability of previous seismic qualification to earlier
standards, etc. The qualification method employed for a particular item of
equipment 1s fidentified 4n the individual Equipment Qualification Data
Packages (EQDP) of Reference 2.
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310.2.17 Seismic Qualification by Type Test

From 1969 to mid-1974 westinghouse seismic test procedures employed single
axis sine beat inputs in accordance with IEEE Standard 344-1971, *lEEE Guide
for Seismic Qualification of Class 1 Electric Equipment for WNuclear Power
Generating Stations,* to seismically qualify equipment. The input form
selected by Westinghouse was chosen following an investigation of building
responses to seismic events as reported in Reference 3. In addition,
wWestinghouse has -onducted seismic retesting of certain items of equipment as
part of the Supplementa) Qualification Program (Reference 4). This retesting
was performed at the request of the NRC on agreed selected items of equipment
employing multifrequency, multiaxis test inputs (Reference 5) to demonstrate
the conservatism of the original sine beat test method with respect to the
modified methods of testing for complex equipment recommended by I[EEE Standard
344-1975.

The original single axis sine beat testing and the additional retesting
completed under the Supplemental Test Program has been the subject of generic
review by the NRC. For equipment which has been previously qualified by the
single axis sine beat method, included in the NRC seismic audit, and (where
roquifod by the NRC) 1included 1in the Supplemental Qualification Program
(Reference 4), no additional qualification testing 1s required to demonstrate
acceptability to IEEE Standard 344-1975 providea that:

1. The Westinghouse aging evaluation program for aging effects on complex
electronic equipment located outside containment demonstrates there
are no deleterious aging phenomena. In the event that the aging
evaluation program identifies materials that are marginal, either the
materials will be replaced or the projected qualified 1ife will be
adjusted.

2. Any changes made to the equipment due to item 1 above or due to design
modifications do not significantly affect the seismic characteristics
of the equipment.

3. The previously employed test inputs can be shown to be conservative
with respect to applicable plant specific response spectra.
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This equipment is identified in Reference 1 (Table 7.1) and the test results
are provided in the applicable EQDPs of Reference 2.

For equipment tests after July, 1974 (i.e., new designs, equipment not
previously qualified, or previously qualified equipment that does not meet
ftems 1, 2, and 3 above) seismic qualification by test is performed in
accordance with [IEEE Standard 344-1975. where testing is wutilized,
multifrequency multiaxis inputs are developed by the general procedures
outlined in Reference 5. The test results contained in the individual EQDPs
of Reference 2 demonstrate that the measured test response spectrum envelops
the applicable required response spectrum defined for generic testing as
specified in Section 1 of the EQDP (Reference 2). Qualification for plant
specific use is established by verification that the generic required response
spectrum specified by Westinghouse envelops the applicable plant specific
response spectrum. Alternative test methods, such as single frequency or
single axis inputs, are used in selected cases as permitted by IEEE Standard
344-1975 and Regulatory Guide 1.100.

3.10.2.2 Seismic Qualification by Analysis

Analysis without testing may be acceptable only if structural integrity alone
can assure the design-intended function. The procedures described in Sections

5.2 through 5.4 of IEEE Standard 344-1975 are followed when analysis s used.
The analysis is performed by the equipment supplier or a qualified consultant.

The structural integrity of safety related motors (see Table 3.10-1, EQDP AE-2
and AE-3) 1s demonstrated by a static seismic analysis in accordance with IEEE
Standard 344-1975, with Justification. Should analysis fail to show the
resonant frequency to be significantly greater than 33 hertz, a test is
performed to establish the motor resonant frequency. Motor operability during
a seismic event is demonstrated by calculating critical deflections, loads,
and stresses under various combinations of seismic, gravitational, and
operational loads. The worst case (maximum) values calculated are tabulated
against the allowable values. On combining these stresses, the most
unfavorable possibilities are considered in the following areas:
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Maximum rotor deflection.

Maximum shaft strecses.

Maximum bearing load and shaft slope at the bearings.
Maximum stresses in the stator core welds.

Maximum stresses in the stator core to frame welds.
Maximum stresses in the motor mounting bolts.
Maximum stresses in the motor feet.

~N o s W -

where minor differences exist between items of equipment, analysis is employed
to demonstrate that the test results obtained for one piece of equipment are
equally applicable to a similar piece of equipment (see Table 3.10-1, EQDP
ESE-23 and ESE-25).

The analytical models employed and the results of the analysis are described
in Section 4 of the applicable EQDPs (Reference 2).

3.10.2.3 Combined Analysis and Testing

when the equipment cannot be practically qualified by analysis or testing
alone because of 4ts size and complexity, combined analysis and testing fis
utilized. One of the methods described in Sections 7.2 through 7.5 of IEEE
Standard 344-1975 1s used when this t_pe of qualification is necessary. 1

3.10.3 Methods and Procedures of Analysis or Testing of Supports of
Electrica) Equipment and Instrumentation

where supports for the electrical equipment and instrumentation are within the
NPB scope, the seismic qualification tests and/or analysis are conducted
including the supplied supports. The EQDPs contained in Reference 2 identify
the equipment mounting employed for qualification purposes and establish
interface requirements for the equipment to ensure that subsequent in-plant
installation does not prejudice the qualification established by Westinghouse.
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Analysis or tests are performed for all supports of BOP electrical equipment
and instrumentation such as battery racks, instrument racks, control consoles,

cabinets, panels and cable trays to ensure their structural capability to
withstand seismic excitation.

3.10.4 Operating License Review

The results of the tests and analyses to demonstrate adequate seismic
qualification and implementation of proper criteria for NSSS items will be
presented in the RESAR-SP/90 FDA version.

3.10.5 References

1. Butterworth, G. and Miller, R. B., “Methodology for Qualifying
westinghouse WRD Supplied NSSS Safety Related Electrical Equipment, *
WCAP-B587, Revision &, November 1983.

2. "Equipment Qualification Data Packages," WCAP-8587, Supplement 1, latest
revision.

3. Morrone, A. "Seismic vibration Testing with Sine Beats," WCAP-7558,
October, 1971.

4. Letter NS-CE-692, dated July 10, 1975, C. Efcheldinger (Westinghouse) to
D. B. vassallo (NRC).

5. Jarecki, S. J., "General Method of Developing Multifrequency Biaxial Test
Inputs for Bistables," WCAP-8624 (Proprietary), September, 1975 and
WCAP-B695 (Non-Proprietary), August, 1975.
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TABLE 3.10-1 (Page ) of 3)
SEISMIC CATEGORY I INSTRUMENTATION AND ELECTRICAL EQUIPMENT

Equipment Qualification

Equipment Data Package Reference*
Safety related valve electric motor-operators HE-1 and HE-4

Safety related pilot solenoid valves HE-2 and ME-5

Safety related externally mounted 1imit switches HE-3 and HE-6

Medium pump motors (outside containment) AE-1

Large pump motors (outside containment) AE-2

Canned pump motors (outside containment) AE-3

Pressure transmitters ESE-1 and ESE-2

Differential pressure transmitters ESE-3 and ESE-4

Resistance temperature detectors ESE-6 and ESE-Y

Main control board switch modules ESE-12

Indicators (post-accident monitoring) ESE-14

Recorders (post-accident monitoring) ESE-1S

Containment pressure sensor ' ESE-21

Four section excore neutron detector ESE-22

Reactor coolant pump speed sensor ESE-24

Main control board ™
Primary control console ESE-25 P

Secondary control console
Safety center

Reactor trip switchgear ESE-26
Nitrogen-16 detector ESE-27
Rod position detector ESE-28

* Refer to WCAP-B8587, Supplement 1 (Reference 2).
** Jtems listed as "Later"” will be addressed in plant
specific applicant's FDA.
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TABLE 3.10-1 (Page 2 of 3)
SEISMIC CATEGORY 1 INSTRUMENTATION AND ELECTRICAL EQUIPMENT

Equipment Qualification

Equipment Data Package Reference*
Rod position data cabinet ESE-29

Integrated protection cabinet ESE-30

Integrated logic cabinet ESE-

Field termination cabinet ESE-32

Instrument bus distribution panel ESE-33 and ESE-34
Instrument power supply (static invertor) ESE-35
Post-accident monitoring system demultiplexer ESE-37

Control board multiplexer ESE-38

Fiber optic cable ESE-39

Emergency diesel generator Later**

Room coolers Later

Safety related fans Later

Air cleaning devices Later

Packaged A/C units Later

Dampers - HVAC Later

Emergency feedwater pump turbine Later

Electric W, Recombiner WCAP-7709L

Main steam and main feedwater

isolation valves Later
Small motors Later
Containment butterfly valves Later

* Refer to WCAP-8587, Supolement 1 (Reference 2).
** [tems listed as "Later" will be addressed in plant
specific applicant's FDA.
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TABLE 3.10-1 (Page 3 of 3)
SEISMIC CATEGORY 1 INSTRUMENTATION AND ELECTRICAL EQUIPMENT

Equipment Qualification

Equipment Data Package Reference*
Electrical distribution switchgear Later**
Electrical penetrations Later
Transformers Later
Prefabricated cable assemblies Later
Load shedder and emergency load sequencer Later
Motor control centers Later
AC/DC switchboards Later
Batteries and battery racks Later
Battery chargers Later
Local control stations Later
Aux liary relay racks Later
Main control boards Later
Radiation monitors/airborne radioactivity Later
monitors

Contro) board HVAC chlorine monitor Later

*  Refer to WCAP-8587, Supplement | (Reference 2).
** [tems 1isted as "Later” will be addressed in plant
specific applicant's FDA.
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3.17 ENVIRONMENTAL DESIGN OF MECHANICAL AND ELECTRICAL EQUIPMENT

This section presents information to demonstrate that the mechanical and
electrical portions of the engineered safety features and the reactor
protection systems are capable of performing their designated safety related
functions while exposed to applicable normal, abnormal, test, accident, and
post-accident environmental conditions. The information presented includes
fdentification of the safety related equipment within the Nuclear Power Block
(NPB). Additionally and for each fitem of equipment, the designated safety
related functional requirements, definition of the applicable environmental
parameters, and documentation of the qualification process employed to
demonstrate the required environmental capability are provided. The seismic
qualification of safety related mechanical and electrical equipment is
presented in Sections 3.9 and 3.10, respectively. Interface information for
the environmental design of mechanical and electrical equipment is presented
in Appendix 3A.

Environmenta) design criteria for the facilities conform to VOCFRS0, Appendix
A, General Design Criteria 4, Environmental and Missile Design Bases.

3.17.1 Equipment Identification and Environmental Conditions

A complete 1ist of safety related equipment® that {s required to function
during and subsequent to an accident is presented in Table 3.11-1. This list
includes appropriate items within the NPB. Items in the NPB scope include;
(1) the containment building, (2) the fuel handling facilities, (3) the
mechanica) safeguards equipment area, (4) the auxiliary systems area, (5) the
instrumentation and controls area, (6) the control room, (7) the electrical
power distribution equipment area, (8) the emergency diesel generators area,
and (9) the technical support center. A detalled 1ist of NPB scope ftems can
be found in Table 1.1-1,

The environmental parameters employed by Westinghouse for generic
qualification purposes are described in Reference 1 and specified in Reference
2 as applied to the individual equipment qualification programs.
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3.11.2 Qualification Tests and Analyses
3.11.2.1 Environmental Qualification Criteria

The methods of meeting the general requirements for environmental design and
qualification of safety related equipment as described by Genera) Design
Criteria 1, 2, 4, and 23 are described in Section 3.1. Additional specific
information concerning the implementation of General Design Criteria 23 is
provided in Section 7.2 of RESAR-SP/90 PDA Module 9, “I&C and Electrical
Power.* The general methods of implementing the requirements of 10 CFR Part
50, Appendix B, "Quality Assurance Criteria for Nuclear Power Plants and Fue)
Reprocessing Plants,® are described in Chapter 17.0.

westinghouse will meet IEEE Standard 323-1974, “IEEE Standard for Qualifying
Class 1E Equipment for Nuclear Power Generating Stations," including [EEE
standard 323a-1975 (the Nuclear Power Engineering Committee (NPEC) Position
Statement of July 24, 1975) by either type test, operating experience,
analysis, or an appropriate combination of these methods. westinghouse wil)
meet this commitment employing the methodology described in the final NRC
approved version of Reference 1.

1.11.2.2 Performance Requirements for Environmental Qualification

In response to the NRC staff request for additional detailed information on
the qualification program, Westinghouse submitted supplument 1 to WCAP-8587.
The latest revision of this supplement, Reference 2, contains an equipment
qualification data package (EQDP) for every item of safety related electrical
equipment supplied by Westinghouse within the nuclear power block scope of
supply. Table 3.11-1 {¢ ntifies the equipment supplied and identifies the
applicable EQDP contained in Supplement 1.

Each EQDP in Supplement 1 contains @& section entitled *Performance
specification.® This specification establishes the safety related functional
requirements of the equipment to be demonstrated under normal, abnormal, test,
accident, and post-accident conditions. The environmenta) qualification
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parameters (e.g., temperature, humidity, pressure, radiation, etc.) to be
employed by Westinghouse for generic qualification purposes are also
identified in the specification as applicable.

3.11.2.3 Methods and Procedures for Environmental Qualification

The basic methodology to be employed by Westinghouse for qualification of
safety related electrica’ equipment is described in Reference 1. Each EQDP
(Reference 2) contains a description of the qualification program plan for
that piece of equipment. Qualification may be demonstrated by either type
test, operating experience, analysis, or a combination of these methods.

3.11.3 Qualification Test Results

Qualification program results wil) be provided in the RESAR-SP/90 FDA version.

3.17.4 Loss of ventilation

Refer to the plant specific applicant's safety analysis report for a
discussion of loss of ventilation.

3.11.5 Estimated Chemical and Radiation Environment

Generic estimates of the radiation dose incurred by equipment during normal
operation are provided in Reference 1. The estimated doses and chemical
conditions following an accident are defined in Reference 1 and specified in
Reference 2 as they apply to the individua) equipment qualification program
plans.

3.11.6 References

1. Butterwortn, G. and Miller, R. B., “Methodology for Qualifying
wWestinghouse WRD Supplied NSSS Safety Related Electrical Equipment,*
WCAP-B8587, Revision &, November 1983.

2. "tquipment Qualification Data Packages,® WCAP-8587, Supplement 1, latest
revision.
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TABLE 3.11-1 (Page ! of 3)
SAFETY RELATED EQUIPMENT

i nt

Safety related valve electric motor-operators
Safety related pilot solenoid valves
Safety related externally mounted 1imit switches
Medium pump motors (outside containment)
Large pump motors (outside containment)
Canned pump motors ‘outside containment)
Pressure transmitters

Differentia) pressure transmitters
Resistance temperature detectors

Excore neutron detectors

Main contro) board switch modules
Indicators (post-ac:ident monitoring)
Recorders (post-accident monitoring)
Containment pressure sensor

Four section excore neutron detector
Reactor coolant pump speed sensor

Main control board

Primary control console

Secondary control console

Safety center

Reactor trip switchgear

Nitrogen-16 detector ESE-2)

* Refer to WCAP-8587, Supplement | (Reference 2).
** [tems 1isted as "Later® will be addressed in plant

specific applicant's FDA.
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Equipment Qualification
Data Package Reference*

HE-1 and HE-4
HE-2 and HE-5
HE-3 and HE-6
AE-]

AE-2

AE-3

ESE~1 and ESE-2
ESE-3 and ESE-4
ESE-6 and ESE-Y
£Se-9

£SE-12

ESE-14

£SE-15

£se-2)

£se-22

ESE-24

ESE-25

ESE-26
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TABLE 3.11-1 (Page 2 of 3)
SAFETY RELATED EQUIPMENT

Equipment Qualification

Fauioment Data Package Reference*
Rod position detector ESE-28

Rod position data cabinet ESE-29

Integrated protection cabinet ESE-30

Integrated looic cabinet ESE-I

Field termination cabinet ESE-32

Instrument bus distribution panel ESE-33 and ESE-34
Instrument power supply (static invertor) ESE-35

Source range preamplifier ESE-36
Post-accident monitoring cystem demultipiexer ESE-37

Control board multiplexer ESE-38

Fiber optic cable ESE-39

Emergency diese) generator Later**

Room coolers Later

Safety related fans Later

Afr cleaning devices Later

Packaged A/C units Later

Dampers - HVAC Later

Emergency feedwater pump turbine Later

Electric Wy Recombiner Later

Main steam and main feedwater
fsolation valves Later

* Refer to WCAP-8587, Supplement | (Reference 2).
** Items 1isted as “Later* will be addressed in plant
specific applicant's FDA.
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TABLE 3.11-) (Page 3 of 3)
SAFETY RELATED EQUIPMENT

Equipment Qualification
fquipment Data Package Reference®

Small motors Later

Cont ‘nment butterfly valves Later

Electrical distribution switchgear Later

Electrica) penetrations Later

Transformers Later *

Prefabricated cable assemblies Later

Load shedder and emergency load sequencer Later

Motor control centers Later
AC/DC switchboards Later

Batteries and battery racks Later

Battery chargers Later

Local contro) stations Later

Auxiliary relay racks Later 3
Main contro)l boards Later

Radiation monitors/airborne radioactivity Later

monitors

Control board WVAC chlorire monitor Later

e ————

* Refer to WCAP-8587, Sueplonnnt 1 (Reference 2).
** [tems 1isted as *Later” will be addressed in plant

specific applicant's FDA,
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