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CHAPTER 3.0 - DESIGN OF STRUCTURES COMPONENTS EQUIPMENT,
AND SYSTEMS

3.1 CONFORMANCE WITH NRC GENERAL DESIGN CRITERIA

3.1.1 Summary Description

This subsection contains an evaluation of the design bases of the LaSalle County
Station (LSCS) as measured against the NRC General Design Criteria for
Nuclear Power Plants, Appendix A of 10 CFR 50. The General Design Criteria
are divided into six groups and total 55 in number.

For each of the 55 criteria, a specific assessment of the plant design is made and
a complete list of references is included to identify where detailed information

pertinent to each criterion is treated in the UFSAR.

Based on the content herein, the Applicant concludes that the LaSalle County
Station fully satisfies and is in compliance with the General Design Criteria.

3.1.2 Criterion Conformance

3.1.2.1.1

The total quality assurance program is described in Chapter 17.0 and consists of
Topical Report CE-1A.

The detailed quality assurance program developed by the Applicant satisfies the
requirements of Criterion 1.

Structures and equipment important to plant safety are protected from or
designed to withstand all appropriate natural phenomena at the plant site.
Design is based on the most severe phenomena probable with special
consideration for the uncertainty in prediction. Detailed discussions of the
phenomena themselves, and how they are applied to the structures and
equipment, are found in the following sections:

a. Meteorology, Section 2.3;
b. Hydrology, Section 2.4;

c. Geology and Seismology, Section 2.5;
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Classification of Structures, Components, and Systems, Section 3.2;
Wind and Tornado Design Criteria, Section 3.3;
Water Level Design Criteria, Section 3.4;
Missile Protection Criteria, Section 3.5;
Seismic Design, Section 3.7;
Design of Seismic Category I Structures, Section 3.8;
Mechanical Systems and Components, Section 3.9;

Seismic Qualification of Seismic Category I Instrumentation and
Electrical Equipment, Section 3.10; and

Environmental Design of Mechanical and Electrical Equipment,
Section 3.11.

The design of the plant thus meets the requirements of Criterion 2.

3.1.2.1.3 Ewaluation Against Criterion 3 - Fire Protection

Fires in the plant are prevented or mitigated by the use of noncombustible and
heat resistant materials such as metal cabinets, metal wireways, and high
melting point insulation wherever practicable.

Cabling is suitably rated and cable tray loading is designed to minimize internal
heat buildup. Cable trays are suitably separated to avoid the loss of redundant
channels of protective cabling should fires occur. The arrangement of equipment
In protection channels assigned to separate cabinets provides physical separation
and minimizes the effects of a possible fire.

Combustible supplies such as logs, records, manuals, etc., are limited in such
areas as the control room to amounts required for current operation, thus
minimizing the effect of a fire or explosion.

The plant fire protection system includes the following provisions:

a.

automatic fire detection equipment in those areas where fire danger
1s greatest, and

extinguishing services which include automatic actuation with
manual override as well as manually-operated fire extinguishers.

For further discussion, see the following chapters, sections, or subsections:
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a. Construction Materials, Appendix E;
b. Instrumentation and Controls, Chapter 7.0;
c. Electric Power, Chapter 8.0;
d. Fire Protection System, Subsection 9.5.1;
e. Conduct of Operations, Chapter 13.0; and
f. Fire Hazards Analysis, Appendix H.

The design of the fire protection system thus meets the requirements of Criterion

Structures and equipment important to safety are designed for compatibility with
operation, maintenance, and testing conditions, including the postulated accident
conditions. Also, equipment used to mitigate the consequences of accidents is
either designed to be compatible with, or protected against, the effects of these
accidents. Design requirements have been established for the amount of time such
equipment must survive the extreme environmental conditions following a loss-of-
coolant accident.

Further discussion of these design considerations is found in the following chapters
or sections:

a. Classification of Structures, Components, and Systems, Section 3.2;
b. Wind and Tornado Design Criteria, Section 3.3;

c. Water Level Design Criteria, Section 3.4;

d. Missile Protection Criteria, Section 3.5;

e. Criteria for Protection Against Dynamic Effects Associated with the
Postulated Rupture of Piping, Section 3.6;

f. Seismic Design, Section 3.7;
g Design of Seismic Category I Structures, Section 3.8;
h. Mechanical Systems and Components, Section 3.9;

1. Seismic Qualification of Seismic Category I Instrumentation and
Electrical Equipment, Section 3.10;
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j. Environmental Design of Mechanical and Electrical Equipment,
Section 3.11;
k. Integrity of Reactor Coolant Pressure Boundary, Section 5.2;
L. Engineered Safety Features, Chapter 6.0;
m. Instrumentation and Controls, Chapter 7.0; and
n. Electric Power, Chapter 8.0.

The design of the plant thus meets the requirements of Criterion 4.

3.1.2.1.5 Ewvaluation Against Criterion 5 - Sharing of Structures Systems and

_Components

No safety-related systems, structures, or components are shared unless such
sharing has been evaluated to ensure that there will be no significant adverse
impact on safety functions.

For a discussion of shared systems, structures or components, see the following
chapters, sections, or subsections:

a. CSCS Equipment Cooling Water System, Sections 9.2 and 9.5;
b. Fire Protection System, Subsection 9.5.1;

c. HVAC Systems, Section 9.4;

d. Station Vent Stack, Section 3.8;

e. Solid and Liquid Radwaste System, Chapter 11.0;
f. Standby A-C Supply, Chapter 8.0;

g. Control Room, Section 1.2;

h. Combustible Gas Control System, Subsection 6.2.5;
1. Standby Gas Treatment System, Subsection 6.5.1;
j. Reactor Building Crane, Subsection 9.1.4; and

k. New Fuel Storage Vault, Subsection 9.1.1.

L. The design of the plant thus meets the requirements of Criterion 5.
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3.1.2.2 Group II - Protection hy Multiple Fission Product Barriers

3.1.2.2.1 Evaluation Against Criterion 10 - Reactor Design

The reactor core components consist of fuel assemblies, control rods, incore ion
chambers, neutron sources, and related items. The mechanical design is based on
a conservative application of stress limits, operating experience, and experimental
test results. The fuel is designed to provide high integrity over a complete range
of power levels, including transient conditions. The core is sized with a sufficient
heat transfer area and coolant flow to ensure that there is no fuel damage under
normal conditions or anticipated operational occurrences.

The reactor protection system is designed to monitor certain reactor parameters,
sense abnormalities, and to scram the reactor thereby preventing fuel damage
when trip points are exceeded. Scram trip setpoints are selected on operating
experience and by the safety design basis. There is no case in which the scram
trip setpoints allow the core to exceed the thermal hydraulic safety limits. Power
for the reactor protection system is supplied by an independent high inertia a-c
motor generator set. Alternate electric power is available to the reactor protection
system buses.

An analysis and evaluation has been made of the effects upon core fuel following
adverse plant operating conditions. The results of abnormal operational
transients are presented in Chapter 15.0 and show that the thermal hydraulic
safety design bases are satisfied, thereby assuring adequate fuel protection.
The reactor core and associated coolant, control, and protection systems are
designed with appropriate margin to ensure that the specified fuel design limits
are not exceeded during conditions of normal or abnormal operation and therefore
meet the requirements of Criterion 10.
For further discussion, see the following chapter, sections, or subsections:

a. Principal Design Criteria, Subsection 1.2.1;

b. General Plant Description, Section 1.2;

c. Fuel System Design, Section 4.2;

d. Nuclear Design, Section 4.3;

e. Thermal and Hydraulic Design, Section 4.4;

f. Control Rod Drive Housing Supports, Section 4.6;

g. Reactor Recirculation System, Subsection 5.4.1;
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h. Reactor Core Isolation Cooling System, Subsection 5.4.6;
1. Residual Heat Removal System, Subsection 5.4.7;
j. Reactor Protection System, Section 7.2; and
k. Accident Analysis, Chapter 15.0.
The design of the reactor thus meets the requirements of Criterion 10.

3.1.2.2.2 Ewvaluation Against Criterion 11 - Reactor Inherent Protection

The reactor core is designed to have a reactivity response that regulates or damps
changes in power level and spatial distributions of power production to a level
consistent with safe and efficient operation.

The inherent dynamic behavior of the core is characterized in terms of:

a. fuel temperature or Doppler coefficient,
b. moderator void coefficient, and
c. moderator temperature coefficient.

The combined effect of these coefficients in the power range is termed the power
coefficient.

Doppler reactivity feedback occurs simultaneously with a change in fuel
temperature and opposes the power change that caused it; it contributes to system
stability. Since the Doppler reactivity opposes load changes, it is desirable to
maintain a large ratio of moderator void coefficient to Doppler coefficient for
optimum load-following capability. The boiling water reactor has an inherently
large moderator-to-Doppler coefficient ratio which permits the use of coolant flow
rate for load following.

In a boiling water reactor, the moderator void coefficient is of importance during
operation at power. Nuclear design requires the void coefficient inside the fuel
channel to be negative. The negative void reactivity coefficient provides an
inherent negative feedback during power transients. Because of the large
negative moderator coefficient of reactivity, the BWR has a number of inherent
advantages, such as:

a. the use of coolant flow as opposed to control rods for load following,
b. the inherent self-flattening of the radial power distribution,
c. the ease of control, and
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d. the spatial xenon stability.
The reactor is designed so that the moderator temperature coefficient is small and
positive in the cold condition; however, the overall power reactivity coefficient is
negative. Typically, the power coefficient at full power is about -0.04 Ak/k/AP/P at
the beginning of life and about -0.03 Ak/k/AP/P at 10,000 MWd/T.

These values are well within the range required for adequate damping of power and
spatial xenon disturbances.

The reactor core and associated coolant system are designed so that in the power
operating range prompt inherent dynamic behavior tends to compensate for any
rapid increase in reactivity in accord with Criterion 11.
For further discussion, see the following sections and subsections:

a. Principal Design Criteria, Subsection 1.2.1;

b. Nuclear Design, Section 4.3;

c. Thermal and Hydraulic Design, Section 4.4; and

d. Nuclear System Stability Analysis, Section 4.4.

The design of the reactor thus meets the requirements of Criterion 11.

The Oscillation Power Range Monitor (OPRM) is designed to ensure that power
oscillations which can result in conditions exceeding acceptable fuel design limits
are either not possible or can be reliably and readily detected and suppressed.
Reliability is enhanced by using highly redundant OPRM cells providing input to a
safety grade trip system. The instrumentation systems provided for this purpose
are discussed in Subsection 3.1.2.2.4, which follows.

Analytical fuel safety limit compliance is demonstrated for all expected modes of
thermal-hydraulic neutron flux oscillations as discussed in Section 4.4.4.6.5.

The power reactivity coefficient is the composite simultaneous effect of the fuel
temperature or Doppler coefficient, moderator void coefficient, and moderator
temperature coefficient to the change in power level. It is negative and well within
the range required for adequate damping of power and spatial xenon disturbances.
Analytical studies indicate that for large boiling water reactors, underdamped,
unacceptable power distribution behavior could only be expected to occur with
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power coefficients more positive than about —0.01 Ak/k/AP/P. Operating experience
has shown large boiling water reactors to be inherently stable against xenon
induced power instability. The large negative operating coefficients provide:

a. good load following with well-damped behavior and little
undershoot or overshoot in the heat transfer response,

b. load following with recirculation flow control, and
c. strong damping of spatial power disturbances.

The reactor protection system design provides protection from excessive fuel
cladding temperatures and protects the reactor coolant pressure boundary from
excessive pressures which threaten the integrity of the system. Local abnomalities
are sensed and, if protection system limits are reached, corrective action is initiated
through an automatic scram. High integrity of the protection system is achieved
through the combination of logic arrangement, trip channel redundancy, power
supply redundancy, and physical separation.

For further discussion see the following chapter, sections, or subsections:
a. Principal Design Criteria, Subsection 1.2.1;
b. Reactivity Control System, Sections 4.2 and 4.6;
c. Nuclear Design, Section 4.3;
d. Thermal and Hydraulic Design, Section 4.4;
e. Thermal Hydraulic Stability Analysis, Section 4.4;
f. Overpressurization Protection, Subsection 5.2.2;
g. Reactor Protection System, Section 7.2;
h. Reactor Manual Control System, Subsection 7.7.2; and
1. Accident Analysis, Chapter 15.0.

The design of the reactor thus meets the requirements of Criterion 12.

3.1.2.2.4 Evaluation Against Criterion 13 - Instrumentation and Control

The fission process is monitored and controlled for all conditions from source range
through power operating range. The intermediate and power ranges of the neutron
monitoring system detect core conditions that threaten the overall integrity of the
fuel barrier due to excess power generation and provide a signal to the reactor
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protection system. Fission detectors, located in the core, are used for neutron
detection. The detectors are located to provide optimum monitoring in the
Iintermediate and power ranges.

The intermediate range monitors (IRM) measure neutron flux from the upper
range of the source range monitors (SRM) to the lower portion of the power range
monitor (PRM) subsystems. The IRM's are capable of generating a trip signal to
scram the reactor.

The local power range monitor (LPRM) subsystem consists of fission chambers
located throughout the core, the signal conditioning equipment, and trip functions.
LPRM signals are also used to block rod withdrawal and to generate the
necessary trip signal for reactor scram.

The oscillation power range monitor (OPRM) subsystem takes signals from LPRM
and detects reactor core instabilities using Period-, Amplitude-, and Rate of
Growth-based algorithms. If instabilities are detected, the OPRM provides an
alarm in the control room (based on period-based algorithm only). If the
oscillations grow so as to potentially threaten the fuel safety limit, OPRM initiates
an automatic suppression system trip to scram the reactor through the reactor
protection system.

The reactor protection system protects the fuel cladding and the nuclear process
barrier by monitoring plant parameters and causing a reactor scram when
predetermined setpoints are exceeded. Separation of the scram and normal rod
control function prevents failures in the reactor manual control circuitry from
affecting the scram circuitry.

To provide protection against the consequences of accidents involving the release
of radioactive materials from the fuel and reactor coolant pressure boundary, the
containment and reactor vessel isolation control system initiates automatic
1solation of appropriate pipelines whenever monitored variables exceed
preselected operational limits.

Nuclear system leakage limits are established so that appropriate action can be
taken to ensure the integrity of the reactor coolant pressure boundary. Nuclear
system leakage rates within containment are classified as identified and
unidentified, which corresponds respectively to the flow to the drywell equipment
drain and floor drain sumps. The permissible total leakage rate limit to these
sumps 1s based upon the makeup capabilities of various reactor component
systems. Leakage flow into these sumps is determined by monitoring the rate of
sump level increase which is correlated with the flow rate. The unidentified
leakage rate as established in Subsection 5.2.5 is less than the value that has been
conservatively calculated to be a minimum leakage from a crack large enough to
propagate rapidly, but which still allows time for identification and corrective
action before integrity of the process barrier is threatened.
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The process radiation monitoring system monitors radiation levels of various
processes and provides trip signals to the reactor protection system and
containment and reactor vessel isolation control system whenever preestablished
limits are exceeded.

As noted previously, adequate instrumentation has been provided to monitor
system variables in the reactor core, reactor coolant pressure boundary, and
reactor containment. Appropriate controls have been provided to maintain the
variables in the operating range and to initiate the necessary corrective action in
the event of an abnormal operational occurrence or accident.

For further discussion, see the following sections and subsections:
a. Principal Design Criteria, Subsection 1.2.1;
b. Reactivity Control System, Section 4.6;

c. Reactor Coolant Pressure Boundary Leakage Detection System,
Subsection 5.2.5;

d. Main Steamline Isolation System, Subsection 5.4.5;

e. Containment Systems, Section 6.2;

f. Reactor Protection System, Section 7.2;

g. Primary Containment and Reactor Vessel Isolation Control System,

Subsection 7.3.2;
h. Neutron Monitoring System, in Section 7.6.3;
1. Reactor Vessel - Instrumentation and Control, Subsection 7.7.1;
j. Process Computer System, Subsection 7.7.7;
k. Reactor Manual Control System, Section 7.7; and
L. Recirculation Flow Control System, Subsection 7.7.3:
These instrumentation and controls meet the requirements of Criterion 13.

3.1.2.2.5 Ewvaluation Agm'an Criterion 14 - Reactor Coolant Pressure Rm]ndnry

The piping and pressure containing components within the reactor coolant
pressure boundary up to and including the outer isolation valve(s) are designed,
fabricated, erected, and tested to provide a high degree of integrity throughout the
plant lifetime. Chapter 3.0 classifies systems and components within the reactor
coolant
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pressure boundary as Quality Group A. The design requirements and codes and
standards applied to this Quality Group ensure a quality product in keeping with
the safety functions to be performed.

In order to minimize the possibility of brittle fracture within the reactor coolant
pressure boundary, the fracture toughness properties and the operating
temperature of ferritic materials are controlled to ensure adequate toughness.
Subsection 5.2.3 describes the methods utilized to control toughness properties.
Materials are impact tested in accordance with the ASME Boiler and Pressure
Vessel Code, Section III.

Where reactor coolant pressure boundary piping penetrates the containment, the
fracture toughness temperature requirements of the reactor coolant pressure
boundary materials apply.

Piping and pressure containing components parts of the reactor coolant pressure
boundary are assembled and erected by welding unless applicable codes permit
flanged or screwed joints. Assembly is per ANSI B31.7 and ASME Section III, and
erection is per ASME Section III. All welding procedures, welders, and welding
machine operators are qualified in accordance with the requirements of Section IX
of the ASME Boiler and Pressure Vessel Code for the materials to be welded.
Qualification records, including the results of procedure and performance
qualifications tests and identification symbols, assigned to each welder are
maintained.

Section 5.2 contains the detailed material and examination requirements for the
piping and equipment of the reactor coolant pressure boundary prior to and after
1ts assembly and erection. Leakage testing and surveillance is accomplished as
described in the evaluation against Criterion 30 of the General Design Criteria.

The design, fabrication, erection, and testing of the reactor coolant pressure
boundary assure an extremely low probability of failure or abnormal leakage, thus

satisfying the requirements of Criterion 14.

For further discussion, see the following chapters, sections, or subsections:

a. Principal Design Criteria, Subsection 1.2.1;

b. Design Criteria - Structures, Components, Equipment and Systems,
Chapter 3.0;

c. Overpressurization Protection, Subsection 5.2.2;

d. Reactor Vessel, Section 5.3; and Reactor Vessel Internals, Subsection
3.9.5.

e. Reactor Recirculation Pumps, Subsection 5.4.1;
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f. Reactor Vessel - Instrumentation and Control, Subsection 7.7.1;
g. Accident Analysis, Chapter 15.0; and
h. Quality Assurance Program, Chapter 17.0.

The reactor coolant pressure boundary thus meets the requirements of Criterion
14.

3.1.2.2.6 Ewvaluation Against Criterion 15 - Reactor Coolant System Design

The reactor coolant system consists of the reactor vessel and appurtenances, the
reactor recirculation system, the nuclear system pressure relief system, the main
steamlines, the reactor core isolation cooling system, the reactor water cleanup
system, the residual heat removal system, and the nuclear system leak detection
system. These systems are designed, fabricated, erected, and tested to stringent
quality requirements and appropriate codes and standards which assure high
integrity of the reactor coolant pressure boundary throughout the plant lifetime.
The reactor coolant system is designed and fabricated to meet the requirements of
the codes and standards discussed in Section 3.2.

The auxiliary, control, and protection systems associated with the reactor coolant
system act to provide sufficient margin to ensure that the design conditions of the
reactor coolant pressure boundary are not exceeded during any condition of
normal operation, including anticipated operational occurrences. As described in
the evaluation of Criterion 13, instrumentation is provided to monitor essential
variables to ensure that they are within prescribed operating limits. If the
monitored variables exceed their predetermined settings, the auxiliary, control,
and protection systems automatically respond to maintain the variables and
systems within allowable design limits.

An example of the integrated protective action scheme which provides sufficient
margin to ensure that the design conditions of the reactor coolant pressure
boundary are not exceeded is the automatic initiation of the nuclear system
pressure relief system upon receipt of an over-pressure signal. To accomplish
over-pressure protection, a number of pressure-operated relief valves are provided
that can discharge steam from the nuclear system to the suppression pool. The
nuclear system pressure relief system also provides for automatic
depressurization of the nuclear system in the event of a loss-of-coolant accident in
which the vessel is not depressurized by the accident. The depressurization of the
nuclear system in this situation allows operation of the low-pressure emergency
core cooling systems to supply enough cooling water to adequately cool the core.
In a similar manner, other auxiliary, control, and protection systems ensure that
the design conditions of the reactor coolant pressure boundary are not exceeded
during any conditions of normal operation, including anticipated operational
occurrences.
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The application of appropriate codes and standards and high quality requirements
to the reactor coolant system and the design features of its associated auxiliary,
control, and protection systems assure that the requirements of Criterion 15 are
satisfied.

For further discussion, see the following chapters, sections, or subsections:

a. Principal Design Criteria, Subsection 1.2.1;
b. Design Criteria - Structure, Components, Equipment and Systems,
Chapter 3.0;

c. Reactor Coolant System and Connected Systems, Chapter 5.0;

d. Reactor Protection System - Instrumentation and Control, Section
7.2; and

e. Accident Analysis, Chapter 15.0.

The reactor coolant system thus meets the requirements of Criterion 15.

3.1.2.2.7 Ewvaluation Against Criterion 16 - Containment Design

The containment system consists of the following major components:

a. Primary Containment

The primary containment is a steel-lined post-tensioned concrete
pressure-suppression system of the over and under configuration.
The drywell is located directly above the suppression chamber in the
form of a frustum of a cone. The suppression pool chamber is
cylindrical and separated from the drywell by a reinforced concrete
slab which also functions as the drywell floor.

b. Secondary Containment

A reactor building encloses the reactor and the primary containment.
The structure provides secondary containment when the primary
containment is in service and provides primary containment when
the primary containment is open, as during refueling or
maintenance. The reactor building houses the refueling and reactor
servicing equipment and the new and spent fuel storage facilities.
The principal purpose of the secondary containment is to confine the
leakage of airborne radioactive materials from the primary
containment and to provide a means for a controlled, elevated release
to the atmosphere.
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Primary containment temperature and pressure following an accident are limited
by using the residual heat removal system to cool the suppression pool water.

For further discussion, see the following chapter, sections, or subsections:

a. General Plant Description, Section 1.2;
b. Design of Containment Structure, Section 3.8;
c. Containment Systems, Section 6.2; and

d. Accident Analysis, Chapter 15.0.

The design of the complete containment system meets the requirements of
Criterion 16.

3.1.2.2.8 Ewvaluation Against Criterion 17 - Electrical Power Systems

Each unit of the station has two separate diesel-driven power sources and one
common diesel-driven power source to provide electric power to three independent
and redundant trains of engineered safety features. Each unit also has separate
battery power sources to provide power to the separate and redundant vital d-c
loads.

The offsite electric power system connections to the station are designed to
provide a diversity of reliable power sources which are physically and electrically
1solated so that any single failure can affect only one source of supply and does not
propagate to alternate sources.

The station's auxiliary electric power system is designed to provide electrical
1solation and physical separation of the redundant power supplies for station
requirements which are important to nuclear safety. Means are provided for
rapid location and isolation of system faults. Each diverse power source (diesel-
generator and offsite) up to the point of connection to the engineered safety
features system power buses, is physically and electrically independent.
Redundant loads important to plant safety are split between redundant and
independent engineered safety features system switchgear groups. A detailed
discussion of these systems is presented in Chapter 8.0. The engineered safety
features electrical systems are designed in accordance with IEEE Standards 279-
1971 and 308-1971.

For further discussion, refer to the following chapters, sections or subsections:
a. Instrumentation and controls, Chapter 7.0;
b. Plant Electric Power, Chapter 8.0; and

c. Diesel-Generator Auxiliary Systems, Subsection 9.5.5, 9.5.6, 9.5.7
and 9.5.8.
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The design of the electric power system thus meets the requirements of Criterion
17.

Provisions are provided in the design of offsite and onsite power systems for the
inspection and testing of appropriate areas of the systems. Periodic tests are
made of major portions of the power systems under conditions simulating the
design conditions.

The engineered safety features systems are tested in accordance with NRC
General Design Criteria (GDC) 18 and 21 to ensure that the systems can operate
as designed and are available to function properly in the unlikely event of an
accident. The Class IE power systems important to safety meet the testability
requirements of GDC 18. Although GDC 18 does not require testing during
normal operation, testing is performed in accordance with the following general
program:

a. Prior to initial plant operation, a complete system test, which
includes all actuation devices, circuits, electrical protective relays,
and related instrumentation is conducted.

b. Subsequent to initial startup and during each regularly scheduled
refueling outage a complete system test is conducted.

c. During normal operation with the unit in service, the majority of the
ESF system components, analog, logic, and actuation circuitry are
fully tested and the remaining components are partially tested.

d. During normal operation, the operability of all testable final
actuation devices of the ESF systems are tested by manual initiation
from the control room.

The following guidelines describe the testing circuitry and procedures for previous
item c:

a. The test procedures must not involve the potential for damage to any
plant equipment.

b. The test procedures must not expose the plant to an increased
potential for accidental tripping.

c. The provisions for on-line testing must not compromise the ESF

systems actuation circuits to the extent that their reliability is
degraded.
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Periodic testing of engineered safety features electrical auxiliary power equipment
1s made. Whenever one of the components of an ESF system requires maintenance,
the necessary correction is made, the component is retested, and the channel or
system of which the faulty component was a part is retested to confirm that the
channel or system has been restored to serviceable condition as a result of the
maintenance.

To ensure the operational readiness of each diesel generator, tests and inspections
are conducted periodically. Each diesel generator is started and loaded for a period
of time long enough to bring all the components of the system into equilibrium
temperature conditions. Should one of the components require maintenance, the
necessary corrections are made and the component is retested.

The station batteries and other equipment associated with the d-c system are
serviced and tested periodically. Typical battery tests are specific gravity and
voltage of the pilot cell, temperature of adjacent cells, and overall battery voltage.
Periodically, each battery is subjected to a rated load discharge test.

Electric power systems important to safety are designed such that wiring,
insulation, connections, and switchboards can be periodically inspected to verify
their condition. In many cases, these items can be observed by removing a panel
cover or housing. Clean, straightforward wiring is dictated on drawings which
serves as an aid in inspecting these items.

For further discussion refer to the following chapters:
a. Plant Electric Power, Chapter 8.0;
b. Initial Test Program, Chapter 14.0 of the FSAR;

The testing of the electric power system thus meets the requirements of Criteria 18.

3.1.2.2.10 Ewvaluation Against Criterion 19 - Control Room

The control room contains the following equipment: controls and necessary
surveillance equipment for operation of the plant functions, such as the reactor and
its auxiliary systems, engineered safety features, turbine generator, steam and
power conversion systems, and station electrical distribution boards.

The control room is located in a Seismic Category I structure. Safe occupancy of
the control room during abnormal conditions is provided for in the design.
Adequate shielding is provided to maintain tolerable radiation levels in the control
room in the event of a design-basis accident for the duration of the accident.

The control room HVAC system has redundant equipment and provides radiation

detectors, 1onization detectors, and ammonia detectors with appropriate alarms
and
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interlocks. Provision is made for the control room air to be recirculated through
charcoal filters. Provision is made to pass outdoor makeup air through HEPA and
impregnated charcoal filters before introduction to the control room system.

The control room is continuously occupied by qualified operating personnel under
all operating and accident conditions. In the unlikely event that the control room
must be vacated and access is restricted, instrumentation and controls are provided
outside the control room which can be utilized to safely perform a hot shutdown and
a subsequent cold shutdown of the reactor.

For further discussion, see the following chapter, sections, or subsections:
a. General Plant Description, Section 1.2;
b. Control Building Design, Subsection 3.8.4;
c. Instrumentation and Controls, Chapter 7.0;
d. Shutdown from Outside Control Room, Subsection 7.4.4;

e. Heating, Ventilating, and Air Conditioning, Subsection 9.4.1 and
Section 6.4;

f. Fire Protection, Subsection 9.5.1;

g. Ensuring that Occupation Radiation Exposures Are As Low As
Reasonably Achievable (ALARA), Section 12.1;

h. Radiation Sources, Section 12.2; and
1. Seismic Category I Equipment, Subsection 3.2.1.

The design of the control room thus meets the requirements of Criterion 19.

3.1.2.3 Group III - Protection and Reactivity Control System
3.1.2.3.1 Ewaluation Against Criterion 20 - Protection System Functions

The reactor protection system is designed to provide timely protection against the
onset and consequences of conditions that threaten the integrity of the fuel barrier
and the reactor coolant pressure boundary barrier. Fuel damage is prevented by
initiation of an automatic reactor shutdown if monitored nuclear system variables
exceed preestablished limits of anticipated operational occurrences. Scram trip
settings are selected and verified to be far enough above or below operating levels to
provide proper protection but not be subject to spurious scrams. The reactor
protection system includes the motor-generator power system, sensors, relays,
bypass circuitry, and switches that signal the control rod system to scram and shut
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down the reactor. The scrams initiated by neutron monitoring system variables,
nuclear system high pressure, turbine stop valve closure, turbine control valve fast
closure, and reactor vessel low-water level prevent fuel damage following abnormal
operational transients. Specifically, these process parameters initiate a scram in
time to prevent the core from exceeding thermal-hydraulic safety limits during
abnormal operational transients. Response by the reactor protection system is
prompt and the total scram time 1s short. Control rod scram motion starts in about
200 milliseconds after the high flux setpoint is exceeded.

A fully withdrawn control rod traverses 90% of its full stroke in sufficient time to
ensure that acceptable fuel design limits are not exceeded.

In addition to the reactor protection system which provides for automatic shutdown
of the reactor to prevent fuel damage, protection systems are provided to sense
accident conditions and initiate automatically the operation of other systems and
components important to safety. Systems such as the emergency core cooling
system are initiated automatically to limit the extent of fuel damage following a
loss-of-coolant accident. Other systems automatically isolate the reactor vessel or
the containment to prevent the release of significant amounts of radioactive
materials from the fuel and the reactor coolant pressure boundary. The controls
and instrumentation for the emergency core cooling systems and the isolation
systems are initiated automatically when monitored variables exceed preselected
operational limits.

For further discussion, see the following chapter, sections, or subsections:
a. Principal Design Criteria, Subsection 1.2.1;

b. Reactivity Control System, Section 4.6;

c. Control Rod Drive System Design, Subsection 4.6.1.1;

d. Overpressurization Protection, Subsection 5.2.2;

e. Main Steamline Isolation System, Subsection 5.4.5;

f. Emergency Core Cooling System, Section 6.3;

g. Reactor Protection System, Section 7.2;

h. Primary Containment and Reactor Vessel Isolation Control System,

Subsection 7.3.2;

1. Emergency Core Cooling Systems - Instrumentation and Control,
Subsection 7.3.1;

j. Neutron Monitoring System, Subsection 7.6.3;
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k. Process Radiation Monitoring System, Subsection 7.7.14;
L. Leak Detection System, Section 7.6; and
m. Accident Analysis, Chapter 15.0.

The design of the protection system thus meets the requirements of Criterion 20.

3.1.2.3.2 Ewvaluation Agm'an Criterion 21 - Protection .qu’rpm Rp]inhi]ify and

Testability

Reactor protection system design ensures that, through redundancy, each channel
has sufficient reliability to fulfill the single-failure criterion. No single component
failure, intentional bypass maintenance operation, calibration operation, or test to
verify operational availability can impair the ability of the system to perform its
intended safety function. Additionally, the system design ensures that when a
scram trip point is exceeded there is a high scram probability. However, should a
scram not occur, other monitored components can scram the reactor if their trip
points are exceeded. There is sufficient electrical and physical separation between
channels and between trip logics monitoring the same variable to prevent
environmental factors, electrical transients, and physical events from impairing the
ability of the system to respond correctly.

The reactor protection system includes design features that permit inservice
testing. This ensures the functional reliability of the system should the reactor
variable exceed the corrective action setpoint.

The reactor protection system initiates an automatic reactor shutdown if the
monitored plant variables exceed preestablished limits. This system is arranged as
two separately powered trip systems. Each trip system has two trip channels. An
automatic or manual trip in either or both trip channels constitutes a trip system
condition. A scram results when both trip systems have tripped. This logic scheme
1s a one-out-of-two taken twice arrangement. The reactor protection system can be
tested during reactor operation. Manual scram testing is performed by operating
one of the four manual scram controls. Two manual scram controls are associated
with each trip system, one in each trip channel. Operating one manual scram
control tests one trip channel and one trip system. The total test verifies the ability
to deenergize the scram pilot valve solenoids. Indicating lights verify that the
actuator contacts have opened. This capability for a thorough testing program
significantly increases reliability.

Control rod drive operability can be tested during normal reactor operation. Drive
position indicator and incore neutron detectors are used to verify control rod
movement. Each control rod can be withdrawn one notch and then reinserted to the
original position without significantly perturbing the nuclear system. One control
rod is tested at a time. Control rod mechanism overdrive demonstrates rod-to-drive
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coupling integrity. Hydraulic supply subsystem pressures can be observed on
control room instrumentation. More importantly, the hydraulic control unit scram
accumulator and the scram discharge volume level are continuously monitored.

The main steamline isolation valves may be tested during full reactor operation.
Individually, they can be fully closed without affecting the reactor operation.
Provisions are made to evaluate valve stem leakage during reactor shutdown.
During refueling operation, valve leakage rates can be determined.

Residual heat removal system testing can be performed during normal operation.
Main system pumps can be evaluated by taking suction from the suppression pool
and discharging through test lines back to the suppression pool. The low-pressure
coolant injection mode can be tested after reactor shutdown.

Each active component of the emergency core cooling system is designed to be
operable for test purposes during normal operation of the nuclear system.

The high functional reliability, redundancy, and inservice testability of the
protection system satisfy the requirements specified in Criterion 21. For further
discussion, see the following chapter, sections, or subsections:

a. Principal Design Criteria, Subsection 1.2.1;

b. Reactivity Control System, Section 4.6;

c. Main Steamline Isolation System, Subsection 5.4.5;

d. Residual Heat Removal System, Subsection 5.4.7;

e. Containment Systems, Section 6.2;

f. Emergency Core Cooling Systems, Section 6.3;

g. Reactor Protection System, Section 7.2;

h. Primary Containment and Reactor Vessel Isolation Control System,

Subsection 7.3.2;

1. Emergency Core Cooling Systems - Instrumentation and Control,
Subsection 7.3.1;

j. Neutron Monitoring System, Subsection 7.6.3;
k. Process Radiation Monitoring, Subsections 7.7.14 and Section 11.5;

L. Leak Detection System, Section 7.6; and

3.1-20 REV. 13



LSCS-UFSAR

m. Accident Analysis, Chapter 15.0.
The design of the protection system thus meets the requirements of Criterion 21.

3.1.2.3.3 Ewaluation Agﬂi‘nq‘r Criterion 22 - Protection qufpm Independence

The components of protection systems are designed so that the mechanical and
thermal environment resulting from any emergency situation in which the
components are required to function does not interfere with the operation of that
function. Wiring for the reactor protection system outside of the control room
enclosures is run in rigid metallic wireways. No other wiring is run in these
wireways. The wires from duplicate sensors on a common process tap are run in
separate wireways. The system sensors are electrically and physically separated.
Only one trip actuator logic circuit from each trip system may be run in the same
wireway.

The reactor protection system is designed to permit maintenance and diagnostic
work while the reactor is operating without restricting the plant operation or
hindering the output of its safety functions. The flexibility in design afforded the
protection system allows operational system testing by the use of an independent
trip channel for each trip logic input. When an essential monitored variable
exceeds its scram trip point, it is sensed by at least two independent sensors in
each trip system. An intentional bypass, maintenance operation, calibration
operation, or test results in a single channel trip. This leaves at least two trip
channels per monitored variable capable of initiating a scram. At that time, only
one trip channel in each trip system must trip to initiate a scram. Thus, the
arrangement of two trip channels per trip system ensures that a scram occurs as a
monitored variable exceeds its scram setting.

For further discussion, see the following chapter, sections, or subsections:
a. Principal Design Criteria, Subsection 1.2.1;
b. Reactivity Control System, Subsection 4.2.3;
c. Main Steamline Isolation System, Subsection 5.4.5;

d. Residual Heat Removal System, Subsection 5.4.7;

e. Emergency Core Cooling Systems, Section 6.3;
f. Reactor Protection System, Section 7.2;
g. Primary Containment and Reactor Vessel Isolation Control System,

Subsection 7.3.2;
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Emergency Core Cooling System - Instrumentation and Control,
Subsection 7.3.11;
Neutron Monitoring System, Subsection 7.6.3;
Process Radiation Monitoring, Subsection 7.7.14;
Leak Detection System, Section 7.6; and

Accident Analysis, Chapter 15.0.

The protection system thus meets the requirements of Criterion 22.

3.1.2.3.4 Ewaluation Against Criterion 23 - Protection System Failure Modes

The reactor protection system is designed to fail to a safe condition. Use of an
independent trip channel for each trip logic allows the system to sustain any trip
channel failure without preventing other sensors monitoring the same variable
from initiating a scram. A single sensor or trip channel failure causes a channel
trip. Only one trip channel in each trip system must be actuated to initiate a
scram. Intentional bypass, maintenance operation, calibration operation, or test
results in a single channel trip. A failure of any one reactor protection system
input or subsystem component produces a trip in one of two channels. This
condition is insufficient to produce a reactor scram, but the system is ready to
perform its protective function upon another trip.

The environmental conditions in which the instrumentation and equipment of the
reactor protection system must operate were considered in establishing the
component specifications. Instrumentation specifications are based on the worst
expected ambient conditions in which the instruments must operate.

For further discussion, see the following chapter, sections, or subsections:

a.

b.

Principal Design Criteria, Subsection 1.2.1;
Emergency Core Cooling Systems, Section 6.3;
Reactor Protection System, Section 7.2;

Primary Containment and Reactor Vessel Isolation Control System,
Subsection 7.3.2;

Neutron Monitoring System, Subsection 7.6.3;
Leak Detection System Instrumentation and Control, Section 7.6; and

Electric Power Systems; Chapter 8.0.
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The failure modes of the protection system are such that it fails into a safe state as
required by Criterion 23.

There 1s separation between the reactor protection system and the process control
systems. Sensors, trip channels, and trip logics of the reactor protection system
are not used directly for automatic control of process systems. Therefore, failure in
the controls and instrumentation of process systems cannot induce failure of any
portion of the protection system. High scram reliability is designed into the reactor
protection system and hydraulic control unit for the control rod drive. The scram
signal and mode of operation overrides all other signals.

The containment and reactor vessel isolation control systems are designed so that
any one failure, maintenance operation, calibration operation, or test to verify
operational availability does not impair the functional ability of the isolation
control system to respond to essential variables.

Process radiation monitoring is provided on process liquid and reactor gaseous
exhaust gaslines that may serve as discharge routes for radioactive materials.
Four instrumentation channels are used on reactor building exhaust plenum
monitoring to prevent an inadvertent scram and isolation as a result of
instrumentation malfunctions. The output trip signals from each channel are
combined in such a way that two channels must signal high radiation to initiate
scram and main steamline isolation.

For further discussion, see the following sections and subsections:

a.

b.

Principal Design Criteria, Subsection 1.2.1;
Reactivity Control System, Section 4.6;
Emergency Core Cooling System, Section 6.3;
Reactor Protection System, Section 7.2;

Primary Containment and Reactor Vessel Isolation Control System,
Subsection 7.3.2;

Emergency Core Cooling System - Instrumentation and Control,
Subsection 7.3.1;

Neutron Monitoring System, Subsection 7.6.3;

Process Radiation Monitoring, Subsection 7.7.14;
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1. Leak Detection System Instrumentation and Control, Section 7.6; and
j. Reactor Manual Control System, Subsection 7.7.2.

The protection system is separated from control systems as required in Criterion
24.

The reactor protection system provides protection against the onset and
consequences of conditions that threaten the integrity of the fuel barrier and the
reactor coolant pressure boundary. Any monitored variable which exceeds the
scram setpoint initiates an automatic scram and does not impair the remaining
variables from being monitored, and if one channel fails the remaining portions of
the reactor protection system continue to function.

The reactor manual control system is designed so that no single failure can negate
the effectiveness of a reactor scram. The circuitry for the reactor manual control
system 1s completely independent of the circuitry controlling the scram valves.
This separation of the scram and normal rod control functions prevents failures in
the reactor manual control circuitry from affecting the scram circuitry. Because
each control rod is controlled as an individual unit, a failure that results in
energizing any of the insert or withdraw solenoid valves can effect only one control
rod. The effectiveness of a reactor scram is not impaired by the malfunctioning of
any one control rod.

The most serious rod withdrawal errors are considered to be when the reactor is
just subcritical and an out of sequence rod is continuously withdrawn. The rod
worth minimizer would normally prevent the withdrawal of out-of-sequence rods.
If such a continuous rod withdrawal were to occur, the increase in fuel temperature
subsequent to scram would not be sufficient to exceed acceptable fuel design limits.
For further discussuion, see the following chapter, sections, or subsections:

a. Principal Design Criteria, Subsection 1.2.1;

b. Reactivity Control System, Section 4.6;

c. Nuclear Design, Section 4.3;

d. Thermal and Hydraulic Design, Section 4.4;

e. Reactor Protection System, Section 7.2;

f. Reactor Manual Control System, Subsection 7.7.2; and
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g. Accident Analysis, Chapter 15.0.

The design of the protection system ensures that specified acceptable fuel limits
are not exceeded for any single malfunction of the reactivity control systems as
specified in Criterion 25.

Two independent reactivity control systems utilizing different design principles are
provided. The normal method of reactivity control employs control rod assemblies
which contain boron-carbide (B4+C) powder and/or hafnium metal. Control of
reactivity is operationally provided by a combination of these movable control rods,
burnable poisons, and the reactor coolant recirculation system flow. These systems
accommodate fuel burnup, load changes, and long-term reactivity changes.

Reactor shutdown by the control rod drive system is sufficiently rapid to prevent
exceeding of acceptable fuel design limits for normal operation and all abnormal
operational transients. The circuitry for manual insertion or withdrawal of control
rods is completely independent of the circuitry for reactor scram. This separation
of the scram and normal rod control functions prevents failures in the reactor
manual control circuitry from affecting the scram circuitry. Because each control
rod is controlled as an individual unit, a failure that results in energizing any of
the insert or withdraw solenoid valves can affect only one control rod. Two sources
of scram energy (accumulator pressure and reactor vessel pressure) provide needed
scram performance over the entire range of reactor pressure, i.e., from operating
conditions to cold shutdown.

The design of the rod worth minimizer system includes appropriate margin for
malfunctions such as stuck rods in the event that they do occur. Control rod
withdrawal sequences and patterns are selected prior to operation to achieve
optimum core performance, and, simultaneously, low individual rod worths. The
operating procedures to accomplish such patterns are supplemented by blocking of
rod withdrawals that do not conform to the sequence utilized in the RWM system.
An additional safety design basis of the control rod system requires that the core in
1its maximum reactivity condition be subcritical with the control rod of the highest
worth fully withdrawn and all other rods fully inserted. Because of the carefully
planned and regulated rod withdrawal sequence, prompt shutdown of the reactor
can be achieved with the insertion of a small number of the many independent
control rods. In the event that a reactor scram is necessary, the unlikely
occurrences of a limited number of stuck rods (within the available amount of
shutdown margin discussed above) will not hinder the capability of the control rod
system to render the core subcritical.

A standby liquid control system containing neutron absorbing sodium pentaborate
solution is the independent backup system. This system has the capability to shut
the reactor down from full power and maintain it in a subcritical condition at any
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time during the core life. The reactivity determined to permit this capability
accounts for the reactivity effects of xenon decay, eliminating steam voids, change
in water density due to the reduction in water temperature, Doppler effect in
uranium, changing neutron leakage from boiling to cold, and changing rod worth as
boron affects neutron migration length. An additional margin of -0.05 AK is
provided.
For further discussion, see the following sections and subsections:

a. Safety Design Criteria, Subsection 1.2.1.1;

b. Reactivity Control System, Section 4.6;

c. Standby Liquid Control System - Instrumentation and Control,
Section 7.4;

d. Reactor Manual Control System, Subsection 7.7.2; and
e. Process Computer System, Subsection 7.7.7.

The redundancy and capabilities of the reactivity control systems for the BWR
satisfy the requirements of Criterion 26.

There is no credible event applicable to the BWR which requires combined
capability of the control rod system and poison additions by the standby liquid
control system. The primary reactivity control system for the BWR during
postulated accident conditions is the control rod system. Abnormalities are sensed
and, if protection system limits are reached, corrective action is initiated through
automatic insertion of control rods. High integrity of the protection system is
achieved through the combination of logic arrangement, trip channel redundancy,
power supply redundancy, and physical separation. High reliability of reactor
scram 1is further achieved by separation of scram and manual control circuitry,
individual control units for each control rod, and fail-safe design features built into
the rod drive system. Response by the reactor protection system is prompt and the
total scram time is short.

In operating the reactor there is a spectrum of possible control rod worths,
depending on the reactor state and on the control rod pattern chosen for operation.
Control rod withdrawal sequences and patterns are selected to achieve optimum
core performance and low individual rod worths. The rod worth minimizer program
prevents rod withdrawal other than by the preselected rod withdrawal pattern. The
rod worth minimizer function assists the operator with an effective backup control
rod monitoring routine that enforces adherence to established startup, shutdown,
and low power level operations. As a result of this carefully planned procedure,
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prompt shutdown of the reactor can be achieved with scram insertion of less than
half of the many independent control rods. If accident conditions require a reactor
scram, this can be accomplished rapidly with appropriate margin for the unlikely
occurrence of malfunctions such as an inoperable rod.

The reactor core design assists in maintaining the stability of the core under
accident conditions as well as during power operation. Reactivity coefficients in
the power range that contribute to system stability are: 1) fuel temperature or
Doppler coefficient; 2) moderator void coefficient; and 3) moderator temperature
coefficient. The overall power reactivity coefficient is negative and provides a
strong negative reactivity feedback under severe power transient conditions.

For further discussion, see the following chapter, sections, or subsections:

a. Safety Design Criteria, Subsection 1.2.1.1;

b. Reactivity Control System, Section 4.6;

c. Nuclear Design, Section 4.3;

d. Thermal and Hydraulic Design, Section 4.4;

e. Reactor Protection System, Section 7.2;

f. Reactor Manual Control System, Subsection 7.7.2;

g. Process Computer System, Subsection 7.7.7; and

h. Accident Analysis, Chapter 15.0.
The design of the reactivity control systems ensures reliable control of reactivity
under postulated accident conditions with appropriate margin for stuck rods. The

capability to cool the core is maintained under all postulated accident conditions;
thus, Criterion 27 is satisfied.

3.1.2.3.9 Evaluation Against Criterion 28 - Reactivity Limits

Control rod withdrawal sequences and patterns are selected to achieve optimum
core performance and low individual rod worths. The rod worth minimizer
program prevents withdrawal other than by the preselected rod withdrawal
pattern. The rod worth minimizer function assists the operator with an effective
backup control rod monitoring routine that enforces adherence to established
startup, shutdown, and low power level operations control rod procedures.

The control rod mechanical design incorporates a hydraulic velocity limiter in the

control rod which prevents rapid rod ejection. This engineered safeguard protects
against a high reactivity insertion rate by limiting the control rod dropout velocity
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to less than 5 feet per second. Normal rod movement is limited to 6-inch
increments and the rod withdrawal rate is limited through the hydraulic valve to
nominally 3 inches per second.

The accident analysis (Chapter 15.0) evaluates the postulated reactivity accidents
as well as abnormal operational transients in detail. Analyses are included for rod
dropout, steamline rupture, changes in reactor coolant temperature and pressure,
and cold water addition. The initial conditions, assumptions, calculational models,
sequences of events, and anticipated results of each postulated occurrence are
covered in detail. The results of these analyses indicate that none of the postulated
reactivity transients or accidents result in damage to the reactor coolant pressure
boundary. In addition, the integrity of the core, its support structures and other
reactor pressure vessel internals are maintained so that the capability to cool the
core 1s not impaired for any of the postulated reactivity accidents described in the
accident analysis.

For further discussion, see the following chapters, sections, or subsections:

a. Safety Design Criteria, Subsection 1.2.1.1;

b. Design Criteria - Structures, Components, Equipment and Systems,
Chapter 3.0;
c. Reactor Core Support Structures and Internals Mechanical Design,

Section 5.3 and Subsection 3.9.5;
d. Reactivity Control System, Section 4.6;
e. Nuclear Design, Section 4.3;
f. Control Rod Drive Housing Supports, Subsection 4.6.1;
g. Overpressurization Protection, Subsection 5.2.2;

h. Reactor Vessel and Appurtenances, Section 5.3 and Subsection 3.9.5;

1. Main Steamline Flow Restrictor, Subsection 5.4.4;
j. Main Steamline Isolation Valves, Subsection 5.4.5;
k. Process Computer System, Subsection 7.7.7; and

L. Accident Analysis, Chapter 15.0.
The design features of the reactivity control system, which limit the potential

amount and rate of reactivity increase, ensure that Criterion 28 is satisfied for all
postulated reactivity accidents.
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3.1.2.3.10

The high functional reliability of the protection and reactivity control systems is
achieved through the combination of logic arrangement, redundancy, physical and
electrical independence, functional separation, fail-safe design, and inservice
testability. These design features are discussed in detail in Criteria 21, 22, 23, 24,
and 26.

An extremely high reliability of timely response to anticipated operational
occurrences is maintained by a thorough program of inservice testing and
surveillance. Active components are tested or removed from service for
maintenance during reactor operation without compromising the protection or
reactivity control functions even in the event of a subsequent single failure.
Components important to safety are tested during normal reactor operation.
Functional testing and calibration schedules are developed using available failure
rate data, reliability analyses, and operating experience. These schedules
represent an optimization of protection and reactivity control system reliability by
considering, on one hand, the failure probabilities of individual components and, on
the other hand, the reliability effects during individual component testing on the
portion of the system not undergoing test. The capability for inservice testing
ensures the high functional reliability of protection and reactivity control systems
should a reactor variable exceed the corrective action setpoint.

For further discussion, see the following chapter, sections, or subsections:
a. Safety Design Criteria, Subsection 1.2.1.1;
b. Reactivity Control System, Section 4.6;
c. Main Steamline Isolation Valves, Subsection 5.4.5;
d. Residual Heat Removal System, Subsection 5.4.7;
e. Containment Systems, Section 6.2;
f. Emergency Core Cooling Systems, Section 6.3;
g. Reactor Protection System, Section 7.2;

h. Primary Containment and Reactor Vessel Isolation Control System,
Subsection 7.3.2;

1. Emergency Core Cooling System - Instrumentation and Control,
Subsection 7.3.1;
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j. Neutron Monitoring System, Subsection 7.6.3;
k. Process Radiation Monitoring, Subsection 7.7.14;
L. Leak Detection System Instrumentation and Control, Section 7.6; and
m. Accident Analysis, Chapter 15.0.
The capabilities of the protection and reactivity control systems to perform their

safety functions in the event of anticipated operational occurrences are satisfied in
agreement with the requirements of Criterion 29.

3.1.2.4 Group IV - Fluid Systems

By utilizing conservative design practices and detailed quality control procedures,
the pressure-retaining components of the reactor coolant pressure boundary are
designed and fabricated to retain their integrity during normal and postulated
accident conditions. Accordingly, components which comprise the reactor coolant
pressure boundary are designed, fabricated, erected, and tested in accordance with
recognized industry codes and standards listed in Chapter 5.0. Further, product
and process quality planning is provided as described in Chapter 17.0 to ensure
conformance with the applicable codes and standards, and to retain appropriate
documented evidence verifying compliance. Because the subject matter of this
criterion deals with aspects of the reactor coolant pressure boundary, further
discussion on this subject is treated in the response to Criterion 14.

Means are provided for detecting reactor coolant leakage. The leak detection
system consists of sensors and instruments to detect, annunciate, and in some
cases, isolate the reactor coolant pressure boundary from potential hazardous leaks
before predetermined limits are exceeded. Small leaks are detected by
temperature and/or pressure changes, increased frequency of sump pump
operation, and by measuring fission product concentration. In addition to these
means of detection, large leaks are detected by changes in flow rates in process
lines and changes in reactor water level. The allowable leakage rates have been
based on the predicted and experimentally determined behavior of cracks in pipes,
the ability to make up coolant system leakage, the normally expected background
leakage due to equipment design, and the detection capability of the various
sensors and instruments. The total leakage rate limit is established so that, in the
absence of normal a-c power with loss of feedwater supply, makeup capabilities are
provided by the RCIC system. While the leak detection system provides protection
from small leaks, the emergency core cooling system network provides protection
for the complete range of discharges from ruptured pipes. Thus, protection is
provided for the full spectrum of possible discharges.
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For further discussion, see the following chapters, sections, or subsections:

a. Principal Design Criteria, Subsection 1.2.1;

b. Design Criteria - Structure, Components, Equipment and Systems,
Chapter 3.0;

c. Overpressurization Protection, Subsection 5.2.2;

d. Reactor Coolant Pressure Boundary Leakage Detection System,

Subsection 5.2.5;

e. Reactor Vessel and Appurtenances, Section 5.3 and Subsection 3.9.5;
f. Reactor Recirculation System, Section 5.2;

g. Reactor Vessel - Instrumentation and Control, Subsection 7.7.1;

h. Leak Detection System Instrumentation and Control, Section 7.6; and
1. Quality Assurance, Chapter 17.0.

The reactor coolant pressure boundary and its leak detection system are designed
to meet the requirements of Criterion 30.

3.1.2.4.2 Ewvaluation Agm'an Criterion 31 - Fracture Prevention of Reactor Coolant

Pressure Boundary

Brittle fracture control of pressure-retaining ferritic materials is provided to
ensure protection against nonductile fracture. To minimize the possibility of
brittle fracture failure of the reactor pressure vessel, the reactor pressure vessel
was designed to the 1968 Edition of Section III of ASME Code and Addenda to and
including Summer 1970 (except Paragraph N-355). An alternate method of
compliance with the intent of Appendix G is presented in Subsection 5.2.3.

The nil-ductility transition (NDT) temperature represents the temperature below
which ferritic steel breaks in a brittle rather than ductile manner. The NDT
temperature increases as a function of neutron exposure at integrated neutron

exposures greater than about 1 x 107 nvt with neutron energies in excess of 1
MeV.

The reactor assembly design provides an annular space from the outermost fuel
assemblies to the inner surface of the reactor vessel that serves to attenuate the
fast neutron flux incident upon the reactor vessel wall. This annular volume
contains the core shroud, jet pump assemblies, and reactor coolant. Assuming
plant operation at rated power and an availability of 100% for the plant lifetime,
the neutron fluence at the inner surface of the vessel is not sufficient to
appreciably shift the transition temperature.
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For further discussion, see the following chapters and sections:

a. Design Criteria - Structures, Components, Equipment and Systems,
Chapter 3.0;

b. Material Considerations, Subsection 5.2.3; and

c. Reactor Vessel and Appurtenances, Section 5.3 and Subsection 3.9.5.

The reactor coolant pressure boundary is designed, maintained and tested to
ensure that the boundary will behave in a nonbrittle manner throughout the life of
the plant. Therefore, the reactor coolant pressure boundary is in conformance with
Criterion 31.

3.1.2.4.3 Ewvaluation Against Criterion 32 - Inspection of Reactor Coolant Pressure

Boundary

The reactor pressure vessel design and engineering effort include provisions for
inservice inspection. Rotating doors in the sacrificial shield and removal panels in
the insulation provide access for examination of the vessel and its appurtenances.
Also, removable insulation is provided on the recirculation system and on the main
steam and feedwater systems extending out to and including the first isolation
valve outside the primary containment. Inspection of the reactor coolant pressure
boundary is in accordance with the ASME Boiler and Pressure Vessel Code Section
XI. Section 5.2 defines the inservice inspection plan, access provisions, and areas
of restricted access.

Vessel material surveillance samples will be located within the reactor pressure
vessel. The program will include specimens of the base metal, weld metal, and

heat affected zone metal.

For further discussion, consult the following chapters and sections:

a. Design of Structures, Components, Equipment, and Systems, Chapter
3.0;
b. Reactor Coolant Pressure Boundary Leakage Detection System,

Subsection 5.2.5;

c. Inservice Inspection, Subsection 5.2.4;
d. Reactor Vessel and Appurtenances, Section 5.3 and Subsection 3.9.5;
e. Reactor Recirculation System, Section 5.4.
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The plant testing and inspection program ensure that the requirements of
Criterion 32 will be met.

Means are provided for detecting reactor coolant leakage. The leak detection
system consists of sensors and instruments to detect, annunciate, and in some
cases, isolate the reactor coolant pressure boundary from potential hazardous leaks
before predetermined limits are exceeded. Small leaks are detected by
temperature and pressure changes, by increased frequency of sump pump
operation, and by measuring fission product concentration. In addition to these
means of detection, large leaks are detected by changes in flow rates in process
lines, and changes in reactor water level. The allowable leakage rates have been
based on predicted and experimentally determined behavior of cracks in pipes, the
ability to make up coolant system leakage, the normally expected background
leakage due to equipment design, and the detection capability of the various
sensors and instruments. The total leakage rate limit is established so that, in the
absence of normal a-c power concurrent with a loss of feedwater supply, makeup
capabilities are provided by the RCIC system. While the leak detection system
provides protection from small leaks, the emergency core cooling system provides
protection for the complete range of discharges from ruptured pipes. Thus,
protection is provided for the full spectrum of possible discharges to the extent that
fuel cladding temperature limits are not exceeded.

For further discussion, see the following sections and subsections:

a. Reactor Coolant Pressure Boundary Leakage Detection System,
Subsection 5.2.5;

b. Reactor Core Isolation Cooling System, Subsecton 5.4.6;
c. Emergency Core Cooling System, Section 6.3; and

d. Reactor Vessel - Instrumentation and Control, Section 7.6.

The plant is designed to provide ample reactor coolant makeup for protection
against small leaks in the reactor coolant pressure boundary for anticipated
operational occurrences and postulated accident conditions. The design of these
systems meets the requirements of Criterion 33.

The residual heat removal (RHR) system provides the means to remove decay heat |
and residual heat from the nuclear system so that refueling and nuclear system
servicing can be performed. |
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The major equipment of the RHRS consists of heat exchangers, main system
pumps, and service water pumps. The equipment is connected by associated valves
and piping, and the controls and instrumentation are provided for proper system
operation. The main system pumps are sized on the basis of the flow required
during the low-pressure coolant injection (LPCI) mode of operation, which is the
mode requiring the maximum flow rate. The heat exchangers are sized on the
basis of the required duty for the shutdown cooling function, which is the mode
requiring the maximum heat exchanger area.

Two loops, each consisting of a heat exchanger, main system pump, and associated
piping, are located in separate protected areas.

For further discussion, see the following chapters, sections, or subsections:
a. Residual Heat Removal System, Subsection 5.4.7;

b. Emergency Core Cooling System - Instrumentation and Control,
Subsection 7.3.1;

c. Auxiliary Power System, Chapter 8.0;

d. Standy A-C Power Supply and Distribution, Chapter 8.0;

e. CSCS Equipment Cooling Water System, Subsection 9.2.1; and

f. Accident Analysis, Chapter 15.0.
The residual heat removal system is adequate to remove residual heat from the
reactor core to ensure that fuel and reactor coolant pressure boundary design
limits are not exceeded. Redundant onsite electric power systems are provided.
The design of the residual heat removal system, including its power supply, meets

the requirements of Criterion 34.

3.1.2.4.6

The emergency core cooling system (ECCS) consists of the following: 1) high-
pressure core spray system (HPCS), 2) automatic depressurization system (ADS),
3) low-pressure core spray (LPCS) system, and 4) low-pressure coolant injection
(LPCI) (an operating mode of the RHRS). The emergency core cooling systems are
designed to limit fuel cladding temperature over the complete spectrum of possible
break sizes in the reactor coolant pressure boundary including a complete and
sudden circumferential rupture of the largest pipe connected to the reactor vessel.
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The HPCS system consists of a single motor-driven pump, system piping, valves,
and controls and instrumentation. The HPCS system is provided to ensure that
the reactor core is adequately cooled to prevent excessive fuel cladding
temperatures for breaks in the nuclear system which do not result in rapid
depressurization of the reactor vessel. The HPCS continues to operate when
reactor vessel pressure is below the pressure at which LPCI operation or LPCS
operation maintains core cooling. Two sources of water are available from either
the condensate storage tank or the suppression pool.

The automatic depressurization system functions to reduce the reactor pressure so
that flow from LPCI and the LPCS enters the reactor vessel in time to cool the core
and prevent excessive fuel cladding temperature. The automatic depressurization
system uses seven of the nuclear system pressure relief valves to relieve the high-
pressure steam to the suppression pool.

The low-pressure core spray system consists of: a motor-driven pump, system
piping and valves, and controls and instrumentation.

In case of low water level in the reactor vessel or high pressure in the drywell, the
LPCS system automatically sprays water onto the top of the fuel assemblies in
time and at a sufficient flow rate to cool the core and prevent excessive fuel
temperature.

In case of low water level in the reactor or high pressure in the drywell, the LPCI
mode of operation of the RHR system pumps water into the reactor vessel in time
to flood the core and prevent excessive fuel temperature. Protection provided by

LPCI extends to a small break where the automatic depressurization system has
operated to lower the reactor vessel pressure.

The LPCI system starts from the same signals which initiate the LPCS system and
operates independently to achieve the same objective by flooding the reactor vessel.

Results of the performance of the emergency core cooling systems for the entire
spectrum of liquid line breaks are discussed in Section 6.3. Peak cladding
temperatures are well below the 2200° F design basis.

Also provided in Section 6.3 is an analysis to show that the emergency core cooling
systems conform to 10 CFR 50 Appendix K criteria. This analysis shows complete
compliance with the final acceptance criteria with the following results:

a. Peak cladding temperatures are well below the 2200° F NRC
acceptability limit.

b. The amount of fuel cladding reacting with steam is nearly an order of
magnitude below the 1% acceptability limit.

c. The cladding temperature transient is terminated while core
geometry is still amenable to cooling.
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d. The core temperature is reduced and the decay heat can be removed
for an extended period of time.

The redundancy and capability of the onsite electrical power systems for the
emergency core cooling systems are represented in the evaluation against Criterion
34.
For further discussion, see the following chapters, sections, or subsections:

a. Residual Heat Removal System, Subsection 5.4.7;

b. Emergency Core Cooling Systems, Section 6.3;

c. Emergency Core Cooling Systems - Instrumentation and Control,
Subsection 7.3.1;

d. Auxiliary Power Systems, Chapter 8.0;

e. Standby A-C Power Supply and Distribution, Section 8.3;

f. CSCS Equipment Cooling Water System, Chapter 9.0; and

g. Accident Analysis, Chapter 15.0.
The emergency core cooling systems provided are adequate to prevent fuel and
cladding damage which could interfere with effective core cooling and to limit
cladding metal-water reaction to a negligible amount. The design of the emergency

core cooling system, including their power supply, meets the requirements of
Criterion 35.

The emergency core cooling systems discussed in Criterion 35 include inservice
inspection considerations. The spray spargers within the vessel are accessible for
inspection during each refueling outage. Access doors in the sacrificial shield and
removal panels in the vessel insulation provide access for examination of nozzles.
Removable insulation is provided on the emergency core cooling systems piping out
to and including the check valve inside the primary containment.

Inspection of the emergency core cooling systems is in accordance with the intent of
Section XI of the ASME Code. Subsection 5.2.4 defines the inservice inspection
plan, access provisions, and area of restricted access.

During plant operations, the pumps, valves, piping, instrumentation, wiring, and
other components outside the primary containment can be visually inspected at any
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time. Components inside can be inspected when the drywell is open for access.
When the reactor vessel is open, for refueling or other purposes, the spargers and
other internals can be inspected. Portions of the ECCS which are part of the
reactor coolant pressure boundary are designed to specifications for inservice
inspection to detect defects which might affect the cooling performance. Particular
attention will be given to the reactor vessel nozzles and core spray spargers.

For further discussion, see the following sections:

a. Reactor Core Support Structures and Internals Mechanical Design,
Sections 3.9 and 4.2;

b. Inservice Inspection Program, Subsection 5.2.4;
c. Reactor Vessel and Appurtenances, Section 5.3 and Subsection 3.9.5;
and

d. Emergency Core Cooling Systems, Section 6.3.
The design of the reactor vessel and internals for inservice inspection, and the
plant testing and inspection program ensures that the requirements of Criterion 36

are met.

3.1.2.4.8

The emergency core cooling system consists of the high-pressure core spray (HPCS)
system, auto depressurization system (ADS), low-pressure coolant injection (LPCI)
mode of the RHR system and low-pressure core spray (LPCS) system. Each of
these systems is provided with sufficient test connections and isolation valves to
permit appropriate periodic pressure testing to ensure the structural and leaktight
integrity of its components.

The HPCS, LPCS, LPCI, and the ADS are designed to permit periodic testing to
ensure the operability and performance of the active components of each system.

The pumps and valves of these systems will be tested periodically to verify
operability. Flow rate tests will be conducted on LPCS, LPCI, and HPCS systems.

The emergency core cooling system is subjected to tests to verify the performance
of the full operational sequence that brings each system into operation. The
operation of the associated cooling water systems is discussed in the evaluation of
Criterion 46.

For further discussion, see the following chapters, sections, or subsections:

a. Overpressurization, Subsection 5.2.2;
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b. Emergency Core Cooling System Inspection and Testing, Section 6.3;

c. Emergency Core Cooling System - Instrumentation and Control,
Subsection 7.3.1;

d. Standby A-C Power System, Chapter 8.0; and
e. Technical Specifications.
It is concluded that the requirements of Criterion 37 are met.

3.1.2.4.9

The primary containment heat removal function is accomplished by the
containment cooling mode of the residual heat removal (RHR) system. In the event
of a loss-of-coolant accident, within the drywell, the pressure suppression system
rapidly condenses the steam to prevent overpressure of the containment. With the
RHR in the suppression pool cooling subsystem of the containment cooling mode,
water is pumped from the suppression pool through the RHR heat exchangers and
back to the pool. In the containment spray subsystem of the containment cooling
mode, water 1s pumped through the RHR heat exchangers and back through spray
headers in the drywell and suppression chamber. Cooling systems remove heat
from the reactor core, the drywell, and from the water in the suppression pool
during accident conditions, and thus provide continuous cooling of the drywell.

Either or both RHR heat exchangers can be manually activated to remove energy
from the suppression pool. The redundancy and capability of the offsite and onsite
electrical power systems for the residual heat removal system is presented in the
evaluation against Criterion 34.

The pressure suppression system is capable of rapid drywell pressure and
temperature reduction following a loss-of-coolant accident so that design limits are
not exceeded. Redundant onsite electrical power systems ensure that system
safety functions can be accomplished.

For further discussion, see the following chapters, sections, or subsections:

a. Residual Heat Removal System, Subsection 5.4.7;

b. Containment Systems, Section 6.2;
c. Emergency Core Cooling Systems, Section 6.3;
d. Emergency Core Cooling Systems - Instrumentation and Control,

Subsection 7.3.1;
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e. Auxiliary Power System, Chapter 8.0;
f. Standby A-C Power Supply and Distribution, Chapter 8.0;
g. CSCS Equipment Cooling Water System, Chapter 9.0; and
h. Accident Analysis, Chapter 15.0.

The design of the containment heat removal system meets the requirements of
Criterion 38.

3.1.2.4.10

The containment heat removal function is accomplished by the suppression pool
cooling mode of the residual heat removal (RHR) system. During plant operations,
the pumps, valves, heat exchangers, piping, instrumentation, wiring and other
components located outside the primary containment can be visually inspected.
Appropriate periodic inspection of the return lines and spray nozzle header inside
the suppression chamber is also possible, when the plant is shut down and the
suppression chamber is open for access.

Also, provisions are made to facilitate periodic inspection of the components of the
containment spray mode of the RHR system. Although not required to accomplish
the containment heat removal function, this mode of the RHR can be used as an
alternate means of reducing the temperature in the drywell following a LOCA.
Again, all components located outside the containment can be inspected during
normal plant operation, and the spray headers inside the drywell can be inspected
when the plant is shut down and the drywell is open for access.

For further discussion, see the following sections or subsections:

a. Residual Heat Removal System, Subsection 5.4.7;

b. Containment Systems, Section 6.2;
c. Emergency Core Cooling Systems, Section 6.3;
d. Emergency Core Cooling Systems - Instrumentation and Control,

Subsection 7.3.1.
Thus, the containment heat removal system is designed to permit periodic

inspection of major components. This design meets the requirements of
Criterion 39.

3.1.2.4.11 Ewvaluation Against Criterion 40 - Testing of Containment Heat
Removal System
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The containment heat removal function is accomplished by the suppression pool
cooling mode of the residual heat removal (RHR) system.

The RHR system is provided with sufficient test connections and isolation valves to
permit periodic pressure and flow rate testing.

The pumps and valves of the RHR are operated periodically to verify operability.
The suppression pool cooling mode is not automatically initiated, but operation of
the components is periodically verified. For further discussion see the following
sections or subsections:

Residual Heat Removal System, Subsection 5.4.7;

Containment Systems, Section 6.2;

Emergency Core Cooling Systems, Section 6.3;

Emergency Core Cooling Systems Instrumentation and Control,
Subsection 7.3.1.

oo

The operation of associated cooling water systems is discussed in the response to
Criterion 46. It is concluded that the requirements of Criterion 40 are met.

3.1.2.4.12

As described in other sections of this UFSAR (Section 9.4), ventilation and
refrigeration systems are provided in the drywell and reactor building areas to
maintain suitable temperature conditions and to provide thorough mixing of the
atmospheres during normal operation.

The standby gas treatment system (SGTS) is utilized during abnormal conditions
to maintain the reactor building at a negative pressure and to filter the exhaust air
for removal of potential fission products.

The SGTS also functions as a backup to the hydrogen recombiner and can filter air
purged from the primary containment, post-LOCA, after the containment pressure
has dropped below 2 psig.

A separate drywell and suppression chamber purge system is provided to clean up
the drywell and suppression chamber atmospheres prior to entry of personnel for
normal operation.

A combustible gas control system is provided to control the concentration of
combustible gas in the primary containment following a LOCA. The containment
atmosphere is continuously monitored for combustible gas concentration, and the
control system can be manually operated as required. The hydrogen recombining
function of the hydrogen recombiners is abandoned in place.
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For further discussion, see the following chapters, sections, or subsections:

a. General Plant Description, Section 1.2;
b. Containment Functional Design, Subsection 6.2.1;
c. Containment Air Cleanup, Subsection 6.2.3;

d. ESF Filter Systems, Subsection 6.5.1;

e. Instrumentation and Controls, Chapter 7.0; |
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Electric Power System, Chapter 8.0;
HVAC, Section 9.4;
Gaseous Waste Systems, Section 11.3;
Process and Effluent Monitoring, Section 11.5; and |

Accident Analysis, Chapter 15.0. |

The previously described systems meet the requirements of Criterion 41.

3.1.2.4.13

With the exception of ductwork and fans located in the drywell, all equipment of
the ventilation, purge, and cleanup systems, and the combustible gas control
system can be inspected during normal plant operation.

The reactor building ventilation system is operated continuously during plant
operation and is monitored for satisfactory operation.

For further discussion, see the following chapters, sections, or subsections:

a.

b.

j.

General Plant Description, Section 1.2;

Containment Functional Design, Subsection 6.2.1;

Containment Air Cleanup, Subsection 6.2.3;

ESF Filter Systems, Subsection 6.5.1;

Instrumentation and Controls, Chapter 7.0; |
Electric Power, Chapter 8.0; |
HVAC, Section 9.4;

Gaseous Waste System, Section 11.3;

Process and Effluent Monitoring, Section 11.5; and |

Accident Analysis, Chapter 15.0. |

The design of these systems therefore meets the requirement of Criterion 42.
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3.1.2.4.14

This requirement is discussed under evaluation against Criterion 42. As detailed
previously, the systems meet the requirements of Criteria 42 and 43.

The same references apply to those given in response to Criterion 42.
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3.1.2.4.15 Ewvaluation Against Criterion 44 - Cooling Water

The system provided to transfer heat from items of safety-related importance to
the ultimate heat sink is the core standby cooling system - equipment cooling
water system (CSCS-ECWS).

Redundancy and reliability of the cooling water supply from the ultimate heat sink
1s provided by three water pipelines from the lake screen house to each unit. Each
unit's CSCS-ECWS consists of three independent divisions, each of which is
provided with its own pumps and strainers. Each division of the CSCS-ECWS
cools only essential loads of the same division. Any two divisions provide the
required LOCA cooling capacity to the minimum required essential loads. The
CSCS-ECWS is operable either from offsite power or from onsite emergency diesel
generators.

Redundancy, isolation capability and separation are provided such that no single
failure will prevent safe shutdown of both units.

For further discussion, see the following sections:
a. General Plant Description, Section 1.2;
b. CSCS Pond Flume Failure Analysis, Section 2.5.5.2.5;
c. Design of Seismic Category I Structures, Section 3.8; and
d. Water Systems, Section 9.2.
The design of this system thus meets the requirements of Criterion 44.

3.1.2.4.16

All important components are located in accessible locations to facilitate periodic
inspection during normal plant operation. Suitable manholes, handholes,
inspection ports, or other design and layout features are provided for this purpose.
Additionally, the shad net located across the UHS pond is frequently
inspected/maintained and station procedures are in place for its inspection
following a seismic event.

For further discussion, see the following chapter and sections:
a. General Plant Description, Section 1.2;

b. CSCS Pond Flume, Section 2.5.5.2.5;

c. Water Systems, Section 9.2; and
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d. Initial Tests and Operation, Chapter 14.0 of the FSAR.

These features meet the requirements of Criterion 45.

3.1.2.4.17

Isolation provisions have been made to permit hydrostatic testing of all portions of
the CSCS-ECWS system. The CSCS-ECWS is designed to be operationally tested
during any mode of plant operation without loss of capability to supply cooling
water to essential loads. This testing includes transfer between the normal offsite
power supplies and the onsite emergency diesel-generator power supplies. Two of
the three CSCS-ECWS divisions are in service during a normal plant shutdown.
For further discussion, see the following chapters and sections:

a. General Plant Description, Section 1.2;

b. CSCS Pond Flume, Section 2.5.5.2.5;

c. Water Systems, Section 9.2;

d. Initial Tests and Operation, Chapter 14.0 of the FSAR; and

e. Technical Specifications.
The system design thus meets the requirements of Criterion 46.

3.1.2.5 Group V - Reactor Containment

3.1.2.5.1

The primary containment structure, including access openings and penetrations, is
designed to withstand the peak accident pressure and temperatures that could
occur during the postulated design-basis loss-of-coolant accident. In addition to
incorporating appropriate safety factors into this design, considerable allowances
are also included for energy addition from sources which may have been included
in the postulated accident.

Further discussion of the containment design is given in the following chapter,
sections, or subsections:

a. Criteria for Protection Against Dynamic Effects Associated with the
Postulated Rupture of Piping, Section 3.6;

b. Seismic Design, Section 3.7,

c. Design of Containment Structure, Section 3.8;
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d. Containment Functional Design, in Subsection 6.2.1;
e. Containment Heat Removal System, Subsection 6.2.2; and
f. Accident Analysis, Chapter 15.0.

The containment design thus meets the requirements of Criterion 50.

The containment vessel material is tested for ductility at a temperature of 30° F
below the minimum service temperature ensuring an adequately low transition
temperature. Furthermore, provision is made to maintain the containment
temperature at a suitable level during shutdown of the unit during cold weather.

The preoperational test program and the quality assurance program ensure the
integrity of the containment and its ability to function under all normal operating
and accident conditions.

Further details are given in the following chapter or subsections:

a. Containment Liner and Other Steel Elements Serving Pressure
Vessel Functions, Section 5 of Appendix E; |

b. Testing and Inservice Surveillance Requirements, Subsection 3.8.1;
and

c. Quality Assurance, Chapter 17.0.

The containment pressure boundary thus meets the requirements of Criterion 51.

The containment system is designed and constructed and the necessary equipment
1s provided to permit periodic integrated leak rate tests during the plant lifetime.
The testing program will be conducted in accordance with Appendix J to 10 CFR
50. Further discussion is given in Subsection 6.2.6.

The containment system thus meets the requirements of Criterion 52.

A surveillance program exists whereby all penetrations are inspected and pressure
tested at periodic intervals. This program consists of a leak rate testing program
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which 1s discussed in Subsection 6.2.6 and a tendon surveillance program which is
discussed in Subsection 3.8.1.7. There are no penetrations with resilient seals or
expansion bellows.

The containment system thus meets the requirements of Criterion 53.

3.1.2.5.5 Ewvaluation Against Criterion 54 - Piping Systems Penetrating
Containment

Piping systems penetrating containment are designed to provide the required
1solation and testing capabilities. These piping systems are provided with test
connections to allow periodic leak detection tests to be performed.

The engineered safety features actuation system test circuitry provides the means
for testing isolation valve operability.

Conformance with Criterion 54 is further discussed in Subsections 3.1.2.5.6,
3.1.2.5.7, and 3.1.2.5.8.

The piping systems penetrating containment thus meet the requirements of
Criterion 54.

3.1.2.5.6 Ewvaluation Against Criterion 55 - Reactor Coolant Pressure Boundary

P 1o Gontal

The reactor coolant pressure boundary, as defined in 10 CFR 50.2(V), consists of
the reactor pressure vessel, pressure retaining appurtenances attached to the
vessel, valves and pipes which extend from the reactor pressure vessel up to and
including the outermost isolation valve. The lines of the reactor coolant pressure
boundary which penetrate the primary containment have suitable isolation valves
capable of isolating the primary containment thereby precluding any significant
release of radioactivity. Similarly for lines which do not penetrate the primary
containment but which form a portion of the reactor coolant pressure boundary,
the design ensures that isolation from the reactor coolant pressure boundary can
be achieved.

Further details are given in the following chapters, section, and subsection;

a. Integrity of Reactor Coolant Pressure Boundary, Section 5.2;
b. Containment Isolation Systems, Subsection 6.2.4;
c. Instrumentation and Controls, Chapter 7.0 and Appendix B; |

d. Accident Analyses, Chapter 15.0; and

e. Technical Specifications. |
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The design of the isolation systems thus meets the requirements of Criterion 55.

In accordance with Criterion 56, lines which penetrate the primary containment
and communicate with the containment interior have two isolation valves: one
inside the containment and the other outside the containment.
Further details are given in the following chapters and subsection:

a. Containment Isolation Systems, Subsection 6.2.4;

b. Instrumentation and Controls, Chapter 7.0 and Appendix B; |

c. Technical Specifications. |

The design of the containment isolation system thus meets the requirements of
Criterion 56.

Each line that penetrates the primary containment and is not connected to the
containment atmosphere nor part of the reactor coolant pressure boundary has at
least one isolation valve located outside the containment near the penetration.

Details demonstrating conformance with Criterion 57 are provided in Subsection
6.2.4.

The design of the isolation valves thus meets the requirements of Criterion 57.

Waste handling systems have been incorporated in the plant design for processing
and/or retention of radioactive wastes from normal plant operations to ensure that
the effluent releases to the environment are as low as reasonably achievable.

The plant is also designed with provisions to prevent radioactivity releases during
accidents from exceeding the limits of 10 CFR 100.

The principal gaseous effluents from the plant during normal operation are the

noncondensable gases from the air ejectors. These gases are processed through a
recombiner and temperature treated prior to passage into a 30-minute holdup line.
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The holdup line permits decay of short-lived radioactive fission products before the
gases enter the charcoal adsorbers. The effluent from this system is continuously
monitored and controlled, and the system will be shut down and isolated in the
event of abnormally high radiation levels.

Ventilation air from the various plant areas is continuously monitored and
controlled and will be exhausted through HEPA and charcoal filters as required on
a selective basis.

In the event of an accident, noncondensable gases are contained within the
primary containment. The reactor building air is continuously processed through
the SGTS. Exhaust from the SGTS is monitored and released in a controlled
manner through HEPA and charcoal filters.

Liquid radioactive wastes are collected in waste collector tanks, treated on a batch
basis through demineralizers or a vendor system using state-of-the-art technology,
and then either returned to the plant systems or released in a controlled manner to
the environment. All discharges to the environment are routed through a
monitoring station that continuously monitors and records the activity of the waste
and provides automatic isolation and an alarm to the operator in the unlikely event
of high activity level.

Solid wastes including spent resins, filter sludges, filter cartridges, evaporator
bottoms and contaminated tools, equipment, and clothing are collected, packaged,

and shipped offsite in approved shipping containers.

These solid wastes may be stored temporarily onsite (e.g. IRSF) prior to offsite
shipment.

For further discussion, see the following chapter, sections, or subsections:
a. General Plant Description, Section 1.2;

b. RCPB Leakage Detection System, Subsection 5.2.5;

c. Containment Functional Design, Subsection 6.2.1;
d. Air conditioning, Heating, Cooling, and Ventilation Systems,
Section 9.4;

e. Liquid Waste Systems, Section 11.2;
f. Gaseous Waste Systems, Section 11.3;

g. Process and Effluent Radiological Monitoring Systems, Section 11.5;
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h. Solid Waste System, Section 11.4;
1. Radiation Protection, Chapter 12.0; and
j. Accident Analyses, Chapter 15.0.

The design of the waste disposal systems meets the requirements of Criterion 60.

3.1.2.6.2.1 New Fuel Storage

New fuel may be placed in dry storage in the new fuel storage vault which is
located inside the reactor building. The storage vault within the reactor building
provides adequate shielding for radiation protection. Storage racks preclude
accidental criticality. (See evaluation against Criterion 62.)

3.1.2.6.2.2 Spent Fuel Handling and Storage

Irradiated fuel is also stored in the reactor building. Fuel pool water is circulated
through the fuel pool cooling, filtering, and demineralizing system (FPCF/D) to
maintain fuel pool water temperature, purity, and water clarity. Storage racks
preclude accidental criticality. (See evaluation against Criterion 62.)

3.1.2.6.2.3 Radioactive Waste Systems

Radioactive liquids, gases, and solids, produced as a result of reactor operation, are
collected, processed, and prepared for disposal by the necessary equipment
provided within the radioactive waste systems. Liquid radwaste is classified as
high conductivity, low conductivity, chemical, or laundry waste, to provide the
most effective treatment. Liquid wastes are also decanted, leaving a residue which
1s accumulated for disposal as solid radwaste. Cement-solidified and dry solid
radwaste is packaged in DOT approved drums or other DOT approved containers.
Gaseous radwaste is monitored, filtered, processed, recorded, and controlled so
that persons outside the controlled area receive doses which are below those
allowed by applicable regulations.

Accessible portions of the reactor and radwaste buildings have sufficient shielding
to maintain dose rates within the limits set forth in 10 CFR 20 and 10 CFR 50.
The radwaste building is designed to preclude accidental release of radioactive
materials to the environs.

The radwaste systems, which are used almost continuously, do not require

regularly scheduled testing, with the exception of the discharge isolation valves,
which are tested periodically.
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For further discussion, see the following chapters or sections:
a. Residual Heat Removal System, Subsection 5.4.7;
b. Containment Systems, Section 6.2;
c. New Fuel Storage, Subsection 9.1.1;
d. Spent Fuel Storage, Subsection 9.1.2;
e. Fuel Pool Cooling and Cleanup System, Subsection 9.1.3;
f. Heating, Ventilating, and Air Conditioning System, Section 9.4;
g. Radioactive Waste Systems, Chapter 11.0; and
h. Radiation Protection, Chapter 12.0.
The fuel storage and handling and radioactive waste systems are designed to

ensure adequate safety under normal and postulated accident conditions. The
design of these systems meets the requirements of Criterion 61.

3.1.2.6.3 Ewaluation Against Criterion 62 - Prevention of Criticality in Fuel

Storage and Handling

Appropriate plant fuel handling and storage facilities are provided to preclude
accidental criticality for new and spent fuel. Criticality in new and spent fuel
storage is prevented by the geometrically safe configuration of the storage rack.
There is sufficient spacing between the assemblies to ensure that the array when
fully loaded is substantially subcritical. Fuel elements are limited by rack design
to only top loading fuel assembly positions. The new and spent fuel racks are
Seismic Category I components.

New fuel is placed in dry storage in the top-loaded new fuel storage vault. This
vault contains a drain to prevent the accumulation of water. The new fuel storage
vault racks are designed to prevent an accidental critical array, even in the event
the vault becomes flooded or subjected to seismic loadings. The center-to-center
new fuel assembly spacing limits the effective multiplication factor of the array to
not more than 0.90 for new dry fuel. Kefr will not exceed 0.95 if the new fuel is
flooded.

Spent fuel is stored under water in the spent fuel pool. The racks in which spent
fuel assemblies are placed are designed and arranged to ensure subcriticality in
the storage pool. Spent fuel is maintained at a subcritical multiplication factor Kest
of less than 0.95 under normal and abnormal conditions.
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Abnormal conditions may result from an earthquake, accidental dropping of
equipment, or damage caused by the horizontal movement of fuel handling
equipment without first disengaging the fuel from the hoisting equipment.

Refueling interlocks include circuitry which senses conditions of the refueling
equipment and the control rods. These interlocks reinforce operational procedures
that prohibit making the reactor critical. The fuel handling system is designed to
provide a safe, effective means of transporting and handling fuel, and is designed
to minimize the possibility of mishandling or maloperation.
For further discussion, see the following sections:

a. Refueling Interlocks, Subsection 7.7.13;

b. New Fuel Storage Racks, Subsection 9.1.1; and

c. Spent Fuel Storage Racks, Subsection 9.1.2.
The use of geometrically safe configurations for new and spent fuel storage and the
design of fuel handling systems precludes accidental criticality in accordance with

Criterion 62.

3.1.2.6.4

Appropriate systems have been provided to meet the requirements of this criterion.
A malfunction of the fuel pool cooling and cleanup system which could result in loss
of residual heat removal capability and excessive radiation levels is alarmed in the
control room. Alarmed conditions include low-fuel pool cooling water pump
discharge pressure and high/low level in the fuel storage pool and skimmer surge
tanks. System temperature is also continuously monitored in the control room.
The area radiation monitoring system monitors radioactivity in this area and
initiates an alarm on abnormal radiation.
For further discussion, see the following sections:

a. Area Radiation Monitoring System, Section 7.7;

b. Fuel Storage and Handling, Section 9.1;

c. Liquid Radwaste System, Section 11.2;

d. Gaseous Radwaste System, Section 11.3; and

e. Solid Radwaste System, Section 11.4.
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Area radiation, tank, and sump levels are monitored and alarmed to give
indication of conditions which may result in excessive radiation levels to
radioactive waste system areas. These systems satisfy the requirements of
Criterion 63.

Means have been provided for monitoring radioactivity releases resulting from
normal and anticipated operational occurrences. The following station releases are
monitored:

a. gaseous releases from the station vent stack,

b. liquid discharge to the lake blowdown line,

c. turbine building ventilation,

d. radwaste building ventilation,

e. off-gas building ventilation,

f. reactor building ventilation,

g. control room ventilation, and

h. auxiliary equipment room ventilation.

In addition, the primary containment atmosphere is monitored, and onsite and
offsite monitors are provided.

For further discussion of the means and equipment used for monitoring
radioactivity releases, see the following chapter or sections:

a. Integrity of Reactor Coolant Pressure Boundary, Section 5.2;

b. Process Radiation Monitoring System, Subsection 7.6.1;

c. Site Environs Radiation Monitoring System, Sections 7.6 and 7.7; and
d. Radioactive Waste Management, Chapter 11.0.

The design meets the requirements of Criterion 64.
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3.2 CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

Certain structures, components, and systems of the nuclear plant are
considered important to nuclear safety because they perform safety actions
required to prevent or mitigate the consequences of abnormal operational
transients or accidents. The purpose of this section is to classify structures,
components, and systems according to the importance of the safety function
they perform. In addition, design requirements are placed upon such
equipment to ensure the proper performance of safety actions when required.

3.2.1 Seismic Classification

Plant structures, systems, and components important to safety are designed to
withstand the effects of a safe shutdown earthquake (SSE) and remain
functional, if they are required to ensure:

a. the integrity of the reactor coolant pressure boundary,

b. the capability to shut down the reactor and maintain it in a
safe condition, or

C. the capability to prevent or mitigate the consequences of
accidents which could result in potential offsite exposures in
excess of the guideline exposures of 10 CFR 100.

Plant structures, systems, and components, including their foundations and
supports, designed to remain functional in the event of a SSE are designated as
Seismic Category I, as indicated in Table 3.2-1.

All Seismic Category I structures, systems, and components are analyzed
under the loading conditions of the SSE and operating-basis earthquake (OBE).
Since the two earthquakes vary in intensity, the design of Seismic Category I
structures, components, equipment, and systems to resist each earthquake
and other loads are based on levels of material stress or load factors, whichever
is applicable, and yield margins of safety appropriate for each earthquake. The
margin of safety provided for such structures, components, equipment, and
systems ensures that their design functions are not jeopardized. For further
details of seismic design criteria refer to:

a. mechanical, in Subsection 3.7.3;

b. electrical, in Section 3.10;

C. structural, in Subsection 3.7.2; and

d. instrumentation and controls, in Section 3.10.
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3.2.2 System Quality Group Classifications

System quality group classifications have been determined for each water,
steam, or radioactive waste-containing component of those applicable fluid
systems which are relied upon to:

a. prevent or mitigate the consequences of accidents and
malfunctions originating within the reactor coolant pressure
boundary,

b. permit shutdown of the reactor and maintain it in the safe

shutdown condition, and

C. contain radioactive material in large quantity or
concentration.

A tabulation of quality group classification for each structure, system, and
component is shown in Table 3.2-1 under the heading, "Quality Group
Classification." Figures 3.2-1 and 3.2-2 are diagrams which depict the relative
locations of these structures, systems, and components along with their quality
group classification.

The implementation of the code requirements outlined in Tables 3.2-1, 3.2-2,
3.2-3, and 3.2-4 for fluid system components is discussed in Sections 3.7 and
3.9.

A boiling water reactor has a number of structures, systems, and components
in the power conversion or other portions of the facility which have no direct
safety function, but which may be connected to, or influenced by, the
equipment within the nuclear safety-related classifications defined previously.
Such structures, systems, and components are designated as "other."

The design requirements for equipment classified as "other" are specified by the
designer with appropriate consideration of the intended service of the
equipment and expected plant and environmental conditions under which it
operates. Where possible, design requirements are based on applicable
industry codes and standards. When these are not available, the designer
relies on accepted industry or engineering practice.

Structures, systems, and components whose safety functions require
conformance to the quality assurance requirement of 10 CFR 50, Appendix B,
are summarized in Table 3.2-1 under the heading, "Quality Assurance
Requirements." The quality assurance program is described in Chapter 17.0.
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SEE END OF DOCUMENT FOR DISCREPANCIES

PRINCIPAL COMPONENT (1)

1. Reactor System

1.
2.
3.

8.
9.
10.
11.
12.
13.

Reactor vessel
Reactor vessel support skirt
Reactor vessel appurtenances,
pressure retaining portions
CRD housing supports

. Reactor internal structures,

engineered safety features
Core support structures

Other internal structures (i.e., dryers,

separators)

Control rods

Control rod drives

Power range detector hardware
Fuel assemblies

Reactor vessel stabilizer
Reactor vessel insulation

II. Nuclear Boiler System

1.

Instrumentation condensing
chambers
SRV and MSIV air accumulators

. Piping, main steam within the

reactor coolant pressure boundary
(RCPB)
Piping, feedwater within the RCPB

. Piping, feedwater within outermost

isolation valve

STRUCTURES, EQUIPMENT, AND COMPONENT CLASSIFICATIONS

(&)
LOCATION

PC
PC
PC

PC
PC

PC
PC

PC
PC
PC
PC
PC
PC

PC
PC,RB
PC,RB

PC.RB
RB

SEISMIC (5)
CATEGORY

II

Pt

LSCS-UFSAR

TABLE 3.2-1
(SHEET 1 OF 31)

QUALITY (4a)
GROUP
CLASSIFICATION

NA
NA
NA

NA
NA

NA
NA

NA

NA
NA

TABLE 3.2-1

QUALITY (4b)
ASSURANCE
REQUIREMENT

II

Pt

(40)
ELECTRICAL
CLASSIFICATION

NA
NA
NA

NA
NA

NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA

NA
NA

@)
PURCHASE
DATE

11-70/4-71
11-70/4-71
7-74

11-71
12-72

11-73
6-71

1-71
9-71
6-74
5-70
2-72
3-76

8-75
9-74
8-74

9-74
9-74

COMMENTS

See 5.2.1-1

(15)

(15,28)
(15)

(15)
(15)

(10)

(16)

)
©

REV. 13



PRINCIPAL COMPONENT (1)
6. Main Steam SRV (includes ADS)
7. Piping, SRV discharge

through quencher

8. Valves, main steam isolation

9. Valves, feedwater valves within

10. Valves, feedwater valves between
RCPB and outermost isolation

11. Valves, other valves on branch
lines within the RCPB

13. Cable with a safety function

14. Electrical modules with a safety

15. Instrument modules with a safety

valves (MSIV)

RCPB

valve

function

function

(©)
LOCATION

PC
PC
PC
PC,RB

PC,RB

PC,RB

PC,RB,A
PC,RB,A

PC,RB

SEISMIC (5)
CATEGORY

1

I
I
1

III. Recirculation System (Includes primary coolant sampling system)

L.
2.
3.

Piping
Pumps

Valves, excluding sample lines

isolation valves
Motor, pump

Electrical and instrument modules
with a safety funct.
Cable with a safety funct.

M/B set

Sample line isolation valve

PC
PC
PC

PC
PC,RB,A

PC,RB,A
RB
PC,RB

I
I
I

Special
I

1I

LSCS-UFSAR

TABLE 3.2-1
(SHEET 2 OF 31)

QUALITY (4a)
GROUP
CLASSIFICATION

>0 a

>

NA
NA

NA
NA

TABLE 3.2-1

QUALITY (4b)
ASSURANCE
REQUIREMENT

1

I
I
I

(4c)
ELECTRICAL

CLASSIFICATION

1E
NA
NA
1E

1E

1E

1E

1E
1E

1E

NA
NA
NON I1E

NON IE
1E

1E
NON 1E
1E

@
PURCHASE
DATE

9-74
9-74
9-74
4-71/2-72
12-73

12-73

12-73

10-75

11-71
5-71
6-71

11-71

10-75

COMMENTS

©
)

9 (10)

(15)

(15)

(32)
(19)

(19) (15)
(15)
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PRINCIPAL COMPONENT (1)

IV. CRD Hydraulic System

1.

oW

=0 X wW

11

12.
13.
14.

Valves; scram discharge volume
lines

Valves; insert and withdraw lines
Valves, other

Piping, scram discharge volume
lines

Piping, insert and withdraw lines
Piping, other

CRD pumps, filter

CRD strainer

SDV level switches

. Electrical and instrumentation

modules without safety function

. Hydraulic control unit and shutoff

valves

Pump Motor

Cable with safety function
Electrical and instrumentation
modules with safety function

V. Standby Liquid Control System

1
2
3.
4
5

6.

. Standby liquid control storage tank
. Pumps

Pump motor

. Valves, explosive
. Valves, isolation and within

primary containment
Valves, beyond isolation valves

7. Piping, within isolation valves

LSCS-UFSAR

TABLE 3.2-1
(SHEET 3 OF 31)

QUALITY (4a) QUALITY (4b) (4c)
3) SEISMIC (5) GROUP ASSURANCE ELECTRICAL
LOCATION  CATEGORY  CLASSIFICATION  REQUIREMENT  CLASSIFICATION

RB 1 B 1 1E

RB 1 B 1 NA

RB 1I D 11 NON 1E

RB 1 B 1 NA

PC,RB I B I NA

RB 11 D 11 NA

RB 11 D II NA

RB 11 D 11 NA

RB I D 1 1E

RB 11 NA 11 NON 1E

RB 1 D 1 NON 1E

RB 11 NA 11 NON 1E

RB,A 1 NA 1 1E

RB,A 11 NA 1 1E

RB 1 B 1 NA

RB 1 B 1 NA

RB 1 NA 1 NON 1E

RB 1 A 1 NON 1E

RB,PC 1 A 1 NA

RB 1 B 1 NON 1E

PC,RB 1 A 1 NA
TABLE 3.2-1

@
PURCHASE
DATE

12-73

3-76
12-73
9-74

3-76
9-74
2-71
7-71

10-71

4-71
10-75

3-74
7-71
7-71
2-72

12-73
9-74

COMMENTS

©
(6)

(23)

(15)
(15)

(13) (15)
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PRINCIPAL COMPONENT (1)
8. Piping, beyond isolation valves
9. Electrical and instrument modules
10. Cable
11. Serv. System valves and piping

VI. Neutron Monitoring System
1. Piping, TIP
2. Valve, isolation, TIP subsystem
3. Electrical modules, IRM and
APRM
4. Cable, IRM and APRM
5. LPRM, incore detector assemblies

VII. Reactor Protection System
1. Electrical and instrument modules
2. Cables

VIII. Process Radiation Monitors

1. Electrical and instrument modules
main steam line and reactor
building ventilation monitors

2. Cable, main steamline and reactor
building ventilation monitors

3. Electrical and instrument modules
for process liquid, process
ventilation, air ejector and off-gas
radiation monitoring systems

IX. Residual Heat Removal (RHR) System
1. Heat exchangers, primary side
2. Heat exchangers, secondary side
3. Piping, connected to RCPB within
outermost isolation valves

LSCS-UFSAR

TABLE 3.2-1
(SHEET 4 OF 31)

QUALITY (4a)
GROUP
CLASSIFICATION

3) SEISMIC (5)
LOCATION  CATEGORY

RB I B
RB I NA
RB,A 11 NA
RB II D
PC,RB I B
PC,RB I B
RB 1 NA
RB,A II NA
PC I A
T,PC,RB,A I NA
T,PC.RB,A I NA
RB,A I NA
RB,A 1 NA
A, T,RB 11 NA
RB I B
RB I C
PC,RB I A

TABLE 3.2-1

QUALITY (4b)
ASSURANCE
REQUIREMENT

I
1
I
11

II

(40)
ELECTRICAL

CLASSIFICATION

NA

NON 1E
NON 1E
NON IE

NA
NA
1E

1E
1E

1E
1E

1E

1E

NON 1E

NA
NA
NA

@
PURCHASE
DATE

9-74

10-75
6-73

1-74
1-74
1-74

5-75

2-74
10-75

5-74

10-75

7-74

5-71
5-71
9-74

REV. 14, APRIL 2002

COMMENTS

(15)

(15)

(15)

(15)

(35)
(36)
(10)
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TABLE 3.2-1
(SHEET 5 OF 31)

QUALITY (4a) QUALITY (4b) (4c) 2)
3) SEISMIC (5) GROUP ASSURANCE ELECTRICAL PURCHASE
PRINCIPAL COMPONENT (1) LOCATION CATEGORY CLASSIFICATION REQUIREMENT CLASSIFICATION DATE COMMENTS
4. Piping, excluding that connected RB I B I NA 9-74
to the RCPB
5. Pumps, RHR and water leg RB 1 B 1 NA 9-70,6-74
6. Pump motors RB I NA I 1E 10-70,6-74 (15)
7. Valves; RCP boundary isolation PC,RB 1 A 1 1E 12-73
LPCI and shutdown lines
8. Valves; isolation, other PC,RB 1 B 1 1E 12-73
9. Valves, beyond isolation valves RB 1 B 1 1E 12-73
10. Electrical and instrument RB,A I NA 1 1E - (15)
modules with safety funct.
11. Cable, with safety function RB,A I NA I 1E 10-75
X. Low-Pressure Core Spray System LPCS
1. Piping, within outermost isolation =~ PC,RB 1 A I NA 9-74 (10)
valves
2. Piping, beyond outermost RB I B 1 NA 9-74
isolation valves
3. Pumps, LPCS and water leg RB 1 B 1 NA 9-70,6-74
4. Pump motors RB 1 NA 1 1E 10-70,6-74 (15)
5. Valves, RCP boundary isolation PC,RB 1 A 1 1E 12-73
valves within contain.
6. Valves, beyond outermost isolation ~RB I B I E 12-73
valves
7. Electrical and instrument modules ~ RB,A 1 NA 1 1E 5-75 (15)
with a safety funct.
8. Cable, with a safety function NA I E --
XI. High-Pressure Core Spray System, HPCS
1. Piping, within outermost isolation PC,RB I A I NA 9-74 (10)
valves
2. Piping, beyond outermost isolation =~ RB I B I NA 9-74
valves
3. Piping, return test line to O,RB 11 D II NA 9-74 (33)
condensate storage tank beyond
reactor building
TABLE 3.2-1 REV. 14, APRIL 2002



PRINCIPAL COMPONENT (1)

4,
5.

6.

7.

8.
9.

Pumps, HPCS and water leg
Valves, RCPB within outermost
valve

Valves, excluding those within
RCPB

Electrical and instrument modules
with a safety funct.

Cable, with a safety funct.

Motors

LSCS-UFSAR

XII. Reactor Core Isolation Cooling System RCIC

1.

2.

11.
12.
13.

Piping, connected to RCPB within
outermost isolation valves

Piping, beyond outermost isolation
valves

. Piping, return test line to

condensate storage tank beyond
reactor building

Vacuum pump discharge line from
vacuum pump to containment
isolation valves

. Pumps, RCIC and water leg
. Valves, RCP boundary isolation &

valves within contain.

Valves, return test line to
condensate storage

Valves, other

Turbine

Electrical and instrument modules
with a safety funct.

Cable, with a safety function
Water leg pump motor

Piping, within outermost isolation values
excluding that connected to the RCPB

TABLE 3.2-1
(SHEET 6 OF 31)
QUALITY (4a) QUALITY (4b) (4c)
3) SEISMIC (5) GROUP ASSURANCE ELECTRICAL
LOCATION  CATEGORY  CLASSIFICATION  REQUIREMENT  CLASSIFICATION
RB 1 B 1 NA
PC,RB 1 A 1 1E
RB 1 B 1 1E
RB,A 1 NA 1
RB,A 1 NA I 1E
RB 1 NA I 1E
PC,RB 1 A 1 NA
RB I B 1 NA
0 II D II NA
RB 11 D II NA
RB I B 1 NA
PC,RB 1 A 1 1E
RB 1 B 1 1E
RB 1 B 1 1E
RB 1 E - NA
RB,A I N/A 1 1E
- | N/A | 1E
RB 1 N/A 1 1E
PC, RB I B I NA
TABLE 3.2-1

@
PURCHASE
DATE

1-71, 6-74

12-73

12-73

10-75

1-71, 6-74

9-74

9-74

9-74

9-74

1-71, 6-74

12-73

12-73

12-73
10-70

10-75
6-74
9-74

COMMENTS

(15)

(15)

(10)

(11,15,17,28)
(15)

(15)

REV. 16, APRIL 2006
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TABLE 3.2-1
(SHEET 7 OF 31)
QUALITY (4a)
3) SEISMIC (5) GROUP
PRINCIPAL COMPONENT (1) LOCATION CATEGORY CLASSIFICATION
XIIl. FUEL SERVICE EQUIPMENT
1. Fuel preparation machine RB I N/A
2. General purpose grapple RB 1 N/A
XIV. REACTOR VESSEL SERVICE EQUIPMENT
1. Steamline plugs RB I N/A
2. Dryer and separator sling RB 1 N/A
3. Head strongback RB 1 N/A
XV. IN-VESSEL SERVICE EQUIPMENT
1. Control rod grapple RB I N/A
XVI. REFUELING EQUIPMENT
1. Refueling platform RB I N/A
2. Refueling bellows, reactor cavity PC 1 N/A
3. New fuel inspection stand RB 11 N/A
XVII. STORAGE EQUIPMENT
1. Fuel storage racks Unit 1 RB I C
Unit 2 RB I C
2. Defective fuel storage container Unit 1 RB I N/A
Unit 2 RB 1 C
3. Spent fuel pool, dryer/ sep. pool, Unit 2 RB I N/A
Rx well
XVIII. Radwaste System
1. Tanks, atmospheric RW,T 11 D
2. Heat exchangers RW,T 11 D
3. Piping, other RB,T,RW 11 D
4. Pumps RB,RW,T, II D
A
TABLE 3.2-1

QUALITY (4b)
ASSURANCE
REQUIREMENT

11
1I

—

II
1I
II
II

(4¢)

ELECTRICAL
CLASSIFICATION

N/A
N/A

N/A
N/A
N/A

N/A

Non 1E
N/A
N/A

N/A
N/A
N/A
N/A
N/A

NA
NA
NA
NON 1E

@
PURCHASE
DATE

10-72
1-73

4-71
4-75
11-75

8-75

11-73
1-76
1-73

11-91
1-86
12-75
1-86

12-73
6-73
9-74
7-73

REV. 14, APRIL 2002

COMMENTS

(15)
(15)

(15)
(15)
(15)

(15)

(15)

(15)



PRINCIPAL COMPONENT (1)

XIX.

XX. Fuel Pool Cooling and Cleanup System

—_

5. Valves, flow control and filter
system
6. Valves, other

Reactor Water Cleanup System

1. Vessels: filter/ demineralizer

2. Heat exchangers

3. Piping, within RCPB outermost
valve

4. Piping, within outermost isolation
valves

5. Piping, other

6. Pumps/motors

7. Valves, within RCPB

8. Valves, within containment
boundary

9. Valves, beyond outermost
isolation valves

1. Pumps, cooling

. Heat exchangers

. Filter demineralizer vessels
. Pumps, holding

. Precoat facility

. Piping

Valves

. Pumps, emergency makeup
. Valves, emergency makeup
. Piping, emergency makeup

S VWL AW

3)

LOCATION

RW,T

RB,RW,T,
A

RB
RB,PC

RB
RB

RB
RB,PC

LSCS-UFSAR

TABLE 3.2-1
(SHEET 8 OF 31)
QUALITY (4a) QUALITY (4b)
SEISMIC (5) GROUP ASSURANCE
CATEGORY  CLASSIFICATION  REQUIREMENT
II D II
Il D Il
II C II
II C 11
I A I
1 B 1
11 C 11
II C 11
I A I
I B I
II C II
11 C 11
11 C II
II C II
11 C 11
11 D 11
II C,D II
11 C,D 11
I C I
I C I
1 C 1
TABLE 3.2-1

(4¢)

ELECTRICAL
CLASSIFICATION

NON 1E

NON 1E

NA
NA
NA

NA

NA
NON 1E
IE

IE

NON 1E

NON 1E
NA
NA
NON 1E
NON 1E
NA
NA
1E
NA
NA

@
PURCHASE
DATE COMMENTS

6-73

6-73

7-71
7-71 (14)
9-74

9-74 (14,10)

9-74 (14,10)
7-71 (14)
12-73

12-73

12-73

6-74
12-73

7-73

7-73

7-73

9-74 (18)
12-73

7-73

12-73

12-73

REV. 16, APRIL 2006



PRINCIPAL COMPONENT (1)

XXI. Control Room Panels
1. Electrical panels with safety
function
2. Cable with safety function

XXII. Local Panels
1. Electrical panels with a safety
function
2. Cable, with a safety function
3. Remote shutdown panel

XXIII. Off-Gas System (2)
1. Atmospheric glycol tanks
2. Heat exchangers
3. Piping and valves (downstream
of steam jet air ejectors)
Piping and valves (up to and
including air ejector)
Valves
Steam jet air ejectors
Charcoal vessels
Recombiners
9. Filters
10. Afterfilter
11. Reheater
12. Flow Elements/Transmitters
1&2 N62-N010 and
1&2 N62-N032

>

® N

(€)
LOCATION

A.RB

A,RB

F,T
T,F,0

—

e

o R IR I

SEISMIC (5)
CATEGORY

II
II
II

I

1I
I
II
11
II
1I
II
11

LSCS-UFSAR

TABLE 3.2-1
(SHEET 9 OF 31)

QUALITY (4a)
GROUP
CLASSIFICATION

NA

NA

NA

NA
NA

vlvlvEvEvivEENvENvEvRv)

W)

TABLE 3.2-1

REQUIREMENT

11
I
II

1I

1I
II
11
11
II
1I
11
11

QUALITY (4b)

(40)
ELECTRICAL
CLASSIFICATION

1E

1E

1E

1E
1E

NA
NA
NON IE

NON 1E

NON 1E
NA
NA
NA
NA
NA
NON IE
NON 1E

@
PURCHASE
DATE

5-74,4-75

10-75

4-74

10-75
10-74

10-71
10-74
9-74

9-74

2-72

10-71
10-71
10-71
10-71
1-72

10-82

COMMENTS

(15)

(15)

(30)

REV. 13



PRINCIPAL COMPONENT (1)

XXIV. Service Water System

1.

nohk v

>

XXV. Drywell Pneumatic, Instrument Air, and Service Air System

1.
2.

10.

Piping

Strainers
Pumps

Pump motors
Valves

Electrical & instrument Modules
Cable

MSIV and SRV accumulators
Piping in lines between
accumulators and MSIV's and
SRV's and to N, bottles

Valves in lines supporting MSIV
and SRV function

Valves, containment isolation
Piping, within outermost
isolation valve

Piping, other

Valves, other

Compressors

Nitrogen bottles supplying ADS
valves

Drywell Pneumatic non-ADS
Supply Regulator

(€)
LOCATION

RB,0O,L.A,
T

L

L

L

T,0,L. AR
B

RB, LA
RB,O,L.A,
T

PC,RB
PC,RB

PC,RB

RB
RB

PC,RB,LA,
T,RW,F,0
PC,RB,L.A,
T,RW,F,0
RB,L

RB

RB

SEISMIC (5)
CATEGORY

1I

II
1I
I
II

II
II

I
I

II

II

1I

II

LSCS-UFSAR
TABLE 3.2-1

(SHEET 10 OF 31)

QUALITY (4a)
GROUP
CLASSIFICATION

TABLE 3.2-1

1I

II
II
II
II

I
II

QUALITY (4b)
ASSURANCE
REQUIREMENT

II

II

II

II

(40)
ELECTRICAL
CLASSIFICATION

NA

NA
NA
NON 1E
NA

NON 1E
NON IE

NA

NA

NA

1E
NA

NA

NA

NON 1E
NA

NA

@
PURCHASE
DATE
9-74
7-73
7-73

7-73
6-73

10-75

9-74

9-74

12-73

12-73
9-74

9-74

9-74

11-89

COMMENTS

(16)
(16)

REV. 13



PRINCIPAL COMPONENT (1)

(€)
LOCATION

XXVI. CSCS Equipment Cooling Water System

&

N

Intake water tunnel

Piping

Valves

Strainers

RHR Service Water Fuel Pool
Emergency Makeup Pumps
Pump Motor

UHS Instr. and Controls

XXVII. Diesel Generator System

1.
2.

Day tanks

Piping; fuel oil system, diesel
serv. water system, starting air
system, downstream of and
including the compressed
isolation check valve, and
intake and exhaust system

. Valves, fuel oil system and

diesel service water system

. Pumps, fuel oil system and

Divisions 1 and 2 diesel service
water system

. Pump motors, fuel oil system

and Divisions 1 and 2 diesel
service water system

Diesel generators (Divisions 1
and 2 only)

L
O,A,L
A, L

SEISMIC (5)
CATEGORY

i e e i e ]

LSCS-UFSAR
TABLE 3.2-1

(SHEET 11 OF 31)

QUALITY (4a)
GROUP

NA

NA

TABLE 3.2-1

CLASSIFICATION

QUALITY (4b)
ASSURANCE
REQUIREMENT

i i e i e ]

(40)
ELECTRICAL
CLASSIFICATION

NA
NA
1E

NA
NA

1E
NA

NA
NA

1E

NA

1E

1E

@
PURCHASE
DATE COMMENTS

9-74 31)
12-73 31)
11-73

6-74

6-74

9-74

11-73 @1
9-74 1)

12-73

6-74
6-74

1-74

REV. 14, APRIL 2002



PRINCIPAL COMPONENT (1)

7.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

Electrical modules with safety
function (Division 1 and 2
only)

Cable, with safety funct.
Diesel fuel storage tanks

. Diesel starting air receiver

tanks (Division 1 and 2 only)
Starting air system equipment,
piping, and valves upstream of
compressor isolation check
valve

Diesel exhaust silencer
(Divisions 1 and 2 only)
Diesel intake filter (Divisions 1
and 2 only)

Division 3 diesel Service water
pump

Division 3 diesel service water
pump motor

Division 3 diesel generators
Division 3 electrical modules
with safety function

Division 3 diesel starting air
receiver tanks

Division 3 diesel exhaust
silencer

Division 3 diesel intake filter

LSCS-UFSAR

TABLE 3.2-1
(SHEET 12 OF 31)

QUALITY (4a) QUALITY (4b) (4c)

3) SEISMIC (5) GROUP ASSURANCE ELECTRICAL
LOCATION  CATEGORY  CLASSIFICATION  REQUIREMENT  CLASSIFICATION
A 1 NA 1 1E
A 1 NA 1 1E
A 1 C 1 NA
A I C I NA
A 1 D I NA
A I NA 1 NA
A 1 NA 1 NA
A 1 C 1 NA
A 1 NA I 1E
A 1 NA | 1E
A 1 NA 1 1E
A I C I NA
A 1 NA 1 NA
A 1 NA 1 NA

TABLE 3.2-1

@

PURCHASE

DATE COMMENTS
1-74 (15)
10-75
12-73
1-74
9-74
1-74 @1
1-74 @1
6-71
6-71
6-71
1-73 (15)
6-71
6-71 @1
6-71 Q1)

REV. 13



PRINCIPAL COMPONENT (1)

XXVIIIL. Combustible Control System
1 Piping
2. Valves
3. Gas control unit on skid
4. Electrical modules with a safety
function
5. Cables, with a safety function

XXIX. Standby Gas Treatment System
1. a. Piping and valves
(downstream of filter unit)
b. Piping and valves
(upstream of filter unit)
2. SGTS equipment train (includes
filters)
3. Electrical/mechanical modules,
with a safety function
4. Cable, with a safety function
5. Instr. and Controls

XXX. Primary Containment Ventilation and Ventilation Water System

1. All components, except
containment isolation valves and
penetration piping

2. Valves, containment isolation

3. Piping, penetration

(€)
LOCATION

RB

RB,A

RB,A

RB
RB
RB
RB,A
RB,A
RB,A

PC,RB

PC,RB
PC,RB

SEISMIC (5)
CATEGORY

— b

1I

LSCS-UFSAR
TABLE 3.2-1

(SHEET 13 OF 31)

QUALITY (4a)
GROUP

CLASSIFICATION

Z W ww

A

NA

NA

NA

NA

TABLE 3.2-1

QUALITY (4b)
ASSURANCE
REQUIREMENT

Pt b ]

II

II

(4¢)

ELECTRICAL
CLASSIFICATION

NA
1E
1E
1E

1E

1E

1E

1E

1E

1E
1E

NON 1E

1E
NA

@
PURCHASE
DATE

9-74

12-74
11-76
11-76

10-75

9-74

9-74

4-76

4-76

10-75
9-74

12-73
9-74

COMMENTS

(15)

REV. 13



PRINCIPAL COMPONENT (1)

XXXI. Power Conversion System

1

. Main steam piping between

outermost isolation valves up to
turbine stop valves

. Main steam branch piping to first

valve closed or capable of
automatic actuation

. Main steam branch piping after

the first closed valve or valve
capable of automatic actuation

. Main turbine bypass piping up to

bypass valve

. First valve that is either normally

closed or capable of automatic
closure in branch piping
connected to main steam and
turbine bypass piping
Turbine stop valves, turbine
control valves, and turbine
bypass valves
Main steam leads from turbine
control valve to turbine casing
Feedwater and condensate
system beyond containment
isolation valve

(€)
LOCATION

RB,T,A

T,RB,A

T,RB

NA

RB,T,A

LSCS-UFSAR

TABLE 3.2-1
(SHEET 14 OF 31)

QUALITY (4a)
SEISMIC (5) GROUP
CATEGORY  CLASSIFICATION
1 D+
1 D+
11 D
I D+
1 D+
II D
11 NA
11 D
TABLE 3.2-1

QUALITY (4b) (4c) 2
ASSURANCE ELECTRICAL PURCHASE
REQUIREMENT CLASSIFICATION DATE COMMENTS
II NA 9-74 (7,28)
II NA 9-74 (7,28)
11 NA 9-74
II NA 9-74 (7,28)
11 1E 6-73 (7,28)
II NON 1E --
II NA -- No piping
II NON 1E 9-74 (9,38)

REV. 17, APRIL 2008



PRINCIPAL COMPONENT (1)

(€)
LOCATION

XXXII. Cycled Condensate Storage and Transfer System

1.

2
3.
4

XXXIII.
1.

2.

o

10. Other cable penetrations (fire stops)

Condensate storage tank

. Piping, suction line to HPCS

Piping, suction line to RCIC

. Piping, other

Valves and other components

Instrument and Controls

Class 1E Onsite Power Systems
Diesel generator and directly
associated auxiliaries

4160 volt switchgear and
associated protective relays

480 volt unit substations
(switchgear and supply
transformers)

480 volt motor control centers
including 120 volt AC instrument
bus distribution equipment

. Instrumentation, control and power

cables (including cable splices and
terminal blocks)

Conduit supports and cable trays
and their supports

Conduits

Control panels

Containment electrical penetration
assemblies

0

O,RB

O, RB
O,RB,T,A,
RW
O,RB,TA,
RW

T.A

A,RB

A,RB,PC

A,RB,PC
A,RB,PC
A

PC

ARB,PC

LSCS-UFSAR

TABLE 3.2-1
(SHEET 15 OF 31)

QUALITY (4a)

SEISMIC (5) GROUP
CATEGORY  CLASSIFICATION

1I

II

II

II

Owoo

)

NA
NA

NA
NA
NA
NA
NA

NA
NA

NA

TABLE 3.2-1

QUALITY (4b)
ASSURANCE
REQUIREMENT

1I

II

II

II

II

II

(40)
ELECTRICAL
CLASSIFICATION

NA
NA
NA
NA
NA

NON 1E

1E

1E

1E

1E

1E

NON 1E
NON 1E
1E
1E

NON 1E

@
PURCHASE
DATE COMMENTS

- (12)

9-74 (33)

9-74

9-73

6-73

9-74
- (25)
- (25)

REV. 14, APRIL 2002



PRINCIPAL COMPONENT (1)

XXXIV. Class 1E DC Power Systems
1. 125 and 250 volt batteries,
battery chargers, and distribution
equipment (including any
protective relays)
2. Cables
3. Conduit supports and cable trays
and their supports
4. Conduits
Battery racks
6. Control panels

v

XXXV. Miscellaneous Components
1. Meteorological Monitoring

LSCS-UFSAR

TABLE 3.2-1
(SHEET 16 OF 31)

QUALITY (4a) QUALITY (4b) (4c)
3) SEISMIC (5) GROUP ASSURANCE ELECTRICAL
LOCATION  CATEGORY  CLASSIFICATION  REQUIREMENT  CLASSIFICATION

A I NA I 1E

A,RB,PC I NA I 1E

A,RB,PC I NA I NON IE
A,RB,PC I NA II NON 1E
A I NA I NON 1E
A I NA I NON 1E
o II NA II NON 1E

XXXVI. Reactor Building Closed Cooling Water System

1. Pumps and heat exchangers

2. Valves, containment isolation &
containment penetration piping

3. Piping, other
4. Valves, other

RB | D 1 NA

PC,RB I B I 1E

PC,RB,A I D I NA

PC,RB,A I D I NA
TABLE 3.2-1

@

PURCHASE

DATE COMMENTS
- (25)
- (25

6-73

12-73

9-74

6-73

REV. 14, APRIL 2002



LSCS-UFSAR

TABLE 3.2-1
(SHEET 17 OF 31)

QUALITY (4a) QUALITY (4b) (4c) 2)
3) SEISMIC (5) GROUP ASSURANCE ELECTRICAL PURCHASE
PRINCIPAL COMPONENT (1) LOCATION CATEGORY CLASSIFICATION REQUIREMENT CLASSIFICATION DATE COMMENTS
XXXVII. Equipment and Floor Drainage System
1. Sumps RB,T,RW, I D I NA
A,PC
2. Pumps RB,T,RW, D I NA 10-75
A
3. Piping containment isolation RB 1 B 1 NA 9-74
4. Valves containment isolation RB I B I 1E 12-73
5. Cable, with a safety function -- I NA I 1E
6. Piping, other RB,T,RW, 11 D 11 NA 9-74
A,PC
7. Valves, other RB,T,RW, 11 D 11 NA 6-73
A,PC
XXXVIIL. HVAC Systems
1. Control Room HVAC System
a. Refrigeration units A 1 NA 1 1E 1-76
b. Fans and motors A 1 NA 1 1E 5-76
c. Cooling coils A I NA I NA 5-76
d. Refrigerant piping and A I NA I NA 2-76
accessories
e. Ductwork and accessories A I NA I NA 2-76
f. Elec. & instrument with a safety A I NA I 1E
function
g. Filters A I NA I NA

TABLE 3.2-1 REV. 15, APRIL 2004



LSCS-UFSAR

TABLE 3.2-1
(SHEET 18 OF 31)

QUALITY (4a) QUALITY (4b) (4¢c) @)
3 SEISMIC GROUP ASSURANCE ELECTRICAL PURCHASE
PRINCIPAL COMPONENT (1) LOCATIO ®) CLASSIFICATIO REQUIREMENT  CLASSIFICATIO DATE COMMENTS
N CATEGOR N N
Y
2. Auxiliary Electric Equipment Room HVAC System
a. Refrigeration units A I NA I 1E 1-76
b. Fans and motors A I NA 1 1E 5-76
c. Cooling coils A I NA I NA 5-76
d. Refrigerant piping and A I NA I NA 2-76
accessories
e. Ductwork and accessories A I NA I NA 2-76
f. Elec. & instrument with a safety A I NA I 1E
function
g. Filters A I NA I NA
3. Diesel Generator Room Vent System
All components A I NA I 1E 5-76, 2-76
4. Essential Switchgear Room Ventilation System
All components A I NA I 1E 5-76, 2-76
5. CSCS Equipment Area Cooling System
Fan motor RB I NA I 1E 5-76
Damper actuator RB I NA I 1E 10-76
Control switch RB I NA 1 1E 10-76
Temperature switch RB I NA I 1E 10-76
Diff. pressure indicator RB I NA 1I NON-1E 10-76 (26)
Temperature element RB 1 NA LI NON-1E, 1E 10-76 (26)
Temperature indicating controller RB I NA I, 1T NON-1E, 1E 10-76 (26)
Temperature controller RB I NA I 1E 10-76
6. Reactor Building Vent System
Secondary containment isolation A I NA I 1E 8-76
dampers
Main steam airflow check dampers ~ RB I NA I NIE
Exhaust air duct pressure relief A I NA 1 NA
damper
Exhaust air duct excess flow check A I NA I NA
damper

TABLE 3.2-1 REV. 14, APRIL 2002



PRINCIPAL COMPONENT (1)
7. Primary Containment Purge System
Primary containment isolation

valves

Secondary containment isolation

XXXIX. Area Radiation Monitoring System
L.

valves

All components

XL. Leak Detection System

1.
. Temperature switch

. Differential temperature switch
. Differential flow switch

9.

© N LA WD

Temperature element

Pressure switch

. Differential pressure switch
. Differential flow summer
. Reactor building floor drain

sumps
Reactor building floor drain
pumps and piping

10. Digital Recorders

XLI. Fire Protection System

1.
2.
3.
4.

5.

Water spray deluge systems
Sprinkler systems

Carbon dioxide systems
Portable and wheeled
extinguishers

Halon system

(€)
LOCATION

RB

A

RW,T,A,RB

PC,RB,T
PC,RB,T
PC.RB,T
PC,RB
PC,RB
PC,RB
RB

RB

RB

SEISMIC (5)
CATEGORY

e e e ]

II

1I
II
1I
II

I

LSCS-UFSAR
TABLE 3.2-1

(SHEET 19 OF 31)

QUALITY (4a)
GROUP

CLASSIFICATION

NA

NA
NA
NA
NA
NA
NA
NA
NA

NA

NA

NA
NA
NA
NA

NA

TABLE 3.2-1

QUALITY (4b)
ASSURANCE
REQUIREMENT

II

el e e ]

II

1I
II
1I
II

II

(4¢)

ELECTRICAL
CLASSIFICATION

1E

1E

NON 1E

1E
1E
1E
1E
1E
1E
1E
NA

NA

1E

NA
NA
NA
NA

NA

PURCHASE
DATE COMMENTS
- (15)
- (15)
- (15)
- (15)
- (15)
- (15)
- (15)
- (15)
- (15)
7-75
7-75
7-76
7-76

REV. 15, APRIL 2004



PRINCIPAL COMPONENT (1)

XLII. Civil Structures

1.

Reactor building

2. Lake screen house

3.

4.

%~

10.
. Cooling Lake Embankment
12.

13.
14.

15.

Radwaste building

Auxiliary building
Turbine building

Off-gas filter building

Steam tunnel

River screen house
Diesel-generator building
Auxiliary Spillway

Submerged CSCS Pond
(Ultimate Heat Sink)

Biological Shield

Primary Containment

a. Vacuum breaker piping

b. Vacuum breaker valves

c¢. Maintenance butterfly valves
d. Suppression vent downcomers
Interim Radwaste Storage
Facility

XLIII. Deleted

3)

LOCATION

(SHEET 20 OF 31)

SEISMIC (5)
CATEGORY

1

Note 27
11,

Note 34
I

11,

Note 34
11,
Note 34
I

II

1

NA

11

I

b bl b

—

LSCS-UFSAR
TABLE 3.2-1

QUALITY (4a)
GROUP
CLASSIFICATION

NA
NA
NA

NA
NA

NA

NA
NA
NA
NA
NA
NA

NA
NA

T w

NA
N/A

TABLE 3.2-1

QUALITY (4b)
ASSURANCE
REQUIREMENT

II

II

II

II

II

1I
I

b bl bl

—

(40)
ELECTRICAL
CLASSIFICATION

NA
NA
NA

NA
NA

NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
1E
NA
NA
N/A

@

PURCHASE

DATE

9-74

COMMENTS

(22)
(22)
(22)

(22)
(22)

(22)

(22)
(22)
(22)
(22)
(22, 37)
(22, 33)

(22)

REV. 15, APRIL 2004



PRINCIPAL COMPONENT (1)

XLIV. Clean Condensate System
1. Condensate storage tank
2. Transfer pumps and
motors
3. Piping, within outermost isolation
valve
4. Piping, other

5. Valves, isolation
6. Valves, other

XLV. Containment Monitoring

1. Piping, within containment
pressure boundary and/or with
post-LOCA function

2. Piping, outside containment
pressure boundary and with no
post-LOCA function

3. Valves, within containment
pressure boundary and/or with
post-LOCA function

4. Valves, outside containment
pressure boundary and with no
post-LOCA function

(€)
LOCATION

4 =0

RB

RC,RBA,
T,RW.,F

PC,RB,S,
T,RW.F

RB

RB

II
II
II

I

I

II

II

LSCS-UFSAR

TABLE 3.2-1
(SHEET 21 OF 31)

QUALITY (4a) QUALITY (4b)
SEISMIC (5) GROUP ASSURANCE
CATEGORY CLASSIFICATION REQUIREMENT

D II
D II
D 11
B I
D II
B I
D II
B I
D 11
B I
D 1I

TABLE 3.2-1

(40)
ELECTRICAL
CLASSIFICATION

NA

NON 1E
NA

NA

NA
NA

NA

NA

1E

NON 1E

@
PURCHASE
DATE COMMENTS

12-73

11-72
9-74

9-74

12-73
9-74

9-74 Note (26)

REV. 13



3) SEISMIC (5)
PRINCIPAL COMPONENT (1) LOCATION CATEGORY
5. Electrical and instrumentation RB 1
modules with post-LOCA
function
6. Electrical and instrumentation RB 1I
modules with no post-LOCA
function

XLVI. Alternate Rod Insertion/ MSIV Level 1 Closure System

1. Electrical and instrumentation RB,A I
modules
2. Cables RB,A 1

XLVILI. Electrical Penetration Pressurization System (Unit 2 Only)
1. Piping and valves between I
Electrical Penetration and the
outboard isolation valve.
2. Piping and valves upstream of out II
board isolation valve.

XLVIIIL. Hydrogen Water Chemistry (HWC) System
1. Hydrogen Storage Equipment 0 I
2. Nitrogen Storage Equipment 0 II
3. Oxygen Storage Equipment 0 I
4. Outdoor Piping 0 1I
5. Hydrogen Injection Equipment T I
6. Oxygen/Air Injection Equipment T I

TABLE 3.2-1
(SHEET 22 OF 31)
QUALITY (4a) QUALITY (4b)
GROUP ASSURANCE

CLASSIFICATION REQUIREMENT
NA I
NA 11
NA I
NA I
B I
D 1
D 11
D 11
D I
D 11
D 11
D I

TABLE 3.2-1

LSCS-UFSAR

(40)
ELECTRICAL
CLASSIFICATION

1E

NON 1E

1E

1E

NA

NA

Non 1E
Non 1E
Non 1E
NA

Non 1E
Non 1E

@

PURCHASE
DATE COMMENTS

1-80

7-77

3-85

3-85

1-78

8-95
8-95
8-95
8-95
8-95
8-95

29)

REV. 17, APRIL 2008



LSCS-UFSAR

TABLE 3.2-1
(SHEET 23 OF 31)

EQUIPMENT CLASSIFICATION COMMENTS

@) A module is an assembly of interconnected components which constitute an identifiable device
or piece of equipment. For example, electrical modules include sensors (including
electromechanical), power supplies, and signal processors; and mechanical modules include
filters, strainers, and flow (element) assemblies/ orifices.

(2) Purchase order dates (month/year) are given for equipment as a basis for determining certain
applicable codes on Tables 3.2-2, 3.2-3, and 3.2-4. Where two dates are given and indicated
with a slash between them (e.g., 9-70/5-71) the first date corresponds to Unit 1 and the second
date corresponds to Unit 2. Where two dates are given with a comma between (e.g., 9-70, 5-71),
multiple purchase orders apply.

3) PC = within primary containment
RB = within reactor building
O = outdoors onsite
L = lake screen house
A = auxiliary building
T = turbine building
RW = radwaste building
F = off-gas filter building
-- = all buildings except O, L

4) a. Quality group classification per Tables 3.2-2, 3.2-3, and 3.2-4. Group "E" components
are special engineered components in accordance with the codes and standards
specified in the notes and comments for this Table.

b. I - The equipment meets the quality assurance requirements of 10 CFR 50,
Appendix B.

II - The equipment is not required to meet the quality assurance requirements of
10 CFR 50, Appendix B.

c. 1E — Electrical equipment that meets the quality assurance standards of NRC
guidelines and IEEE Standard 323-1971. Non-1E Electrical equipment that is not
required to meet 1E requirements. NA - not applicable because the equipment is not
electrical.

TABLE 3.2-1 REV. 13



LSCS-UFSAR

TABLE 3.2-1
(SHEET 24 OF 31)

5 I - The equipment is designed in accordance with the seismic requirements for the SSE.

IT - The seismic requirements for the SSE are not applicable to the equipment.

(6) The control rod drive insert and withdraw lines from the drive flange up to and including the
first valve on the hydraulic control unit are Quality Group B.

(7 The main steam lines between the outermost containment isolation valve up to the turbine stop
valve, the main turbine bypass lines up to the turbine bypass valve, and all branch lines (2-1/2
inch nominal size and larger) connected to these portions of the main steam and turbine bypass
lines up to the first valve capable of timely actuation are classified as D+. These sections of
pipes meet all of the pressure integrity requirements of code practice for steam power plants
plus the following additional requirements:

a. All longitudinal and circumferential butt weld joints are radiographed (or
ultrasonically tested to equivalent standards). Where size or configuration does not
permit effective volumetric examination, magnetic particle or liquid penetrant
examination is substituted. Examination procedures and acceptance standards are at
least equivalent to those specified as supplementary types of examination, in ANSI
B31.1 Code.

b. All fillet and socket welds are examined by either magnetic particle or liquid penetrant
methods. All structural attachment welds to pressure-retaining materials are examined
by either magnetic particle or liquid penetrant methods. Examination procedures and
acceptance standards are at least equivalent to those specified as supplementary types
of examinations, in ANSI B31.1 Code.

c. All inspection records are maintained for the life of the plant. These records include
data pertaining to qualification of inspection personnel, examination procedures, and
examination results.

®) The first valve capable of timely actuation in branch lines connected to the main steamlines
between the outermost containment isolation valve and turbine stop valve and the first valve in
branch lines connected to turbine bypass valve meets all the pressure integrity requirements of
code practice for steam power plants plus the following additional requirements:

a. Pressure-retaining components of all cast parts of valves of a size and configuration for
which volumetric examination methods are effective are radiographed. Ultrasonic
examination to equivalent standards may be used as an alternate to radiographic
methods. If size or configuration do not permit effective volumetric examination,
magnetic particle or liquid penetrant methods may be substituted. Examination
procedures and acceptance standards are at least equivalent to those specified as
supplementary types of examination. Paragraph 136.4.3 in ANSI B31.1 Code.

TABLE 3.2-1 REV. 13
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(10)

LSCS-UFSAR

TABLE 3.2-1
(SHEET 25 OF 31)

All inspection records are retained for the life of the plant. These records include data
pertaining to the qualification of inspection personnel, examination procedures, and
examination results.

The outermost valve of the three isolation valves in the feedwater lines and the isolation valve
in the branch line consisting of the reactor water cleanup return is a motor-operated valve of
high leaktight integrity. The check valves inside containment in the feedwater line are the
swing type. The check valves outside containment in the feedwater line are the non-slam type.

The classification of the feedwater lines and the RWCU return line from the RCPV valve to the
isolation valves is Quality Group B.

a.

Lines equivalent to a 3/4-inch or smaller liquid line which are part of the reactor
coolant pressure boundary are Quality Group B, ASME 111, Class 2, and Seismic
Category 1.

All instrument lines, which are connected to the reactor coolant pressure boundary are
Quality Group B, ASME III, Class 2 from the outer isolation valve or the process
shutoff valve (root valve) to the instrument rack shutoff valve or welded coupling for
instrument racks supplied by General Electric (Figure 3.2-2).

All other instrument and sample lines:

(1) Instrument and sample lines up to and through the root valve are of the same
classification as the system to which they are attached.

2) Instrument and sample lines beyond the root valve, if used to actuate a safety
system, are of the same classification as the system to which they are attached
up to and through the instrument isolation valve or welded coupling for
instrument racks supplied by General Electric.

3) Instrument and sample lines beyond the root valve, if not used to actuate a
safety system, are Quality Group D and B31.1.0.

4 Instrument and sample lines beyond the instrument rack isolation valve or
welded coupling for G.E. supplied racks are Quality Group D. Safety system
sensing and sample lines are Seismically supported on the instrument rack.

TABLE 3.2-1 REV. 16, APRIL 2006 |
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LSCS-UFSAR

TABLE 3.2-1
(SHEET 26 OF 31)

d. ASME/ANSI Code-Case 78 (included in ASME Boiler and Pressure Vessel Code) is
applied to lines 3/4-inch and smaller classified as Quality Group A or B.

The RCIC turbines are categorized as machinery. To ensure that the turbine is fabricated to the
standards commensurate with their safety and performance requirements, General Electric has
established specific design requirements for this component, which are as follows:

a. All welding is qualified in accordance with Section IX, ASME Boiler and Pressure
Vessel Code.
b. All pressure containing castings and fabrications are hydro-tested to 1.5 x design
pressure.
c. All high pressure castings are radiographed according to:
ASTM E-94
E-142 20% coverage, minimum
E-71, 186, or 280 severity level 3
d. As-cast surfaces are magnetic particle or liquid penetrant tested according to ASME,

Section III. Paragraph NB-2575 or NB-2576.

e. Wheel and shaft forgings are ultrasonically tested according to ASTM A-388.

f. Butt-welds are radiographed according to ASME Section III, NB-2573, and magnetic
particle or liquid penetrant tested according to ASME Section 111, NB-2575, or
NB-2576.

TABLE 3.2-1 REV. 13
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g. Records of major repairs received and maintained.

h. Record system and traceability according to ASME Section III, Code, Paragraphs
NA-4442.1 and NB-2151.

I. Control and identification according to ASME Section I1I, Code, Paragraphs NA-
4442.1 and NB-2151.

] Procedures conform to ASME Section III, NB-5520.
k. Inspection personnel are qualified according to ASME Section I1I, IX-400.

(12) Cycled condensate storage tanks are Quality Group D. The cycled condensate storage tanks are
designed, fabricated, and tested to meet the intent of ANSI B96.1. In addition, the non-
destructive examination (NDE) requirement for the tank requires 1) 100% surface examination
of nozzle welds, and 2) volume examination of the shell weld joints in accordance with ANSI
B96.1.

(13) The hydraulic control unit (HCU) is a General Electric factory-assembled engineered module of
valves, tubing, piping, and stored water which controls a single control rod drive by the
application of precisely timed sequences of pressures and flows to accomplish slow insertion or
withdrawal of the control rods for power control, and rapid insertion for reactor scram.

Although the hydraulic control unit, as a unit, is field installed and connected to process piping,
many of its internal parts differ markedly from process piping components because of the more
complex functions they must provide.

Thus, although the codes and standards invoked by Groups A, B, C, and D pressure integrity
quality levels clearly apply at all levels to the interfaces between the HCU and the connecting
conventional piping components (e.g., pipe nipples, fittings, simple hand valves, etc.), it is
considered that they do not apply to the specialty parts (e.g., solenoid valves, pneumatic
components, and instruments). The HCU shutoff (isolation) valves are Quality Group B.
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The design and construction specifications for the HCU do invoke such codes and standards as
can be reasonably applied to individual parts in developing required quality levels, but these
codes and standards are supplemented with additional requirements for these parts and for the
remaining parts and details. For example, 1) all welds are penetrant tested (PT), 2) all socket
welds are inspected for gaps between pipe and socket bottom, 3) all welding is performed by
qualified welders, and 4) all work is done per written procedures. Quality Group D is generally
applicable because the codes and standards invoked by that group contain clauses which permit
the use of manufacturer's standards and proven design techniques which are not explicitly
defined within the codes of Quality Group A, B, or C, This is supplemented by the QC
techniques described above.

(14) Reactor Water Cleanup

A high leaktight integrity isolation valve is provided in the reactor water cleanup discharge line
connecting to the feedwater header outside of the containment. This valve is remote manually
operated from the control room.

(15) No principal industrial code is applicable.

(16) Pneumatic systems associated with actuation of safety/related valves to accomplish safety
functions (e.g., main steam isolation valves, main steam safety/relief valves) are classified
Quality Group C. This classification is intended to apply to components such as the air piping,
fittings, and accumulators (refer to Figure 3.2-1). This classification does not apply to
components of the system such as air control valves, air check valves, and cylinder (or
diaphragm)

air actuators. These components are classified as "special equipment" and are selected based on
engineering reviews, operating experience and testing as being the most suitable for the
application. Such equipment is required to be qualified to demonstrate operability during
normal and emergency ambient conditions. Components normally furnished with the process
valve (e.g., air control valves, air actuators) are performance tested with the valve as part of its
acceptance test procedure. Group C classification has not been applied to these components due
to the nonavailability of the equipment with "N’ symbol stamp and due to the inappropriate
restrictions (e.g., materials, minimum allowable wall thickness) imposed by the code on the
equipment in the relatively low-pressure, low temperature air service. The special equipment
designation for the previously described components is based on considerations consistent with
those of Comment 15.

17 RCIC turbine steam exhaust line is Quality Group B except that hydrostatic testing of this
portion of the line is not required.

(18) The following piping in the Fuel Pool Cooling & Cleanup (FC) is classified as Seismic
Category I:
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Piping which provides a flow path from the fuel pool skimmer surge tanks to the RHR system
and back to the fuel pool up to and including the isolation valves, which provide the pressure
boundary for this mode of operation.

Lines 1(2)FC11C & 1(2)FC14B associated with primary containment penetrations M-65 and
M-59.

The drain piping from the reactor well to primary containment penetration M-65.

Line 2FCD1A (Unit 2 only) associated with penetration M-65 is Quality Group B. In addition,
lines 1(2)FC11C & 1(2)FC14B associated with primary containment penetrations M-65 and M-
59 are Quality Group B.
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(19) Special (engineered design-quality) requirements (motors, pumps, tanks, and equipment).

The engineering QC requirements for the specified equipment has been procured/designed to
the horizontal and vertical seismic values. This equipment is capable of withstanding inertial
forces equal to the weight multiplied by the seismic coefficient as applied to each member and
to the system as a whole.

The QA/QC requirements are as required by either:

a. ASME B&PVC Section III, Appendix XI or equivalent; equipment ordered prior to
January 1, 1970 apply QC plan "in effect” based on purchase order requirements.

b. A QA plan/program at least equivalent to that required by QA.

(20) The unprocessed radwaste piping will meet Group D requirements and the following
supplementary requirements:

a. Piping
For sizes over 4 inches nominal, random radiography of 20% of the joints was
performed on girth and longitudinal butt-welds. Sockets and fillet welds in sizes over
4-inch nominal will be given random magnetic particle and liquid penetrant
examination on 20% of the joints.

b. Pumps and valves

Welds in pumps and valves of pipe size over 4-inch was given random magnetic
particle or liquid penetrant examination. Random examination is defined as
examination of the linear dimension of a weld in a pump or valve with piping
connecting over 10-inch nominal size or as examination of all of the welding in 20%
of the pump and valves with piping connecting 10-inch nominal or less.

TABLE 3.2-1 REV. 13



LSCS-UFSAR

TABLE 3.2-1
(SHEET 30 OF 31)

(21) Quality group classification requirements do not apply to piping and components supplied by
the diesel engine manufacturer as an integral part of the diesel-generator unit. In this case, the
manufacturer's standards are used with the intent that the piping or component is to function as
reliably as possible.

(22) Civil structures were used in missile analyses as barriers. No individual missile barriers other
than civil structures were credited.

(23) Includes Scram Discharge Volume Accumulators.

(24) Expendables and Consumables are purchased per original specification and stored under
controlled conditions.

(25) Includes raceway installations containing Class 1E cables and other raceway installations
required to meet Seismic Category I requirements (those whose failure during a seismic event
may result in damage to any Class 1E or other safety-related system or component.

(26) Subsystems required for post-LOCA monitoring include containment hydrogen monitoring,
containment pressure monitoring, containment temperature monitoring, suppression pool water
level monitoring, suppression pool water temperature monitoring, and containment high-range
radiation monitoring. Subsystems not required for post-LOCA monitoring

include containment humidity monitoring, containment particulate monitoring (leak detection),
containment continuous particulate, noble gas, and iodine monitoring.

27 Concrete portions of the building, including the portions that contain Category I systems, are
designed to withstand Seismic Category I loads and future modifications to these concrete
portions of the building, if ever required, shall also be designed to withstand Category I loads.
Appropriate QA procedures will be followed during future modifications to assure the original
integrity of the Category I LSCS structures within this building.

(28) The system or component is considered regulatory related and will come under the control of
the Quality Assurance Program for future modifications and repairs.
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Quality group classification requirements do not apply to piping and components supplied by
the electrical penetration manufacturer as an integral part of the electrical penetration assembly.
In this case, manufacturers' standards are used with the intent that the piping or the component
is to function as reliably as possible.

The Flow Element/Transmitter and the Mating Flange meet the requirements of Reg.
Guide 1.143, Revision 1.

The classification for pipe line ORHO1AA-S4" and valve 0E12-F300 shall be Seismic
Category I, Quality Group Classification D, Quality Assurance Requirement I, and Electrical
Classification N/A.

The 3/4" Process Sample Line is Quality Group B.
Cooling lake embankment is designed to withstand the effects of the OBE.

The shear walls for the Reactor Building, Auxiliary Building, Turbine Building, Radwaste
Building, Diesel Generator Buildings, and Off-gas Filter Building are all interconnected. All of
these shear walls have been considered to act together to resist lateral loads applied to these
buildings. Therefore, the shear walls for these buildings are seismic Category I.

Primary (Shell) Side of the Residual Heat Removal (RHR) Heat Exchangers were originally
designed & fabricated to the requirements of the ASME Boiler & Pressure Vessel Code Section
111, 1968 Edition with Addenda through Summer 1970 for Class ‘A’ Components. These heat
exchangers were later reclassified to ASME Section III, Class ‘C’ via GE Purchase Order 205-
AM358 (Rev. 1) dated 10-07-80 & FDI #127-57434, and Manufacturers Nameplate restamped.
(Reference SEAG 99-000861)

Secondary (Tube) Side of the RHR Heat Exchangers were originally designed & fabricated to
the requirements of the ASME Boiler & Pressure Vessel Code section 111, 1968 Edition with
Addenda through Summer 1970 for Class ‘C’ Components. This section of the ASME Code
applied the requirements of Section VIII Division 1 to the heat exchanger except for its over-
pressure protection devices. (Ref. SEAG 99-000861)

Cooling lake embankment is designed to withstand the effects of the OBE.
Replacement Low Pressure Feedwater Heaters ICB03AA, 1CB03AB and 1CB03AC were

designed and fabricated to the requirements of ASME Boiler & Pressure Vessel Code Section
VIII DIV.1, 2004 with Addenda through A2006.

TABLE 3.2-1 REV. 17, APRIL 2008



LSCS-UFSAR

TABLE 3.2-2

CODE REQUIREMENTS FOR COMPONENTS AND SYSTEMS

ORDERED PRIOR TO JULY

1, 1971

QUALITY GROUP CLASSIFICATION

A%k

B

C

Pressure Vessels *

ASME Boiler and
Pressure Vessel Code,
Section III, Class A -
1968 Addenda through
Summer 1970.

ASME Boiler and Pressure
Vessel Code, Section III, Class
C - 1968 Addenda through
Summer 1970.

ASME Boiler and Pressure
Vessel Codes, Section
VIII, Div. 1 - 1968
Addenda through Summer
1970.

ASME Boiler and
Pressure Vessel Codes,
Section VIII, Div. 1 -
1968 Addenda through
Summer 1970.

Piping**

ANSI B31.7 Nuclear
Power Piping, Class I -
1969.

ANSI B31.7 Nuclear Power
Piping, Class II - 1969.

ANSI B31.7 Nuclear
Power Piping, Class III -
1969.

ANSI B31.1.0 Code for
Pressure Piping - 1967.
Addendum - 1969.

Pumps and Valves**

ASME Code for Pumps
and Valves for Nuclear
Power, Class I - 1968

ASME Codes for Pumps and
Valves for Nuclear Power,
Class II - 1968 Draft Addenda

ASME Code for Pumps
and Valves for Nuclear
Power, Class III - 1968

ANSI B31.1.0 Code for
Pressure Piping* - 1967.

Pressure Vessel Code,
Section III, Class A -
1968 Addenda through
Summer 1970.

Vessel Code, Section III, Class
C,1968 Addenda through
Summer 1970, and Tubular
Exchanger Manufacturers
Association (TEMA) Class C.

Vessel Code, Section VIII,
Div. 1, 1968 Addenda
through Summer 1970, and
Tubular Exchanger
Manufacturers Association

Draft Addenda March March 1970. Draft Addenda March
1970. 1970.
Low - Pressure Tanks - - American Petroleum American Petroleum
Institute, Recommended Institute, Recommended
Rules for Design and Rules for Design and
Construction of Large Construction of Large
Welded Low - Pressure Welded Low - Pressure
Storage Tanks, API 620 Storage Tanks, API 620
1963 edition. 1963 edition.
Atmospheric Storage - American Waterworks American Waterworks American Waterworks
Tanks Association, Standard for Steel | Association, Standard for Association, Standard for
Tanks, Standpipes, Reservoirs Steel Tanks, Standpipes, Steel Tanks, Standpipes,
and Elevated Tanks for Water Reservoirs and Elevated Reservoirs and Elevated
Storage, AWWA-D100 1967 Tanks for Water Storage, Tanks for Water Storage,
edition; or Welded Steel Tanks | AWWA-D100 1967 AWWA-D100 1967
for Oil Storage, API-650 1964 edition; or Welded Steel edition; or Welded Steel
edition. ™" Tanks for Oil Storage, Tanks for Oil Storage,
API-650 1964 edition. API-650 1964 edition.
Heat Exchangers ASME Boiler and ASME Boiler and Pressure ASME Boiler and Pressure | ASME Boiler and

Pressure Vessel Code,
Section Div. 1, 1968
Addenda through
Summer 1970, and
Tubular Exchanger

(TEMA) Class C. Manufacturers
Association (TEMA)
Class C.
* Pumps operating above 150 psi and 212° F ASME Section VIII, Division 1 of the Boiler and Pressure Vessel Code

shall be used as a guide for calculating the thickness of pressure retaining parts and in sizing cover bolting; below 150

psi and 212° F manufacturer’s standards for service intended will be used.

** Group A nuclear piping, pumps and valves will meet the provisions of ASME Boiler and Pressure Vessel Code,

Section III, Summer Addenda 1969, Paragraph N-153.

RPV and Containment Vessel excluded, refer to Section 5.3 for RPV code application and to Section 6.2 for

++

containment.

Supplementary NDE - 100% volumetric examination of the side wall for plates over 3/16-inch thick and
100% surface examination of welds for plates 3/16-inch thick or less. Also, 100% surface examination for
side-to-bottom welds.
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CODE REQUIREMENTS FOR COMPONENTS AND SYSTEMS
ORDERED AFTER JULY 1, 1971

QUALITY GROUP CLASSIFICATION

B

C

Pressure Vessels*

ASME Boiler and Pressure
Vessel Code, Section III -
1971, Class 1.

ASME Boiler and
Pressure Vessel Code,
Section III - 1971, Class
2.

ASME Boiler and Pressure
Vessel Code, Section III -
1971, Class 3.

ASME Boiler and Pressure
Vessel Code, Section VIII,
Div. 1 - 1968 Addenda
through Winter 1970.

Piping

ASME Boiler and Pressure
Vessel Code, Section III -
1971, Class 1.

ASME Boiler and
Pressure Vessel Code,
Section III - 1971, Class
2.

ASME Boiler and Pressure
Vessel Code, Section I1I -
1971, Class 3.

ANSI B31.1.0 - 1967, Code
for Pressure Piping.
Addendum B31.1.0a -
1969.

Pumps and Valves

ASME Boiler and Pressure
Vessel Code, Section III -
1971, Class 1.

ASME Boiler and
Pressure Vessel Code,
Section III - 1971, Class
2.

ASME Boiler and Pressure
Vessel Code, Section III -
1971, Class 3.

ANSI B31.1.0 - 1967. Code
for Pressure Piping.
Addendum B31.1.0a -
1969.%*

Low-Pressure Tanks

American Petroleum
Institute, Recommended
Rules for Design and
Construction of Large
Welded Low-Pressure
Storage Tanks, API 620
1963 edition.

American Petroleum
Institute, Recommended
Rules for Design and
Construction of Large
Welded Low-Pressure
Storage Tanks, API 620
1963 edition.

Atmospheric Storage
Tanks

American Waterworks
Association, Standard for
Steel Tanks, Standpipes,
Reservoirs and Elevated
Tanks for Water Storage,
AWWA-DI100 1967
edition; or Welded Steel
Tanks for Oil Storage,
API-650 1964 edition. *

American Waterworks
Association, Standard for
Steel Tanks, Standpipes,
Reservoirs and Elevated
Tanks for Water Storage,
AWWA-D100 1967
edition; or Welded Steel
Tanks for Oil Storage, API-
650 1964 edition.

American Waterworks
Association, Standard for
Steel Tanks, Standpipes,
Reservoirs and Elevated
Tanks for Water Storage,
AWWA-D100 1967
edition; or Welded Steel
Tanks for Oil Storage, API-
650 1964 edition.

Heat Exchangers

ASME Boiler and Pressure
Vessel Code, Section III -
1971, Class 1.

ASME Boiler and
Pressure Vessel Code,
Section III, - 1971, Class
2.

ASME Boiler and Pressure
Vessel Code, Section 11, -
1971, Class 3.

ASME Boiler and Pressure
Vessel Code, Section VIII,
Div. 1, 1968. Addenda
through Winter 1970, and
Tubular Exchanger
Manufacturers Association
(TEMA) Class C.**

RPV and Containment Vessel excluded. Refer to Section 5.3 for RPV code application and to Section 6.2 for containment.

ok

++

For pumps operating above 150 psi and 212° F ASME Section VIII, Division 1, shall be used as a guide for calculating thickness of pressure
retaining parts and in sizing cover bolting; below 150 psi and 212° F manufacturer’s standards for service intended will be used.

Supplementary NDE - 100% volumetric examination of the side wall for plates over 3/16-inch thick and 100% surface examination of welds for
plates 3/16-inch thick or less. Also, 100% surface examination for side-to-bottom welds.

Temporary repairs have been made to the steam inlet nozzles of the ICB02AA/AB/AC and 2CB02AA/AB/AC low pressure feedwater heaters. The
repair configuration deviates from the acceptable types of welded nozzle configurations identified in the ASME Boiler and Pressure Vessel Code
Section VIII. The temporary repairs were performed during L1R10 (1ICB02AA/AB/AC), L2R10 (2CB02AC), and L2R11 (2CB02AA/AB/AC) and
will remain in place no longer than two refuel cycles (L1R12 for Unit 1, L2R12 for Unit 2 repairs performed during L2R10, and L2R12 for Unit 2
repairs performed during L2R11).
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TABLE 3.2-4

CODE REQUIREMENTS FOR COMPONENTS AND SYSTEMS

ORDERED AFTER JULY 1, 1974

QUALITY GROUP CLASSIFICATION

B

C

Pressure Vessels*

ASME Boiler and Pressure
Vessel Code, Section III -
1974, Class 1.

ASME Boiler and
Pressure Vessel Code,
Section III - 1974, Class
2.

ASME Boiler and Pressure
Vessel Code, Section III -
1974, Class 3.

ASME Boiler and Pressure
Vessel Code, Section VIII,
Div. 1 -1974.

Piping

ASME Boiler and Pressure
Vessel Code, Section III -
1974, Class 1.

ASME Boiler and
Pressure Vessel Code,
Section III - 1974, Class
2.

ASME Boiler and Pressure
Vessel Code, Section I1I -
1974, Class 3.

ANSI B31.1 - 1973, Code
for Pressure Piping.

Pumps and Valves

ASME Boiler and Pressure
Vessel Code, Section III -
1974, Class 1.

ASME Boiler and
Pressure Vessel Code,
Section III - 1974, Class
2.

ASME Boiler and Pressure
Vessel Code, Section III -
1974, Class 3.

ANSI B31.1 - 1973, Code
for Pressure Piping.”

Low-Pressure Tanks

American Petroleum
Institute, Recommended
Rules for Design and
Construction of Large
Welded Low-Pressure
Storage Tanks, API 620
1963 edition.

American Petroleum
Institute, Recommended
Rules for Design and
Construction of Large
Welded Low-Pressure
Storage Tanks, API 620
1963 edition.

Atmospheric Storage
Tanks

American Waterworks
Association, Standard for
Steel Tanks, Standpipes,
Reservoirs and Elevated
Tanks for Water Storage,
AWWA-D100 1967
edition; or Welded Steel
Tanks for Oil Storage,

API-650 1964 edition.

American Waterworks
Association, Standard for
Steel Tanks, Standpipes,
Reservoirs and Elevated
Tanks for Water Storage,
AWWA-D100 1967
edition; or Welded Steel
Tanks for Oil Storage, API-
650 1964 edition.

American Waterworks
Association, Standard for
Steel Tanks, Standpipes,
Reservoirs and Elevated
Tanks for Water Storage,
AWWA-D100 1967
edition; or Welded Steel
Tanks for Oil Storage, API-
650 1964 edition.

Heat Exchangers

ASME Boiler and Pressure
Vessel Code, Section III, -
1974, Class 1.

ASME Boiler and
Pressure Vessel Code,
Section III, - 1974, Class
2.

ASME Boiler and Pressure
Vessel Code, Section I1I, -
1974, Class 3.

ASME Boiler and Pressure
Vessel Code, Section VIII,
Div. 1, 1974, and Tubular
Exchanger Manufacturers
Association (TEMA) Class
C.

* RPV and Containment Vessel excluded. Refer to Section 5.3 for RPV code application and to Section 6.2 for
containment.
*K For pumps operating above 150 psi and 212° F ASME Section VIII, Division 1, shall be used as a guide for

calculating thickness of pressure retaining parts and in sizing cover bolting; below 150 psi and 212° F

manufacturer’s standards for service intended will be used.

Supplementary NDE - 100% volumetric examination of the side wall for plates over 3/16-inch thick and 100%
surface examination of welds for plates 3/16-inch thick or less. Also, 100% surface examination for side-to-bottom
welds.
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3.3 WIND AND TORNADO LOADINGS

3.3.1 Wind Loadings

3.3.1.1 Design Wind Velocity

A design wind velocity of 90 mph based upon a 100-year recurrence interval is
used in the design of Seismic Category I structures at the LaSalle County
Station (LSCS).

3.3.1.1.1 Basis for Wind Velocity Selection

The wind velocity and recurrence interval specified in Subsection 3.3.1.1 are
obtained from wind distribution charts and probability studies (Reference 1) as
they pertain to the LSCS site. Figure 3.3-1 is a reproduction of the pertinent
wind distribution chart.

3.3.1.1.2 Vertical Velocity Distribution and Gust Factors

The variation of wind velocity with height follows the 1/7th power equation, as
stated in References 2 and 3, and is referenced herein as V..

The gust factor applied to the velocity, V., varies linearly from 1.1 at grade
(Reference 3) to 1.0 at 400 feet above grade elevation.

3.3.1.2 Determination of Applied Forces

The design wind velocity, V, which is the product of V, and the gust factor
specified in Subsection 3.3.1.1.2 is translated into an equivalent dynamic
pressure according to the provisions outlined in ASCE Paper 3269 (Reference
3). Table 3.3-1 gives the calculated values.

The dynamic wind pressures are converted to an equivalent static force, P, by
considering appropriate drag coefficients.

For flat-topped buildings, the drag coefficients considered are 0.9 for windward
pressure, 0.5 for leeward suction, and 0.8 for side walls and roof suction

(Reference 3).

Table 3.3-2 gives the design values of the force P as a function of height above
grade.
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3.3.2 Tornado Loadings

3.3.2.1 Applicable Design Parameters

The following are the tornado design parameters (Reference 4):

a. a maximum rotational velocity of 300 mph,
b. a translational velocity of 60 mph,
C. an external pressure drop of 3 psi at the vortex within a 3-

second interval, and
d. a radius of maximum wind speed of 227 feet.

The characteristics and spectrum of tornado-generated missiles are found in
Subsection 3.5.1.4.

3.3.2.2 Determination of Forces on Structures

3.3.2.2.1 Transformation of Tornado Winds into Effective Pressures

All tornado-wind pressure and differential pressure effects are considered static
in application, since the natural period of the building structure and its
exposed elements is short compared with the rise in time of applied design
pressure.

The tornado model incorporates the design parameters of Subsection 3.3.2.1.
The variation of the differential pressure and tangential plus translational
velocity as a function of the distance from the center of the tornado, is shown
graphically in Figure 3.3-2 as obtained from Reference 5.

The tornado velocity is converted into an equivalent static pressure according
to the procedures outlined in ASCE Paper 3269 (Reference 3) considering no
reduction in velocity with height and a gust factor of 1.0. The drag coefficients
outlined in Subsection 3.3.1.2 are used to determine tornado wind loading.

The dynamic pressure due to wind velocity alone is shown in Figure 3.3-3.
Figure 3.3-4 shows the resultant static surface pressure when the pressure
drop components and dynamic wind components are combined for rectangular
flat-topped structures.

3.3.2.2.2 Venting of the Structure

Venting of concrete structures is not relied upon to reduce differential pressure
loadings. However, all siding and roof decking in the reactor building
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superstructure is designed and detailed to blow off when the tornado
approaches the station, and the bare frame is designed to resist tornado forces.

3.3.2.2.3 Tornado-Generated Missiles

The characteristics and spectrum of tornado-generated missiles are found in
Subsection 3.5.1.4.

The procedures used for designing for the impactive dynamic effects of a point
load resulting from tornado-generated missiles are found in Subsection 3.5.3.

3.3.2.2.4 Tornado Loading Combinations

Refer to Tables 3.8-3, 3.8-6, and 3.8-8 through 3.8-11 for the load factors and
load combinations associated with tornado loading. In designing for the
postulated tornado, the structure under consideration is placed in various
locations of the pressure field to determine the maximum critical effects of
shear, overturning moment, and torsional moment on the structure.

The effective tornado load at each point under consideration, on Seismic
Category I structures above grade, along the radius is found based on
combining the components of the tornado load in the following manner:

Wi =Wy + Wp (Figure 3.3-4)
where:

W; = total tornado load
Wy = tornado wind load
W, = tornado differential pressure load.

The tornado missile is also considered individually and in combination with the
tornado wind load. Since the pressure drop reduces the resultant wind load
effects, it is conservatively omitted from the missile load combination. Thus
the following equations are considered:

Wt=Wm
Wi =Wy + Wy

where:

W and Wy as previously defined
Wm = tornado missile load.
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The blowoff loads for siding and decking in the reactor building superstructure
are considered as follows:

Wt = Wa
where:

W, = effects of approaching tornado immediately prior to the blow off of
siding and decking.

This pressure field is indicated in Figure 3.3-4. In addition, it is conservatively
considered that the tornado missile can impact the structure at any location in
the pressure field, windward, leeward or at sides and the roof with the full
design missile velocity.

3.3.2.3 Ability of Seismic Category I Structures to Perform Despite Failure of
Structures Not Designed for Tornado Loads

The structures whose failure could affect Seismic Category I structures are the
turbine building superstructure and the Lake Screen House. A detailed
analysis is made for the turbine building superstructure for the tornado loads
specified in Subsection 3.3.2.2.

The turbine building superstructure is designed to withstand the tornado loads
on the exposed structural frame so that collapse is prevented. The turbine
room siding and roof decking is designed to blow off in an approaching
tornado, to ensure venting of the structure.

A detailed discussion of the structural integrity of the non-Seismic Category I
Lake Screen House and its effect on the Seismic Category I service water intake
structure is presented in Subsection 3.8.4.1.7.2. The Lake Screen House is
designed to withstand the effects of a tornado to the extent that it will not
collapse in such a way as to block the service water intake structure.

All other non-Seismic Category I structures are separated from Seismic
Category I structures by a distance greater than their height. Thus, the
integrity of all Seismic Category I structures is ensured.

3.3.3 References
1. H. C. S. Thom, "New Distributions of the Extreme Winds in the
United States," Journal of the Structural Division, ASCE, 94 (ST7):
pp. 1787-1801, July 1968.

2. Ibid.: pp. 1797-1800.
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"Task Committee on Wind Forces, Committee on Loads and
Stresses, Wind Forces on Structures, Final Report," Paper No.
3269, Transactions, ASCE, Vol. 26: pp. 1142-1167, 1961.

J. A. Dunlap and K. Wiedner, "Nuclear Power Plant Tornado Design
Considerations," Journal of the Power Division, ASCE, 94 (PO2):
409, March 1971. |

John D. Stevenson, "Engineering and Marketing Guide to Tornado,
Missile, Jet Thrust and Pipe Whip Effects on Equipment and
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TABLE 3.3-1

DYNAMIC WIND PRESSURE, g, FOR SEISMIC CATEGORY I STRUCTURES

q=.002558V?
HEIGHT ABOVE GRADE (ft) DYNAMIC WIND PRESSURE q (1b/ft?)
0-50 26.4
50 - 100 30.7
100 — 150 35.7
150 — 200 37.8

TABLE 3.3-1 REV. 0 - APRIL 1984
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TABLE 3.3-2

EQUIVALENT STATIC FORCE, P, FOR SEISMIC CATEGORY I STRUCTURES

TOTAL SIDE WALLS AND
HEIGHT WINDWARD LEEWARD DESIGN ROOF SUCTION
ABOVE PRESSURE SUCTION FORCE (1b/ft%)

GRADE (ft) (1b/ft) (1b/ft) (1b/ft)

0-50 24.0 13.0 37 21.3
50 — 100 28.0 15.0 43 24.9
100 — 150 32.0 18.0 50 28.4
150 — 200 34.0 19.0 53 30.2

TABLE 3.3-2 REV. 0 - APRIL 1984
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3.4 WATER LEVEL (FLOOD) DESIGN

3.4.1 Flood Protection

3.4.1.1 Flood Sources

Exterior Floods

The LaSalle County external flood control efforts are directed towards three goals.
They are:

a. to prevent flood damage from the lake due to the probable
maximum flood (PMF) corresponding to a probable maximum
precipitation (PMP) with an antecedent standard project storm,;

b. to control potential flooding resulting from a local PMP at the
plant site; and

c. to prevent plant flooding resulting from the Illinois River's PMF. |

The first of these goals relates to a PMF level of 704 feet 4 inches mean sea level
(Subsection 2.4.8.2.5) on the lake. The maximum wind wave runup at the plant
that could result from this condition is 1 foot 4 inches above the PMF level
(Subsection 2.4.8.2.8). This gives the maximum estimated wave runup level of 705
feet 8 inches. As discussed in Subsection 2.4.1.1 the plant grade is over 4 feet
higher than this level. Thus the safety-related functions are not affected by a lake
PMEF.

Due to the local intense PMP, water buildup will not exceed an elevation of 710.41 |
feet as discussed in Subsection 2.4.2.3. This is lower than the plant floor elevation
of 710 feet 6 inches and, therefore, does not provide any threat of flooding.

The Illinois River's PMF level is more than 180 feet below the plant grade and does
not affect the safety-related systems and structures (Subsection 2.4.3).

Interior Floods

The LaSalle County internal flood control efforts are directed towards the three
sources that could conceivably introduce large amounts of water into the plant
below grade areas. The sources result from:

a. a failure of the following water lines connected directly to the

lake which would permit the entering of lake water into the
plant via gravity:
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1. circulating water system,
2. CSCS equipment cooling water system, and
3. service water system.
b. a failure in a water line directly connected to the lake which, if

the pump were to remain on, would result in water flowing into
the plant. This could occur to the lines with the following

pumps:
1. circulating water pumps,
2. diesel-generator cooling water pumps,
3. RHR service water pumps,
4. service water pumps, and
5. fuel pool emergency makeup pumps

c. a failure of the suppression pool.

3.4.1.2 Safety-Related Systems

The list of safety-related systems and components is found in Table 3.2-1. The
systems and components located below grade level in Seismic Category I structures
which are flood protected are shown in Figures 3.4-1 and 3.4-2. Their location can
be found in the general arrangement drawings of Section 1.2.

3.4.1.3 Description of Structures

The structures that house safety-related equipment are the reactor, auxiliary,
diesel-generator, and the lake screen house buildings. These structures all have
reinforced concrete walls below grade level. The reactor, auxiliary, and diesel-
generator buildings, shown in Figures 3.4-1 and 3.4-2 below grade, are all connected
with the turbine, solid radwaste, and service buildings and act as a unit in resisting
exterior floods. The only exterior personnel or equipment access to these buildings
1s at grade level or above. All pipes penetrating the exterior walls are provided with
watertight penetration sleeves. Also pumps and drains are provided throughout the
Seismic Category I structures to provide protection.
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3.4.1.4 Flood Protection Measures

Exterior Flood Protection Measures

In addition to the flood protection measures described in Subsection 3.4.1.1,
additional protection is provided by means of waterproofing and waterstops. All
exterior walls to grade level are sealed with a waterproof membrane, and all
exterior construction joints are sealed with waterstops to grade level.

Interior Flood Protection Measures

The interior flood control program consists of the erection of floodwalls and
bulkhead doors to keep uncontrollable gravity floodwater sources contained, an
alarm and indication system for key sumps, and the formulation of abnormal
(flooding) operating procedures for the station operators. The floodwalls and
bulkhead doors are depicted in Figures 3.4-1 and 3.4-2.

a.

Gravity Flooding

Flood protection against a gravity-fed failure of a lake-connected
water line is afforded by a watertight floodwall referred to as the
Condenser Pit as shown in Fgures 3.4-1 and 3.4-2. The
floodwall extends to elevation 701 feet and surrounds the
Condenser water box and the associated Circulating Water and
Service Water piping. Flooding with gravity-fed lake water
within the condenser pits will be contained within these non-
critical areas, preventing flooding of the plant.

Lake-connected lines not within the confines of the Condenser
Flood-Protected Zone include:

1) 120" Ice-melting line and MOV

The MOV for each Unit's ice melting line is installed in a
compartment that is watertight against groundwater
only, and is otherwise open to the Turbine Building floor
elevation 663'. The ice melting line within the
compartment has been seismically analyzed and shown to
meet the crack exclusion criteria of Standard Review Plan
(SRP) 3.6.2.
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LSCS-UFSAR
48" Service Water Return Piping Standpipes (1 per unit)

The Service Water System enters the plant at an
elevation above maximum lake level and supplies cooling
water to heat exchangers located above maximum lake
level. Four Service Water return standpipes are below
lake level. However, two of the standpipes (one per unit)
are located outside of the flood-protected zone. The top
portion of each standpipe above elevation 692' has a
normal operating pressure of less than 10 psig, and
therefore has not be analyzed for postulated pipe cracks,
based on Appendix J. The standpipe portions between
elevation 692 feet and 663 feet have been seismically
analyzed and shown to meet the crack exclusion criteria
of SRP 3.6.2.

36" Circulating Water manway (1 per unit)

Two of four Circulating Water manways and associated
piping are located outside of the Condenser Pit. The
manway piping, with access covers raised above elevation |
701 feet, have been seismically analyzed and shown to

meet the crack exclusion criteria of SRP 3.6.2.

Circulating Water Dewatering Lines

All of the 4", 6", 8", and 12" Dewatering System pipelines
are outside of the flood protection zone. The dewatering
lines have normally closed suction and discharge isolation
valves. The portions of these lines between the
circulating waterpipe and the suction/discharge isolation
valve have been seismically analyzed and have been
shown to meet the crack exclusion criteria of SRP 6.3.2.
When the dewatering pumps are in service, the portion of
the circulating water piping that is being dewatered is
1solated from the source of the lake water. Therefore,
flooding due to a crack in the dewatering lines is not a
concern.

Amertap System piping (2 1/2" x 3")
All of each Unit's Amertap System piping is outside of the
Condenser Pit's flood protection zone. However, there are

1solation valves inside the condenser pit that can be closed
to 1solate a leak. The time available to isolate a leak in
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the Amertap lines is more than 48 hours, which is more than
adequate for Operator actions to occur.

The outfalls from the CSCS equipment cooling water system rise
above lake level between the reactor building and the lake.

Back siphoning from the lake is, therefore, impossible in the
event of a piping failure.

Flooding due to the failure of piping associated with the Diesel-
Generator Cooling Water pumps, RHR Service Water pumps, or
Fuel Pool Emergency Makeup pumps, would be contained
within the respective flood zones of Flood Control Area I shown
in Figures 3.4-1 and 3.4-2. These areas, except for both Division
IIT CSCS pump rooms, are surrounded by watertight walls to
elevation 701', and have zone-dedicated floor drains and sumps.
The Div. III CSCS-ECWS rooms are watertight to only elevation
697' because of VY System ventilation ductwork connecting the
pump room to the associated Div. III switchgear room. Flooding
of the Division III CSCS-ECWS Pump Rooms have been
assessed by evaluation of the room-enclosed pipelines against
the SRP 3.6.2 crack exclusion criteria, concluding that failures
are non-credible.

b. Pump Induced Flooding

Water level alarms are positioned throughout the plant in key
sumps to detect pump induced flooding. Subsequent operator
action in accordance with abnormal (flooding) procedures is
required to shut down the offending pumps mentioned in
Subsection 3.4.1.1 and close the necessary valves, thereby
isolating the source of floodwater.

c. Flooding Due to a Suppression Pool Rupture

To prevent flooding of the RHR pump areas of the reactor
building, watertight walls are erected up to an elevation of 686
feet 7 inches. Also, watertight doors are installed and the
sumps are separated. Thus, these areas will be protected if the
highly unlikely event of a suppression pool rupture occurs.
These flood control areas are depicted in Figures 3.4-1 and 3.4-2.

3.4.2 Analysis Procedures

The portions of the structures below the elevation of 700 feet are analyzed and
designed for the hydrostatic head from a flood at the water table elevation
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superimposed on other Seismic Category I loadings. The walls in the lake screen
house that are exposed to the cooling lake are designed for hydrodynamic forces as
well. The loading combinations used in the design of the lake screen house are
listed in Table 3.8-10.

The hydrodynamic wave forces on the exposed lake screen house walls are
estimated using the method outlined in Section 7.32 of the "Shore Protection
Manual," Volume II (U.S. Army Coastal Engineering Research Center, Department
of the Army, Corps of Engineers, 1973). The two conditions considered for
estimating the wind, wave forces are:

a. Maximum (1%) wave due to 40 mph overland wind over the
PMF pool elevation of 704.3 feet.

b. Maximum (1%) wave due to 50 mph overland wind over the
normal pool elevation of 700.0 feet.

The maximum (1%) wave heights and periods corresponding to the conditions 1 and
2 are 1.6 feet and 1.75 seconds, and 2.17 feet and 1.95 seconds, respectively at the
lake screen house retaining walls. The depth of water at these walls varies between
26 feet and 30 feet for the normal pool and the PMF pool, respectively. This depth
1s much greater than 1.5 times the maximum wave height and hence the Miche-
Rundgren method stated in the "Shore Protection Manual" is adopted for
calculating the nonbreaking wave forces. The wind, wave forces on the exposed lake
screen house walls are shown in Figure 3.4-3.

The hydrodynamic loads as a result of the seismic forces are designed for by using
the methods described in Subsection 2.5.4.10.1.3.2.2.
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3.5 MISSILE PROTECTION

Where possible, all Seismic Category I structures, equipment, or station nuclear
safety-related systems are protected from missiles generated by internal rotating or
pressurized equipment through basic station component arrangement such that, if
equipment failure should occur, the missile does not cause the failure of the Seismic
Category I structure of other nuclear safety-related systems. Where it is impossible
to provide protection through station layout, suitable physical barriers are provided
when required to isolate the missile or to shield the critical system or component.
In addition, redundant Seismic Category I components are suitably protected such
that one missile cannot simultaneously damage a critical system component and its
backup system, or vice versa. Table 3.2-1 provides a tabulation of safety-related
structures, systems, and components, along with their applicable Seismic Category,
Quality Group Classification, and location.

3.5.1 Missile Selection and Description

3.5.1.1 Internally Generated Missiles (Outside Containment)

Essential equipment in the reactor, auxiliary, and the diesel-generator buildings is
protected to the extent practicable from the effects of postulated missiles either by
barriers or, in the case of redundant systems and components, by physical
separation. Rotating equipment which has the potential for being subjected to an
overspeed condition in excess of design limitations is considered as a potential
source of missiles and is isolated from other components to the extent practicable by
physical separation or barriers.

3.5.1.2 Internally Generated Missiles (Inside Containment)

Missile protection is provided within the containment for the following two general
sources of postulated missiles:

a. Rotating component failures.
b. Pressurized component failures.

The principal design bases are that missiles generated within the reactor
containment during normal operation, maintenance, testing and postulated loss-of-
coolant accident, shall not cause loss of function of any redundant engineered safety
feature. Engineered safety features separation and redundancy have been provided
as the primary protection against missiles. A tabulation of all safety-related
structures, systems and components inside the containment, their location, seismic
category and quality group classification is given in Table 3.2-1.
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3.5.1.2.1 Rotating Component Failure Missiles - Selection and Evaluation

The most significant pieces of rotating equipment in the primary containment are
the recirculation pump and motor which, in the event of a major recirculation line
break on the pump suction side, can theoretically reach overspeed beyond practical
design limitations (Subsection 5.4.1.4). Since the pump to motor shaft will shear in
the postulated event, only the recirculation pump impeller missiles need be
considered.

Studies indicate that missiles from impeller fragments will not penetrate the pump
case; however, impeller missiles may be ejected from the open end of the broken
suction pipe (Subsection 3.5.1.7). If all missiles are permitted to be ejected from the
open end of the broken pipe, only the largest of such missiles at a few specific
locations have the potential to cause significant damage within the primary
containment. The probability for significant damage is demonstrated to be
acceptably low, and potentially damaging impeller missile ejection from the broken
pipe is minimized by effective placement of pipe whip restraints to the extent
necessary that the offset of the two ends of the broken pipe is controlled. Thus, the
blowdown forces from both ends of the broken pipe oppose each other, and the
missile dissipates the energy acquired during its passage through the broken pipe.
Upon leaving the break, the missile has insufficient energy to cause damage.

The above discussion demonstrates that the probability of significant damage from
recirculation pump or motor missiles is so low that no protection in addition to the

pipe restraints referred to is recommended.

3.5.1.2.2 Pressurized Component Failure Missiles - Selection and Evaluation

Pressurized components within the primary containment capable of producing
missiles have been reviewed. Although piping failures can result in significant
dynamic effects if permitted to whip, they do not form missiles per se since the
whipping section remains attached to the remainder of the pipe. Since Section 3.6
addresses the dynamic effects associated with pipe breaks, pipes are not included
here as potential internal missiles.

Since pressurized gas containers are considered as a potential source of missiles,
they are located such that no credible single failure causing release of energy in the
building environment will generate missiles to impair the functioning of the
redundant safety-related equipment. Details of the design of pressurized gas
containers are given in Subsection 9.3.1.

The only remaining pressurized components potentially capable of producing
missiles are considered to be:
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a. Valve bonnets (large and small)
b. Valve stems
c. Thermowells

d. Retaining bolts
e. CRD mechanisms
f. Flange connections to the RPV.

The above components are designed to strict nuclear standards and it is expected
that the failure probabilities are less than that of the piping. Pipe failure rates
have been estimated (Reference 5) to be approximately 1 x 10-> failures per year.
Because the failure rates for the above components are less or probably of the same
magnitude or less the above missiles are considered as statistically significant
missiles and their strike probabilities and damage potential must be examined.

The parameters required to determine missile penetration for each credible missile
listed above are discussed below. Missiles are generally characterized by size,
weight, origin, impact area velocity, and impact energy. Missiles may also be
classified by the potential energy source which serves as the driving force: stored
strain energy, contained fluid energy (jet propelled and piston type missiles). The
methods used to determine missile characteristics are presented.

Acceleration of a failed valve bonnet or thermowell is produced by a "jet" of escaping
fluid, whereas the acceleration of a valve stem or CRD mechanism is caused by
piston type action. Both of these "contained fluid energy" type missiles are briefly
described below. Stored strain energy type missiles such as retaining bolts are also
included.

Piston Type Missile. The velocity of a piston type missile (e.g., valve stem and CRD
mechanism) is calculated by assuming that the work done will be converted into the
kinetic energy of the missile, with no losses of energy due to friction, air resistance,
etc. Work is the integral of force times displacement, while the kinetic energy of the
missile is one-half the product of missile mass times the square of the missile
velocity. Assuming the force constant (and equivalent to PA ) and equating the

kinetic energy to the work done results in a missile velocity given by the expression
(Reference 7).
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V:FPAOE}“ (3.5:1)
w/g
where
P = Pressure acting on area Ao (Ib/ft2)
Ao = Area of missile under pressure (ft2)
1 = Displacement of length of "piston" stroke (ft)

W = Weight of the missile (Ib)
\Y = Velocity of the missile (ft/sec)
g = Acceleration of gravity (ft/sec2)

Design of the containment and the piping system has considered the possibility of
missiles being generated from the failure of pressurized components such as valve
bonnets, valve stems, and instrumentation thermowells. Missile protection is
accomplished through basic plant arrangement such that the flight of the missile is
away from the containment vessel. The arrangement of plant components takes the
possibility of missile generation into account, even though such missiles may not
have sufficient energy to penetrate the containment. Equipment associated with
engineered safety systems is segregated so that failure of one cannot cause the
failure of another or that component failure resulting in a need for engineered
safeguard systems will not render the redundant system inoperable. The control
rod drive mechanisms are located under the reactor vessel and are surrounded by
reinforced concrete walls and floor to provide protection from missiles.

Jet-Propelled Missiles. Jet-propelled missiles (valve bonnets and thermowells) are
missiles propelled by fluid escaping from a pressurized system in which there is
essentially no lateral constraint on the fluid. Thus, the escaping jet of fluid will not
only impinge on the missile during the period of missile acceleration, but will also
flow around and past the missiles. The velocity of such a missile is estimated by
employing the jet property solution of Moody (Reference 8) for saturated steam
blowdowns.

The work of Reference 8 was directed toward the prediction of blowdown thrust and
jet forces on stationary targets; however, by making a few simplifying assumptions
and applying the principle of momentum, this work can be applied to the
determination of velocity-displacement relationships for jet propelled missiles. The
specific assumptions are: (1) the asymptotic properties of the jet exist over the
entire region of travel of the missile; (2) the missile is completely surrounded by the

3.5-4 REV. 13



LSCS-UFSAR

fluid jet during its time of flight. Applying these assumptions and the principles of
momentum to the relative velocity of the jet and the missile, the following expression
results relating the missile displacement and velocity:

y  _ 1 _ NV i
TSR (e B s

where
y = distance traveled by the missile from the break (ft),
w = missile weight (Ib),
A = frontal area of missile (ft2),
Ueo = asymptotic velocity of jet (ft/sec),
V.. = asymptotic specific volume of jet (ft3/lb), and
\Y = velocity of missile (ft/sec).

The above expression assumes that the water and steam velocities are equal (i.e.,
unity velocity ratio) in the case of a saturated water blowdown. The jet asymptotic
velocity, u, and the jet asymptotic specific volume are determined by the methods
described by the previous Moody reference. The corresponding velocity-displacement
relationships for missiles resulting from saturated water and saturated steam
blowdowns are present in Figure 3.5-6. The ordinate i1s the missile velocity and the
abscissa is the displacement parameter Y:

where

Y = (WY/A) (3.5-4)

Included in Figure 3.5-6 is the influence of different values of the friction parameter,
f*, defined by:

f* =

- 2
f1 [ AE J (3.5-5)
D

where:
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= equivalent loss coefficient between the broken pressurized
component and fluid reservoir (dimensionless),

Ag = area of break (ft2), and

Ap = area of pressurized component between break and fluid reservoir (ft2)
(assumes A, > Ag).

As illustrated in Figure 3.5-6, the effect of friction on the velocity-displacement
relationship is reasonably small, and it can be conservatively assumed that the
most extreme friction condition persists; f* = 100 for the case of saturated water
blowdown and f* = O for the case of saturated steam blowdown.

Stored Strain Energy Missiles. Assuming all the strain energy of a retaining bolt
which fails is converted to kinetic energy, the velocity is calculated from the
following formulas (Reference 7):

v :(éj V2, (3.5-6)
W
and
v :(%j V2 (3.5-7)
where
\Y = missile velocity (ft/sec),
E = modulus of elasticity (Ib/ft2),
w = specific weight of missile (1b/ft3),
€ = ultimate strain in the bolt before failure (in./in.), and
o = ultimate stress in the bolt before failure (Ib/ft2).

The failure is assumed in the location that produces the most energetic missile.
These equations provide a conservation analysis of missile energy because the
ultimate tensile stress (o or €) for the material is used, resulting in a larger amount
of energy than would actually be present at fracture, and all strain energy is
converted to kinetic energy with no consideration for energy losses due to friction,
relaxation, or air resistance.
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3.5.1.2.3 Valve Missile Protection Inside Containment

The impact of possible missiles from all small and large valves inside the
containment, that could strike the containment liner, was evaluated using the
following procedures:

a. The missile velocities were calculated using the equations stated in
Subsection 3.5.1.2.2.

b. The missile impact on containment liner was evaluated in accordance
with ASME Code Section III Division 2, Subsection CC-3900.

It was determined that the penetration potential of missiles from only one valve
(1(2)B21F011A-Feedwater Isolation Valve) could exceed the limit permitted by
Reference 14. A missile barrier is provided for this valve (1(2)B21F011A-Feedwater
Isolation Valve) to protect the containment liner.

All small and large valves inside the containment were also reviewed as to their
potential for damage to safety-related equipment and components inside the
containment. The principal design basis, as stated in Subsection 3.5.1.2, is that
missiles generated within the reactor containment shall not cause loss of function of
any redundant engineered safety feature.

Upon review of the safety-related equipment inside containment, it was determined
that the following valves would need missile protection:

1(2)E22-F005
1(2)B33-F067A
1(2)B33-F067B

Missile barriers, to prevent these valves from damaging other components, are
provided for these valves.
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3.5.1.3 Turbine Missiles

With the replacement of the Low Pressure (LP) rotors, all the turbine rotors are of
the monoblock design. The monoblock rotors have very low stress level. Missile
generation due to turbine failure is generally postulated to be caused by turbine
overspeed. General Electric has established that the speed capability of these
rotors is considerably higher than the maximum attainable speed of these turbine-
generator units. Consequently, the probability of missiles being generated is
statistically insignificant. (References 15-19).

3.5.1.4 Missiles Generated by Natural Phenomena

Tornado-generated missiles used in the design of Seismic Category I structures are
as follows:

PHYSICAL IMPACT VELOCITY
MISSILE PROPERTIES (mph)
Wood Plank 41in.x121n.x 12 ft 225
Automobile Wt. 4000 20 ft2 front area 50

Ibs

The maximum height reached by the automobile is 25 feet above the grade
elevation. Wood plank is postulated to reach the height of the structure.

3.5.1.5 Missiles Generated by Events Near the Site

As described in Subsection 2.2.3, only accidents from empty gasoline barges which
have correct air-mix ratios for explosions, the 2-2000 gallon above grade fuel tanks
onsite, and highway trucks carrying explosives may lead to credible explosions. The
energy of the explosions and their distance from the plant site are the determining
factors for site proximity missiles. These energies and distances of the credible
explosions at the plant site are discussed in Subsection 2.2.3 and are insignificant
for the LSCS site. In addition, the Seismic Category I structures are designed to
withstand the tornado-generated missiles. No adverse effects due to missiles
generated from explosions will occur to the plant.

3.5.1.6 Aircraft Hazards

The airports and the airways in the region of the station are described in Subsection
2.2.2.5. That information indicates that:
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a. There are no federal airways or airport approaches passing
within 2 miles of the station. The closest airway corridor is 3
miles away from the station.

b. There are no commercial airports existing within 10 miles of the
site and there is only one private airstrip within 5 miles.

c. The projected landing and take-off operations out of those
airports located within 10 miles of the site are far less than 500
d? per year, where d is the distance in miles. The projected
operations per year for airports located outside of 10 miles is
less than 1000 d2 per year.

d. The only military facility within 10 miles of the site is the
Illinois Army Reserve National Guard Training Facility. It is
located approximately 1 mile northwest of LSCS cooling lake.
There are no airstrips at the Training Facility.

Hence, the probability of radiological consequences due to aircraft hazards to the
station is within the guidelines of 10 CFR 100.

3.5.1.7 Recirculation Pump Overspeed Analysis

A generic analysis of recirculation pump overspeed (Reference 6) for the complete
spectrum of breaks in piping on the discharge side of the recirculation pump shows
that no overspeed condition exists. In the unlikely event of a completely offset
guillotine suction break, a potential overspeed may be calculated, however, further
considerations support the conclusion that this calculated overspeed condition
would not realistically create an unsafe condition. As a result, there is no need for
protective equipment on the recirculation pumps.

A generic upper boundary probabilistic analysis of the effect of recirculation pump
missiles on primary containment equipment in a typical BWR-5 MARK II nuclear
power plant has been added as Attachment 3.B to Chapter 3.0, to comply with the
intent of Regulatory Guide 1.46. This analysis indicates that no damage results to
primary containment, nor to any major piping system inside containment, nor to
any inboard main steam isolation valve. Absence of damage is due to the fact that
trajectories of postulated missiles do not intersect these systems. The presence of
pipe restraints on the recirculation system adds approximately 33% additional
protection on a probabilistic basis as indicated in Table I of Attachment 3.B.

If more conservative break location assumptions are postulated (i.e., breaks occur at
all fittings and at all equipment piping circumferential welds), the relative
probability of impact and perforation, or destructive damage to critical targets is
shown in Table I of Attachment 3.B. The probability that a secondary (ricochet)
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1Impact on a vital line or a main stream isolation valve, given the expulsion of a
missile is PvX0.031 as shown in Table III of Attachment 3.B. For any particular
line within containment, the total probability of damaging impact is of the order of
10-5 as shown in Table III of Attachment 3.B.

3.5.2 Systems to be Protected

3.5.2.1 Missile Protection Design Philosophy

Systems that are protected from missiles are listed in Section 3.2.

For internally generated missiles, protection is provided through basic station
component arrangement such that, if equipment failure should occur, the missile
does not cause the failure of the Seismic Category I structure of any other nuclear
safety-related system. Where it is impossible to provide protection through station
layout, suitable physical barriers whose function is either to isolate the missile or to
shield the critical system or component are provided when required. Refer to
Figures 3.5-3 through 3.5-5 for the location of missile barriers. In addition,
redundant Seismic Category I components are suitably protected such that one
missile cannot simultaneously damage a critical component and its backup system.
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3.5.2.2 Structures Designed to Withstand Missile Effects

Seismic Category I structures are designed to withstand postulated external or
internal missiles which may impact them. The following is a list of the structures
designed to withstand missile effects, and the missiles that each structure has been
designed for:

STRUCTURE MISSILE GENERAL NOTES

Reactor building enclosure  tornado-generated missiles see Subsection 3.5.1.4 for
(including equipment from outside the building list
access building)

Auxiliary building same as above and pipe same as above
enclosure whip missiles when
restraints are not provided

diesel-generator building tornado-generated missiles same as above

enclosure

lake screen house same as above same as above

Interior walls designed to pipe whip missiles also see Subsections 3.5.1 and
withstand missiles missiles described in 3.5.2

Subsections 3.5.1 and 3.5.2

The reactor building superstructure's metal siding and roof deck are not designed to
withstand tornadoes. However components which directly affect the ultimate safe
shutdown are located either under the protection of reinforced concrete or
underground.

Seismic Category I structures not tabulated above are not affected by any missiles
because of basic station component arrangement and the use of whip restraints.

3.5.3 Barrier Design Procedures

Two types of structural response to missile impact have been investigated:

a. the penetration resistance of a structure and potential for
secondary missiles by spalling, and

b. the stability of the panels.
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Generally, all projectiles are considered as impacting instantaneously with a very
short time rise relative to the natural period of the impacting structure.

Two types of barriers are designed to resist missile impact:

a.

Steel Plate Barriers - The thickness of steel plate required to
resist the impacting missile is calculated using the Stanford
Formula (References 9 and 11). The overall structural response,
including structural stability and deformations, is investigated
using concepts and methods presented in Reference 12.

Reinforced Concrete Barriers - The concrete thickness required
to resist the impacting missile is calculated using the modified
Petry Formula (References 10 and 13). Concrete barriers are
designed such that the missile penetrates no more that two-
thirds of the thickness of the barrier; thus spalling is prevented
(Reference 10). The deformation and stability of structural
panels is investigated using methods presented in Reference 13.
Reference 13 presents an equation of motion suitable for
estimating the time required for penetration. To determine the
capacity for the barriers to absorb energy the deflection due to
missile impact is determined by integrating the equation of
motion, or by using a simplified expression adapted from the
equation of motion. This is compared with the maximum
allowable flexural deflection. The concepts used in Reference 9
are comparable to those of Reference 8.

Composite steel and concrete barriers are not utilized for missile protection.
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3.6 PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED WITH THE
POSTULATED RUPTURE OF PIPING

This section describes the measures that have been used to ensure that the reactor
vessel and all essential equipment within the primary containment, including
components of the reactor coolant pressure boundary, engineered safety features,
and equipment supports, are adequately protected against the loss-of-coolant
accident (LOCA) dynamic effects.

Protection measures taken to protect essential equipment and components against
the dynamic effects of pipe rupture outside of the containment are covered in
Appendix C.

The plant is designed with appropriate protection against the consequences of a
LOCA. Specifically, protection includes: an emergency core cooling system to
protect the core from the thermal-hydraulic consequences of a LOCA; a containment
system to protect the public from the radiological consequences of a LOCA; a system
of piping restraints to limit the effects of a pipe rupture; physical separation of
equipment and piping; protective shields and physical constraints to limit
propagation of damage from the dynamic effects (i.e., blowdown jet forces and pipe
whip) associated with a LOCA.

The design provisions and corresponding criteria for the emergency core cooling and
containment systems are covered in Chapter 6.0.

As it applies to a postulated pipe rupture, a loss-of-coolant accident includes those
postulated accidents that result from the loss of reactor coolant at a rate in excess of
the normal makeup system from breaks up to and including a break equivalent in
size to the double-ended rupture of the largest pipe in the reactor coolant system.

In addition, a LOCA is considered to be the combination of any single pipe break (as
defined previously) and subsequent pipe and/or equipment failure that occurs as a
direct consequence of the first failure, and which may occur simultaneously with a
safe shutdown earthquake (SSE) with or without a concomitant loss of offsite
power. For consistency with the NRC General Design Criteria for Nuclear Power
Plants, a single random active component failure must be assumed to occur in any
of the heat removal systems (reactor or containment), the reactor protection system,
or the secondary containment atmosphere control systems, whichever is most
restrictive. Hence, such a single random active component failure is assumed to
occur during or following a LOCA.
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3.6.1 Postulated Piping Failures in Fluid Systems Inside of Containment

3.6.1.1 Design Basis

In the analysis of the effects of a pipe rupture inside the containment, all affected
structures were assumed to be safety-related and therefore all large whipping pipes
were restrained.

During the initial stage of plant design, the criteria for postulating pipe breaks used
locations at pipe fittings; then later, whenever possible, the stress criteria were
added as explained in MEB 3-1.

All systems or components surrounding the postulated break or affected by its
occurrence were protected. This ensures that no systems or components within the
primary containment which are required for safe shutdown or are important to

plant safety are susceptible to the consequences of high energy piping failures. |

3.6.1.1.1 Core Cooling Requirements

The designed ECCS capability can be maintained provided that dynamic effects
consequences do not exceed the following break area, break combination, and
maintenance of minimum core cooling requirements.

3.6.1.1.1.1 Maximum Allowable Break Areas

a. For breaks involving recirculation piping, the total effective area
of all broken pipes, including the effective area of the
recirculation line break, do not exceed the total effective area of
the design basis double-ended recirculation line break. By
limiting the total area of all broken pipes involving recirculation
loops to an area less than or equal to that of the design-basis
accident (DBA) (circumferential break of recirculation loop), no
accident could be more severe than the DBA.
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b. For breaks not involving recirculation piping, the effects are
much less severe than recirculation line breaks. Hence, the
total break area can be allowed to be larger than the
recirculation breaks. Therefore, the total break area shall not
exceed the sum of one feedwater header pipe area, one steam
line (upstream of flow limiter) pipe area, and one core spray pipe
area.

3.6.1.1.1.2 Break Combinations

In addition to the pipe break area restrictions, breaks involving one recirculation
loop shall not result in loss of function or damage to the other recirculation loop or
loss of coolant from the other loop in excess of that which would result from a break
of the attached cleanup connection on the suction side of the loop.

3.6.1.1.1.3 Required Cooling Systems |

To ensure compliance with Appendix A of 10 CFR 50, General Design Criteria for
Nuclear Power Plants, the following cooling system requirements must be met after
an additional single active safety system failure:

a. For breaks not involving recirculation piping, at least two LPCI
pumps or one core spray system shall be available for core
cooling.

b. For breaks involving recirculation piping, at least one core spray

line and two LPCI pumps, or two core spray lines, shall be
available for core cooling.

c. For a LOCA with a total effective break area less than 0.7 ft2,
either the HPCS or ADS shall be available for reactor
depressurization.

d. For liquid breaks such as cleanup suction or combination of
liquid and steam breaks whose total break area is less than 0.7
ft2 in which the ADS system is required for depressurization, at
least (n-1) ADS valves must be available (n = total number of
ADS valves).

e. For breaks less than the equivalent flow area of one open ADS
valve, at least (n-1) ADS valves must be available. However, the
required number of ADS valves will be one less for each
additional steam break area equivalent to the area of one open
ADS valve.
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3.6.1.1.2 Containment System Integrity

The following was considered in addressing the LOCA dynamic effects with respect
to containment system integrity:

a. Leaktightness of the containment fission product barrier shall
be assured throughout any LOCA.

b. For those lines which penetrate the containment and are
normally closed during operation, the inboard isolation valve is
located as close as practical to the reactor pressure vessel. This
arrangement reduces the length of pipe subject to a pipe break.

c. For those lines which penetrate the containment and are open
during normal operation, the outboard isolation valve is located
as close as practical to the containment, with surrounding
equipment located so as to preclude the possibility that a single
event can cause rupture of the reactor coolant pressure
boundary piping anywhere from the containment to and
including this isolation valve.

3.6.1.1.3 Design Limits for Piping and Components |

Piping within the broken loop is no longer considered part of the RCPB. Plastic
deformation in the pipe is considered as a potential energy absorber. Limits of
strain are imposed which are similar to strain levels allowed in restraint plastic
members. Piping systems are designed so that plastic instability does not occur in
the pipe at the design dynamic and static loads when the consequences result in
direct damage causing the loss of integrity of the primary containment or causing
loss of required shutdown core cooling systems.

Components such as vessel safe ends and valves which are part of the broken piping
system and do not serve a safety function, or whose failure would not further
escalate the consequences of the accident, need not be designed to meet code
imposed limits for essential components under faulted loading.

If these components are required for safe shutdown, or serve a safety function to

protect the structural integrity of an essential component, limits to meet the Code
requirements for faulted conditions and limits to ensure operability are met.

3.6.1.2 Description

The high energy systems identified in the design are listed in Table 3.6-1 and the
particular lines within these systems subjected to analysis of postulated breaks are
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shown in Figures 3.6-1 through 3.6-16e. The limiting break locations are listed in
Tables 3.6-2 through 3.6-5.

There are cases within the LSCS design where high energy lines have been enclosed
in structures or compartments. All such situations have been analyzed to
determine the effects of pressurization resulting from a line break within the
structure or compartment. This was done by considering a line break within the
compartment and determining the resulting pressure within the compartment and
the adjoining ones. The resulting pressure differentials across the walls were then
checked against the design values to determine the design margins. A detailed
description of the method of analysis and the subcompartments that are affected is
provided in Subsection 6.2.1.2 for breaks inside the primary containment. The
pressure differentials determined for the worst cases for a selected compartment,
along with the compartment location of the break, are given in Section 6.2.

The possibility of a high energy line break affecting a safety-related component in
the same or an adjourning compartment was also investigated. The peak pressure
and temperature, along with the predicted relative humidity for each room, are
given in Section 6.2. The environmental effects of high energy line break outside
the containment are enveloped by the parameters given in Section 3.11.

3.6.1.3 Safety Evaluation

The analysis of postulated line breaks and the resulting addition of restraint
features into the design have ensured that failure in any single high energy line in
the plant will not result in unacceptable damage to any other system or component.

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

This section describes the design basis for locating postulated breaks inside of the
containment and procedures used to determine the blowdown and impingement
loads associated with these postulated breaks.

Systems in which Design Basis Piping Break Occur

High energy piping systems are defined as those systems, or portions of systems,
which during "normal plant conditions" are either in operation or maintained
pressurized under conditions where either or both of the following are met:

a. maximum temperature exceeds 200° F, or
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b. maximum pressure exceeds 275 psig.

Normal plant operation (per ASME Section III Paragraph NB-3113) includes
startup, operation in the design power range, normal hot standby, and system
shutdown. Normal hot standby is a normally attained zero power plant operating
state (as opposed to a hot standby initiated by a plant upset condition) where both
feedwater and main condenser are available and in use.

Moderate energy piping systems are those systems, or portions of systems, which

during normal plant conditions are either in operation or maintained pressurized

(above atmospheric pressure) under conditions where both of the following are met:
a. maximum temperature is 200° F or less, and

b. maximum pressure is 275 psig or less.

High energy systems may be classified as moderate energy if the total time that
either of the previous conditions are met is less than either of the following:

a. one percent of the normal operating life span of the plant, or

b. two percent of the time period required to accomplish its system
design function.

The following high energy piping systems (or portions of systems) within and
outside of the containment are considered as potential initiators of a pipe break and
have been analyzed for dynamic effects damage potential:

a. all piping which is part of the reactor coolant pressure boundary
and subject to reactor pressure continuously during station
operation,

b. all piping which is beyond the second isolation valve but which

is subject to reactor pressure continuously during station
operation, and

c. 1n addition to piping under items a and b, all other piping
systems or portions of piping systems considered high energy

systems.

Systems in which one of the following conditions exists were not considered as an
Initiator of pipe break:
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piping which never or only infrequently (i.e., during test
operations) is subject to reactor pressure;

piping which is classified as moderate energy piping; and

piping where the internal energy level associated with the
whipping pipe is insufficient to impair the safety function of any
structure, system, or component to an unacceptable level. The
energy level in the whipping pipe is considered insufficient to
rupture an impacted pipe when it is of equal or greater nominal
pipe size and equal or heavier wall thickness. The internal fluid
energy level associated with the pipe break reaction takes into
account any line restrictions (e.g., flow limiters) between the
pressure source and break location, and the effects of either a
single-ended or double-ended flow condition.

Initial pipe break events are not assumed to occur in pump and valve bodies
because of their greater wall thickness.

Consideration of Other Systems

While none of the following systems are needed during or following a LOCA, some
dynamic effects must be considered because a "non-safety-class" system or
component failure could initiate or escalate the LOCA. The following subsystems
and components are in this category, however they are not required for the safe
shutdown of the reactor nor are they required for the limitation of the offsite release
in the event of a LOCA:

a.

reactor water cleanup system,

CRD return lines,

reactor head spray,

steam to RHR heat exchanger and RCIC turbine,
RHR shutdown suction and return piping, and

CRD insert lines.

3.6.2.1 Criteria Used to Define Break and Crack Location and Configuration

The following definitions are utilized for piping run terminology:
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Main Run - piping interconnecting terminal ends. All branch lines from the main
run are considered branch runs, with the exception of the following:

a. free ended branch lines throughout which there is no significant
restraint to thermal expansion are considered part of the main
run, and

b. all ASME, Section III, Class 1 branch lines which are included
with the main run piping in the code stress analysis computer
mathematical model are considered part of the main run.

Piping Run - a main or branch run.

Terminal End - piping originating at structure or components (such as vessel and
equipment nozzles and structural piping anchors) that act as rigid constraint to the
thermal expansion. Typically, the anchors assumed for the piping code stress
analysis are considered terminal ends. The branch connection to the main run is
one of the terminal ends of a branch run, except where the branch run was
classified as part of a main run as defined above.

3.6.2.1.1 Break Locations in ASME Section IIT Class 1 Piping Runs

Postulated pipe break locations are selected in accordance with the intent of
Regulatory Guide 1.46, USNRC Branch Technical Position APCSB 3.1, Appendix B,
and as expanded in NRC Branch Technical Position MEB 3.1. For ASME Section
III, Class 1 piping systems, the postulated break locations are as follows:

a. The terminal ends of the pressurized portions of the run.
(Terminal ends are extremities of piping runs that connect to
structures, equipment, or pipe anchors that are assumed to act
as rigid constraints to free thermal expansion of piping. A
branch connection to a main piping run is a terminal end for a
branch run, except when the branch and the main run is
modeled as a common piping system during the piping stress
analysis.)

b. At intermediate locations between the terminal ends where the
maximum stress range between any two load sets (including
zero load set), according to Subarticle NB-3600 ASME Code
Section III for upset plant conditions and an independent OBE
event transient, exceeds the following:

1. If the stress range calculated using Equation (10) of the
Code exceeds 2.4.Sn but is not greater than 3 Sm, no
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breaks will be postulated unless the cumulative usage
factor exceeds 0.1.

2. The stress ranges, as calculated by Equations (12) or (13)
of the Code, exceed 2.4 Sy, or if the cumulative usage
factor exceeds 0.1 when Equation (10) exceeds 3 Sp.

c. In the event that two or more intermediate locations cannot be
determined by stress or usage factor limits, a total of two
intermediate locations shall be identified on a reasonable basis
for each piping run or branch run. (Reasonable basis shall be
one or more of the following:

1. Fitting locations.
2. Highest stress or usage factor locations.

Where more than two such intermediate locations are possible
using the application of the above reasonable basis, those two
locations possessing the greatest damage potential were used. A
break at each end of a fitting may be classified as two discrete
break locations where the stress analysis is sufficiently detailed
to differentiate stresses at each postulated break.)

Break locations required by the criteria in 3.6.2.1.1(c) above and in 3.6.2.1.2-3 are
termed arbitrary intermediate breaks (AIB's). In a July 18, 1986 letter from E. G.
Adensam (Director, BWR Project Directorate No. 3, Division of BWR Licensing
NRC) to D. L.. Farrar (Director of Nuclear Licensing, Commonwealth Edison) the
NRC eliminated the requirement to provide mechanical pipe rupture protection
against AIB's. The staff's approval to eliminate AIB's is for pipe rupture protection
purposes only. The elimination of AIB's is not to be utilized to eliminate any areas
of harsh environments, or to reduce the severity of environmental conditions in
those areas, that have been previously included in the LaSalle equipment
environmental qualification program.

Conformance to the above pipe break criteria is demonstrated in Figures 3.6-1, 3.6-
la, 3.6-2, and 3.6-2a, and Table 3.6-8.

3.6.2.1.2 Break Locations in ASME Section IIT Class 2 and 3 Piping Runs

Breaks were postulated to occur at the following locations in each ASME Section 111
Class 2 and 3 piping run:

a. at the terminal ends of the pressurized portions of the pipe run,
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b. at intermediate locations determined by one of the following
selection rules:

1. at each location of potentially high stress or fatigue, such
as pipe fittings (elbows, tees, reducers, etc.), valves,
flanges and welded attachments; or

2. at all locations where the stress, S, exceeds 0.8
(1.2 Sp + Sa).

where:
S = stresses under the combination of loadings associated with the normal

and upset plant condition loadings, as calculated from the sum of
equations (9) and (10) in Subarticle NC-3600 of the ASME Boiler and
Pressure Vessel Code, Section III;

Sh = Dbasic material allowable stress at maximum (hot) temperature from
the allowable stress tables in Appendix I of the ASME Boiler and
Pressure Vessel Code, Section III; and

Sa = allowable stress range for expansion stresses, as defined in Subarticle
NC-3600 of the ASME Boiler and Pressure Vessel Code, Section III.

3.

For those cases without at least two intermediate
locations where S exceeds 0.8(1.2 Sy + Sa), two separated
locations were chosen based upon highest local stress.
Where the piping run has only one change of direction, a
minimum of one intermediate break was postulated.

The pattern of postulated intermediate break locations
was determined separately for the normal plant condition
load combination which results in the highest level of
stress. (See note under Subsection 3.6.2.1.1(c)).

3.6.2.1.3 Break Locations in Other Piping Runs

Breaks were postulated to occur at the following locations in each piping run which
was not ASME Section III Class 1, 2, or 3 piping:

a. at the terminal ends of the pressurized portions of each run, and

b. at each intermediate location of potentially high stress or
fatigue, such as pipe fittings (elbows, tees, reducers, etc.) valves,
flanges and welded attachments.
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3.6.2.1.4 Break Configuration

High energy piping systems are analyzed for appropriate break configurations.

3.6.2.1.4.1 High Energy Piping Systems

The following types of breaks were postulated in high energy piping systems:

a. No breaks were postulated in piping having a nominal diameter
less than or equal to 1 inch.

b. Longitudinal and circumferential breaks were postulated in
piping having a nominal diameter greater than 1 inch. Breaks
were arbitrarily postulated at pipe fittings and at points of
maximum constraint without the benefit of detailed stress
analysis. In pipe runs exceeding twenty times the pipe diameter
at least two break locations were postulated based on stress
considerations and at least one intermediate break considered
for pipe run of less than twenty pipe diameters but greater than
three.

Except where limited by structural design features, a circumferential break results
in pipe severance with full separation. The break was assumed perpendicular to
the longitudinal axis of the pipe at the break location. The fluid discharge
coefficient at the break was determined from analytical or experimental work. In
the absence of this data, the discharge coefficient was assumed to be 1.0.

A longitudinal break results in an axial split without severance. The split was
assumed to be orientated nonselectively at any point about the circumference of the
pipe. For design purposes, the longitudinal break was assumed to be rectangular in
shape, with an area equal to the largest piping cross-sectional flow area at the point
of break, a length equal to twice the piping internal diameter at that cross section,
and to have a discharge coefficient of 1.0. Any other values used for the area,
diameter, or discharge coefficient associated with a longitudinal break were verified
by test data that defined the limiting break geometry.

For purpose of analysis, circumferential and longitudinal breaks are assumed to

reach full size within 1 millisecond after break initiation, unless otherwise
analytically or experimentally substantiated.
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3.6.2.1.4.2 Moderate Energy Piping Systems

Inside the primary containment no breaks were postulated to occur in moderate
energy piping systems and therefore no break configuration was assumed.

3.6.2.1.5 Containment Penetrations

Information concerning containment penetrations is discussed in Subsection
3.8.1.1.3.5. Table 3.8-1 and Figures 3.8-15 and 3.8-18 through 3.8-21 provide
penetration configuration and location.

3.6.2.2 Analytical Methods Used to Define Forcing Functions and Response Models

The prediction of time dependent and steady thrust reaction loads caused by
blowdown of subcooled, saturated, and two-phase fluid from a ruptured pipe is used
in design and evaluation of dynamic effects of pipe breaks. Unsteady loads result
from depressurization wave propagation, which causes the various sections of pipe
to be loaded with time dependent forces. Steady blowdown thrust loads are
equivalent to a corresponding thrust applied normally to the plane of the break and
opposite to fluid blowdown velocity. These loads can be computed for each section of
piping system, and corresponding external restraints can be provided if it 1s
necessary to limit the movement of the piping system. A detailed discussion of the
analytical methods employed to compute these blowdown loads for LSCS are given
in References 1 and 2.

3.6.2.2.1 Dynamic Analysis

3.6.2.2.1.1 Design-Basis Breaks

Table 3.6-1 indicates the number of design-basis breaks along with their rupture
orientation which were postulated inside the containment (for pipe rupture outside
containment, see Appendix C). Inside the containment, 102 specially designed pipe
whip restraints are utilized in controlling the dynamic effects associated with the
postulated rupture of piping. Figures 3.6-1 through 3.6-16e illustrate the location of
postulated breaks and pipe rupture restraints.

3.6.2.2.1.2 Forcing Function Used for Pipe Whip Dynamic Analysis

Two independent dynamic analyses have been utilized inside the containment. The
first dynamic analysis was performed on the reactor recirculation system. The
other dynamic analysis was performed on the remaining systems listed in Table 3.6-
1. The forcing functions associated with each analysis are different and are
depicted in Figures 3.6-17 and 3.6-18.
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3.6.2.2.1.2.1 Forcing Function Associated with Pipe Whip Dynamic Analysis on the
Reactor Recirculation System

Several types of time dependent loads may be applied, only one of which can be used
for any given analysis. The forcing function used (for blowdown thrust) was a three-
step function to conform with pipe dynamic analysis (PDA) input (Reference 3).

3.6.2.2.1.2.2 Forcing Function Associated with Pipe Whip Dynamic Analysis
Performed on High Energy Systems Inside Containments Excluding
Reactor Recirculation

The forcing function is shown in Figure 3.6-18. This is a step function depicting a
steady-state blowdown force to conservatively represent the magnitude of the jet
reaction. The pipe break is assumed to occur instantaneously.
For circumferential breaks, the force has the following magnitude:
PA <F <1.26PA
where:
P = operating pressure

A = break area.

For longitudinal breaks, an instantaneously applied steady force equal to 1.26 PA
was used.

3.6.2.2.2 Method for the Dynamic Analysis of Pipe Whip

The analytical approaches used in the two dynamic analyses which determine the
response of a pipe subjected to the thrust force occurring after a pipe break are
described in this section.

The dynamic analyses of pipe whip are performed by both General Electric and
Sargent & Lundy. The reactor recirculation system is analyzed by GE (Method I)
and the remaining high energy lines inside the containment are analyzed by S&L
(Method II).

The method used by GE in performing the pipe whip analysis is described in
Subsection 3.6.2.2.2.1. The method used by S&L is described in Subsection
3.6.2.2.2.2. The essential differences between the two methods can be summarized
as follows:
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(a) Restraint material characteristics utilized by GE include strain hardening
effects. Sargent & Lundy assumed elastic; perfectly plastic behavior.

(b) Pipe material characteristics utilized by GE include strain hardening effects.
Sargent & Lundy assumed the rigid, perfectly plastic, moment rotation law.

The usage of different analysis methods for different piping systems is a result of
the division of responsibility between General Electric and Sargent & Lundy rather
than an indication of limitations on applicability of either method.

Method I has been verified by testing and is reported in detail in a proprietary GE
document No. NEDE 10811, “Pipe Restraint Testing Program Conducted in
Conjunction with the Design of the Enrico Fermi Plant Unit 2.” In addition, an
independent verification of the General Electric PDA Computer Code was
performed by Nuclear Services Corporation (NSC). The results of this verification
are summarized in Subsection 3.6.4.1.1.1 of the GESSAR.

3.6.2.2.2.1 Method I (Reactor Recirculation System)

A generic representation of the pipe in any given analysis is shown in Figure 3.6-19.
In certain specific geometries, the stiffness of the piping segment located between A
and B will be such that the slope of the pipe length, BD, at B, will always be zero.
When this is the case, the pipe may be treated as built-in at B, as indicated in
Figure 3.6-20. Other geometries may permit the slope of BD at B to vary
considerably from zero. In this case, the pipe may be considered to have a fixed,
simple support, (pinned end) at B, as seen in Figure 3.6-20. Therefore, in this
analysis, a pipe may be assumed to have either a built-in end at B or a fixed, simple
support at B.

3.6-13a REV. 15, APRIL 2004 |



LSCS-UFSAR

The PDA program also has the capability of analyzing a case where the pipe is
assumed to have both ends supported (Figure 3.6-21). To analyze this case with the
computer model as described in the preceding paragraph, two simplifications are
required. First, an equivalent point mass is assumed to exist at D instead of pipe
length DE. The inertia characteristics of this mass, as it rotates about point B, are
calculated to be identical to those of pipe length DE, as it rotates about point E.
Secondly, from the bending moment - angular deflection relationship for pipe length
DE, an equivalent resisting force can be calculated for any deflection for the case of
a built-in end. This equivalent force is subtracted from the applied thrust force
when calculating the net energy. The new model resulting from these
simplifications is shown in Figure 3.6-21.

When the thrust force is applied to the end of the pipe, angular acceleration will
occur about point B (Figure 3.6-20). As the pipe moves, a resisting bending moment
will be created and will then reduce the net angular acceleration. This net angular
acceleration will also be reduced by the application of a restraining force at C.
When the resisting moments about B exceed the applied thrust moment, angular
deceleration will occur. The kinetic energy will be absorbed by the deflection of the
restraining device and the bending of the pipe.

It 1s assumed that all deflections of the pipe are due to pipe rotation about points B
and C. Based on this assumption, the pipe length BC and CD are linear as shown
in Figure 3.6-22.

The restraining device is assumed to be composed of two components acting in
series, 1.e., the restraint itself, and the structure to which the restraint is attached.
Both parts of the restraining device will deflect under load. The restraint behaves
as dictated by an experimentally or analytically determined force-deflection
relationship. The structure deflects as a simple, linear spring of any given spring
constant. Given that the restraint and structure are connected in series, the
deflection of the restraining device under any load can be determined. Normally
there is a clearance between the pipe and the restraint.

Upon contacting the restraint, pipe length CD (Figure 3.6-20) may move relative to
pipe length BC. If this occurs, pipe length CD is assumed to act as a pipe built in at
C with a force applied at the free end D. While point D may move relative to point
C, point C may also be moving relative to B.

The PDA program uses Lagrangian equations of motion to balance energy and
calculate velocities and displacements over small increments of time which are
summed up, processed, and printed on the output as peak dynamic forces between
restraint and structure, restraint and pipe deflections, time to restraint impact, and
time to equilibrium.
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3.6.2.2.2.2 Method II (High Energy System Inside Containment Excluding Reactor

Recirculation)

Pipe whip restraints provide clearance for thermal expansion during normal
operation. If a break occurs, the restraints or anchors nearest the break are
designed to prevent unlimited movement at the point of break (pipe whip). The
simplified models shown in Figure 3.6-23 were used to represent the local region
near the break and to calculate the displacement of the pipe and the restraint.
These calculated displacements were then used to estimate strains in the pipe and
restraint.

A rigid-perfectly plastic-moment rotation law is assumed for the pipe. The restraint
and structure resistances R and Rs are also assumed rigid-perfectly plastic.

3.6.2.2.2.3 Stages of Motion

All references to points and lengths in this section can be found in Figure 3.6-23.

At the start of motion the pipe is assumed fixed at point A. Physically point A is an
anchor, restraint, or elbow. In general, a hinge will form at some point B and
outboard pipe segment BD will rotate as a rigid body until contact with the
restraint is made at point C.

During the next stage of motion the hinge at B must move in order to satisfy the
requirement that shear at a plastic hinge is zero. At the same time a hinge will
form at the restraint (point C) if the yield moment Mo is exceeded. Initially at
contact, the force exerted on the pipe by the restraint is R, the restraint resistance.
This force will remain constant as long as the restraint continues to deform.

If the structure resistance is Rs < R, at some point restraint deformation will stop
while structure deformation (motion of point E) continues. The force on the pipe
(and attached mass M) is the Rs. In any event, the moving hinge B will reach the
fixed support at A before motion stops at C. In the final stage of motion hinges may
exist at A and C until motion stops.

3.6.2.2.2.3.1 First Stage of Motion

The initial location of the hinge at B is determined by locating the point of zero
shear and is given by:

(3.6-1)

1/2
8MtFj —‘MO

JF

Lg=1.5| 1+ 1+
3mMO

where:
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M; = tip mass (Ibm),

F = blowdown force (Ib ),

m = mass of pipe/inch,

Mo = plastic moment of pipe (in.-lbm), and
Ls = location in inches.

3.6.2.2.2.3.2 Second Stage of Motion (Moving Hinge)

Case 1. No hinge at restraint (Figure 3.6-24).

After integrating, with respect to time, the equations for conservation of linear and

angular momentum are:
Pit=Tho-C; (3.6-2)

Pot=Ibw-Cs (3.6-3)

where:
C1 and C2 are constants and are determined at
t =0,
t = time of motion from B to present location,
I =1/2 m L2 + Mg(L-Lg) + ML,
I2 = (1/6)mL2 (3 L2-L) + M; L2L,
P, =F-R,
P =F Lz - Mo, and
o = 0 (radians/second).
From equations (3.6-2) and (3.6-3)

P t+C
=1 1

; (3.6-4)
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t:M (3.6-5)

P =PI,
Equations (3.6-4) and (3.6-5) describe the second stage of motion.
Case 2. Hinge at restraint (Figure 3.6-24).

For conservation of linear and angular moments of the segments:

0 = Cs/(Li-Le)2 (3.6-6)

Pst + C5 = M12Cs/(Li-Lg)2 + M11W (3.6-7)

Pit + C4 = I3C3/(L-L2)2 + M12W (3.6-8)
where:

C3, C4 and C5 are constants and are determined at
Is = 1/2m(L+Lg) + Ms + Mz,

Mi: = (1/3)mLg3 + M L2 2, and

Mis = 1/2mLs2? + MiLs.

From Equations (3.6-7) and (3.6-8):

= C3(Mp2-M; 13)/(L-L, P ~(CsM;,~C4 My ) (3.6-9)
(P,M,—-P M)

Py t+Cs—C5s—C3M, /(L-L, )
My,

" (3.6-10)

Equations (3.6-6), (3.6-9), and (3.6-10) describe the second stage of motion for hinge
at restraint.

3.6.2.2.2.3.3 Third Stage of Motion (Hinge at Support)

From summation of moment about two hinges (at support and restraint) one gets:

K, 0:+K,0,=FL-RL,-M,  (3.6-11)
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K, 6 +K,, 6, =FL, -M,, (3.6-12)
where:
Ki1 = (1/3)mL3 + M; L2 + Mg L2,
Kiz = (1/2)mLs2 + (L - Lg)/ 3 + M;LL2 and
Kz = (1/3)mLg? + M Lo2
Equations (3.6-11) and (3.6-12) describe motion in the third stage.

3.6.2.2.3 Summary of Dynamic Analyses for Postulated Rupture of Piping Inside
Containment

The results of the dynamic analyses are presented in Tables 3.6-2 through 3.6-8.
These tables present the most significant breaks. The breaks are shown in Figures
3.6-1 through 3.6-16e. Every postulated break and restraint shown in Figures 3.6-1
through 3.6-16e has been analyzed; in each case the restraints are capable of
performing their intended safety function.

Table 3.6-2 presents the most significant breaks separated into loads and
deflections for the reactor recirculation system. The remaining high energy systems
inside the containment are shown in Tables 3.6-3 through 3.6-5 and contain the
following information:

a. line number,
b. restraint number,
c. break location,

d. blowdown load,
e. break type, and
f. subsystem number.

Tables 3.9-5 and 3.9-6 contain the following information concerning main steam and
recirculation loop piping:

a. time dependent loading on restraint,
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tip displacement,
allowable tip displacement based on 50% in pipe,
restraint deflection,
maximum strain in restraint, and

allowable strain in restraint.

There are three types of time dependent loadings described in Tables 3.6-3 through
3.6-5. The three types of loadings are shown in Figure 3.6-25. The first type of
loading occurs when two plastic hinges are created in the whipping pipe. The
second type of loading occurs when one plastic hinge is created in the whipping
pipe. The third type of loading occurs when no plastic hinges are created in the
whipping pipe.
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3.6.2.3 Dynamic Analysis Methods Used to Verify Integrity and Operability

This subsection describes the design basis and loading for both pipes and restraints
for the prevention or escalation of dynamic effects associated with a pipe rupture. A
summary of protective measures is also included within this subsection.

3.6.2.3.1 Load Combinations and Associated Design Limits - Pipes

The following operating conditions and design loads were used in the pipe break
analysis. Reactor coolant pressure boundary stress limits corresponding to these
loads were determined in accordance with ASME Code, Section III Class 1:

Operating Condition Loads

Design Pressure

Design Temperature

Deadweight

OBE

Relief Valve Forces (steam piping only)
Thermal Expansion

OBE Free End Displacement
Operating Pressure

Deadweight

OBE Inertial Effects

Cyclic Pressure and Temperature
Deadweight

OBE Inertial Effects

Peak Pressure

Relief Valve Forces (steam piping only)
Deadweight

SSE Inertial Effects

Peak Pressure

Relief Valve Forces (steam piping only)

Design

Normal and Upset

Emergency

Faulted

LN OO N DU N

3.6.2.3.2 Load Combinations and Associated Design Limits - Restraints

The following defines the functions of the pipe whip restraint as to types, design
and loading. Both Sargent & Lundy and General Electric design restraints are
discussed.

3.6.2.3.2.1 Definition of Pipe Whip Restraint Function

Pipe whip restraints are differentiated from piping supports and are designed to
function and carry load for an extremely low probability gross failure in the reactor
coolant pressure boundary (RCPB). The RCPB piping integrity does not depend on
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the pipe whip restraints during normal, upset, emergency, or faulted conditions as
defined in Paragraph NB 3113, Section III of the 1974 ASME Boiler Pressure Vessel
Code, but relies on piping supports to maintain acceptable piping design stress
values and piping integrity.

The pipe whip restraints (i.e., those devices which serve only to control the
movement of a ruptured pipe following gross failure) are subjected to a once in a
lifetime loading. Local pipe and restraint deformations which occur upon impact do
not further affect the integrity of the RCPB. For the purpose of design, the pipe
break event is considered to be a faulted condition and the pipe, its restraints, and
the structure to which the restraint is attached were analyzed accordingly.

Piping is no longer considered to be a part of the RCPB following the pipe break.
Plastic deformation in the pipe is considered as a potential energy absorber. Limits
of strain can be imposed which are similar to strain levels allowed in restraint
plastic members. Piping systems were designed so that plastic instability does not
occur in the pipe at the design dynamic and static loads and deformations when the
consequences would have resulted in direct damage causing loss of integrity of the
primary containment or causing loss of required shutdown core cooling systems.

3.6.2.3.2.2 Types of Pipe Whip Restraint Components

In order to establish a design basis relating to material selection, fabrication
inspection, installation quality assurance, and applicable design limits, three types
of restraint hardware are defined.

In addition, the structural and civil components must be considered as a separate
type.

Type - Restraint Energy Absorption Members - Members that are
under the influence of impacting pipes (pipe whip) will absorb

energy by significant plastic deformations (e.g., U-bolts, rods,
bars).

Type II - Restraint Connecting Members - Those components which form
a direct link between the restraint plastic members and the
structure (e.g., devices, brackets, pipe).

Type III -  Restraint Connecting Member Structural Attachments - Those
fasteners which provide the method of securing the restraint
connecting members to the structure (e.g., weld attachment).

Type IV - Structural and Civil Components - Steel and concrete structures
which ultimately must carry the restraint load (e.g., sacrificial
shield, truss).
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3.6.2.3.2.3 Restraint L.oading Basis

For the purpose of design, the pipe restraint components as classified previously,
Types I-1V, were designed for the following dynamic loads:

a.

blowdown thrust of the pipe section which impacts the restraint,
and

dynamic inertia loads of the moving pipe section which is
accelerated by the blowdown thrust and impacts the restraint.

3.6.2.3.2.4 Restraint Design Requirements

Objectives specific to restraint design are as follows:

a.

the restraints in no way increase the reactor coolant pressure
boundary stresses by their presence during any mode of reactor
operation or condition, and

the restraint system functions to stop the movement of a pipe
failure (gross loss of piping integrity) without allowing damage
to critical components or missile development.

3.6.2.3.2.5 Design Basis for Sargent & Lundy Designed Restraints of Reactor

Coolant Pressure Boundary

3.6.2.3.2.5.1 Typel

a.

Materials - all materials which were used to absorb energy
through significant plastic deformation conform to:

1. ASME - Section III, Subsection NB, B&PV Code for Class
I Components; or

2. ASTM - Specifications with consideration for brittle
fracture control, or

3. ASME - Section III, Subsection NF, B&PV Code when
applicable.

Inspection - inspection and identification of material conforms
to:
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1. ASME - Section III, Subsection NB, B&PV Code for Class
I Components (Section V Nondestructive Examination
Methods), or

2. ASTM - Specifications procedures including volumetric
and surface inspection, or

3. ASME - Section III, Subsection NF, B&PV Code when

applicable.
c. Design Limits
1. Design Local Strain - the permanent strain in metallic

ductile materials was limited to 50 percent of the
minimum actual uniform elongation based on restraint
material tests, or

2. Design Steady-State Load - the maximum restraint load
was limited to 80 percent of the minimum calculated
static ultimate restraint strength at the drywell design
temperature.

3. Dynamic Material Mechanical Properties - the material
selected exhibits tensile impact properties which are not
less than:

a) 70 percent of the static percent elongation, and

b) 80 percent of the statically determined minimum
total energy absorption.

3.6.2.3.2.5.2 Type II
a. Materials selection conforms to:

1. ASTM specifications including consideration for brittle
fracture control, or

2. ASME - Section III, Subsection NF, B&PV Code when
applicable.

b. Inspection conforms to:

1. ASME/ASTM requirements or process qualification and
finished part surface inspection per ASTM methods, or
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2. ASME - Section III Subsection NF, B&PV Code when
applicable.

Design Limits are based on the following stress limits:
1. Primary stresses are limited to the higher of:

a) 70% of Sy where Sy = minimum ultimate strength
by tests or ASTM specification,

b) Sy + 1/3 (Su - Sy) where Sy = minimum yield
strength by tests or ASTM specification, or

2. Recommended stress limits per ASME Section III -
Subsection NF or faulted conditions when applicable.

3.6.2.3.2.5.3 Type III

3.6.2.3.2.5.3.1 Fasteners

a.

C.

Materials - fastener material conforms to ASTM, ASME, or MIL
requirements,

Inspection - all fasteners are inspected or certified per applicable
ASTM, ASME, or MIL specifications, and

Design Limits - same as Type II.

3.6.2.3.2.5.3.2 Welds

a.

Materials - weld materials for attachments to carbon steel
structures are per AWS/ASME specification per:

1. AWS A5.1, A5.5 or ASME SFA 5.1, low hydrogen
electrode for metal arc welding, or

2. AWS A5.18, or #70S2, filler metal for gas metal arc
welding (GMAW) or gas tungsten are welding (GTAW).

Inspection - liquid penetrant surface inspection are performed
per:

1. ASTM Specifications E165,
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2. ASME Section VIII, Appendix VIII, B&PV Code, and

3. acceptance standards are per paragraph NB 5350 ASME
Section III, B&PV Code.

c. Design Limits - are based on the following stress limits:

the maximum primary weld stress intensity (two times
maximum shear stress) is limited to three times AWS or AISC
building allowable weld shear stress.

d. Procedures - procedures and welders are qualified per:
1. AWS Code for welding in building structures D10-69, or
2. ASME - Section IX, B&PV Code, and

3. in addition, weld qualifications include Charpy-V Notch
1mpact testing to ensure ductile behavior.

3.6.2.3.2.6 Design Basis for General Electric Recirculation Loop Pipe Whip
Restraints

The restraint design used on this plant is of the type designed for a number of GE
BWR 4 and 5 product line recirculation systems. The restraint uses a moderately
low clearance design with a frame attached to a support and either carbon steel
wire ropes or stainless steel bars restraining the pipe.

The analytical methods used in the design are similar to those used on Fermi-2 and
Duane Arnold recirculation piping. They have, however, been upgraded by applying
the latest force-deflection data available on wire rope and using GE's Code
(Reference 3) for the dynamic analysis. Load capacities for the restraint frames
were developed by using the SAP Code (a finite element structural analysis
program) and were confirmed by a test series using slowly applied loading methods
to determine restraint load-deflection data in the tangential direction (that is,
parallel to the restraint base).

The criteria used to determine the adequacy of the restraint load-carrying capacity
are as follows:

a. For carbon steel wire ropes, the maximum acceptable load was
90 percent of the load carrying capacity of the cable in the
restraint configuration. This limit takes into consideration
efficiency reduction experienced when a cable is wrapped around
a pipe. This means that the design load is limited to about 75
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percent of a minimum certified load carrying capacity of the
cable in tension.

The design limit used for the analysis of the stainless steel bar
and the carbon steel restraint frame was 50 percent of the
minimum uniform ultimate tensile elongation.

3.6.2.3.3 Protective Measures

3.6.2.3.3.1 Protection and Analyses Guidelines

Protection against the dynamic affects of a LOCA is provided in the form of pipe
whip restraints, equipment shields, and physical separation of piping, equipment,
and instrumentation. The precise method used in choosing the kind of protection
depends on other limitations placed on the designer, such as accessibility,
maintenance, and proximity to other pipes. The following are examples of present
designs intended to better protect safety-related equipment from the consequences

of the pipe breaks:

a.

The following lines were analyzed for restraint against pipe

whip inside the containment and drywell:
1.

2.

4.

5.

main steamlines,

feedwater lines,

RHR lines upstream of the check valve to the

recirculation loop,

head spray line upstream of the check valve, and

RCIC steamline to the RCIC turbine.

High energy lines outside of the containment are analyzed for
restraint against pipe whip and are covered in Appendix C.

Safety/relief valves and the RCIC steamline are so located and
restrained that a pipe failure will not prevent depressurization.

Barriers are provided to preserve the independence of the LPCS
and LPCI systems when they are so located that a pipe failure
could prevent the low-pressure water injection from occurring.

3.6-26
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Dynamic effects associated with the LOCA do not compromise the integrity of the
containment and drywell. In most cases, restraint of the potentially hazardous
pipes will be utilized.

The consequences of dynamic effects external to the containment were considered to
ensure that no external pipe break, in addition to an SSE, loss of offsite a-c power,
and a single active safety system failure can result in any of the following:

a. failure to insert control rods,
b. failure to isolate the reactor coolant pressure boundary, and
c. failure to meet the core cooling system requirement of

Subsection 3.6.1.1.2.

Dynamic effects as a result of pipe break between a normally closed inboard
1solation valve and the containment were analyzed and determined to be
Inconsequential.

Valves which are normally closed and are not signalled to be open were assumed to
be closed.

Impacted active equipment (e.g., valves and instruments) are considered unable to
perform their intended functions unless loads are shown to be within allowable
limits. Impacted passive equipment (pipes, restraints, and structures) are
considered capable of continuing to perform their intended functions since the
analysis shows that the resulting strain levels do not exceed defined limits.

The internal fluid energy level associated with the pipe break reaction takes into
account any line restrictions (e.g., flow limiter) between the pressure source and
break location, and the effects of either single-ended or double-ended flow conditions
as applicable. The energy level in a whipping pipe is considered as insufficient to
rupture an impacted pipe if it is of equal or greater nominal pipe size and equal or
heavier wall thickness.

Protection of the reactor pressure vessel from the surface impact effects of a pipe
whip need not be considered because the impact energy is insufficient to cause loss
of the functional integrity of the vessel.

In calculating the pipe reaction, jet impingement, containment pressure loads, and
break areas for core cooling, full credit was taken for any line restriction and line
friction between the break and the pressure reservoir. The following represent
typical restrictions to flow which are specifically considered:

a. jet pump nozzles;
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b. core spray nozzles (inside internals shroud);
c. feedwater sparger; and
d. steamline flow restricter.

For the purpose of predicting the pipe rupture forces associated with the reactor
blowdown, the local line pressures are those normally associated with the reactor
operating at 105% of rated power and with a vessel dome pressure of 1045 psig.

3.6.2.3.3.2 Equipment Shields for Isolation

Equipment shields are provided in order to isolate the portion of the equipment in
an accident and prevent it from causing a further chain accident. These shields are
designed to withstand the rupture forces from piping, jets, and equipment, and will
segregate the redundant systems.

3.6.2.3.3.3 Pipe Whip Impact Shields

Pipe whip and impact shields are designed to withstand the impact forces arising
from the whipping action.

The design has considered elasto-plastic behavior of structures and shields using
the loading criteria defined herein.

3.6.2.3.3.4 Jet Impingement Shields

Jet impingement shields are provided to limit the consequence of rupture of the
piping and are designed to withstand the resultant jet forces, using the codes
specified in Section 3.8.

3.6.2.3.3.5 Separation

Maintaining the independence of redundant safety systems and components is
achieved in most cases by separating the redundant components so that no single
postulated event can prevent the safety-related function from occurring. This is
achieved by the following:

a. physical separation of source and target,
b. routing of cables so that different penetrations and paths are
utilized to ensure that one event will not preclude both the

primary and backup components from fulfilling their design
function,
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c. deflection utilized to redirect a jet spray from an essential
component,
d. utilization of intermediate components and structure to

intercept and defray forces, and
e. location of duplicate instrument lines to ensure that one cause
will not preclude each of the redundant systems from fulfilling

their design function.

3.6.2.3.3.6 Typical Pipe Whip Restraints

The typical pipe whip restraint configuration utilized on the reactor recirculation
piping system is shown in Figure 3.6-26. In this type of restraint, steel bars are
also used for energy absorbers in tension only. A diagram of a restraint frame is
shown in Figure 3.6-26a.

There are four types of pipe whip restraints used on the remaining high energy
systems inside the containment which are shown in Figure 3.6-27. The specific type
used at a specific location depends on the surrounding geometry of the structure
and the most probable direction of loading.

The first type of pipe whip restraint (Figure 3.6-27) is the basic three bar restraint.
The two outer bars are comprised of necked down steel plates designed to yield and
carry load only in tension. The middle bar is referred to as the compression post.

When the most probable direction of loading is to load the compression post, the
second type of pipe whip restraint is utilized (Figure 3.6-27). This restraint is like
the first type except that there is crushable material on the end of the compression
post which is used as an energy absorbing device.

Where space does not permit using type 1 or 2, type 3 (Figure 3.6-27) is utilized. In
this type of restraint the two outer bars of the type 1 restraint are replaced with
necked down bolts designed to yield and act in tension only. The compression post
1s replaced by a steel plate.

The fourth type of pipe whip restraint (Figure 3.6-27) is used when the surrounding
structural environment does not permit the use of types 1, 2, or 3, and no plastic
hinges are formed in the whipping pipe.

3.6.2.4 Guard Pipe Assembly Design Criteria

Guard pipe assemblies were not used on the LSCS Mark II containment.
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3.6.2.5 Material to be Submitted for Operating License Review

3.6.2.5.1 Implementation of Criteria for Defining Pipe Break Locations and
Configurations

The implementation of the criteria as defined in Subsection 3.6.2.1 has been
adhered to in the analysis of pipe rupture. The postulated rupture orientation and
number of design-basis breaks used in the pipe rupture analysis inside the
containment can be found in Table 3.6-1.

3.6.2.5.2 Implementation of Criteria Dealing with Special Features

The use of special protective devices, pipe whip restraints, have been used on LSCS
and are in conformance with Subsection 3.6.2.3.2. Location of restraints on high
energy piping systems within the containment can be found in Figures 3.6-1
through 3.6-16. They are of the type shown in Figures 3.6-26 and 3.6-27.

3.6.2.5.3 Acceptability of Analysis

The postulation of high energy line break locations and the analysis of resulting jet |
thrust, impingement and pipe whip effects have conservatively identified all areas
where restraints or other protection devices are required to protect safety-related
systems and components.

3.6.2.5.4 Design Adequacy

All safety-related systems and components have been protected from the dynamic
effects of pipe whip and are assumed to function under normal operating conditions.
The pipe restraint requirements as defined in Subsections 3.6.2.3.2.4 and 3.6.2.3.2.5
are met.

3.6.2.5.5 Implementation of Criteria

The criteria pertinent to the design of piping restraints is detailed in Subsections
3.6.2.3.2, 3.6.2.3.2.6, and 3.6.2.3.3, along with design limits for stress levels,
operating conditions, and material properties. Typical final design configurations
are shown in Figures 3.6-26 and 3.6-27. In most applications, installation of
restraints will not pose any impediment to inservice inspection operation.

In a few instances however, a split-ring design will be utilized to facilitate
disassembly and partial removal of the restraint device for inspection purposes.

Information concerning the arrangement of access openings is provided in
Subsections 3.8.1.1.3.5.4 and 3.8.2.1.
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TABLE 3.6-1

POSTULATED RUPTURE ORIENTATION AND NUMBER OF DESIGN-BASIS
BREAKS USED IN PIPE RUPTURE ANALYSIS INSIDE CONTAINMENT

NUMBER OF BREAKS
SYSTEM CIRCUMFERENT LONGITUDINAL
IAL

Main Steam 30 12
Feedwater 30 11
Reactor Recirculation 12 2
Residual Heat Removal 13 4
Reactor Core Isolation 7 2
Cooling
Reactor Water Cleanup 6 0
High-Pressure Core Spray 1 0
Low-Pressure Core Spray 2 1
Standby Liquid Control 2 _ 0

TOTAL 103 32

TABLE 3.6-1 REV. 14 - APRIL 2002 |
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TABLE 3.6-2
(SHEET 1 of 3)

RECIRCULATION PIPING SYSTEM OPERATING STRESSES AT BREAK LOCATIONS®

STRESS RATIO PER;
EQ.(10) EQ.(12) EQ.(13)

BREAK JOINT Sn Sc S USAGE BREAK BREAK BASIS

D™ NO.** 3Sm 3Sm 3Sm FACTOR TYPE PARA. NUMBER

A. Recirculation Loop A

S1 11 1.01 0.13 0.59 0.0 Cirec. Terminal End

3.6.2.1.1.(a)

S6., Sé 91 1.36 0.42 0.70 0.39 Cire., 3.6.2.1.1.(b)(2)
long.

Ds. , D¢y, 36J 1.52 0.17 0.89 0.80 Cirec., 3.6.2.1.1.(b)(2)
long.

F2 601 1.04 0.22 0.68 0.02 Circ. 3.6.2.1.1.(c)

F8 521 1.36 0.15 0.73 0.63 Cirec. 3.6.2.1.1.(b)(2)

D9 411 0.42 0.02 0.31 0.0 Circ. 3.6.2.1.1.(c)

F19 681 1.57 0.45 0.73 0.91 Cire. 3.6.2.1.1.(b)(2)

F25 761 1.13 0.30 0.68 0.04 Cirec. 3.6.2.1.1.(c)

“The value of 2.4S,, for Recirculation Piping Material is 39,960 psi.
“* For Break ID see Figure 3.6-1.
“** For joint no., see Figure 3.6-1a.
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BREAK JOINT
ID** NO.***
F6 64dJ
F12 56J
F17 48J
F23 72Jd
F29 80dJ
B. Recirculation Loop B
S1 11
D6, D6y, 36J
F2 601
F8 521

** For Break ID, see Figure 3.6-2.
For joint ID, see Figure 3.6-2a.

LSCS-UFSAR

TABLE 3.6-2*
(SHEET 2 of 3)

STRESS RATIO PER;

EQ. (12)

EQ. (10)

Sn Sc
3Sm 3Sm
0.78 0.13
0.90 0.23
1.00 0.16
0.84 0.16
0.81 0.18
1.01 0.16
1.55 0.17
1.13 0.33
1.49 0.33

EQ. (13)
S
3Sm

0.54

0.54
0.59
0.56
0.55

0.54
0.88

0.69
0.75

TABLE 3.6-2

USAGE BREAK BREAK BASIS

FACTOR TYPE PARA. NUMBER

0.0 Cirec. Terminal End 3.6.2.1.1
(a)

0.0 Circ. 3.6.2.1.1 (a)

0.01 Circ. 3.6.2.1.1 (a)

0.0 Cirec. 3.6.2.1.1 (a)

0.0 Cirec. 3.6.2.1.1 (a)

0.0 Cirec. Terminal End 3.6.2.1.1
(a)

0.95 Circ. , 3.6.2.1.1 (b) (2)

long.
0.03 Circ. 3.6.2.1.1(c)
0.72 Circ. 3.6.2.1.1(b) (2)

REV. 13



BREAK
ID

D9
F19
F25
Fe6

F12
F17
F23
F29

JOINT
NO.

411
681
761
644

56J
48J
72J
80dJ

LSCS-UFSAR

TABLE 3.6-2
(SHEET 3 of 3)

STRESS RATIO PER;

EQ.(10) EQ.(12) EQ.(13)

Sn Sc S USAGE BREAK BREAK BASIS

3Sm 3Sm 3Sm FACTOR TYPE PARA. NUMBER

0.42 0.02 0.31 0.0 Circ. 3.6.2.1.1(c)

1.46 0.42 0.71 0.39 Circ. 3.6.2.1.1(b)(2)

1.17 0.30 0.67 0.05 Circ. 3.6.2.1.1(c)

0.82 0.20 0.54 0.0 Cirec. Terminal End
3.6.2.1.1(a)

0.89 0.20 0.54 0.0 Circ. 3.6.2.1.1(a)

1.09 0.23 0.62 0.01 Circ. 3.6.2.1.1(a)

0.84 0.10 0.55 0.0 Circ. 3.6.2.1.1(a)

0.81 0.18 0.55 0.0 Circ. 3.6.2.1.1(a)

TABLE 3.6-2 REV. 13



LSCS-UFSAR

TABLE 3.6-3
(SHEET 1 OF 2)

MAIN STEAM SYSTEM - RESULTS OF DYNAMIC ANALYSIS FOR POSTULATED PIPE RUPTURE

Subsystem Line Restraint ~ Break Blowdown  Implingment Break
Number Number Number Location Load Kips Load Type ~
MS-02  IMSOIAB-26 ~ RI27  C200 32143 None C
Applicable

2MS01AB-26 R60 C203A 48.2 L

R62 C203 321.43 C

R62 C204 432.7 L

R64 C207 321.43 C

R64 C208 321.43 L

R65 C208 32143 C

MS-01 IMSO1AA-26 R128 C209 3214 C
2MSO01AA-26 R68 C211 3214 C

R69 C212A 427.1 C

R69 C212 459.2 L

R71 C213 321.4 L

R71 C214 3214 C

R72 C214 321.4 L

R72 C214 2273 C

R72 C213 3214 C

MS-03 IMSO01AC-26 R129 C200 3214 C
2MSO01AC-26 R76 C203A 48.2 L

R78 C203 3214 C

R78 C204 450.0 L

R80 C207 3214 C

R80 C208 321.4 L

R81 C208 3214 C

MS-04  1MSO01AD-26 R130 C209 3214 C
2MS01AD-26 R84 C212A 427.0 C

R84 C212 459.2 L

R85 C211 3214 C

R87 C213 321.4 L

R87 C214 3214 C

R88 C214 321.4 L

R88 C214 2273 C

R88 C213 3214 C

* C - Circumferential
L - Longitudinal
** - Unit 2 only
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Line
Number

IMS06A-10

2MS06A-10
IRIOTA-10
2RIOTA-10

Subsystem
Number

MS-02
(RCIC)

MS-25 IMS14A-3
2MS14A-3
IMS14AA-
2
2MS14AA-
2
IMS14AB-
2
2MS14AB-
2
IMS14AC-
2
2MS14AC-
2
IMS14AD-
2
2MS14AD-
2
IRIO9A-2
2RI09A-2

LSCS-UFSAR

TABLE 3.6-3

(SHEET 2 OF 2)

* C - Circumferential
L - Longitudinal
** - Unit 2 only

Restraint ~ Break = Blowdown Implingment  Break
Number Location Load Kips Load Type "
None

R40 Cl112 50.1 Applicable C
R41 Cl14 50.1 C
R46 C121 543 C
R46 C121 543 L
R47 C122 59.3 C
R48 Cl123 50.0 C
R49 Cl126 50.0 C

R50 ** CI126 74.4 L
R51 C128 35.4 C
SRO8 C7 6.4 C
SR12 C19 1.93 C
SR03 Cl12 2.39 C
SRO7 C6 2.2 C
SR04 CI13 242 C
SR06 C5 2.2 C
SRO1 C10 242 C
SR10 C9 2.2 C
SR02 Cl1 2.39 C
SR09 C8 2.2 C
SRO5 C4 22 C
SR11 C53 1.65 C
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SUBSYSTEM

FW-01

FW-02

(SHEET 1 of 2)

LSCS-UFSAR

TABLE 3.6-4

FEEDWATER SYSTEM - RESULTS OF DYNAMIC ANALYSIS FOR POSTULATED PIPE RUPTURES

LINE NO.

1IFWO02EC-12
2FWO02EC-12
IFWO02EB-12
2FW02EB-12

1IFWO02EA-12
2FWO02EA-12

1IFW02DA-18
2FW02DA-18

1IFW02CA-24
2FW02CA-24

1IFWO02FA-24
2FWO02FA-24

1FWO02ED-12
2FWO02ED-12
1FWO02EE-12
2FWO02EE-12

1FWO02EF-12

*
C - Circumferential
L - Longitudinal

RESTRAINT NUMBER BREAK LOCATION
R89 C215
RO1 C217
R94 C220
R9S C221
R96 C222
R97 C228
R98 C224
R100 C226
R101 C227
R101 C227A
R102 C223
R102 C228
R103 C229
R105 C230
R105 C231
R105 C231B
R131 C227
R131 C229
R131 C230A
R106 C232
R106 C233
R106 C233A
R108 C215
R110 C217
R113 C220
RI113 C220
R114 C221
RI115 C222
R116 C228
R117 C224
R119 C226
R120 C227
R120 C227A

TABLE 3.6-4

sk
BREAK TYPE

aloNoNolaloNoluloNoNoNoNoloNolalaloNololalalalaloNoNoluloNoNoNoNe!

BLOWDOWN LOAD KIPS

75.7
110.5
80.4
78.6
88.5
175.8
93.
110.6
96.1
147.8
175.8
175.8
175.8
183.3
230.1
230.1
175.8
175.8
237.8
198.5
183.5
183.5
82.7
110.5
80.4
121.0
78.6
88.5
175.8
93.0
110.6
95.9
147.8
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SUBSYSTEM

FW-02 (Cont'd)

(SHEET 2 of 2)

LSCS-UFSAR

TABLE 3.6-4

FEEDWATER SYSTEM - RESULTS OF DYNAMIC ANALYSIS FOR POSTULATED PIPE RUPTURES

LINE NO.

1IFW02DB-18
2FW02DB-18

1FW02CB-24
2FW02CB-24

1FWO02FB-24
2FWO02FB-24

*

C - Circumferential
L - Longitudinal

RESTRAINT NUMBER BREAK LOCATION
RI121 C223
RI121 C228
R122 C229
R124 C230
R124 C231
R124 C231B
R125 C232
R125 C233
R125 C232
R132 C227
R132 C229
R132 C230A

TABLE 3.6-4

*
BREAK TYPE

olalalalioNoNoNoNoNalale

BLOWDOWN LOAD KIPS

175.8
175.8
175.8
183.3
230.1
230.1
198.5
183.5
287.4
175.8
175.8
237.8
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TABLE 3.6-5
(SHEET 1 of 2)

RESULTS OF DYNAMIC ANALYSIS FOR POSTULATED PIPE RUPTURE
(Reactor Recirculation, Residual Heat Removal, Reactor Water Cleanup,
Reactor Core Isolation, Control Rod Drive, Standby Liquid Control,
High-Pressure Core Spray, and Low-Pressure Core Spray)

*
SUBSYSTEM LINE NO. RESTRAINT NUMBER BREAK LOCATION BREAK TYPE BLOWDOWN LOAD KIPS
RH-01 1IRHO3DA-12 R2 C69 L 108.2
2RHO3DA-12 R2 C70 C 102.
1RH04A-20 R4 C28 C 429
2RH04A-20 R4 C28A L 327.8
1RH04B-20 RS C28A C 273.2
2RH04B-20
1IRRO7AA-12 R17 Ce7 C 3.5
2RRO7AA-12
IRHO3CA-12 RI18 C69 C 101.0
2RHO3CA-12
IRROIAA-24 RISA CBI18A C 382.5
2RRO1AA-24
IRR02AA-24 R20A CB20A C 385.
2RR02AA-24
RH-02 IRRO7AB-12 R19 C72 C .64
IRHO3DB-12 R20 C73 C 101.0
IRRO7AB-12 R133 C73 C 106.0
2RRO7AB-12
1IRRO1AB-24 R18B CI18B C 383.
2RRO1AB-24
1IRR02AB-24 R20B C20B C 385.
2RR02AB-24
RH-04 1RH40BA-12 R25 C81 C 101.
2RH40BA-12 R25 C82 L 120.1
R26 C83 C 101.
R26 C84 C 101.
R26 C84 L 108.

*
C - Circumferential

L - Longitudinal
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SUBSYSTEM

RH-05

RH-06

RH-07
RH-71

RR-01

SC-02
HP-01

LP-01

LINE NO.

1RH40BB-12
2RH40BB-12

1RH53B-12
2RH53B-12

IRHB4AA-2
2RHB4AA-2
1RHB4AB-2
2RHB4AB-2
IRTO1B-6
2RTO01B-6

IRT17A-4
2RT17A-4

1SC02B-1"2
2SC02B-12
1HP02B-12
2HP02B-12
1LP02B-12
2LP02B-12

*
C - Circumferential
L - Longitudinal

(SHEET 2 of 2)

RESULTS OF DYNAMIC ANALYSIS FOR POSTULATED PIPE RUPTURE

LSCS-UFSAR

TABLE 3.6-5

(Reactor Recirculation, Residual Heat Removal, Reactor Water Cleanup,
Reactor Core Isolation, Control Rod Drive, Standby Liquid Control,
High-Pressure Core Spray, and Low-Pressure Core Spray)

BREAK LOCATION

RESTRAINT NUMBER

R29 C85
R29 C86
R30 C87
R31 C88
R32 C89
R33 C92
R34 C91
R34 C92
R34 C92
SR29 C2
SR30 C3
SR13 C25
SR14 C35
R10 C45
R14 C59
RI15 C61
R35 C95
R37 C99
R37 C100
SR15 Cl1
SR16 C2
R24 C79
R21 C75
R21 C76
R23 C76

TABLE 3.6-5

*
BREAK TYPE

oNoNoNoluloNoloNoNoNoNololunkoNoNoNo RO N R ule)

[eRaNe!

BLOWDOWN LOAD KIPS

101.
120.1
101.
101.
101.
76.4
101.
101.
108.
2.59
2.35
2.59
2.35
24.96
16.72
24.96
10.83
12.9
10.83
1.86
1.86
1.6

101.0

121.1
101.1
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TABLE 3.6-6

MATERIAL PROPERTIES OF PIPE WHIP RESTRAINTS

STRESS/STRAIN MINIMUM STRAIN &
COMPONENT MATERIAL PROPERTIES ULTIMATE MAXIMUM DESIGN
RESTRAINT LOADS CALCULATED LIMIT
Embedment plates AS588 Gr. 50 ¢ > 50 ksi .00164 .00172
static
Tension legs and  A588 Gr. 50 ¢ >50ksi,u>.18 .07 to .08 <.09 =.5¢
bolts static
6 Dynamic > 57.51
ksi
Compression legs  A36 G > 36 ksi Py=Pp =
5/3xFxDIFxA
A588Gr.50 ¢ >50ksi
Bearing plates A36 G > 36 ksi .00118 .00124
A588 Gr.50 ¢ >50ksi .00164 .00172
Honeycomb 6=6ksi,u=.70 .50000 .50000
Facing plates A572Gr. 50 6 >50ksi .00164 .00172
Ring plate A588Gr.50 ©6>50ksi,u>.18 .00164 .00172
Welds E 70 xx G = 60 ksi
TABLE 3.6-6 REV. 0 - APRIL 1984
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TABLE 3.6-7
(SHEET 1 OF 2)

SUMMARY OF RESTRAINT DATA FOR RECIRCULATION PIPING

STRAIN OR LOAD
MATERIAL YIELD ASI:II,I;]}:JS%TIMATE ULITMATE STRAIN MINIMUE/IOHBTIMATE CALCULATED DESIGN
FRAME AT
PIPE WIRE
WIRE WIRE ULTIMATE WIRE WIRE
SI.ZE FRAME WIRE ROPE FRAME ROPE FRAME ROPE STRAIN RQPE FRAME ROPE FRAME ROPE
(in) . (kips)
(kips)
Carbon steel _ . Design strain equals
(plow steel) GOy =36,000 psi 50% of ultimate strain.
24.00 | ASTM A36 See Note 2. eu=20% See Note 2. 1229 788 5.74% 709 10% 709
Ou = 58,000 psi
Carbon steel _ . See Note 2. | Design strain equals
(plow steel) Gy = 36,000 psi 50% of ultimate strain.
16.00 | ASTM A36 eu=20% See Note 2. | 731 572 7.41% 490 10% 515
Ou = 58,000 psi
12.75 | ASTM A36 | Carbon steel Gy = 36.000 psi See Note 2. | Design strain equals See Note 2. | 644 300 0.94% 253 10% 270
(plow steel) y AUV PSE 50% of ultimate strain.
eu=20%
Ou = 58,000 psi

TABLE 3.6-7
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TABLE 3.6-7
(SHEET 2 OF 2)

SUMMARY OF RESTRAINT DATA FOR RECIRCULATION PIPING

NOTES

1. Dynamic stress-strain data were not used in the analysis. All calculations are
based on static stress-strain data, which is more conservative.

2. Wire rope design criteria are specified with the breaking strength, therefore the
stress-strain data are not applicable.

3. The strain data are applicable to the frame; the load data are applicable to the
wire rope.

a. Design strain for the frame is equal to 50% of ultimate strain.

b. Design load for the wire rope is equal to 90% of minimum ultimate load.

TABLE 3.6-7
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TABLE 3.6-8
(SHEET 1 OF 6)

CLASS 1, 2, and 3 PIPING STRESS INTENSITY RANGE AND USAGE FACTORS

ASME STRESSES

PSI USAGE
SUBSYSTEM RESTRAINT BREAK BREAK TYPE * NODE NUMBER 248, Eq. 10 Eq. 12 Eq.13 FACTOR  REMARKS
FW-01 R-89 C-215 C 10A 47340 36056 .006
R-91 C-217 C 20A 47340 25356 .004
R-94 C-220 C S5A 47340 46937 .017
R-95 C-221 C 65B 47340 24184 .003
R-96 C-222 C 65A 47340 24508 .003
R-97 C-228 L 45 47340 61827 34126 31506 289 Works L/R-102
R-98 C-224 C 105A 47340 40599 012
R-100 C-226 C 115A 47340 61240 43287 20422 .039
R-101 C-227 C 120B 47340 79306 58581 26242 152
R-101 C-227A L 120A 47340 63257 43947 24479 .042
R-102 C-223 L 45 47340 61827 34126 31506 289
R-102 C-228 L 45 47340 61827 34126 31506 289
R-103 C-229 L 95 47340 71946 39435 34338 338
R-105 C-230 C 125A 47340 27178 .011
R-105 C-231 C 130B 47340 29651 .014
R-105 C-231B C 136 47340 50981 3424 39066 151
R-106 C-232 C 140B 47340 22100 .014
R-106 C-233 C 140A 47340 25021 .017
R-106 C-233A C 137 47340 45698 .083
R-131 C-227 L 120B 47340 79306 58581 26242 152
R-131 C-229 L 95 47340 71946 39435 34338 338
R-131 C-230A C 125B 47340 28028 .011
FW-02 R-108 C-215 C 10A 47340 34394 .006
R-110 C-217 C 20A 47340 27220 .004
R-113 C-220 C
R-113 C-220 L 55A 47340 53901 27293 27371 .018
R-114 C-221 C 65B 47340 46039 .005
R-115 C-222 C 65A 47340 44424 .004
R-116 C-228 L 45 47340 83420 34211 47669 313 Works W/R-121
R-117 C-224 C 105A 47340 47223 .015
R-119 C-226 C 115A 47340 64704 43036 24823 .039
R-120 C-227 C 120B 47340 87435 58538 34832 .163
R-120 C-227A L 120A 47340 64446 44473 25671 .042
R-121 C-233 L
R-121 228 L 45 47340 83420 34211 47669 313

b3
C Indicates Circumferential
L Indicates Longitudinal
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TABLE 3.6-8
(SHEET 2 OF 6)

ASME STRESSES

PSI USAGE
SUBSYSTEM RESTRAINT BREAK BREAK TYPE * NODE NUMBER 248, Eq. 10 Eq. 12 Eq. 13 FACTOR REMARKS
FW-02 R-122 C-229 L 95 47340 82014 39750 41582 339
(Cont'd)
R-124 C-230 C 125A 47340 32726 .012
R-124 C-231 C 130B 47340 34875 .013
C-231B C 136 47340 59623 3444 43540 .017
R-125 C-232 C 140B 4730 29712 .014
R-125 C-233 C 140A 47340 27718 .107
R-125 C-233A C 137 47340 51347 3233 37428 .090
R-132 C-230A C 125B 47340 36778 .012
R-132 C-227 L 120B 47340 87435 58538 34382 .163
R-132 C-229 L 95 47340 82014 39750 41582 .399
MS-01 R-68 C-211 C 275B 40802 16984 .015
R-69 C-212A C 35A 42480 39292 .015
R-69 C-212 L 35B 42480 42271 .016
R-71 C-214 C 25A 42480 41974 .014
R-71 C-213 L 25B 42480 43099 20423 31085 .015
R-72 C-213 C 25B 42480 43099 20423 31085 .015
R-72 C-214 C
R-72 C-214 L 25A 42480 41974 .014
R-128 C-209 C 280B 42480 40819 .015
MS-02 R-60 C-203A L 180T 44480 44488 6715 46316 .03
R-62 C-203 C 40B 42480 41315 .017
R-62 C-204 L 40A 42480 42449 .017
R-64 C-207 C 25A 42480 41189 .041
R-64 C-208 L 25B 42480 42271 .015
R-65 C-208 C 25B 42480 42271 .015
R-127 C-200 C 405B 42480 39397 .012
MS-03 R-76 C-203A L 110T 43680 47989 10028 49585 .034
R-78 C-203 C 40B 42480 38997 .015
R-78 C-204 L 40A 42480 40860 .016
R-80 C-207 C 25A 42480 40449 .012
R-80 C-208 L 25B 42480 41587 .013
R-81 C-208 C 25B 42480 41587 .013
R-129 C-200 C 405B 42480 40512 .015

b3
C Indicates Circumferential
L Indicates Longitudinal
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TABLE 3.6-8
(SHEET 3 OF 6)

ASME STRESSES

PSI USAGE
SUBSYSTEM RESTRAINT BREAK BREAK TYPE * NODE NUMBER 248, Eq. 10 Eq. 12 Eq. 13 FACTOR  REMARKS

MS-04 R-84 C-212A C 35A 42480 42208 .017

C-212 L 35B 42480 39703 .016

R-85 C-211 C 275B 42480 41814 .017

R-87 C-214 C 25A 42420 40294 .013

R-87 C-213 L 25B 42480 43510 20018 32898 015

R-88 C-213 C 25B 42480 43510 20018 32898 .015

R-88 C-214 C 25A 42480 40294 .013
R-88 C-214 L

R-130 C-209 C 280B 42480 41178 .014

MS-02 (RCIC) R-40 C-112 C 470B 42552 40970 .011

R-41 C-114 C 465B 42552 54998 10501 45328 119

R-46 C-121 C 445A 42552 41831 .007
R-46 C-121 L

R-47 C-122 C 430B 42552 35498 .005

R-48 C-123 C 430A 42552 29646 .005

R-49 C-126 C 425A 42552 29379 .005

R-50 C-126 L 425A 42552 29379 .005

R-51 C-128 C 420A 42552 30242 .005

HP-01 R-24 C-79 C 16B 42480 26496 .000
LP-01 R-21 C-75 C

R21 .76 L 15A 42480 36817 .000

R-23 C-76 C 15B 42480 35261 .003

RH-01 R-2 C-70 C 45A 43368 60076 239 37740 .067

R-2 C-69 L 45B 40512 24507 .001

R-4 C-28 C 320B 40512 49813 .015

R-4 C-28A L 320A 43368 73501 19016 40691 230

R-5 C-28A C 320A 43368 73501 19016 40691 230

R-17 C-67 C 65B 40512 26545 .003

R-18 C-69 C 45B 40512 24507 .001

R-18A C-BISA C 165B 40008 31069 .009

R-20A C-B20A C 355B 40008 30216 .000

RH-02 R-19 C-72 C A64 40512 40960 .056
R-20 C-73 C

R-133 73 C 65A 40512 20041 .001

R-18B C-18B C 165B 40008 20096 .000

R-20B C-20B C 330B 40008 30831 .088

b3
C Indicates Circumferential
L Indicates Longitudinal

TABLE 3.6-8 REV. 0 - APRIL 1984



LSCS-UFSAR

TABLE 3.6-8
(SHEET 4 OF 6)

DELETED

*
C Indicates Circumferential
L Indicates Longitudinal

TABLE 3.6-8 REV. 14 - APRIL 2002 |



SUBSYSTEM
RH-04

RH-05

RH-06

RR-01

MS-25

RH-70

RESTRAINT

R-25
R-25
R-26
R-26
R-26
R-29
R-29
R-30
R-31
R-32
R-33
R-34
R-34
R-34
R-10
R-14
R-15
R-35
R-36
R-37
SR-01
SR-02
SR-03
SR-04
SR-05
SR-06
SR-07
SR-08
SR-09
SR-10
SR-11
SR-12
SR-29
SR-30
SR-30

*
C Indicates Circumferential

L Indicates Longitudinal

BREAK

C-81
C-82
C-83
C-84
C-84
C-85
C-86
C-87
C-88
C-89
C-92
C-91
C-92
C-92
C-45
C-59
C-61
C-95
C-97
C-100
C-10
C-11
C-12
C-13
C-4

*
BREAK TYPE

oXoNololo oo No o No o Ro oo NoloNoRoolo ol uloNoloNoNoNo lulo ol aNol ale!

LSCS-UFSAR

TABLE 3.6-8

NODE NUMBER

95B
95A
85B

80B

20A
20B
30A
45
20A
30B

TABLE 3.6-8

(SHEET 5 OF 6)

248,

42480
42480
42480

42480

42480
42480
42480
42480
42480
42480
42480

42480

42552
42552
42552
42552
42552
42552
36900
36900
36900
36900
36900
36900
36900
36900
36900
36900
36900
36900
48000
48000
48000

ASME STRESSES

Eq. 10

28220
24958
23108

21970

27822
24212
34859
23685
31533
25994
32727

25994

22925
41025
28023
23303
16666
27670
30822
32608
29186
31394
23890
39415
17625
34017
37555
53045
37965
37555
57782
57696
59594

PSI

Eq. 12

32429

Eq. 13

26897

USAGE
FACTOR  REMARKS

012
.006
.003

.003

.000
.000
.000
.000
.000
.000
.000

.000

.000
.144
.002
.007
.004
.008
.043
.053
.037
.053
.002
.009
.001
014
.010
.034
.038
.010
736
705
155
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RH-71 SR-13
SR-14
SC-02 SR-15
SR-16

b3
C Indicates Circumferential
L Indicates Longitudinal

BREAK

C25

C20

C35
Cl
C2

*
BREAK TYPE

aaoaaan

LSCS-UFSAR

TABLE 3.6-8
(SHEET 6 OF 6)
NODE NUMBER 248,

25 48000
20 48000
35 48000
20 40560
82 40560
TABLE 3.6-8

ASME STRESSES
PSI
Eq. 10 Eq. 12  Eq.13

57860
57447
39981
7258

22008

USAGE
FACTOR  REMARKS

127
.689
137
.000
.000
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3.7 SEISMIC DESIGN

Safety-related structures, systems, and components that are designed to remain
functional in the event of a safe shutdown earthquake (SSE) are designated as
Seismic Category I. Seismic Category I items are analyzed and designed through
the use of appropriate methods of dynamic analysis as described in the following
subsections.

3.7.1 Seismic Input

3.7.1.1 Design Response Spectra

The site response spectra which are defined at the free field foundation level for the
SSE and the operating basis earthquake (OBE) are presented in Subsection 2.5.2
and are shown in Figures 2.5-39 and 2.5-40. The maximum horizontal ground
acceleration at the free field foundation level, corresponding to above site response
spectra, is 20% gravity for SSE and 10% gravity for OBE. Vertical response spectra
used are 2/3 of the horizontal response spectra. Earthquake history, site geology,
and seismology are discussed in Section 2.5.

3.7.1.2 Design Time History

In the design of the station, time-history response analyses are used to determine
the seismic environment in which internal equipment systems and components
must be designed to function. The site response spectra cannot be used directly as
the seismic load in the time-history analysis; rather, equivalent time-history forcing
functions are used as the seismic load.

Spectrum compatible time history is obtained by modifying an actual earthquake
time-history record in such a way that its response spectrum matches closely with
the given OBE spectrum. The matching of the response spectrum is done such that
the points which are higher are suppressed first. To suppress the response
spectrum, the selected time-history motion is passed through a two parameter
frequency-suppression filter. The first parameter is a damping parameter that
mainly controls the amount of suppression at the given period, and the second
parameter controls the band width of suppression. These two parameters are
adjusted such that the desired suppression effect is obtained at a given period.
After that, raising of response spectrum at required periods is done by adding sine
waves of appropriate amplitude and phase lag (Reference 1). Figures 3.7-1 and
3.7-2 illustrate the horizontal synthetic time histories in both N-S and E-W
directions. These two synthetic time histories are statistically independent. The
vertical synthetic time history is taken from the horizontal E-W synthetic time
history with a 1/3 overall reduction in acceleration.
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Modified 1940 El Centro earthquake records for N-S and E-W components are used
for these compatible time-history forcing functions. Compatibility is verified by
generating response spectra for 2% and 5% damping ratios as shown in

Figures 3.7-3 through 3.7-6. In generating these spectra, 72 period intervals from
0.02 to 2.0 seconds are considered. The period intervals at which the response
spectra are calculated are as follows:

Period Range (sec) Increment (sec)
0.02-0.1 0.005

0.1-0.4 0.01

0.4-0.5 0.02

0.5-1.0 0.05

1.0-2.0 0.1

3.7.1.3 Critical Damping Values

Viscous damping is used to simulate energy dissipation in the dynamic models.
Damping values (expressed as a percentage of critical damping) which are used are
listed in Table 3.7-1.

Some piping systems have been analyzed using the damping values contained in
ASME Code Case N-411. The Code Case will be used in new piping and equipment
dynamic analyses, and in reanalyses for support reconciliation work, support
optimization and piping evaluation.

LaSalle County Station, Units 1 & 2, received NRC approval to use ASME Code
Case N-411 in a NRC letter from E.G. Adensam (Director, BWR Project Directorate
No. 3, Division of BWR Licensing) to D. L. Farrar (Director of Nuclear Licensing-
CECo) dated April 1, 1986. The NRC clarified restrictions on the use of ASME Code
Case N-411 in a letter from E. G. Adensam to D. L. Farrar dated July 18, 1986.

ASME Code Case N-411 allows the use of the alternative damping values
recommended by the Pressure Vessel Research Council in Welding Research
Council Bulletin 300. The following paragraphs, extracted from the NRC letters
dated April 1, 1986 and July 18, 1986, describe the restrictions on the use of Code
Case N-411.

Code Case N-411 is a conditionally acceptable Code Case by the staff. Its use has
been approved by the staff for specific plant applications, pending a revision of
Regulatory Guide 1.61, if the following information and commitments have been
provided:
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1) The application of the Code Case shall be limited to
piping systems analyzed by the response spectrum
method only.

2) The alternate damping criteria of the Code Case shall be
used in their entirety in any given analysis. The mixed
application of the Code Case and Regulatory Guide 1.61 is
not permitted.

3) Due to the increased flexibility of the system, the user
shall check all recalculated displacements to verify there
1s adequate clearance between the piping system and
adjacent structures, components, and equipment, and to
verify the ability of mounted equipment to withstand the
increased motion.

4) The user shall clearly indicate whether the Code Case will
be used for new analyses, for reconciliation work, or for
support optimization.

A Commonwealth Edison letter from M. S. Turback to H. R. Denton dated
February 11, 1986 made the necessary commitments, identified above, regarding
the application of Code Case N-411. It also stated that the Code Case will be used
in new piping and equipment dynamic analyses, and in reanalyses for support
reconciliation work, support optimization, and piping evaluation.

By letter dated April 1, 1986, the staff approved the use of ASME Code Case N-411
for LaSalle. In that letter, it is stated that Commonwealth Edison agreed to review
any analysis using Code Case N-411 damping on the recirculation system with the
staff prior to using the results for snubber reduction purposes. The staff required
that commitment from Commonwealth Edison because the recirculation pump is
modelled in that piping system and the damping values identified in the Code Case
are applicable only to piping. The damping values specified in Regulatory

Guide 1.61 should be used for equipment. However, the Code Case damping values
may be used to analyze piping systems in which such equipment is included in the
stress analysis model, provided the analysis results show that the equipment has no
responses below 20 hertz. Furthermore, the Code Case damping values are
applicable only to piping for which current seismic spectra and analysis methods
are used. This includes model and direction combination, of all three earthquake
directions, in accordance with Regulatory Guide 1.92, use of enveloped response
spectra, and consideration of a sufficient number of modes such that inclusion of
additional modes does not result in more than a 10% increase in response, 1.e., do
not omit consideration of the load contribution of piping dynamic modes with
natural frequencies above 33 hertz.
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Based on the above, the staff concludes it is acceptable to use ASME Code Case
N-411 for LaSalle County Station, Units 1 and 2 in the manner, and within the
limitations, described above. Finally, this approval to use the Code Case damping
values does not include application to piping analyses when energy absorbers are
included in the stress analysis model

3.7.1.4 Supporting Media for Seismic Category I Structures

The description of the supporting media for Seismic Category I structures are
presented and discussed in Section 2.5 and soil properties such as shear wave
velocity, modulus of elasticity, and compression wave velocity density are given in
Table 2.5-28 and Figure 2.5-55.

The following is a list of Seismic Category I structures with the embedment depth,
the depth of soil between bedrock and foundation, the foundation width, and the
structural height.

Foundation Width (ft) Structural
Embedment Depth of Direction Height Above

Structure Depth (ft) Soil (ft) N-S E-W Grade (ft)
Reactor 44 126 310 137 183
Building
Auxiliary 54 116 310 73 133
Building
Diesel- 41 129 68 100 38
Generator
Building

3.7.2 Seismic System Analysis

3.7.2.1 Seismic Analysis Methods

The calculation of the dynamic response of the nuclear power station complex
subjected to an earthquake loading is divided into two broad categories. The first
category is the analysis of the major buildings and structures which house and/or
support Seismic Category I systems and components. The second is the analysis of
Seismic Category I subsystems and components supported by Seismic Category I
buildings or structures.
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Major seismic systems such as buildings, the containment, and the reactor pressure
vessel are modeled and analyzed. The motion of major structures, obtained from
their analysis, is then used as the forcing function in the dynamic analysis of
smaller Seismic Category I systems and components.

The analysis of models, which uses the response spectra, or an equivalent time-
history motion obtained from the soil structure interaction analysis described in
Subsection 3.7.2.4 is referred to as the system analysis. An analysis which uses the
response spectra derived from the system analysis as the seismic load is referred to
as a subsystem analysis.

3.7.2.1.1 Analysis of Building Structure Systems

To determine the exact dynamic forces acting on a structure, the accelerations (and,
therefore, the displacements) of every mass particle must be evaluated. Since any
real structure's mass is distributed over the spatial extent of the structure, an
infinite number of coordinates is required to describe the motion of every mass
particle when the structure is subjected to a dynamic load. Calculation of time-
dependent displacements at every point in a complex structure is impossible, but
the analysis can be simplified by the judicious selection of a limited number of
displacement components or coordinates. In dynamic structural analysis, two
different assumptions are used to specify the deflected shape of a structure. These
are referred to as the lumped-mass approach and the distributed-coordinate
approach. The lumped-mass approach is the most convenient and versatile method
to use in analyzing the complex structural configurations which arise in a nuclear
power station; this approach is used in the seismic analysis of station structures.

In the lumped-mass idealization, it is assumed that the entire mass of the structure
1s concentrated at a number of discrete points and the structural elements are
assumed to have linear elastic properties. A six degree-of-freedom lumped mass is
general, in the sense that the discrete mass possesses all possible degrees of
freedom.

The computer program, DYNAS (Dynamic Analysis of Structures), is used to
analyze Seismic Category I building structures. The description of this program is

presented in Appendix F.

The time-history method of analysis is used to generate time-history motions which
are used to generate response spectra for subsystem analysis.

3.7.2.1.1.1 Horizontal Seismic Analysis

The site response spectra presented in Subsection 3.7.1.1 are interpreted as one
horizontal component of the earthquake. The effect of soil amplification is included
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in the response spectra, but the effect of soil-structure interaction is considered as
described in Subsection 3.7.2.4 for the soil-supported structures.

Simultaneous action of several components of horizontal ground-motion are
considered by analyzing the dynamic models for simultaneous excitations parallel to
a model's two orthogonal axes. Analyses for simultaneous excitation parallel to a

model's two orthogonal axes are accomplished by:

a. Response spectrum method of analysis - is used to generate the
design forces as follows:

1. analyze the model for X-excitation (N-S direction),
2. analyze the model for Y-excitation (E-W direction), and

3. combine the results from 1 and 2 as described in
Subsection 3.7.2.6.

b. Time-history method of analysis - is used to generate response
spectra for subsystem analysis as follows:

1. analyze the model by X- and Y-excitation by applying two
statistically independent time-histories simultaneously,

and

2. combine the responses algebraically at each time step.

3.7.2.1.1.1.1 Shear Structure System

The station building structures are complex systems, asymmetric in plan, with
heavy concrete slabs at the various floor elevations. These slabs are interconnected
with numerous concrete shear walls and/or heavy cross-braced steel members. The
overall height dimensions are smaller than the plan dimensions. This low height-
to-plan ratio indicates that under lateral loads, the predominant deformations of
the long shear walls are shear deformations. Consequently, the relative rotations of
the slabs about horizontal axes do not cause significant deformations; but, due to
the asymmetrical mass-stiffness distribution, rotation of the slabs about a vertical
axis occurs when this type of structure is subjected to lateral loads. Since the
predominant deformation of this type of structure under horizontal seismic loading
1s a horizontal shear deformation of the walls, it is referred to as a shear structure
system.

Figure 3.7-7 shows a simplified shear structure system and the x-y-z axis system
where the z-axis is vertical and the x- and y-axes are parallel to the principal axes
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of the structure. The significant deformations of the structure under horizontal
seismic excitation are described with three coordinates, Ax, Ay, and 6,. These three
degrees-of-freedom describe the motion of a concrete slab. Neglect of the 6, 0y, and
A, degrees-of-freedom implies that the slab mass moves in a horizontal plane.

In discussing the shear structure system model, the words "model slab" are
substituted for the words "lumped mass" because the mass of the actual structure is
simulated in the model with slabs located at the elevations of the major floor slabs
and roof of the structure. The mass of the walls between two floors 1s lumped to the
floors to which they are connected.

The mass of equipment supported on slabs in the structure is included in the mass
of the slabs. The actual slabs are considered to be infinitely rigid in their own
planes. The rigid body motions of the model slabs consist of three degrees-of-
freedom: horizontal translation in two perpendicular directions and rotation about
the vertical axis. The model slabs are interconnected by weightless elastic springs
which possess stiffness in the x- or y-direction and simulate the shear walls and
vertical bracing in the structure. These springs are distributed horizontally on the
model slabs to simulate the torsional stiffness interconnecting the two slabs. A
typical plot of the walls is given in Figure 3.7-8. Each shear wall is identified by
number.

Three coordinates are required to describe the motion of each model slab.
Therefore, three mass parameters are determined for each model slab. These mass
parameters for the i-th model slab are:

a. Miyi, associated with x-translation,
b. My;, associated with y-translation, and
c. Iei, associated with rotation about vertical axis,

where the mass parameters associated with x-translation and y-translation are the
same and are equal to the mass of the slab. The mass polar moment of inertia, Iy, is
about the vertical axis through the centroid of the slab.

To evaluate the stiffness of the structural components which interconnect slabs, the
following assumptions are made:

a. all points on the same slab translate in the horizontal plane

passing through the mass-center of the slab and the slab rotates
only about the vertical axis, and
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b. only in their longitudinal direction, the walls offer resistance to
relative displacement between slabs.

When resisting lateral loads applied parallel to the long dimension, most walls act
as short, deep beams; therefore, the contribution of shear to the deflection is
considered in calculating the stiffness of a wall. The stiffness (K) of an individual
wall is calculated using the following formulae:

1
K=— 3.7-1
A ( )
3
:F—h+h— (3.7-2)
GA 12EI
where:

A = deflection of the wall due to a unit force,
F = shear form factor,

A = cross-sectional area of the wall,

G = shear modulus of concrete,

h = height of the wall,

E = modulus of elasticity for concrete, and

I = moment of inertia of the wall.

The stiffness of steel framing which acts as springs is evaluated with conventional
elastic frame and truss analysis computer programs STRESS and STRUDL II
(Appendix F). |

Dynamic analysis of the shear structure system is accomplished with the computer
program, DYNAS. The input to DYNAS is prepared by using the program, SSANA
(Spring Slab Analysis). The description and analytical details of programs SSANA
and DYNAS are given in Appendix F. |

3.7.2.1.1.1.2 Frame Structure System

In the shear structure system discussed in the previous subsection, the motion of
the structure's mass is restricted to horizontal translations and rotation about the
vertical axis. For many structural systems under dynamic loading, motions are not
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restricted to a horizontal plane, and all six possible degrees-of-freedom of the
discrete masses are required to describe the dynamic behavior of the structure.
Dynamic analysis of this type of structure is accomplished by the program DYNAS.

3.7.2.1.1.1.3 Combined Shear-Frame Structure System

The shear-type structures with three degrees-of-freedom for each slab mass
(Subsection 3.7.2.1.1.1.1) and the frame-type structures with six degrees-of-freedom
for each mass (Subsection 3.7.2.1.1.1.2) could both be present in a building system.
The analysis of a coupled shear-frame structure is performed by the DYNAS
program. Rigid or flexible frame members are used to connect the joints of the
frame members to the slab centroids where interconnections exist.

Figure 3.7-9 shows the coupled shear-frame structure model used in the analysis.
Joints 1 through 17 represent the shear structure system, (Subsection 3.7.2.1.1.1.1)
and joints 18 through 51, the frame structure system, (Subsection 3.7.2.1.1.1.2).
The two systems are connected by rigid members at different elevations.

3.7.2.1.1.2 Vertical Seismic Analysis

3.7.2.1.1.2.1 Vertical Seismic Loading

The seismic input is discussed in Subsection 3.7.1. The effect of soil structure
interaction is considered as described in Subsection 3.7.2.4.

3.7.2.1.1.2.2 Modeling Technique

The dynamic behavior of a building in the vertical direction is a function of the wall
axial stiffness, the floor system flexural stiffness, and the mass distribution.

Figure 3.7-10 shows the plane frame model which simulates the building's dynamic
characteristics in the vertical direction. The vertical members in the model
simulate the axial stiffness of the walls and the horizontal members simulate the
flexural stiffness of the floor systems. Although only two wall systems are shown in
Figure 3.7-10, any number of wall systems can be incorporated in an analysis
depending on the layout of the structure to be analyzed.

In the dynamic model, the masses can displace relative to one another with one
degree-of-freedom in the vertical direction. The lumped-mass approach is used, and
the wall masses are lumped equally to the nearest joint. In the floor system, part of
the actual structure's mass moves with the wall, whereas part of the mass motion is
amplified because of slab flexibility. Hence the floor mass is distributed between
the wall joints and the slab joint shown at the center of a horizontal member
(Figure 3.7-10).
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Each floor system has several natural periods of vibration within the threshold of
rigidity which must be considered in the vertical analysis. Several single degree-of-
freedom systems are connected between the wall systems (Figure 3.7-11) and the
mass-stiffness properties of these systems simulate the multiperiod characteristics
of the complex floor system.

3.7.2.1.1.2.3 Analysis Procedure

As in the horizontal analysis, both response spectrum method of analysis and time-
history analysis are performed on the vertical model as described above using
DYNAS program. The forces obtained from the response spectrum method of
analysis are used to determine seismic forces in different structural elements. The
time-history analysis yields response spectra at wall and slab joints which are used
as input for the design of various subsystems.

3.7.2.1.1.3 Differential Seismic Movement of Interconnected Supports

When a component is deformed due to the differential movement of floor or other
major elements of a building, the deformed component is designed to remain
capable of performing its Seismic Category I functions during and after such
deformations. The effects of differential movements of interconnected components
due to seismic disturbance are considered in the seismic analysis of piping systems
and components as presented under Subsection 3.7.3.

3.7.2.2 Natural Frequencies and Response Loads

3.7.2.2.1 Horizontal Analysis

The periods, mode shapes, and the dynamic response of the lumped mass system
(Figure 3.7-9) are computed. Table 3.7-2 presents the summary of the first 30
modal periods, the modal participation factors for x-direction excitation, and the
modal participation factors for the y-direction excitation. Table 3.7-3 summarizes
the displacements of slabs for OBE and SSE.

The shear force and the moment diagrams of the containment for OBE are shown in
Reference 12. The forces and moments correspond to the global coordinate system
as indicated by solid and dashed lines at the bottom of the diagrams.

The horizontal response spectra for the reactor-auxiliary building complex at

elevations 694 feet 6 inches and 843 feet 6 inches, and for the reactor containment
at elevation 786 feet 6 inches, are presented in Figures 3.7-14 through 3.7-25.
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3.7.2.2.2 Vertical Analysis

The vertical model shown in Figure 3.7-10 has been analyzed by the DYNAS
program. Table 3.7-4 lists the periods and the modal participation factors.

The main object of the vertical analysis is to generate response spectra for the
design of Seismic Category I equipment located at different floor levels. However,
the forces in the structure are also determined by response spectrum method of
analysis. The slabs and shear walls of the reactor building, the auxiliary building,
the reactor containment shield, and all other Seismic Category I structures are
designed to withstand these forces due to vertical excitation.

The vertical response spectra for the reactor-auxiliary building complex at elevation
694 feet 6 inches, elevation 843 feet 6 inches, and for the reactor containment at

elevation 786 feet 6 inches are presented in Figures 3.7-26 through 3.7-35.

3.7.2.3 Procedure Used for Modeling

3.7.2.3.1 Structural Modeling

3.7.2.3.1.1 Horizontal Analysis

Since each slab in the model has three degrees-of-freedom, three mass parameters
are associated with each slab. The mass parameter associated with x-translation
and y-translation is the same and equal to the mass of a slab; the mass parameter
associated with 0, 1s the mass polar moment of inertia of a slab about a vertical axis
through its centroid.

The masses and mass polar moments of inertia for slabs are based on the mass
distribution of the slab, equipment locations and equipment masses, and tributary
wall masses at the wall locations.

A more detailed description of horizontal modeling is given in Subsection 3.7.2.1.1.1.

3.7.2.3.1.2 Vertical Analysis

In the dynamic model formulated for the vertical analysis, the masses can displace,
relative to one another, with one degree-of-freedom in the vertical direction. The
mass parameters are calculated in the following manner:

a. The masses are concentrated at joints (as shown in

Figure 3.7-10) and interconnected by weightless linear springs
which simulate the stiffness of the slabs or walls.
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b. In general, the wall masses are lumped equally to the nearest
joints.
c. For the slabs, it is assumed that one-third of the total slab mass

1s effective; the remaining mass of the slab is lumped with the
wall mass at that elevation.

d. The mass of the reactor containment shield includes only the
mass of concrete and contributory slab mass.

A more detailed description of vertical modeling is given in Subsection 3.7.2.1.1.2.

3.7.2.3.2 Modeling Techniques for Seismic Category I Structures, Systems. and
Components

The modeling techniques for Seismic Category I structures, systems, and
components are discussed in Subsection 3.7.3.14.6.

3.7.2.4 Soil-Structure Interaction

3.7.2.4.1 Horizontal Excitation

A finite element approach is used to account for the effect of the soil-structure
interaction. The criteria used in modeling and the general procedure are the same
as described in Report SL-3026 (Reference 2).

Strain dependent soil parameters used in the interaction study are presented in
Table 2.5-28 and Figure 2.5-55. The SHAKE program described in Appendix F is
used to obtain strain compatible shear modulus and damping values for each layer.
The corresponding compatible rock motions are also obtained in each case. The two
dimensional finite element soil model is shown in Figure 3.7-39. The DAPS
program described in Appendix F is used to extract normalized modes from this
model.

Using modal synthesis technique, the three-dimensional building model described
in Subsection 3.7.2.1.1.1 is analyzed using the DYNAS program for the two
postulated earthquake loadings, OBE and SSE. One discrete torsional soil spring
and corresponding mass are included to account for possible torsional interaction
due to nonsymmetric nature of the building complex. The effective soil column for
calculating soil torsional stiffness is shown in Figure 3.7-40. The torsional spring
constant for each layer is calculated as

k=G J/L (3.7-3)
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where: G = shear modulus obtained from SHAKE
L = thickness of the layer
J = torsional constant defined as
J = (x3y3) / 3.6(x2+y?2)

where x and y are the sides of the equivalent rectangle for that layer. Finally, the
total spring constant is calculated by adding the torsional stiffnesses of springs in
series for all layers. The effective mass M of the soil participating in torsional
vibration is taken as the mass of the top one-third of the soil column. A tabulation
of the torsional modal properties for OBE and SSE is presented in Table 3.7-10.

A weighted constant modal damping for soil is used in modal synthesis. To obtain
weighted constant soil damping, the damping for each layer from SHAKE is
multiplied by the thickness of that layer. The sum for all the layers is divided by
the total height of the soil profile. The factor obtained is the weighted constant soil
damping.

A comparison of the resulting interaction spectra at the foundation of the structure
and the free field input design spectra is presented in Figures 3.7-41 and 3.7-42 for
OBE and SSE respectively. A typical comparison of the design response spectrum
and the free field foundation spectrum in the interaction model is presented in
Figure 3.7-43.

The horizontal design response spectra at relevant locations of the structure are
generated using a fixed base model subjected to translational base excitation
obtained from the interaction model. This detailed decoupled analysis is justified by
comparing spectra generated at selected points of the structure using a soil-
structure coupled model with the spectra generated using the decoupled model.

This comparison is presented in Figures 3.7-44 through 3.7-51. The comparison
shows that the effect of the foundation torsion and rocking is insignificant.

3.7.2.4.2 Vertical Excitation

For excitation in the vertical direction, a lumped mass stick model is used instead of
the finite element model. The soil column directly under the foundation is
considered effective for vertical excitation. Since the vertical excitation is
predominantly due to compressional wave propagation, the strain dependent shear
modulus curves used in horizontal excitation are modified in terms of axial strains
and the equivalent compressional wave modulus G'. The shear strains y are
converted to axial strains € by the relation.
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e—_1_ (3.7-4)

and the corresponding shear modulus G are converted to equivalent compressional
wave modulus G' as

2(1-v)
1-2v

G =G (3.7-5)

where
v = Poisson's ratio.

For strain dependent damping curves, the shear strains are modified to axial
strains as described above, but the corresponding damping values are not changed.
The SHAKE program is used to obtain soil properties and rock motion compatible
with strains developed in vertical excitation.

The soil column below the foundation is now modeled as axial spring and mass
system. Each layer is represented by an axial spring with its mass lumped at its
two ends. The stiffness of each of these axial springs is the compressional stiffness
of that layer given as (G'A/L) where A is the surface area of layer (same as building
foundation base area) and L is the thickness of that layer. The DAPS program is
used to extract normalized modes for this model.

Using modal synthesis technique, the vertical building model described in
Subsection 3.7.2.1.1.2 is analyzed using the DYNAS program for the two postulated
earthquake loadings OBE and SSE. The interaction spectra at the foundation of
the building are compared with the free field input design spectra in Figures 3.7-52
and 3.7-53 for OBE and SSE, respectively.

3.7.2.5 Development of Floor Response Spectra

3.7.2.5.1 Introduction

When a structure is subjected to an earthquake, the base of a subsystem (or
equipment) mounted on the floor slab or wall experiences the motion of the slab or
wall. This motion may be significantly different from the input motion at the base
of the structure. Therefore, the response spectra used in the analysis of the
structure are not directly applicable to the analysis of subsystems mounted in the
structure unless the subsystem element is modeled in the dynamic model of the
structure. Also, unless the subsystem element is a rigid mass, rigidly connected to
the slab or wall, the motion of the subsystem is different from the motion of the slab
or wall, because the subsystem element is a flexible elastic system which responds
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dynamically to the motion of the slab. For these reasons, the motion experienced by
a subsystem 1s the structure's base excitation modified as a function of the
structure's characteristics, and the mode of attachment to the structure.

To establish explicit slab or wall motions, applicable to development of subsystem
design criteria, time-history forcing functions are used to excite the building models
used in the system analysis. Resulting time-history slab or wall motions are used to
generate response spectra for the analysis of subsystems supported in the building.

3.7.2.5.2 Horizontal Response Spectra

Time-history analyses of each building system are performed on the horizontal
seismic model as discussed in Subsection 3.7.2.1.1.1. The following general
procedure is used to develop horizontal seismic subsystem input using the modified
El Centro earthquake time-history forcing functions described in Subsection 3.7.1.2.
The procedure is as follows:

a. The responses at each slab of interest are obtained by exciting
the model simultaneously along x- and y-directions and the
responses are combined algebraically at each time step.

b. A set of damping values is selected to generate response spectra
based upon appropriate damping for typical subsystems present
in the station.

c. Response spectra are generated on each slab which supports
Seismic Category I subsystems or components. At least 50
periods from 0.02 to 2.0 seconds are used to develop each
spectrum curve. The periods used include all modal periods of
the system to evaluate the effect of resonance. Periods in
between the system modal periods are considered to establish
the shape of the spectra and to avoid missing any prominent
peak.

d. The peaks of the spectra curves are widened by 10% on the
period scale, to either side of the peak's period. This increase in
the peak width accounts for the expected variation of structural
properties, damping, and soil properties.

e. The final subsystem horizontal input consists of separate
response spectra in the x- and y-directions. For the design and
testing of subsystems where conditions necessitate the use of
one horizontal spectrum, such a spectrum is obtained by using
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the square root of the sum of the squares of the accelerations
given by the two orthogonal response spectra.

3.7.2.5.3 Vertical Response Spectra

The procedure for determining subsystem response spectra in the vertical direction
1s the same as that for the horizontal direction. However, in this case, response
spectra are generated for uncoupled time-history motion in the vertical or z
direction.

The vertical response spectra are generated along the wall and at the center of the
slabs. These spectra are used in the design of the subsystems. The peaks of the
spectra curves are widened by 20%, on the period scale, to either side of the peak's
period. This increase in the peak width accounts for the expected variation of
structural properties, damping, and soil properties.

3.7.2.6 Three Components of Earthquake Motion

Seismic response resulting from analysis of systems due to three components of
earthquake motions are combined in the following manner:

R=1R;+R7+R; (3.7-6)

where:
= design seismic response,
Rx = probable maximum seismic response due to horizontal
earthquake motion along the x-axis,
Ry = probable maximum seismic response due to vertical earthquake
motion along the y-axis, and
R, = probable maximum seismic response due to horizontal

earthquake motion along the z-axis.

Rx, Ry, and R, are probable maximum, co-directional seismic responses of interest
(strain, displacement, stress, moment, shear, etc.) due to earthquake excitations in
X, v, and z directions, respectively.

3.7.2.7 Combination of Modal Responses

When a response spectrum method of analysis is used to analyze a system (BOP
structures), the maximum response (displacements, accelerations, shears, and
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moments) in each mode is calculated independent of time, whereas actual modal
responses are nearly independent functions of time and maximum responses in

different modes do not occur simultaneously. Based on References 3 and 4, the final
response can be computed as:

k=3 3 (&, Rlamﬂm

k=1 I=1

where:

Rk = responses due to k-th mode
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where:
ok = modal frequency in the k-th mode,
Bx = modal damping in the k-th mode, and
ta = duration of the earthquake.

3.7.2.8 Interaction of Non-Seismic Category I Structures with Seismic Category I
Structures

When Seismic Category I and non-Seismic Category I structures are integrally
connected, the non-Seismic Category I structure is included in the model when
determining the forces on Seismic Category I structures. The non-Seismic

Category I structure is designed under the criteria that ensures that a failure of any
part of the non-Seismic Category I structure does not affect the seismic behavior or
structural integrity of Seismic Category I structures or systems.
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3.7.2.9 Effects of Parameter Variations on Floor Response Spectra

The effect of variations of structural properties, dampings, soil properties, soil
structure interaction on floor response spectra, and time histories is discussed in
Subsection 3.7.2.5.

3.7.2.10 Use of Constant Vertical Static Factors

In general, Seismic Category I structures, systems, and components are analyzed in
the vertical direction using the methods specified in Subsection 3.7.2.1. No vertical
static factors are used for structures.

3.7.2.11 Method Used to Account for Torsional Effects

The methods used to account for torsional effects are discussed in
Subsection 3.7.2.1.

3.7.2.12 Comparison of Responses

The forces obtained from the response spectrum method of analysis are used in the
design of structural components of the building. The floor response spectra are
generated by time-history analysis. The comparison of responses obtained from the
response spectra and time-history methods of analysis is presented in Table 3.7-5.

3.7.2.13 Methods for Seismic Analysis of Dams

This section is not applicable since there are no Seismic Category I dams in the
LSCS site.

3.7.2.14 Determination of Seismic Category I Structure Overturning Moments

The Seismic Category I structure overturning moments are determined from the
relation of the shear force of the structure and the height of the structure for each
mode separately. The overturning moments for each mode are then combined as
described in Subsection 3.7.2.7.

3.7.2.15 Analysis Procedure for Damping

In case of structures with components of different damping characteristics, there
are two approximate techniques of computing composite modal damping values to
lead to a normal mode solution. These are based on weighting the damping factors
according to the mass or the stiffness of each element. The two formulations are:
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where:
n = total number of components,
B; = composite modal damping for mode j.
Bi = critical modal damping associated with component 1,
O; = mode shape vector,
[M]; ,[K]i = subregion of mass or stiffness matrix associated with

component 1, and
[M] and [K] = are the mass and stiffness matrices of the system.

In cases where the stiffness and mass matrices are both diagonal, both equations
(3.7-7) and (3.7-8) would give identical results. In a complex structural system
where the previous condition is not met, the two methods would give different
results and it is not possible to project the superiority of one technique over the
other. Since both methods provide rational approximate results, equation (3.7-7) is
used in the analysis of fixed base dynamic models.

3.7.3 Seismic Subsystem Analysis

3.7.3.1 Seismic Analysis Methods

Each pipeline is idealized as a mathematical model consisting of lumped masses
connected by elastic members. The stiffness matrix for the piping system is
determined using the elastic properties of the pipe. This includes the effects of
torsional, bending, shear and axial deformations as well as changes in stiffness due
to curved members. Next the mode shapes and the undamped natural frequencies
are obtained. The dynamic response of the system is calculated by using the
response spectrum method of analysis. When the piping system is anchored and/or
supported at points with different excitations, the response spectrum analysis is
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performed using the enveloped response spectra of all response spectras which
apply.

3.7.3.1.1 Differential Seismic Movements of Interconnected Supports

Systems that are supported at points which undergo certain displacements due to a
seismic event are designed to remain capable of performing their Seismic Category I
functions. The displacements, obtained from a time-history analysis of the
supporting structure, cause moments and forces to be induced into the piping
system. Since the resulting stresses are self-limiting, it is justified to place them in
the secondary stress category. Therefore these stresses exhibit properties much like
a thermal expansion stress and a static analyses is used to obtain them.

3.7.3.2 Determination of Number of Earthquake Cycles

3.7.3.2.1 Piping

The number of stress cycles caused by an earthquake in the piping subsystem
fatigue analysis is ten. The number of 1/2 safe shutdown earthquakes (SSE's) in
the life of the piping subsystem is five. The total number of earthquake maximum
stress cycles in the piping subsystem fatigue analysis i1s then determined to be 50.

3.7.3.2.2 Equipment

Seismic Category 1 equipment that is qualified by test is tested for an equivalent of
five Operating Basis Earthquake (OBE) events and one Safe Shutdown Earthquake
(SSE) event. In accordance with IEEE-344-1975 paragraph 6.6.5, the duration of
each OBE/SSE equivalent test is at least equal to the strong motion portion of the
original time history used to obtain the Required Response Spectra (RRS) for the
SSE. As discussed in section 3.7.1.2, modified EL Centro earthquake records were
used to develop the RRS. The duration of this time history is 10 seconds.

3.7.3.3 Procedure Used for Modeling

3.7.3.3.1 Modeling of the Piping System

The continuous piping system is modeled as an assemblage of beams. The mass of
each beam is lumped at nodes which are connected by weightless elastic members,
representing the physical properties of each segment. The pipe lengths between
mass points are not greater than the length which would have a natural frequency
of 33 Hz when calculated as a simply supported beam. All concentrated weights on
the piping system such as main valves, relief valves, pumps, and motors are
modeled as lumped masses. The torsional effects of the valve operators and other
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equipment with offset center of gravity with respect to centerline of the pipe is
included in the analytical model.

3.7.3.3.2 Field Location of Supports and Restraints

The field location of seismic supports and restraints for Seismic Category I piping
and piping systems components is selected to satisfy the following two conditions:

a. The location selected must furnish the required response to
control strain within allowable limits.

b. Adequate building strength for attachment of the components
must be available.

The final location of seismic supports and restraints for Seismic Category I piping,
piping system components, and equipment, including the placement of snubbers, is
checked against the drawings and instructions issued by the engineer. An
additional examination of these supports and restraints devices is made to ensure
that the location and characteristics of these supports and restraining devices are
consistent with the dynamic and static analyses of the systems.

All Seismic Category I piping except for the main steamlines inside the
containment, reactor recirculation system, CRD insert and withdraw lines, and the
scram discharge header is designed by Sargent & Lundy, including location of
supports and restraints. The field location of supports and restraints is done only
for non-Seismic Category I piping, 2-inch nominal pipe size and under. Reactor
Controls, Inc. had the responsibility for designing the support system for the CRD
system.

3.7.3.4 Basis for Selection of Frequencies

The basis for the selection of forcing frequencies is presented in the seismic
qualification criteria. All frequencies in the range of 1 to 33 Hz are considered in
the analysis and testing of the components and their supporting structures.

3.7.3.5 Use of Equivalent Static Load Method of Analysis

No static load method is utilized in the seismic analyses of piping systems.
However, in the seismic analyses of equipment the equivalent static load method is
used if the equipment's fundamental natural period (FNP) is not known.

If the FNP is known, the static seismic coefficient is equal to 1.5 times the g level
corresponding to the equipment FNP in the applicable response spectrum curves
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(RSC). If the FNP is unknown, the static coefficient is equal to 1.5 times the peak g
level in the applicable RSC.

The equivalent seismic static load is the product of the equipment mass and the
static seismic load coefficient and is applied at the center of gravity.

3.7.3.6 Three Components of Earthquake Motion

Seismic responses resulting from analysis of subsystems due to three components of
earthquake motions are combined in the same manner as the seismic response
resulting from the analysis of building structures (Subsection 3.7.2.6).

3.7.3.7 Combination of Modal Responses

BOP Subsystems

When a response spectrum method of analysis is used to analyze a subsystem, the
maximum response (displacements, accelerations, shears, and moments) in each
mode is calculated independent of time; whereas, actual modal responses are nearly
independent functions of time and maximum responses in different modes do not
occur simultaneously. It has been shown that the probable maximum response is
about equal to the square root of the sum of the squares of the modal maxima. This
square root criterion is used in combining the modal responses in the response
spectrum method of analysis.

The final response, R, is computed as the square root of the sum of the squares of
individual modal responses, R . Thus

N 1/2
R{Z