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3.0 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS
3.1 CONFORMANCE WITH NRC GENERAL DESIGN CRITERIA
3.11 Introduction

The Watts Bar Nuclear Power plant was designed to meet the intent of the "Proposed General
Design Criteria for Nuclear Power Plant Construction Permits" published in July, 1967. The
Watts Bar construction permit was issued in January, 1973. This UFSAR, however, addresses
the NRC General Design Criteria (GDC) published as Appendix A to 10 CFR 50 in July, 1971,
including Criterion 4 as amended October 27, 1987.

Each criterion is followed by a discussion of the design features and procedures which meet the
intent of the criteria. Any exception to the 1971 GDC resulting from the earlier commitments is
identified in the discussion of the corresponding criterion. References to other sections of the
UFSAR are given for system design details.

3.1.2 WBNP Conformance with GDCs

3.1.21 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
functions 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 function. Appropriate records of the 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 life of the
unit.

Compliance

Discussions related to the applicable codes, design criteria and standards used in the design of
particular systems are contained in the appropriate SAR sections and in Tables 3.2-1, 3.2-2,
3.2-3, 3.2-4 and 3.2-5.

The Quality Assurance Program conforms to the requirements of 10 CFR 50 Appendix B,

"Quality Assurance Criteria for Nuclear Power Plants." Details of the program are given in
Chapter 17.

3.1-1
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Criterion 2 - Design Bases for Protection Against Natural Phenomena

Structures, 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 loss of capability to perform their safety functions. The design bases for these
structures, systems, and components shall reflect:

1. Appropriate consideration of the 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.

Compliance

The structures, systems, and components important to safety are designed to either withstand
the effects of natural phenomena without loss of capability to perform their safety functions, or
to fail in the safest condition. Those structures, systems, and components vital to the shutdown
capability of the reactor are designed to withstand the maximum probable natural phenomenon
expected at the site, determined from recorded data for the site vicinity, with appropriate margin
to account for uncertainties in historical data. Appropriate combinations of normal, accident,
and natural phenomena structural loadings are considered in the plant design.

The nature and magnitudes of the natural phenomena considered in the design of the plant are
discussed in Sections 2.3, 2.4, and 2.5. Sections 3.2 through 3.10 discuss the design of the
plant in relationship to natural events. Seismic and safety classifications, as well as other
pertinent standards and information, are given in the sections discussing individual structures
and components.

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, systems, and components
important to safety. Fire-fighting 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.
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Compliance

The plant is designed to minimize the probability of fires and explosions, and in the event of
such occurrences to minimize the potential effects of such events to plant safety related
equipment and personnel. Prime consideration was given to these requirements throughout the
design process by providing for the duplication and physical separation of components in plant
design and the use of materials classified as noncombustible and/or fire resistant wherever
practical in safety-related areas of the plant. 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-fighting
systems are designed to assure that their rupture or inadvertent operation will not significantly
impair systems important to safety. Portions of the fire-protection systems necessary to protect
safety-related equipment in Class | structures are designed to seismic requirements.

The Fire Protection Systems provided are:

1. High pressure water,
2. Carbon dioxide, and
3. Portable extinguishers.

The Fire Protection System is designed such that a failure of any component of the system or
inadvertent operation:

1. Does not cause a nuclear accident or significant release of radioactivity to the
environment.

2. Does not impair the ability of equipment to safely shutdown and isolate the reactor or
limit the releases of radioactivity to the environment in the event of a postulated
accident.

The Fire Protection Systems for the Watts Bar Nuclear Plant are discussed in Section 9.5.1.
Protection from fire in the control room is discussed in Section 6.4.

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 environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents, including loss-of-coolant accident
(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.



WBN

Compliance

This criterion has been implemented as amended and published in the Federal Register,
Volume 52, Number 207, October 27, 1987, 41288, which added the following:

"However, dynamic effects associated with postulated pipe ruptures in nuclear
power units may be excluded from the design basis when analyses reviewed and
approved by the Commission demonstrate that the probability of fluid system
piping rupture is extremely low under conditions consistent with the design basis
for the piping."

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. The associated environmental
parameters are identified and incorporated in the design requirements and specifications.
Particular care was given to the extreme environmental conditions associated with major
incidents such as LOCAs. Required equipment and instrumentation are identified,
environmental conditions such as temperature, pressure, humidity, and irradiation, are
calculated, and the effects of the latter on the former were evaluated either analytically or
experimentally. The dynamic effects associated with an accident were carefully identified and
assurance given that the structures and systems (including engineered safeguards) assumed
undamaged in the total assessment of the accident consequences are suitably protected.

Emergency core cooling components are austenitic stainless steel or equivalent corrosion
resistant material and hence are compatible with the containment atmosphere over the full
range of exposure during the post accident conditions.

Where vital components cannot be located away from potential missiles, protective walls and
slabs, local missile shielding, and restraining devices are provided to protect the containment
and engineered safety feature components within the containment against damage from
missiles generated by the equipment failures associated with the design basis accident (DBA).

The environmental design of safety-related items is discussed in Section 3.8 on the design of
structures; Sections 6.2.2 and 6.2.3 on containment heat removal and air purification; and
Section 9.4 on ventilation systems. Safety- related systems and components used the input
from these sections for design as discussed in Section 3.11. Missile and environmental protec-
tion is discussed in Sections 3.5 and 3.11, respectively.

Criterion 5 - Sharing of Structures, Systems, and Components

Structures, systems, and components important to safety shall not be shared among nuclear
power units unless it is shown that such sharing will not impair significantly 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 units.
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Compliance

The structures important to safety that are shared are the Auxiliary Building (Section 3.8),
Control Building (Section 3.8), Diesel Generator Building (Section 3.8), and the intake pumping
station (Section 3.8). Shared safety- related systems include the essential raw cooling water
(Section 9.2), component cooling water (Section 9.2), fire protection (Section 9.5), spent fuel
cooling (Section 9.1), fuel oil storage tanks (Section 9.5), preferred and emergency electric
power (Section 8.2 and 8.3, respectively), chemical and volume control (Section 9.3),
radioactive waste (Chapter 11), emergency gas treatment system (Sections 6.2 and 6.5),
auxiliary control air system (Section 9.3), and control and Auxiliary Building ventilation systems
(Section 6.4). The vital dc power system is shared to the extent that a few loads (e.g., the vital
inverters) in one nuclear unit are energized by the dc power channels assigned primarily to
power loads of the other unit. In no case does the sharing inhibit the safe shutdown of one unit
while the other unit is experiencing an accident. All shared systems are sized for all credible
initial combinations of normal and accident states for the two units, with appropriate isolation to
prevent an accident condition in one unit from carrying into the other.

If the designated equipment configuration is revised to allow system testing or modification,
appropriate action will be taken to ensure that the required system availability for accident
mitigation is maintained.

3.1.2.2 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 limits are not exceeded
during any condition of normal operation, including the effects of anticipated operational
occurrences.

Compliance

The reactor core with its related coolant, control, and protection systems is designed to function
throughout its design lifetime without exceeding acceptable fuel damage limits. The reactor trip
system is designed to actuate a reactor trip for any anticipated combination of plant conditions
when necessary to ensure that fuel design limits are not exceeded. The core design, together
with reliable process and decay heat removal systems, provides for this capability under all
expected conditions of normal operation with appropriate margins for uncertainties and
anticipated transient situations, including the effects of loss of reactor coolant flow, trip of the
turbine-generator, loss of normal feedwater and loss of both normal and preferred power
sources.
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Chapter 4 discusses the design bases and design evaluation of reactor components. Chapter 5
discusses the reactor coolant system. The details of the reactor trip and engineered safety
features actuation system design and logic are discussed in Chapter 7. This information
supports the accident analyses presented in Chapter 15.

Criterion 11 - Reactor Inherent Protection

The reactor core and associated coolant systems shall be designed so that in the power
operating range the net effect of the prompt inherent nuclear feedback characteristics tends to
compensate for a rapid increase in reactivity.

Compliance

A negative reactivity coefficient is a basic feature of core nuclear design as discussed in
Chapter 4.

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 limits are not possible or can be reliably and readily detected and suppressed.

Compliance

Power oscillations of the fundamental mode are inherently eliminated by the negative Doppler
and nonpositive moderator temperature coefficients 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 in the axial first overtone mode may occur. Assurance
that fuel design limits are not exceeded by xenon axial oscillations is provided as a result of
reactor trip functions using the measured axial power imbalance as an input.

Oscillations due to xenon spatial effects in axial modes higher than the first overtone are heavily
damped due to the inherent design and due to the negative Doppler coefficient of reactivity.

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 Section 4.3. Details of the instrumentation design and logic are discussed in
Chapter 7.
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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 its associated systems. Appropriate controls shall be
provided to maintain these variables and systems within prescribed operating ranges.

Compliance

Instrumentation and controls are provided to monitor and control neutron flux, control rod
position, temperatures, pressures, flows, and levels as necessary to assure that adequate plant
safety can be maintained. Instrumentation is provided in the reactor coolant system, steam and
power conversion system, the containment, engineered safety features systems, radiological
waste systems and other auxiliaries. Parameters that must be provided for operator use under
normal operating and accident conditions are indicated in the control room in proximity with the
controls for maintaining the indicated parameter in the proper range.

The quantity and types of process instrumentation provided measures safe and orderly
operation of all systems over the full design range of the plant. These system