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C.I.3.  Design of Structures, Systems, Components, and Equipment

Chapter 3 of the final safety analysis report (FSAR) should identify, describe, and discuss
the principal architectural and engineering design of those structures, systems, components,
and equipment that are important to safety.

C.I.3.1  Conformance with NRC General Design Criteria

Discuss the extent to which the design criteria for plant structures, systems, and components
(SSCs) important to safety meet the NRC’s “General Design Criteria for Nuclear Power Plants,”
as specified in Appendix A to 10 CFR Part 50.  For each criterion, provide a summary to show
how the principal design features meet the general design criteria (GDCs).  Identify and justify
any exceptions to the GDCs.  In the discussion of each criterion, identify the sections
of the FSAR where more detailed information is presented to demonstrate compliance with
or exceptions to the GDCs.

C.I.3.2  Classification of Structures, Systems, and Components

C.I.3.2.1  Seismic Classification

Identify those SSCs important to safety that are designed to withstand the effects
of earthquakes without loss of capability to perform their safety functions.

Plant features, including foundations and supports, that are designed to remain functional
in the event of a safe shutdown earthquake (SSE, see Section 2.5) or surface deformation
should be designated as Seismic Category I.  Specifically, these plant features are those
necessary to ensure the following characteristics:

(1) integrity of the reactor coolant pressure boundary

(2) capability to shut down the reactor and maintain it in a safe shutdown condition

(3) capability to prevent or mitigate the consequences of accidents that could result in
potential offsite exposures comparable to the guideline exposures of 10 CFR 50.34(a)(1)

Guidance for identifying Seismic Category I SSCs is provided in Regulatory Guide 1.29,
“Seismic Design Classification.”  Provide a list of all Seismic Category I items, and indicate
whether the recommendations of Regulatory Guide 1.29 are being followed.  If only portions
of structures and systems are Seismic Category I, they should be listed and, where necessary
for clarity, the boundaries of the Seismic Category I portions should be shown on piping
and instrumentation diagrams.  The portions of SSCs for which continued functioning
is not required but of which failure could reduce the functioning of any Seismic Category I
plant feature to an unacceptable safety level or could result in incapacitating injury to
control room occupants should also be identified and designed and constructed so that
the SSE would not cause such failure.  Identify differences from the recommendations
of Regulatory Guide 1.29, and discuss the proposed classification.
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Guidance for determining the seismic design of SSCs of radioactive waste management
facilities is provided in Regulatory Guide 1.143, “Design Guidance for Radioactive Waste
Management Systems, Structures, and Components Installed in Light-Water-Cooled Nuclear
Power Plants.”  Identify the radioactive waste management SSCs that require seismic design
considerations and discuss differences from the recommendations of Regulatory Guide 1.143.

Guidance for determining the seismic design of instrument sensing lines is provided in
Regulatory Guide 1.151, “Instrument Sensing Lines.”  Identify the instrument sensing lines that
require seismic design considerations and discuss differences from the recommendations
of Regulatory Guide 1.151.

List or otherwise clearly identify all SSCs or portions thereof that are intended to be designed
for an operating basis earthquake (OBE).

C.I.3.2.2  System Quality Group Classification

Identify those fluid systems or portions thereof that are important to safety, as well as
the applicable industry codes and standards for each pressure-retaining component.

Section 50.55a of 10 CFR Part 50 specifies quality requirements for the reactor coolant
pressure boundary, and Regulatory Guide 1.26, “Quality Group Classifications and Standards
for Water-, Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants,”
describes a quality group classification system and relates it to industry codes for water-
and steam-containing fluid systems.  Indicate the extent to which the recommendations
of Regulatory Guide 1.26 are followed.  Identify any differences, and justify each proposed
quality group classification in terms of the following reliances placed on these systems:

(1) Prevent or mitigate the consequences of accidents and malfunctions originating within
the reactor coolant pressure boundary.

(2) Permit reactor shutdown and maintenance in the safe shutdown condition.

(3) Contain radioactive material.

In such cases, specify the proposed design features and measures that would be applied
to attain a quality level equivalent to the level of the above classifications, including the quality
assurance programs that would be implemented.  Discuss group classification boundaries of
each safety-related system.  The classifications should be noted at valves or other appropriate
locations in each fluid system where the respective classification changes in terms of the NRC
group classification letters (for example, from A to B, B to C, C to D, as well as other
combinations) or, alternatively, in terms of corresponding classification notations that can be
referenced with those classification groups in Regulatory Guide 1.26.



DG-1145, Section C.I.3-Design of Structures, Systems, Components, and Equipment. 

DRAFT WORK IN PROGRESS     Page C.I.3-3      DATE:06/02/2006 

C.I.3.3  Wind and Tornado Loadings

C.I.3.3.1  Wind Loadings

Discuss the design-basis wind loadings on Seismic Category I structures:

(1) Present the design wind velocity and its recurrence interval, the importance factor, and
the exposure category.

(2) Describe the methods used to transform the wind velocity into an effective pressure
applied to surfaces of structures, and present the results in tabular form for plant SSCs. 
Provide current references for the basis, including the assumptions.

C.I.3.3.2  Tornado Loadings

Discuss the design-basis tornado loadings on structures that must be designed to withstand
tornadoes:

(1) Present the design parameters applicable to the design-basis tornado, including
the maximum tornado velocity, the pressure differential and its associated time interval,
and the spectrum and pertinent characteristics of tornado-generated missiles.  Material
covered in Sections 2.3 and 3.5.1 may be incorporated by reference.

(2) Describe the methods used to transform the tornado loadings into effective loads
on structures:

(a) Discuss the methods used to transform the tornado wind into an effective
pressure on exposed surfaces of structures, including consideration
of geometrical configuration and physical characteristics of the structures
and the distribution of wind pressure on the structures.

(b) If venting of a structure is used, describe the methods employed to transform
the tornado-generated differential pressure into an effective reduced pressure.

(c) Describe the methods used to transform the tornado-generated missile loadings,
which are considered impactive dynamic loads, into effective loads.  Material
included in Section 3.5.3 may be incorporated by reference.

(d) Identify the various combinations of the above individual loadings
that will produce the most adverse total tornado effect on structures.

(3) Present information showing that the failure of any structure or component that is
not designed for tornado loads will not affect the ability of other structures to perform
their intended safety functions.
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C.I.3.4  Water Level (Flood) Design

C.I.3.4.1  Flood Protection

Describe the flood protection measures for SSCs of which failure could prevent safe shutdown
of the plant or result in uncontrolled release of significant radioactivity.  The information
provided in this section of the FSAR should be consistent with the information provided
in Sections C.I.2.4 and C.I.2.5 for safe shutdown ground motion used, as well as
Section C.I.3.8.4 for seismic design, which should be referenced as appropriate:

(1) Identify the safety- and non-safety-related SSCs that should be protected against
external flooding resulting from natural phenomena, and internal flooding resulting
from failures of non-seismic tanks, pressure vessels, and piping.  Guidance is provided
in Regulatory Guide 1.59, “Design-Basis Floods for Nuclear Power Plants,”
and Regulatory Guide 1.102, “Flood Protection for Nuclear Power Plants.”

(2) Describe the capabilities of structures housing safety-related systems or equipment
to withstand flood conditions.  Show the relationship between structure elevation
and flood elevation, including waves and wind effects as defined in Section 2.4
and exterior access openings and penetrations that are below the design flood levels.

(3) If flood protection is required, discuss the means of providing flood protection
(e.g., external barriers, enclosures, pumping systems, stoplogs, watertight doors
and penetrations, drainage systems) for equipment that may be vulnerable because of
its location and the protection provided to cope with potential in-leakage from such
phenomena as cracks in structure walls, leaking water stops, and effects of wind wave
action (including spray).  Identify (on plant layout drawings) individual compartments or
cubicles that house safety-related equipment and act as positive barriers against
possible flooding.

(4) Discuss the measures taken to protect SSCs important to safety from flooding
attributable to postulated failures of non-Seismic Category I and non-tornado-protected
tanks, vessels, piping, and other process equipment, backflow through floor drains, and
operation of the fire protection system.

(5) Describe the capability of roofs designed for safety-related structures to withstand
the effects of maximum precipitation events in accordance with Regulatory Position 3
of Regulatory Guide 1.102.

(6) If all safety-related SSCs are not protected by permanent structural provisions,
describe the procedures and implementation times required to bring the reactor
to a cold shutdown for the flood conditions identified in Section 2.4.14.  Guidance
is provided in Regulatory Position 2 of Regulatory Guide 1.59 and Regulatory Position 2
of Regulatory Guide 1.102.  Compare these procedures and implementation times
with those required to implement flood protection requirements as identified in Section
2.4.14.

(7) Identify those systems or components important to safety, if any, that are capable
of normal function while completely or partially flooded.
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Describe any permanent dewatering system provided to protect SSCs important to safety
from the effects of ground water:

(1) Provide a summary description of the dewatering system.  Describe all major subsystems,
such as the active discharge subsystem and the passive collection and drainage
subsystem.

(2) Describe the design bases for the functional performance requirements for each
subsystem, along with the bases for selecting the system operating parameters.

(3) Provide a safety evaluation demonstrating how the system satisfies the design bases,
the system’s capability to withstand design-basis events, and its capability to perform
its safety function assuming a single active failure with the loss of offsite power. 
Evaluate protection against single failure in terms of piping arrangement and layout,
selection of valve types and locations, redundancy of various system components,
redundancy of power supplies, redundant sources of actuation signals, and redundancy
of instrumentation.  Demonstrate that the dewatering system is protected from
the effects of pipe breaks and missiles.

(4) Describe the testing and inspection to be performed to verify that the system has
the required capability and reliability, as well as the instrumentation and controls
necessary for proper operation of the system.

C.I.3.4.2  Analysis Procedures

Describe the methods and procedures by which the static and dynamic effects of
the design-basis flood or groundwater conditions identified in Section 2.4 are applied to
seismic Category I structures.  For each seismic Category I structure that may be affected,
summarize the design-basis static and dynamic loadings, including consideration of
hydrostatic loadings, equivalent hydrostatic dynamically induced loadings, coincident
wind loadings, and the static and dynamic effects on foundation properties (Section 2.5).

Describe any physical models used to predict prototype performance of hydraulic structures
and systems.  Guidance is provided in Regulatory Guide 1.125, “Physical Models for Design
and Operation of Hydraulic Structures and Systems for Nuclear Power Plants.”
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C.I.3.5  Missile Protection

C.I.3.5.1  Missile Selection and Description

C.I.3.5.1.1  Internally Generated Missiles (Outside Containment)

Identify all structures, systems (or portions of systems), and components (SSCs) located
outside containment that are to be protected against damage from internally generated
missiles.  These are the SSCs that are necessary to perform functions required to attain
and maintain a safe shutdown condition or to mitigate the consequences of an accident. 
Regulatory Guide 1.117, “Tornado Design Classification,” provides guidance on the SSCs
that should be protected.  Missiles associated with overspeed failures of rotating components
(e.g., motor-driven pumps and fans), failures of high-pressure system components,
and gravitational missiles (e.g., falling objects resulting from a non-seismically designed SSC
during a seismic event) should be considered.  The design bases should consider the design
features provided for either continued safe operation or shutdown during all operating
conditions, operational transients, and postulated accident conditions.

Provide the following information for those SSCs outside containment that require protection
from internally generated missiles:

(1) locations of the SSCs

(2) applicable seismic category and quality group classifications (may be referenced
from Section 3.2)

(3) sections of the FSAR in which descriptions of the items may be found, including
applicable drawings or piping and instrumentation diagrams

(4) missiles to be protected against, their sources, and the bases for selection

(5) missile protection provided

Evaluate the ability of the SSCs to withstand the effects of selected internally generated
missiles.  The protection provided should meet the guidance of Regulatory Position 3
of Regulatory Guide 1.115, “Protection Against Low-Trajectory Turbine Missiles.”

C.I.3.5.1.2  Internally Generated Missiles (Inside Containment)

Identify all plant SSCs inside containment that should be protected from internally generated
missiles.  These are the SSCs of which failure could lead to offsite radiological consequences
or those required for safe plant shutdown to a cold condition assuming an additional single
failure.  Missiles associated with overspeed failures of rotating components (e.g., pumps, fans,
compressors), primary and secondary failures of high-pressure system components (e.g.,
reactor vessel, steam generator, pressurizer, core makeup tanks, accumulators, reactor coolant
pump castings, passive residual heat exchangers, piping), gross failure of a control rod drive
mechanism, hydrogen explosion inside containment, and gravitational effects (e.g., falling
objects resulting from the movement of a heavy load or a non-seismically designed SSC during a
seismic event, secondary missiles caused by a falling object striking a high-energy system)
should be identified.
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Provide the following information for those SSCs important to safety inside containment
that should be protected against internally generated missiles:

(1) location of the SSCs

(2) missiles to be protected against, their sources, and the bases for selection

(3) missile protection provided (identify SSCs protected by physical barriers and, for those
protected by redundancy, demonstrate the separation and independence)

(4) an evaluation demonstrating the ability of the SSCs to withstand the effects of selected
internally generated missiles

C.I.3.5.1.3  Turbine Missiles

Provide the following information to demonstrate that SSCs important to safety have adequate
protection against the effects of potential turbine missiles. (Regulatory Guide 1.117, “Tornado
Design Classification,” describes examples of SSCs important to safety that should be
protected):

(1) Indicate whether the orientation of the turbine is favorable or unfavorable relative to
the placement of the containment and other SSCs important to safety.  Favorably
oriented turbine generators are located such that the containment and all, or almost all,
SSCs important to safety located outside containment are excluded from the low-
trajectory hazard zone described in Regulatory Guide 1.115, “Protection Against
Low-Trajectory Turbine Missiles.”  Provide the following information to justify
the turbine’s orientation (information provided in other sections may be referenced
as appropriate):

(a) dimensioned plant layout drawings (plan and elevation views) with the turbine
and containment buildings clearly identified

(b) barriers, including structural wall material strength properties and thickness

(c) SSCs important to safety in terms of location, redundancy, and independence

(d) all turbine-generator units (present and future) in the vicinity of the plant
being reviewed

(e) a quantitative description of the turbine-generator in terms of rotor shaft,
wheels/buckets/blades, steam valve characteristics, rotational speed,
and turbine internals pertinent to turbine missile analyses

(f) postulated missiles in terms of missile size, mass, shape, and exit speed
for design overspeed and destructive overspeed in postulated turbine failures
(describe the analysis used in estimating the missile exit speeds, and identify
the direction of rotation with respect to each turbine-generator under
consideration)

(2) Provide the methods, analyses, and results for the turbine missile generation
probability calculations.

(3) Describe the inservice inspection and testing program that will be used to maintain
an acceptably low missile generation probability.
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(4) Demonstrate the structural capability of any barriers (or structures used as barriers)
to protect SSCs to withstand turbine missiles in the event of a turbine failure.

C.I.3.5.1.4  Missiles Generated by Tornadoes and Extreme Winds

Identify all missiles generated as a result of high-speed winds such as tornadoes, hurricanes,
and any other extreme winds identified in Section 3.5.  For selected missiles, specify the origin,
dimensions, mass, energy, velocity, and any other parameters required to determine missile
penetration.  Guidance for selecting the design-basis tornado-generated missiles is provided in
Revision 2 of Regulatory Guide 1.76, “Design-Basis Tornado and Tornado Missiles for Nuclear
Power Plants.”

C.I.3.5.1.5  Site Proximity Missiles (Except Aircraft)

Identify all missile sources resulting from accidental explosions in the vicinity of the site based
on the nature and extent of nearby industrial, transportation, and military facilities (other than
aircraft) identified in Sections 2.2.1–2.2.3.  The following missile sources should be considered
with respect to the site:

(1) train explosions (including rocket effects)
(2) truck explosions
(3) ship or barge explosions
(4) industrial facilities
(5) pipeline explosions
(6) military facilities

Identify the SSCs listed in Section 3.5.2 that have the potential for unacceptable missile
damage, and estimate the total probability of the missiles striking a vulnerable critical area
of the plant.  If the total probability is greater than approximately 10–7 per year, estimate
the missile effects on the SSCs based on missile size, shape, weight, energy, material
properties, and trajectory.

C.I.3.5.1.6  Aircraft Hazards

Provide an aircraft hazard analysis for each of the following:

(1) Federal airways, holding patterns, or approach patterns within 3.22 kilometers (2 miles)
of the nuclear facility

(2) all airports located within 8.05 kilometers (5 statute miles) of the site

(3) airports with projected operations greater than 193d2 (500d2) movements per year
located within 16.10 kilometers (10 statute miles) of the site and greater than 386d2

(1000d2) outside 16.10 kilometers (10 statute miles), where d is the distance
in kilometers (statute miles) from the site

(4) military installations or any airspace usage that might present a hazard to the site
[for some uses, such as practice bombing ranges, it may be necessary to evaluate uses
as far as 32.19 kilometers (20 statute miles) from the site]
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Hazards to the plant may be divided into accidents resulting in structural damage
and accidents involving fire.  These analyses should be based on the projected traffic
for the facilities, the aircraft accident statistics provided in Section 2.2, and the critical areas
described in Section 3.5.2.

The aircraft hazard analysis should provide an estimate of the total aircraft hazard probability per
year.  Aircraft accidents that could lead to radiological consequences in excess of the exposure
guidelines of 10 CFR Part 100 with a probability of occurrence greater than about 10–7 per year
should be considered in the design of the plant.  Provide and justify the aircraft selected as the
design-basis impact event, including its dimensions, mass (including variations along the
length of the aircraft), energy, velocity, trajectory, and energy density.  Resultant loading
curves on structures should be presented in Section 3.5.3.

All parameters used in these analyses should be explicitly justified.  Wherever a range
of values is obtained for a given parameter, it should be plainly indicated and the most
conservative value used.  Justification for all assumptions should also be clearly stated.

C.I.3.5.2  Structures, Systems, and Components To Be Protected from Externally Generated Missiles

Identify the SSCs that should be protected from externally generated missiles.  These are
the SSCs that are necessary for safe shutdown of the reactor facility and those of which failure
could result in a significant release of radioactivity.  Structures (or areas of structures), systems (or
portions of systems), and components require protection from externally generated missiles if
such a missile could prevent the intended safety function, or if as a result of a missile impact
on a non-safety-related SSC, its failure could degrade the intended safety function of a safety-
related SSC.  Any failure of a non-safety-related SSC that could result in external missile
generation should not prevent a safety-related SSC from performing its intended function. 
Guidance on the SSCs that should be protected against externally generated missiles is
provided in Regulatory Position 2 of Regulatory Guide 1.13, “Spent Fuel Storage Facility Design
Basis”; Regulatory Positions 2 and 3 of Regulatory Guide 1.27, “Ultimate Heat Sink for Nuclear
Power Plants”; Regulatory Position C.1 of Regulatory Guide 1.115, “Protection Against Low
Trajectory Turbine Missiles”; and Regulatory Positions 1–3 and the appendix to Regulatory
Guide 1.117, “Tornado Design Classification.”
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C.I.3.5.3  Barrier Design Procedures

Provide the following information concerning the design of each structure or barrier to resist
the missile hazards previously described:

(1) methods used to predict local damage in the impact area, including estimation
of the depth of penetration

(2) methods used to estimate barrier thickness required to prevent perforation

(3) methods used to predict concrete barrier potential for generating secondary missiles
by spalling and scabbing effects

(4) methods used to predict the overall response of the barrier and portions thereof
to missile impact, including assumptions on acceptable ductility ratios and estimates
of forces, moments, and shears induced in the barrier by the impact force of the missile

C.I.3.6  Protection Against Dynamic Effects Associated with Postulated Rupture of Piping

Describe design bases and design measures used to ensure that the containment vessel
and all essential equipment inside or outside the containment, including components of
the reactor coolant pressure boundary, have been adequately protected against the effects
of blowdown jet and reactive forces and pipe whip resulting from postulated rupture of piping
located either inside or outside of containment.

C.I.3.6.1  Plant Design for Protection Against Postulated Piping Failures in Fluid Systems
Outside of Containment

Describe the plant design for protection against high- and moderate-energy fluid system piping
failures outside containment to ensure that such failures would not cause the loss of needed
functions of systems important to safety and ensure that the plant could be safely shut down in
the event of such failures:

(1) Identify systems or components important to plant safety or shutdown that are located
proximate to high- or moderate-energy piping systems and that are susceptible to the
consequences of failures of these piping systems:

(a) Relate the identification to predetermined piping failure locations in accordance
with Section C.I.3.6.2.  Provide drawings indicating typical piping runs
with failure points.

(b) Identify those conditions for which operation of the component will not be
precluded.

(c) Indicate the design approach taken to protect the systems and components
identified above.

(2) Provide a listing of high- and moderate-energy lines:

(a) Submit a description of the layout of all piping systems where physical
arrangement of the piping systems provides the required protection.
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(b) Provide a description of the design basis of structures and compartments
used to protect nearby essential systems or components.

(c) Describe the arrangements to ensure the operability of safety features
where neither separation nor protective enclosures are practical.

(3) Describe the failure mode and effects analyses to verify that the consequences
of failures of high- and moderate-energy lines do not affect the ability to safely
shut down the plant:

(a) Identify the locations and types of failures considered (e.g., circumferential
or longitudinal pipe breaks, through-wall cracks, leakage cracks)
and the dynamic effects associated with the failures (e.g., pipe whip,
jet impingement).  The potential effects of secondary missiles should also
be considered.

(b) Explain the assumptions made in the analyses with respect to the following:

• availability of offsite power

• failure of single active components in systems used to mitigate
the consequences of the piping failure

• special provisions applicable to certain dual-purpose systems

• use of available systems to mitigate the consequences of the piping
failure

(c) Describe the effects of piping failures in systems not designated to Seismic
Category I standards on essential systems and components, assuming
concurrent failure of a single active component and a loss of offsite power.

(d) Describe the environmental effects of pipe rupture (e.g., temperature, humidity,
pressure, spray-wetting, flooding), including potential transport of the steam
environment to other rooms or compartments, and the subsequent effects
on the functional performance of essential electrical equipment
and instrumentation.

(e) Describe the effects of postulated failures on habitability of the control room and
access to areas important to safe control of post-accident operations.

C.I.3.6.2  Determination of Rupture Locations and Dynamic Effects Associated with the Postulated
Rupture of Piping

Describe the criteria for determining the location and configuration of postulated breaks
and cracks in high- and moderate-energy piping inside and outside of containment;
the methods used to define the jet thrust reaction at the break or crack location and the jet
impingement loading on adjacent safety-related SSCs; and the design criteria for pipe whip
restraints, jet impingement barriers and shields, and guard pipes:

C.I.3.6.2.1  Criteria Used to Define Break and Crack Location and Configuration
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Provide the criteria used to determine the location and configuration of postulated breaks and
cracks in those high- and moderate-energy piping systems for which separation or enclosure
cannot be achieved.  In the case of containment penetration piping, in addition to the material
requested above, provide details of the containment penetration identifying all process pipe
welds, access for inservice inspection of welds, points of fixity, and points of geometric
discontinuity.  Discuss the implementation of criteria for defining pipe break and crack
locations and configurations.  Provide the resulting number and location of design-basis
breaks and cracks.  Also provide the postulated rupture orientation (such as circumferential
and/or longitudinal break) for each postulated design-basis break location.

C.I.3.6.2.2  Guard Pipe Assembly Design Criteria

Describe the details of protective assemblies or guard pipes to be used for piping penetrations
of containment areas.  (A guard pipe is a device to limit pressurization of the space between
dual barriers of certain containments to acceptable levels.)  Discuss whether such protective
assemblies provide an extension of containment, prevent overpressurization, or both.  Identify
where moment-limiting restraints are used at the extremities or within the protective assembly. 
Provide the design criteria for the process pipe within the protective assembly, flued heads
and bellows expansion joints, and the guard pipe that is used with the assembly.  In addition,
describe the method of providing access and the location of such access openings to permit
periodic examinations of all process pipe welds within the protective assembly, as required by the
plant’s inservice inspection program (refer to Section 5.2.4 for ASME Class 1 systems. and
Section 6.6 for ASME Class 2 and 3 systems).  Discuss the implementation of the design
criteria relating to protective assemblies or guard pipes, including their final design and
arrangement of the access openings that are used to examine all process pipe welds within
such protective assemblies to meet the requirements of the plant’s inservice inspection
program.

C.I.3.6.2.3  Analytical Methods to Define Forcing Functions and Response Models

Describe the analytical methods used to define the forcing functions to be used for the pipe
whip dynamic analyses.  This description should include direction, thrust coefficients, rise
time, magnitude, duration, and initial conditions that adequately represent the jet stream
dynamics and the system pressure differences.  Pipe restraint rebound effects should be
included if appropriate.  Diagrams of typical mathematical models used for the dynamic
response analysis should be provided.  All dynamic amplification factors to be used should be
presented and justified.  Discuss the implementation of the methods used for the pipe whip
dynamic analyses to demonstrate the acceptability of the analysis results, including the jet
thrust and impingement functions and the pipe whip dynamic effects.

C.I.3.6.2.4  Dynamic Analysis Methods to Verify Integrity and Operability

Describe the analytical methods, including the details of jet expansion modeling, that will be
used to evaluate the jet impingement effects and loading effects applicable to nearby SSCs
resulting from postulated pipe breaks and cracks.  In addition, provide the analytical methods
used to verify the integrity and operability of these impacted SSCs under postulated pipe
rupture loads.  In the case of piping systems where pipe whip restraints are included, the
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loading combinations and design criteria for the restraints should be provided along with a
description of the typical restraint configuration to be used.  Discuss the implementation
of the dynamic analysis methods used to verify the integrity and operability of the impacted
SSCs, and to demonstrate the design adequacy of these SSCs to ensure that their
design-intended functions will not be impaired to an unacceptable level of integrity or
operability as a result of pipe whip or jet impingement loading.

C.I.3.6.2.5  Implementation of Criteria Dealing with Special Features

Discuss the implementation of criteria dealing with special features, such as an augmented
inservice inspection program or use of special protective devices (such as pipe whip
restraints).  Include diagrams showing their final configurations, locations, and orientations in
relation to break locations in each piping system.

C.I.3.6.3  Leak-Before-Break Evaluation Procedures

Describe the analyses used to eliminate from the design basis the dynamic effects of certain pipe
ruptures by demonstrating that the probability of pipe rupture is extremely low under
conditions consistent with the design basis for the piping.  Adequate consideration should
be given to direct and indirect pipe failure mechanisms and other degradation sources
that could challenge the integrity of piping:

(1) List the piping systems included in the leak-before-break (LBB) evaluation:

(a) Identify the types of materials and material specifications (including
heat numbers) used for base metal, weldments, nozzles, and safe ends.

(b) Provide the material properties, including the following:

• toughness (J-R curves) and tensile (stress-strain curves) data
at temperatures near the upper range of normal plant operation

• long-term effects attributable to thermal aging

• yield strength and ultimate strength

(c) Identify the welding process/method (e.g.,submerged arc welding)
used in the weld(s).

(2) Discuss the design-basis loads for each piping system:

(a) Provide as-built drawing(s) of pipe geometry (e.g., piping isometric drawings). 
Identify locations of supports and their characteristics (such as gaps). 
Identify the analysis nodal points.

(b) Identify locations and weights of components such as valves.

(c) Discuss snubber reliability, including applicable technical specification
requirements.

(d) Identify the sources (e.g. thermal, deadweight, seismic, and seismic anchor
movement), types (e.g., forces, bending and torsional moments),
and magnitudes of applied loads, and the method of combination.

(3) Provide a deterministic fracture mechanics analysis.  Identify the locations that have the
least favorable combination of stress and material properties for base metal,
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weldments, and safe ends.  Postulate a throughwall leakage flaw at these locations. 
Demonstrate that the leakage flaw has sufficient safety margin with respect to
the critical crack size under various loading combinations.  Demonstrate that leakage
flaw growth would be stable, and the final flaw size would be limited such that
a double-ended pipe break would not occur.

(4) Provide a leak rate evaluation to demonstrate that there is sufficient margin between
the leak rate from the leakage flaw and the detection capability of the leak rate detection
systems.  Demonstrate that the leak rate detection systems are sufficiently reliable,
redundant, and sensitive to provide adequate margin on the detection of unidentified
leakage.  Guidance on acceptable methods for detecting and identifying the location of the
leakage source is provided in Regulatory Guide 1.45, “Reactor Coolant Pressure
Boundary Leakage Detection Systems.”

(5) Provide evaluations demonstrating that degradation by erosion, erosion/corrosion,
and erosion/cavitation attributable to unfavorable flow conditions and water chemistry
are not potential sources of pipe rupture.

(6) Provide a systems evaluation of potential water hammer, demonstrating that pipe
rupture attributable to this mechanism is unlikely in the candidate piping system
throughout the life of the plant.  Identify historical water hammer frequencies, operating
procedures and conditions, and design changes (e.g., J-tubes, vacuum breakers, jockey
pumps) used in the evaluation.

(7) Perform an evaluation of creep and creep-fatigue, and demonstrate that the piping
material is not susceptible to brittle cleavage-type failure over the full range of system
operating temperatures.

(8) Demonstrate the corrosion resistence of the piping under review.  Identify the measures
taken to improve the corrosion resistance of the piping [such as modification
to operating conditions (e.g., water chemistry, flow velocity, operating temperature,
steam quality) and design changes (e.g., replacement piping material)].

(9) Demonstrate that the piping systems under LLB evaluation do not have a history
of fatigue cracking or failure:

(a) Show that the potential for pipe rupture attributable to thermal and mechanical
induced fatigue is unlikely.

(b) Demonstrate that there is adequate mixing of high- and low-temperature fluids
so that there is no potential for significant cyclic thermal stresses.

(c) Show that there is no significant potential for vibration-induced fatigue cracking
or failure.
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(10) Demonstrate that the following indirect failure mechanisms (as defined in the FSAR) are
remote causes of pipe failure:

• seismic events
• system over-pressurizations attributable to accidents resulting from human error
• fires
• flooding causing electrical and mechanical control systems to malfunction
• missiles from equipment
• damage from moving equipment
• failures of SSCs in close proximity to the piping

(11) Describe any inspection programs developed for piping systems that are qualified
for LBB.

(12) Demonstrate that the piping and weld materials are not susceptible to stress corrosion
cracking (such as primary water stress corrosion cracking, intergranular stress
corrosion cracking, and transgranular stress corrosion cracking).
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(10) Demonstrate that the following indirect failure mechanisms (as defined in the FSAR) are
remote causes of pipe failure:

• seismic events
• system over-pressurizations attributable to accidents resulting from human error
• fires
• flooding causing electrical and mechanical control systems to malfunction
• missiles from equipment
• damage from moving equipment
• failures of SSCs in close proximity to the piping

(11) Describe any inspection programs developed for piping systems that are qualified
for LBB.

(12) Demonstrate that the piping and weld materials are not susceptible to stress corrosion
cracking (such as primary water stress corrosion cracking, intergranular stress
corrosion cracking, and transgranular stress corrosion cracking).
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