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APPENDIX A
CONFORMANCE TO AEC PROPOSED GENERAL DESIGN CRITERIA

This appendix presents the interpretations, discussions, and conclusions on how
the design of the Browns Ferry Nuclear Plant conformed to the AEC proposed
general design criteria of draft 27 criteria and draft 70 criteria current at the time of
the Browns Ferry design.  It was retained for historical records.

The numbering of specific criteria and criteria groups mentioned in this discussion
is from the draft 70 criteria2 and will differ in some cases from the criteria and group
numbering of 10 CFR 50 Appendix A.

A.1 SUMMARY DESCRIPTION

During the construction permit licensing process, each of the three units of this
plant was evaluated against the then-current draft of the AEC Proposed General
Design Criteria.  Units 1 and 2 were evaluated against the 27 Criteria,1 while Unit 3
was evaluated against the 70 Criteria.2  Although neither version of these proposed
criteria had been adopted as regulatory requirements, the design, material
procurement, and fabrication of each reactor unit was responsive to the respective
applicable criteria for a construction permit.  Although the later criteria (AEC-70) did
not wholly complement the earlier (AEC-27), and also contained many aspects
which could have been modified or clarified before their formal adoption, the design
bases of each unit of this plant were reevaluated (at the time of initial FSAR
preparation) against the draft of the 70 criteria current at the time of operating
license application.

The design basis of each of the three units were evaluated against each of the nine
groups of the proposed criteria.  In each group a statement of the current
interpretation of the intent of the criteria is made, with a discussion of the plant
design conformance to this interpretation.  A complete list of references follows
each group interpretation to show where this information related to each criterion is
found in the Safety Analysis Report.

Based on the understanding of the intent of the proposed criteria current at the time
of operating license application, it was concluded that each unit of this plant
conforms with the intent of the AEC General Design Criteria for Nuclear Power
Plant Construction Permits.

                                           
1

Comment Draft of 27 General Design Criteria for Nuclear Power Plants, November 22, 1965.
2
 Comment Draft of 70 General Design Criteria for Nuclear Power Plant Construction Permits, July

10, 1967.
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A.2 CRITERION CONFORMANCE

A.2.1 Group I - Overall Plant Requirements (Criteria 1-5)

Interpretation and Conclusion:  The proposed criteria of this group are intended to
require that quality control and assurance programs be identified, recorded, and
justified in terms of their adequacy.  The proposed criteria are intended to apply to
the design, fabrication, erection, and performance requirements of the reactor
facility's essential components and systems to ensure there is protection against
environmental phenomena.  In addition to protection of the essential and shared
components and systems, the proposed criteria are also intended to provide the fire
and explosion protection criteria for all equipment.

It was concluded the design of the plant is in conformance with the criteria of
Group I based on the above interpretation of the intent of these criteria.

Discussion:  The plant consists of three BWR reactor units of essentially identical
design.  The shared systems and components are identified, and analyses are
provided to show that safety is uncompromised as a result of the sharing (Criteria
4).  The essential components and systems were designed, fabricated, and erected
to perform in accordance with specified quality standards and applicable codes and
regulations.  These components, systems, codes, and standards have been
identified (Criteria 1) in the report, and specific reference section numbers are
included in the reference list.  Moreover, in further accordance with Criterion 1, a
quality assurance program was established to assure compliance with quality
control specifications and procedures.  These programs with applicable tests and
inspections have been identified and specific section references are included in the
reference list.  In planning and executing the quality assurance programs, particular
attention was given to their application to those systems, components, and
structures which are important to safety.  The plant equipment which is important to
safety was designed to permit safe plant operation and to accommodate all design
basis accidents without loss of capability for the appropriate environmental
phenomena at the site (Criteria 2).  The environmental resistance capability of
these designs was based on the relevant site historical data, with suitable margin
allowances for uncertainties.  Further design provisions are included to minimize
the occurrence of fire, explosions, and their effects, through the use of
noncombustible and fire-resistant materials throughout the plant (Criteria 3).
Records of design, fabrication, and construction of the essential components of this
plant needed to comply with Criteria 5, are to be stored or maintained either under
the applicant's control, or available to the applicant for inspection.

References to applicable sections of the FSAR are given in Table A.0-1 for the
individual criteria of Group I.
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A.2.2 Group II - Protection by Multiple Fission Product Barriers (Criteria 6-10)

Interpretation and Conclusion:  The proposed criteria in this group are intended to
assure that, through proper design, each reactor unit has been provided with
multiple barriers against the release of fission products to the environs.  Further,
these criteria are intended to assure that these barriers remain intact during all
operational transients caused by a single operator error or equipment malfunction,
and that the proper barriers are available for the design basis accidents.

It was concluded the design of the plant is in conformance with the criteria of Group
II based on the above interpretation of the intent of these criteria.

Discussion:  The plant containment barriers are the basic features which minimize
the release of radioactive materials.  The design provides six means of containing
and/or mitigating the release of fission products:  (1) the fuel barrier, consisting of
high density ceramic UO2 fuel sealed in high integrity Zircaloy cladding, (2) the
nuclear system process barrier, consisting of the vessels, pipes, pumps, tubes, and
similar process components which contain the steam, water, gases, and radioactive
materials coming from, going to, or in communication with the reactor core, (3) the
drywell-pressure suppression chamber (one for each reactor unit) primary
containment, (4) the Reactor Building (secondary containment), (5) the reactor
building Standby Gas Treatment System, which utilizes high efficiency absolute and
charcoal filters, and (6) the elevated release point.

The primary containment system is designed, fabricated, and erected to
accommodate without failure the pressures and temperatures resulting from, or
subsequent to, the double-ended rupture or equivalent failure of any coolant pipe
within the primary containment.  The reactor building, encompassing the three
individual primary containment systems, provides secondary containment when the
respective primary containment is closed and in service.  The reactor building
further provides the primary containment function when any or all individual drywells
are open.  The two containment systems in combination with associated engineered
safeguards are designed and maintained (Criteria 10) so that offsite doses resulting
from postulated design basis accidents are below the reference values stated in 10
CFR 100.  The reactor core design, in combination with the plant equipment
characteristics and nuclear safety systems, is based on providing margins to ensure
that fuel damage does not occur during normal operation or as a result of abnormal
operational transients (Criteria 6 and 7).  The reactor is designed so that the overall
power coefficient (Criterion 8) in the power-operating range is not positive.

The reactor coolant system is designed to carry its dead weight and specified live
loads (Criterion 9) separately or concurrently, e.g., pressure, temperature, and
vibrations, with the concurrent seismic loads prescribed for the plant location.
Provisions are made to control or shut down the reactor coolant system in the event
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of malfunction of operating equipment or coolant leakage from the system.  The
reactor vessel and support structures are designed, within the limits of applicable
criteria for low probability accident conditions, to withstand the forces that would be
created by a full area-flow from any vessel nozzle to the containment atmosphere,
with the reactor vessel at design pressure concurrent with the plant design basis
earthquake loads.

References to the applicable sections of the FSAR are given in Table A.0-2 for the
individual criteria of Group II.

A.2.3 Group III - Nuclear and Radiation Controls (Criteria 11-18)

Interpretation and Conclusion:  This proposed group of criteria is intended to
identify and define the instrumentation and control systems necessary to maintain
the plant in a safe operational status.  Further, this group of criteria is intended to
define the radiation shielding and to define monitoring and fission process controls
necessary to effectively sense abnormal conditions and initiate the engineered
safety features.

It was concluded the design of the plant is in conformance with the criteria of Group
III based on the above interpretation of the intent of these criteria.

Discussion:  The plant is provided with an independent control room for reactor Unit
3, and a common control room for Units 1 and 2.  These control rooms have
adequate shielding, fire protection, air-conditioning, and access facilities to permit
continuous occupancy under 10 CFR 20 dose limits during all design basis accident
conditions.  Although it should be highly unlikely to evacuate the control rooms, the
plant design does not preclude the capability to bring any unit to a safe, cold
shutdown from outside its respective control room (Criterion 11).  The controls,
instrumentation, and alarms necessary for safe and orderly operation of each unit
are located in each of the respective control rooms.  Included in these controls in
each control room are control rod position indication, reactor core heat removal
system controls, and the reactor coolant system leakage detection instrumentation
(Criteria 11, 13, 16), which aid in monitoring the status and continuity of the heat
generation and heat removal processes.

Reactor core performance and power levels are continuously monitored by the
respective nuclear instrumentation system for each reactor unit (Criterion 13).  The
nuclear safety and engineered safeguards systems are mutually exclusive systems
to each reactor unit, and these systems are independent of the plant process
control systems.  Moreover, the safety and safeguards systems override all other
controls to initiate the required safety actions whenever operating conditions
approach pre-established limits (Criteria 12, 13, 14, 15).  Plant radiation and
process monitoring systems are provided to monitor the significant process
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parameters and the plant environmental effluents.  These systems provide alarms
and signals to permit appropriate corrective actions (Criterion 17, 18).

References to the applicable sections of the FSAR are given in Table A.0-3 for the
individual criteria of Group III.

A.2.4 Group IV - Reliability and Testability of Protection System (Criteria 19-26)

Interpretation and Conclusion:  This proposed group of criteria is intended to
identify and establish requirements for the functional reliability, inservice testability,
redundancy, physical and electrical independence and separation.  Further, this
group is intended to establish a fail-safe design philosophy for the systems
essential to the reactor protection functions: scram, isolation, and core standby
cooling.

It was concluded the design of the plant is in conformance with the criteria of Group
IV based on the above interpretation of the intent of these criteria.

Discussion:  The systems which initiate scram, isolation, and core standby cooling
actions are designed to automatically override normal operational controls
whenever the conditions monitored by these systems exceed preestablished limits
(Criterion 22).  Each of the protection function actions is initiated by a variety of
sensed conditions.  A dual channel protection system, with complete redundancy in
each channel, permits component failure or removal of channel components for
maintenance or testing with no loss of protection (Criterion 20).  Active components
in the protection system and redundant subsystems can be tested or removed from
service during reactor operation without compromising the protection function, even
in the event of a subsequent single failure (Criteria 19, 20, 21, 25).  A failure of any
one reactor protection system input or subsystem will cause a tripped condition in
one of the two protection channels; a subsequent trip signal, or a tripped condition
on both channels, will initiate the protective function (Criterion 26).

Sensors and electrical circuits necessary to the functioning of the protection
systems are physically and electrically separated to prevent any single event from
compromising the protection function (Criteria 23, 24).  Electrical power is supplied
from independent redundant sources (Criterion 24):  loss of all offsite power cannot
prevent the reactor protection system from functioning, if required.

References to the applicable sections of the FSAR are given in Table A.0-4 for the
individual criteria of Group IV.
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A.2.5 Group V - Reactivity Control (Criteria 27-32)

Interpretation and Conclusion:  This proposed group of criteria is intended to
establish the reactor core reactivity insertion and withdrawal rate limitations, and
establish the means to control plant operations within these limits.

It was concluded the design of the plant is in conformance with the criteria of Group
V based on the above interpretation of the intent of these criteria.

Discussion:  Each reactor unit contains two, independent, different principle
reactivity control systems.  Control of reactivity is operationally provided by a
combination of movable control rods, burnable poison and 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 fuel damage limits during either
normal operation or any operational transients.  A Standby Liquid Control System is
provided as an independent backup shutdown system to cover emergencies of the
operational reactivity control system.  This system is designed to shut down the
reactor from rated power and to maintain the reactor in a shutdown condition as the
reactor cools (Criteria 27, 28).

Each reactor core is designed to have:  (a) a reactivity response which regulates or
damps changes in power level and spatial distributions of power production to a
level consistent with safe and efficient operation, (b) a negative reactivity feedback
consistent with the requirements of overall nuclear-hydrodynamic stability, and (c) a
strong negative reactivity feedback under severe power transient conditions
(Criteria 27, 31).  The reactivity control system is designed to provide sufficient
reactivity compensation under conditions of normal operation to make the reactor
always subcritical from its most reactive condition, and means are provided for
continuous regulation of the reactor core excess reactivity and reactivity distribution
(Criteria 29, 30).  This system is also designed to be capable of compensating for
positive and negative reactivity changes resulting from nuclear coefficients, fuel
depletion, and fission product transients and buildup.  The system design limits
control rod worths and the rate at which reactivity can be added.  These design
limits assure that the design basis reactivity accident is not capable of damaging
the reactor coolant system, disrupting the reactor core, core support structures, or
other vessel internals sufficiently to impair the Core Standby Cooling System
effectiveness.  Acceptable fuel damage limits will not be exceeded for any reactivity
transient resulting from a single equipment malfunction or operator error (Criteria
29, 31, 32). Control of reactivity is provided by a combination of control rod
movement and burnable poison to accommodate fuel burnup and long-term
reactivity changes.



BFN-18

A.0-7

References to the applicable sections of the FSAR are given in Table A.0-5 for the
individual criteria of Group V.

A.2.6 Group VI - Reactor Coolant Pressure Boundary (Criteria 33-36)

Interpretation and Conclusion:  This proposed group of criteria is intended to
establish the design requirements for the reactor coolant pressure boundary,3 and
to identify the means to satisfy these design requirements.

Some of the individual criteria in this group have changed significantly since the
initial publication of the respective criteria as part of the 27 General Design Criteria
for Nuclear Power Plants.  These changes, however, have been ones of detail
rather than criteria intent.  Although the material procurement orders for Units 1 and
2 were placed using the applicable 27 General Design Criteria as a guide, it was
concluded that the design of all three units of the plant conforms with the intent of
the criteria of Group VI from the draft 70 General Design Criteria.

Discussion:  The inherent safety features of the reactor core design, in combination
with certain engineered safety features and the reactivity control system, limit the
consequences of the most severe potential nuclear excursion which could result
from a design basis rod drop accident.  These consequences are limited to prevent
either motion or rupture-caused damage to the reactor coolant pressure boundary
(Criterion 33).  The ASME and USASI Codes are used as the established and
acceptable criteria for design, fabrication, and operation of components of the
reactor coolant pressure boundary.  The reactor coolant pressure boundary is
designed and fabricated (Criterion 34) as a minimum to meet the following codes:

1. Reactor Vessel - ASME Boiler and Pressure Vessel Code, Section III Nuclear
Vessels, Subsection A, 1965 edition.

2. Pumps - ASME Boiler and Pressure Vessel Code, Section III, Nuclear
Vessels, Subsection C, 1965 edition.

3. Piping and Valves - USAS-B-31.1, Code for Pressure Power Piping, 1967
edition.

The brittle fracture failure mode of the nuclear system primary barrier components is
prevented by control of the notch toughness properties of the ferritic components.
This control is exercised in the selection of materials, fabrication of equipment and
the components, and by limiting radiation below levels which affect NDT.  In the
design, appropriate consideration is given to the different notch toughness

                                           
3
 The reactor coolant pressure boundary is called the “Nuclear System Primary Barrier” in the

FSAR.  See “Definitions,” Subsection 1.2.
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requirements of each of the various ferritic steel forms, including weld and
heat-affected zones.  In this way, brittle fracture is prevented under all potential
service loading temperatures.  A temperature-based rule was used, with
modifications drawn from fracture mechanics technology, to establish the
requirements for brittle fracture prevention.  This approach, which is generally
accepted by materials specialists, establishes brittle fracture prevention
requirements.  These requirements are less stringent in terms of NDT requirements
for thin section materials, than for thick sections.  In contrast to the first draft of
Criterion 35, which treated all sections as thick sections, the recognition of NDT
margin requirements which vary with section thickness provides a uniform
assurance of brittle fracture-prevention from thin through thick sections.

The reactor coolant system is given a final hydrostatic test at 1560 psig in
accordance with code requirements prior to initial reactor startup.  A hydrostatic
test, not to exceed system operating pressure, is made on the reactor coolant
system following each removal and replacement of the reactor vessel head.  The
system is checked for leaks, and abnormal conditions are corrected before reactor
startup.  The minimum vessel temperature during hydrostatic test shall be at least
60 F above the calculated NDT temperature prior to pressurizing the vessel.
Extensive quality control and assurance programs are also followed during the
entire fabrication of the reactor coolant system (Criterion 36).  Vessel material
surveillance samples are used to enable periodic monitoring of material properties
with exposure.  The program includes specimens of the base metal, heat-affected
zone metal, and standard specimens.  Leakage from the reactor coolant system is
monitored during reactor operation (Criterion 36).

References to the applicable sections of the FSAR are given in Table A.0-6 for the
individual criteria of Group VI.

A.2.7 Group VII - Engineered Safety Features (Criteria 37-65)

Interpretation and Conclusion:  This proposed group of criteria is intended to:  (1)
identify the nuclear safety systems and engineered safeguards, (2) examine each
one for independency, redundancy, capability, testability, inspectibility, and
reliability, (3) determine the suitability of each for its intended duty, and (4) justify
that each safety feature's capability scope encompasses all the anticipated and
credible phenomena associated with the operational transients or design basis
accidents.

It was concluded the design of the plant is in conformance with the criteria of Group
VII based on the above interpretation of the intent of these criteria.

Discussion:  The normal plant control systems maintain plant variables within
operating limits.  These systems are thoroughly engineered and backed up by a
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significant amount of experience in system design and operation.  Even if an
improbable maloperation or equipment failure (including a nuclear system process
barrier break, up to and including a double-ended circumferential rupture of any
pipe in that barrier) allowed variables to exceed their safeguards limit the effects to
values well below those which are of public safety concern.  These engineered
safety features include those systems which are essential to the scram, isolation,
and core standby cooling functions (Criterion 37).  The capacity of the standby
power sources are adequate to accomplish all required safety functions under
postulated design basis accident conditions (Criterion 39).  The engineered safety
features are designed to provide high reliability and ready testability.  Specific
provisions are made in each system to demonstrate operability and performance
capabilities (Criterion 38).  The components, which are required to function after
design basis accidents or abnormal operational transients, are designed to
withstand the most severe forces and environmental effects, including missiles from
plant equipment failures, without impairment of their performance capability (Criteria
40, 42, 43).  The Core Standby Cooling Systems (CSCS) are designed to prevent
excessive fuel cladding temperatures over the entire spectrum of postulated design
basis reactor primary system breaks.  Such capability is available concurrently with
the loss of all offsite AC power.  The CSCS themselves are designed to various
levels of component redundancy to prevent a single active component failure, in
addition to the accident, from negating the required core cooling capability (Criteria
41, 44).  To assure that the CSCS will function properly, specific provisions have
been made for testing the sequential operability and functional performance of each
individual system (Criteria 46, 47, 48).  Design provisions have also been made to
enable physical and visual inspection of the CSCS components (Criterion 45).  The
primary containment structure, including access openings and penetrations, is
designed to withstand the peak accident pressure and temperatures which could
occur during the postulated design basis loss-of-coolant accident.  The containment
design includes considerable allowance for energy and noncondensible gas
additions from metal-water or other chemical reactions beyond those which could
occur during the accident (Criterion 49).  Provisions are made for the removal of
heat from within the primary containment for as long as necessary to maintain the
integrity of the containment following the various postulated design basis accidents.
The integrity of the complete containment, in combination with other safety features,
is designed and maintained so that the offsite doses resulting from postulated
design basis accidents are below the guideline values stated in 10 CFR 100
(Criteria 50, 51, 54).  Pipes or ducts which penetrate the primary containment and
which connect to the primary system or are open to the drywell are provided with at
least two isolation valves in series (Criterion 53).  The plant design allows leak rate
testing of the primary containment system (Criteria 54, 55).  Provisions are also
made for demonstrating the functional performance of containment system isolation
valves and leak testing of selected penetrations (Criteria 56, 57).  The pressure
suppression concept and the containment spray cooling system provide two
different means to rapidly condense the steam portion of the flow from the
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postulated design basis loss-of-coolant accident; the peak transient containment
pressure would be substantially less than the primary containment design pressure
(Criterion 52).  The capability to test the functional performance and inspect the
containment spray cooling system is provided (Criteria 58, 59, 60, 61).  The
Standby Gas Treatment System can be tested periodically for system performance
using tracer injection and sampling (Criteria 64).  This system may be physically
inspected and its operability demonstrated (Criteria 62, 63, 65).

References to the applicable sections of the FSAR are given in Table A.0-7 for the
individual criteria of Group VII.

A.2.8 Group VIII - Fuel and Waste Storage System (Criteria 66-69)

Interpretation and Conclusion:  This proposed group of criteria is intended to
establish safe fuel and waste storage systems and to identify the means used to
satisfy these requirements.

It was concluded the design of the plant is in conformance with the criteria of Group
VIII based on the above interpretation of the intent of these criteria.

Discussion:  Appropriate plant fuel handling and storage facilities are provided to
preclude accidental criticality and to provide sufficient cooling for spent fuel (Criteria
66, 67).  The new-fuel storage vault racks (located inside the secondary
containment reactor building) are top entry, and are designed to prevent an
accidental critical array even in the event the vault becomes flooded.  Vault
drainage is provided to prevent possible water collection (Criterion 66).  The
handling and storage of irradiated fuel, which takes place entirely within the reactor
building (the secondary containment system), is done in the spent fuel storage pool.
The pool has provisions to maintain water clarity, temperature control and
instrumentation to monitor water level.  Water depth in the pool provides sufficient
shielding for normal reactor building occupancy (10 CFR 20) by operating
personnel.  The spent-fuel racks are designed and arranged to ensure subcriticality
in the storage pool (Criteria 66, 67, 68, 69).  The Fuel Pool Cooling and Cleanup
System is designed to maintain the pool water temperature, control water clarity,
and reduce water radioactivity (Criteria 66, 67, 68).  Accessible portions of the
reactor and radwaste buildings have sufficient shielding to maintain dose rates
within 10 CFR 20 (Criterion 68); the radwaste building is designed to preclude
accidental release of radioactive materials to the environs (Criterion 68).

References to the applicable sections of the FSAR are given in Table A.0-8 for the
individual criteria of Group VIII.
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A.2.9 Group IX - Plant Effluents (Criterion 70)

Interpretation and Conclusion:  The proposed criterion of this group is intended to
establish plant effluent release limits and to identify the means of controlling the
releases within these limits.

It was concluded the design of this plant is in conformance with the criterion of
Group IX based on the above interpretation of the intent of the criterion.

Discussion:  The plant radioactive waste control systems, which include the liquid,
gaseous, and solid radwaste systems, are designed to limit the offsite radiation
exposure to levels below doses set forth in 10 CFR 20.  The plant engineered
safeguards, including the containment barriers, are designed to limit the offsite dose
under various postulated design basis accidents to levels significantly below 10
CFR 100 reference values.  The air ejector offgas system is designed with sufficient
holdup retention capacity so that during normal plant operation the controlled
release of radioactive materials does not exceed the established release limits at
the elevated plant stack (Criterion 70).

References to the applicable sections of the FSAR are given in Table A.0-9 for the
Group IX criterion.
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ATOMIC ENERGY COMMISSION

[10 CFR PART 50]

LICENSING OF PRODUCTION AND UTILIZATION FACILITIES

General Design Criteria
for Nuclear Power Plant Construction Permits1

The Atomic Energy Commission has under consideration an amendment to its
regulation, 10 CFR Part 50, "Licensing of Production and Utilization Facilities,"
which would add an Appendix A, "General Design Criteria for Nuclear Power Plant
Construction Permits."  The purpose of the proposed amendment would be to
provide guidance to applicants in developing the principal design criteria to be
included in applications for Commission construction permits.  These General
Design Criteria would not add any new requirements, but are intended to describe
more clearly present Commission requirements to assist applicants in preparing
applications.

The proposed amendment would complement other proposed amendments to Part
50 which were published for public comment in the FEDERAL REGISTER on
August 16, 1966 (31 F.R. 10891).

The proposed amendments to Part 50 reflect a recommendation made by a
seven-member Regulatory Review Panel, appointed by the Commission to study:
(1) the programs and procedures for the licensing and regulation of reactors and (2)
the decision-making process in the Commission's regulatory program.  The Panel's
report recommended the development, particularly at the construction permit stage
of a licensing proceeding, of design criteria for nuclear power plants.  Work on the
development of such criteria had been in process at the time of the Panel's study.

As a result, preliminary proposed criteria for the design of nuclear power plants
were discussed with the Commission's Advisory Committee on Reactor Safeguards
and were informally distributed for public comment in Commission Press Release
H-252 dated November 22, 1965.  In developing the proposed criteria set forth in
the proposed amendments to Part 50, the Commission has taken into consideration
comments and suggestions from the Advisory Committee on Reactor Safeguards,
from members of industry and from the public.

                                           
1
 Inasmuch as the Commission has under consideration other  amendments to 10 CFR Part 50 (31

F.R. 10891), the amendment proposed herein would be a further revision to Part 50
 previously published for comment in the FEDERAL REGISTER.
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Section 50.34, paragraph (b), as published for comment in the FEDERAL
REGISTER on August 16, 1966, would require that each application for a
construction permit include a preliminary safety analysis report.  The minimum
information to be included in this preliminary safety analysis report is (1) a
description and safety assessment of the site, (2) a summary description of the
facility, (3) a preliminary design of the facility, (4) a preliminary safety analysis and
evaluation of the facility, (5) an identification of subjects expected to be technical
specification, and (6) a preliminary plan for the organization, training, and
operation.  The following information is specified for inclusion as part of the
preliminary design of the facility:

"(i) The principal design criteria for the facility;

(ii) The design bases and the relation of the design bases to the principal
design criteria;

(iii) Information relative to materials of construction, general arrangement
and approximate dimensions, sufficient to provide reasonable
assurance that the final design will conform to the design bases with
adequate margin for safety;"

The "General Design Criteria for Nuclear Power Plant Construction Permits"
proposed to be included as Appendix A to this part are intended to aid the applicant
in development item (i) above, the principal design criteria.  All criteria established
by an applicant and accepted by the Commission would be incorporated by
reference in the construction permit.  In considering the issuance of an operating
license under the regulations, the Commission would assure that the criteria has
been met in the detailed design and construction of the facility or that changes in
such criteria have been justified.

Section 50.34 as published in the FEDERAL REGISTER on August 16, 1966, would
be further amended by adding to Part 50 a new Appendix A containing the General
Design Criteria applicable to the construction of nuclear power plants and by a
specific reference to this Appendix in  50.34, paragraph (b).

The Commission expects that the provisions of the proposed amendments relating
to General Design Criteria for Nuclear Power Plant Construction Permits will be
useful as interim guidance until such time as the Commission takes further action
on them.

Pursuant to the Atomic Energy Act of 1954, as amended, and the Administrative
Procedure Act of 1946, as amended, notice is hereby given that adoption of the
following amendments to 10 CFR Part 50 is contemplated.  All interested persons
who desire to submit written comments or suggestions in connection with the
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proposed amendments should send them to the Secretary, United States Atomic
Energy Commission, Washington, D. C., 20545, within 60 days after publication of
this notice in the FEDERAL REGISTER.  Comments received after that period will
be considered if it is practicable to do so, but assurance of consideration cannot be
given except as to comments filed within the period specified.  Copies of comments
may be examined in the Commission's Public Document Room at 1717 H Street,
N.W., Washington, D. C.

1. §50.34(b)(3)(i) of 10 CFR Part 50 is amended to read as follows:  §50.34
Contents of applications; technical information safety analysis report.2

         * *        *         *       *

(b) Each application for a construction permit shall include a preliminary
safety analysis report.  The report shall cover all pertinent subjects
specified in paragraph (a) of this section as fully as available
information permits.  The minimum information to be included shall
consist of the following:

 *         * * * *

2. A new Appendix A is added to read as follows:

* * * * *

(3) The preliminary design of the facility, including:

(i) The principal design criteria for the facility.  Appendix A, "General
Design Criteria for Nuclear Power Plant Construction Permits," provides
guidance for establishing the principal design criteria for nuclear power
plants.

                                           
2
 Inasmuch as the Commission has under consideration other amendments to §50.34 (31 F.R.

10891), the amendment proposed herein would be a further revision of 50.34(b)(3)(i)
 previously published for comment in the FEDERAL REGISTER.



BFN-18

A.0-15

APPENDIX A

GENERAL DESIGN CRITERIA FOR
NUCLEAR POWER PLANT CONSTRUCTION PERMITS3
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3
 Inasmuch as the Commission has under consideration other amendments to 10 CFR Part 50 (31

F.R. 10891), the amendment proposed herein would be a further revision to Part 50
 previously published for comment in the FEDERAL REGISTER.
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Appendix A

INTRODUCTION

Every applicant for a construction permit is required by the provisions of §50.34 to
include the principal design criteria for the proposed facility in the application.
These General Design Criteria are intended to be used as guidance in establishing
the principal design criteria for a nuclear power plant.  The General Design Criteria
reflect the predominating experience with water power reactors as designed and
located to date, but their applicability is not limited to these reactors.

They are considered generally applicable to all power reactors.

Under the Commission's regulations, an applicant must provide assurance that its
principal design criteria encompass all those facility design features required in the
interest of public health and safety.  There may be some power reactor cases for
which fulfillment of some of the General Design Criteria may not be necessary or
appropriate.  There will be other cases in which these criteria are insufficient, and
additional criteria must be identified and satisfied by the design in the interest of
public safety.  It is expected that additional criteria will be needed particularly for
unusual sites and environmental conditions, and for new and advanced types of
reactors.  Within this context, the General Design Criteria should be used as a
reference allowing additions or deletions as an individual case may warrant.
Departures from the General Design Criteria should be justified.  The criteria are
designated as "General Design Criteria for Nuclear Power Plant Construction
Permits" to emphasize the key role they assume at this stage of the licensing
process.  The criteria have been categorized as Category A or Category B.
Experience has shown that more definitive information is needed at the construction
permit stage for the items listed in Category A than for these in Category B.

I.  OVERALL PLANT REQUIREMENTS

CRITERION 1 - QUALITY STANDARDS (Category A)

Those systems and components of reactor facilities which are essential to the
prevention of accidents which could affect the public health and safety or to
mitigation of their consequences shall be identified and then designed, fabricated,
and erected to quality standards that reflect the importance of the safety function to
be performed.  Where generally recognized codes or standards on design,
materials, fabrication, and inspection are used, they shall be identified.  Where
adherence to such codes or standards does not suffice to assure a quality product
in keeping with the safety function, they shall be supplemented or modified as
necessary.  Quality assurance programs, test procedures, and inspection
acceptance levels to be used shall be identified.  A showing of sufficiency and
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applicability of codes, standards, quality assurance programs, test procedures, and
inspection acceptance levels used is required.

CRITERION 2 - PERFORMANCE STANDARDS (Category A)

Those systems and components of reactor facilities which are essential to the
prevention of accidents which could affect the public health and safety or to
mitigation of their consequences shall be designed, fabricated, and erected to
performance standards that will enable the facility to withstand, without loss of the
capability to protect the public, the additional forces that might be imposed by
natural phenomena such as earthquakes, tornadoes, flooding conditions, winds,
ice, and other local site effects.  The design bases so established shall reflect: (a)
appropriate consideration of the most severe of these natural phenomena that have
been recorded for the site and the surrounding area and (b) an appropriate margin
for withstanding forces greater than those recorded to reflect uncertainties about
the historical data and their suitability as a basis for design.

CRITERION 3 - FIRE PROTECTION (Category A)

The reactor facility shall be designed (1) to minimize the probability of events such
as fires and explosions and (2) to minimize the potential effects of such events to
safety.  Noncombustible and fire resistant materials shall be used whenever
practical throughout the facility, particularly in areas containing critical portions of
the facility such as containment, control room, and components of engineered
safety features.

CRITERION 4 - SHARING OF SYSTEMS (Category A)

Reactor facilities shall not share systems or components unless it is shown safety is
not impaired by the sharing.

CRITERION 5 - RECORDS REQUIREMENTS (Category A)

Records of the design, fabrication, and construction of essential components of the
plant shall be maintained by the reactor operator or under its control throughout the
life of the reactor.

II.  PROTECTION BY MULTIPLE FISSION PRODUCT BARRIERS

CRITERION 6 - REACTOR CORE DESIGN (Category A)

The reactor core shall be designed to function throughout its design lifetime, without
exceeding acceptable fuel damage limits which have been stipulated and justified.
The core design, together with reliable process and decay heat removal systems,
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shall provide for this capability under all expected conditions of normal operation
with appropriate margins for uncertainties and for transient situations which can be
anticipated, including the effects of the loss of power to recirculation pumps, tripping
out of a turbine generator set, isolation of the reactor from its primary heat sink, and
loss of all offsite power.

CRITERION 7 - SUPPRESSION OF POWER OSCILLATIONS (Category B)

The core design, together with reliable controls, shall ensure that power oscillations
which could cause damage in excess of acceptable fuel damage limits are not
possible or can be readily suppressed.

CRITERION 8 - OVERALL POWER COEFFICIENT (Category B)

The reactor shall be designed so that the overall power coefficient in the power
operating range shall not be positive.

CRITERION 9 - REACTOR COOLANT PRESSURE BOUNDARY (Category A)

The reactor coolant pressure boundary shall be designed and constructed so as to
have an exceedingly low probability of gross rupture or significant leakage
throughout its design lifetime.

CRITERION 10 - CONTAINMENT (Category A)

Containment shall be provided.  The containment structure shall be designed to
sustain the initial effects of gross equipment failures, such as a large coolant
boundary break, without loss of required integrity and, together with other
engineered safety features as may be necessary, to retain for as long as the
situation requires the functional capability to protect the public.

III.  NUCLEAR AND RADIATION CONTROLS

CRITERION 11 - CONTROL ROOM (Category B)

The facility shall be provided with a control room from which actions to maintain
safe operational status of the plant can be controlled.  Adequate radiation
protection shall be provided to permit access, even under accident conditions, to
equipment in the control room or other areas as necessary to shut down and
maintain safe control of the facility without radiation exposure of personnel in
excess of 10 CFR 20 limits.  It shall be possible to shut the reactor down and
maintain it in a safe condition if access to the control room is lost due to fire or other
cause.
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CRITERION 12 - INSTRUMENTATION AND CONTROL SYSTEMS
(Category B)

Instrumentation and controls shall be provided as required to monitor and maintain
variables within prescribed operating ranges.

CRITERION 13 - FISSION PROCESS MONITORS AND CONTROLS
(Category B)

Means shall be provided for monitoring and maintaining control over the fission
process throughout core life and for all conditions that can reasonably be
anticipated to cause variations in reactivity of the core, such as indication of
position of control rods and concentration of soluble reactivity control poisons.

CRITERION 14 - CORE PROTECTION SYSTEMS (Category B)

Core protection systems, together with associated equipment, shall be designed to
act automatically to prevent or to suppress conditions that could result in exceeding
acceptable fuel damage limits.

CRITERION 15 - ENGINEERED SAFETY FEATURES PROTECTION SYSTEMS
(Category B)

Protection systems shall be provided for sensing accident situations and initiating
the operation of necessary engineered safety features.

CRITERION 16 - MONITORING REACTOR COOLANT PRESSURE BOUNDARY
(Category B)

Means shall be provided for monitoring the reactor coolant pressures boundary to
detect leakage.

CRITERION 17 - MONITORING RADIOACTIVITY RELEASES (Category B)

Means shall be provided for monitoring the containment atmosphere, the facility
effluent discharge paths, and the facility environs for radioactivity that could be
released from normal operations, from anticipated transients, and from accident
conditions.

CRITERION 18 - MONITORING FUEL AND WASTE STORAGE (Category B)

Monitoring and alarm instrumentation shall be provided for fuel and waste storage
and handling areas for conditions that might contribute to loss of continuity in decay
heat removal and to radiation exposures.
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IV.  RELIABILITY AND TESTABILITY OF PROTECTION SYSTEMS

CRITERION 19 - PROTECTION SYSTEMS RELIABILITY (Category B)

Protection systems shall be designed for high functional reliability and in-service
testability commensurate with the safety functions to be performed.

CRITERION 20 - PROTECTION SYSTEMS REDUNDANCY AND INDEPENDENCE
(Category B)

Redundancy and independence designed into protection systems shall be sufficient
to assure that no single failure or removal from service of any component or
channel of a system will result in loss of the protection function.  The redundancy
provided shall include, as a minimum, two channels of protection for each protection
function to be served.  Different principles shall be used where necessary to
achieve true independence of redundant instrumentation components.

CRITERION 21 - SINGLE FAILURE DEFINITION (Category B)

Multiple failures resulting from a single event shall be treated as a single failure.

CRITERION 22 - SEPARATION OF PROTECTION AND CONTROL
INSTRUMENTATION SYSTEMS (Category B)

Protection systems shall be separated from control instrumentation systems to the
extent that failure or removal from service of any control instrumentation system
component or channel, or of those common to control instrumentation and
protection circuitry, leaves intact a system satisfying all requirements for the
protection channels.

CRITERION 23 - PROTECTION AGAINST MULTIPLE DISABILITY FOR
PROTECTION SYSTEMS (Category B)

The effects of adverse conditions to which redundant channels or protection
systems might be exposed in common, either under normal conditions or those of a
accident, shall not result in loss of the protection function.

CRITERION 24 - EMERGENCY POWER FOR PROTECTION SYSTEMS
(Category B)

In the event of loss of all offsite power, sufficient alternate sources of power shall be
provided to permit the required functioning of the protection systems.
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CRITERION 25 - DEMONSTRATION OF FUNCTIONAL OPERABILITY OF
PROTECTION SYSTEMS (Category B)

Means shall be included for testing protection systems while the reactor is in
operation to demonstrate that no failure or loss of redundancy has occurred.

CRITERION 26 - PROTECTION SYSTEMS FAIL-SAFE DESIGN
(Category B)

The protection systems shall be designed to fail into a safe state or into a state
established as tolerable on a defined basis if conditions such as disconnection of
the system, loss of energy (e.g., electric power, instrument air), or adverse
environments (e.g., extreme heat or cold, fire, steam, or water) are experienced.

V.  REACTIVITY CONTROL

CRITERION 27 - REDUNDANCY OF REACTIVITY CONTROL (Category A)

At least two independent reactivity control systems, preferably of different
principles, shall be provided.

CRITERION 28 - REACTIVITY HOT SHUTDOWN CAPABILITY (Category A)

At least two of the reactivity control systems provided shall independently be
capable of making and holding the core subcritical from any hot standby or hot
operating condition, including those resulting from power changes, sufficiently fast
to prevent exceeding acceptable fuel damage limits.

CRITERION 29 - REACTIVITY SHUTDOWN CAPABILITY (Category A)

At least one of the reactivity control systems provided shall be capable of making
the core subcritical under any conditions (including anticipated operational
transients) sufficiently fast to prevent exceeding acceptable fuel damage limits.
Shutdown margins greater than the maximum worth of the most effective control rod
when fully withdrawn shall be provided.

CRITERION 30 - REACTIVITY HOLDDOWN CAPABILITY (Category B)

At least one of the reactivity control systems provided shall be capable of making
and holding the core subcritical under any conditions with appropriate margins for
contingencies.
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CRITERION 31 - REACTIVITY CONTROL SYSTEMS MALFUNCTION (Category B)

The reactivity control systems shall be capable of sustaining any single malfunction,
such as, unplanned continuous withdrawal (not ejection) of a control rod, without
causing a reactivity transient which could result in exceeding acceptable fuel
damage limits.

CRITERION 32 - MAXIMUM REACTIVITY WORTH OF CONTROL RODS
(Category A)

Limits, which include considerable margin, shall be placed on the maximum
reactivity worth of control rods or elements and on rates at which reactivity can be
increased to ensure that the potential effects of a sudden or large change of
reactivity cannot (a) rupture the reactor coolant pressure boundary or (b) disrupt the
core, its support structures, or other vessel internals sufficiently to impair the
effectiveness of emergency core cooling.

VI.  REACTOR COOLANT PRESSURE BOUNDARY

CRITERION 33 - REACTOR COOLANT PRESSURE BOUNDARY CAPABILITY
(Category A)

The reactor coolant pressure boundary shall be capable of accommodating without
rupture, and with only limited allowance for energy absorption through plastic
deformation, the static and dynamic loads imposed on any boundary component as
a result of any inadvertent and sudden release of energy to the coolant.  As a
design reference, this sudden release shall be taken as that which would result from
a sudden reactivity insertion such as rod ejection (unless prevented by positive
mechanical means), rod dropout, or cold water addition.

CRITERION 34 - REACTOR COOLANT PRESSURE BOUNDARY RAPID
PROPAGATION FAILURE PREVENTION (Category A)

The reactor coolant pressure boundary shall be designed to minimize the
probability of rapidly propagating type failures.  Consideration shall be given (a) to
the notch-toughness properties of materials extending to the upper shelf of the
Charpy transition curve, (b) to the state of stress of materials under static and
transient loadings, (c) to the quality control specified for materials and component
fabrication to limit flaw sizes, and (d) to the provisions for control over service
temperature and irradiation effects which may require operational restrictions.



BFN-18

A.0-26

CRITERION 35 - REACTOR COOLANT PRESSURE BOUNDARY BRITTLE
FRACTURE PREVENTION (Category A)

Under conditions where reactor coolant pressure boundary system components
constructed of ferritic materials may be subjected to potential loadings, such as a
reactivity-induced loading, service temperature shall be at least 120 F above the nil
ductility transition (NDT) temperature of the component material if the resulting
energy release is expected to be absorbed by plastic deformation or 60 F above the
NDT temperature of the component material if the resulting energy release is
expected to be absorbed within the elastic strain energy range.

CRITERION 36 - REACTOR COOLANT PRESSURE BOUNDARY SURVEILLANCE
(Category A)

Reactor coolant pressure boundary components shall have provisions for
inspection, testing, and surveillance by appropriate means to assess the structural
and leaktight integrity of the boundary components during their service lifetime.  For
the reactor vessel, a material surveillance program conforming with ASTM-E-185-66
shall be provided.

VII.  ENGINEERED SAFETY FEATURES

CRITERION 37 - ENGINEERED SAFETY FEATURES BASIS FOR DESIGN
(Category A)

Engineered safety features shall be provided in the facility to back up the safety
provided by the core design, the reactor coolant pressure boundary, and their
protection systems.  As a minimum, such engineered safety features shall be
designed to cope with any size reactor coolant pressure boundary break up to and
including the circumferential rupture of any pipe in that boundary assuming
unobstructed discharge from both ends.

CRITERION 38 - RELIABILITY AND TESTABILITY OF ENGINEERED SAFETY
FEATURES (Category A)

All engineered safety features shall be designed to provide high functional reliability
and ready testability.  In determining the suitability of a facility for a proposed site,
the degree of reliance upon and acceptance of the inherent and engineered safety
afforded by the systems, including engineered safety features, will be influenced by
the known and the demonstrated performance capability and reliability of the
systems, and by the extent to which the operability of such systems can be tested
and inspected where appropriate during the life of the plant.
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CRITERION 39 - EMERGENCY POWER FOR ENGINEERED SAFETY FEATURES
(Category A)

Alternate power systems shall be provided and designed with adequate
independency, redundancy, capacity, and testability to permit the functioning
required of the engineered safety features.  As a minimum, the onsite power system
and the offsite power system shall each, independently, provide this capacity
assuming a failure of a single active component in each power system.

CRITERION 40 - MISSILE PROTECTION (Category A)

Protection for engineered safety features shall be provided against dynamic effects
and missiles that might result from plant equipment failures.

CRITERION 41 - ENGINEERED SAFETY FEATURES PERFORMANCE
CAPABILITY (Category A)

Engineered safety features such as emergency core cooling and containment heat
removal systems shall provide sufficient performance capability to accommodate
partial loss of installed capacity and still fulfill the required safety function.  As a
minimum, each engineered safety feature shall provide this required safety function
assuming a failure of a single active component.

CRITERION 42 - ENGINEERED SAFETY FEATURES COMPONENTS
CAPABILITY (Category A)

Engineered safety features shall be designed so that the capability of each
component and system to perform its required function is not impaired by the effects
of a loss-of-coolant accident.

CRITERION 43 - ACCIDENT AGGRAVATION PREVENTION (Category A)

Engineered safety features shall be designed so that any action of the engineered
safety features which might accentuate the adverse after-effects of the loss of
normal cooling is avoided.

CRITERION 44 - EMERGENCY CORE COOLING SYSTEMS CAPABILITY
(Category A)

At least two emergency core cooling systems, preferably of different design
principles, each with a capability for accomplishing abundant emergency core
cooling, shall be provided.  Each emergency core cooling system and the core shall
be designed to prevent fuel and clad damage that would interfere with the
emergency core cooling function and to limit the clad metal-water reaction to
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negligible amounts for all sizes of breaks in the reactor coolant pressure boundary,
including the double-ended rupture of the largest pipe.  The performance of each
emergency core cooling system shall be evaluated conservatively in each area of
uncertainty.  The systems shall not share active components and shall not share
other features or components unless it can be demonstrated that (a) the capability
of the shared feature or component to perform its required function can be readily
ascertained during reactor operation, (b) failure of the shared feature or component
does not initiate a loss-of-coolant accident, and (c) capability of the shared feature
or component to perform its required function is not impaired by the effects of a
loss-of-coolant accident and is not lost during the entire period this function is
required following the accident.

CRITERION 45 - INSPECTION OF EMERGENCY CORE COOLING SYSTEMS
(Category A)

Design provisions shall be made to facilitate physical inspection of all critical parts
of the emergency core cooling systems, including reactor vessel internals and water
injection nozzles.

CRITERION 46 - TESTING OF EMERGENCY CORE COOLING SYSTEMS
COMPONENTS (Category A)

Design provisions shall be made so that active components of the emergency core
cooling systems, such as pumps and valves, can be tested periodically for
operability and required functional performance.

CRITERION 47 - TESTING OF EMERGENCY CORE COOLING SYSTEMS
(Category A)

A capability shall be provided to test periodically the delivery capability of the
emergency core cooling systems at a location as close to the core as is practical.

CRITERION 48 - TESTING OF OPERATIONAL SEQUENCE OF EMERGENCY
CORE COOLING SYSTEMS (Category A)

A capability shall be provided to test under conditions as close to design as
practical the full operational sequence that would bring the emergency core cooling
systems into action, including the transfer to alternate power sources.

CRITERION 49 - CONTAINMENT DESIGN BASIS (Category A)

The containment structure, including access openings and penetrations, and any
necessary containment heat removal systems shall be designed so that the
containment structure can accommodate without exceeding the design leakage rate
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the pressure and temperatures resulting from the largest credible energy release
following a loss-of-coolant accident, including a considerable margin for effects from
metal-water or other chemical reactions that could occur as a consequence of
failure of emergency core cooling systems.

CRITERION 50 - NDT REQUIRED FOR CONTAINMENT MATERIAL (Category A)

Principal load carrying components of ferritic materials exposed to the external
environment shall be selected so that their temperatures under normal operating
and testing conditions are not less than 30 F above nil ductility transition (NDT)
temperature.

CRITERION 51 - REACTOR COOLANT PRESSURE BOUNDARY OUTSIDE
CONTAINMENT (Category A)

If part of the reactor coolant pressure boundary is outside the containment,
appropriate features as necessary shall be provided to protect the health and safety
of the public in case of an accidental rupture in that part.  Determination of the
appropriateness of features such as isolation valves and additional containment
shall include consideration of the environmental and population conditions
surrounding the site.

CRITERION 52 - CONTAINMENT HEAT REMOVAL SYSTEMS (Category A)

Where active heat removal systems are needed under accident conditions to
prevent exceeding containment design pressure, at least two systems, preferably of
different principles, each with full capacity, shall be provided.

CRITERION 53 - CONTAINMENT ISOLATION VALVES (Category A)

Penetrations that require closure for the containment function shall be protected by
redundant valving and associated apparatus.

CRITERION 54 - CONTAINMENT LEAKAGE RATE TESTING (Category A)

Containment shall be designed so that an integrated leakage rate testing can be
conducted at design pressure after completion and installation of all penetrations
and the leakage rate measured over a sufficient period of time to verify its
conformance with required performance.
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CRITERION 55 - CONTAINMENT PERIODIC LEAKAGE RATE TESTING
(Category A)

The containment shall be designed so that integrated leakage rate testing can be
done periodically at design pressure during plant lifetime.

CRITERION 56 - PROVISIONS FOR TESTING OF PENETRATIONS (Category A)

Provisions shall be made for testing penetrations which have resilient seals or
expansion bellows to permit leaktightness to be demonstrated at design pressure at
any time.

CRITERION 57 - PROVISIONS FOR TESTING OF ISOLATION VALVES
(Category A)

Capability shall be provided for testing functional operability of valves and
associated apparatus essential to the containment function for establishing that no
failure has occurred and for determining that valve leakage does not exceed
acceptable limits.

CRITERION 58 - INSPECTION OF CONTAINMENT PRESSURE-REDUCING
SYSTEMS (Category A)

Design provisions shall be made to facilitate the periodic physical inspection of all
important components of the containment pressure-reducing systems, such as,
pumps, valves, spray nozzles, torus, and sumps.

CRITERION 59 - TESTING OF CONTAINMENT PRESSURE-REDUCING
SYSTEMS COMPONENTS (Category A)

The containment pressure-reducing systems shall be designed so that active
components, such as pumps and valves, can be tested periodically for operability
and required functional performance.

CRITERION 60 - TESTING OF CONTAINMENT SPRAY SYSTEMS
(Category A)

A capability shall be provided to test periodically the delivery capability of the
containment spray system at a position as close to the spray nozzles as is practical.
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CRITERION 61 - TESTING OF OPERATIONAL SEQUENCE OF CONTAINMENT
PRESSURE-REDUCING SYSTEMS (Category A)

A capability shall be provided to test under conditions as close to the design as
practical the full operational sequence that would bring the containment
pressure-reducing systems into action, including the transfer to alternate power
sources.

CRITERION 62 - INSPECTION OF AIR CLEANUP SYSTEMS (Category A)

Design provisions shall be made to facilitate physical inspection of all critical parts
of containment air cleanup systems, such as, ducts, filters, fans, and dampers.

CRITERION 63 - TESTING OF AIR CLEANUP SYSTEMS COMPONENTS
(Category A)

Design provisions shall be made so that active components of the air cleanup
systems, such as fans and dampers, can be tested periodically for operability and
required functional performance.

CRITERION 64 - TESTING OF AIR CLEANUP SYSTEMS (Category A)

A capability shall be provided for in situ periodic testing and surveillance of the air
cleanup systems to ensure (a) filter bypass paths have not developed and (b) filter
and trapping materials have not deteriorated beyond acceptable limits.

CRITERION 65 - TESTING OF OPERATIONAL SEQUENCE OF AIR CLEANUP
SYSTEMS (Category A)

A capability shall be provided to test under conditions as close to design as
practical the full operational sequence that would bring the air cleanup systems into
action, including the transfer to alternate power sources and the design air flow
delivery capability.

VIII. FUEL AND WASTE STORAGE SYSTEMS

CRITERION 66 - PREVENTION OF FUEL STORAGE CRITICALITY (Category B)

Criticality in new and spent fuel storage shall be prevented by physical systems or
processes.  Such means as geometrically safe configurations shall be emphasized
over procedural controls.
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CRITERION 67 - FUEL AND WASTE STORAGE DECAY HEAT (Category B)

Reliable decay heat removal systems shall be designed to prevent damage to the
fuel in storage facilities that could result in radio-activity release to plant operating
areas or the public environs.

CRITERION 68 - FUEL AND WASTE STORAGE RADIATION SHIELDING
(Category B)

Shielding for radiation protection shall be provided in the design of spent fuel and
waste storage facilities as required to meet the requirements of 10 CFR 20.

CRITERION 69 - PROTECTION AGAINST RADIOACTIVITY RELEASE FROM
SPENT FUEL AND WASTE STORAGE (Category B)

Containment of fuel and waste storage shall be provided if accidents could lead to
release of undue amounts of radioactivity to the public environs.

IX.  PLANT EFFLUENTS

CRITERION 70 - CONTROL OF RELEASES OF RADIOACTIVITY TO THE
ENVIRONMENT (Category B)

The facility design shall include those means necessary to maintain control over the
plant radioactive effluents, whether gaseous, liquid, or solid.  Appropriate holdup
capacity shall be provided for retention of gaseous, liquid, or solid effluents,
particularly where unfavorable environmental conditions can be expected to require
operational limitations upon the release of radioactive effluents to the environment.
In all cases, the design for radioactivity control shall be justified (a) on the basis of
10 CFR 20 requirements for normal operations and for any transient situation that
might reasonably be anticipated to occur and (b) on the basis of 10 CFR 100
dosage level guidelines for potential reactor accidents of exceedingly low
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probability of occurrence except that reduction of the recommended dosage levels
may be required where high population densities or very large cities can be affected
by the radioactive effluents.

(Sec. 161, 68 Stat. 948; 42 U.S.C. 2201)

Dated at     Washington, D. C.     this       twenty-eighth
day of     June                   1967.

                          For the Atomic Energy Commission.

                           Original Signed By W.B. McCool                                     
W. B. McCool

     Secretary
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 AEC PUBLISHES GENERAL DESIGN CRITERIA
FOR NUCLEAR POWER PLANT CONSTRUCTION PERMITS

The AEC is publishing for public comment a revised set of proposed General
Design Criteria which have been developed to assist in the preparation of
applications for nuclear power plant construction permits.

In November 1965, the AEC issued an announcement requested comments on
General Design Criteria developed by its regulatory staff.  These criteria were
statements of design principles and objectives which have evolved over the years in
licensing nuclear power plants by the AEC.

It was recognized at the time the criteria were first issued for comment that further
efforts were needed to develop them more fully.  The revision being published today
reflects extensive public comments received from twenty groups or individuals,
suggestions made at meetings with the Atomic Industrial Forum, and review within
the AEC.

The regulatory staff has worked closely with the Commission's Advisory Committee
on Reactor Safeguards on the development of the criteria and the revision of the
proposed criteria reflects ACRS review and comment.

The General Design Criteria reflect the predominating experience to date with water
reactors, but they are considered to be generally applicable to all power reactors.
The proposed criteria are intended to be used as guidance to an applicant in
establishing the principal design criteria for a nuclear power plant.  The framework
within which the criteria are presented provides sufficient flexibility to permit
applicants to establish design requirements using alternate and/or additional
criteria.  In particular, additional criteria will be needed for unusual sites and
environmental conditions and for new or advanced types of reactors.  In each case
an applicant will be required to identify its principal design criteria and provide
assurance that they encompass all those facility design features required in the
interest of public health and safety.

The criteria are designated as "General Design Criteria for Nuclear Power Plant
Construction Permits" to emphasize the key role they assume at this stage of the
licensing process.  The criteria have been categorized as Category A or
Category B.  Experience has shown that more definitive information has been
needed at the construction permit stage for certain of the criteria; these have been
designated as Category A.

Development of these criteria is part of a longer-range Commission program to
develop criteria, standards, and codes for nuclear reactor plants.  This includes
codes and standards that industry is developing with AEC participation.  The
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ultimate goal is the evolution of industry codes and standards based on
accumulated knowledge and experience as has occurred in various fields of
engineering and construction.

The provisions of the proposed amendment relating to General Design Criteria are
expected to be useful as interim guidance until such time as the Commission takes
further action on them.

The proposed criteria, which would become Appendix A to Part 50 of the AEC's
regulations, will be published in the Federal Register on                                     .
Interested persons may submit written comments or suggestions to the Secretary,
U. S. Atomic Energy Commission, Washington, D. C., 20545, within 60 days.  A
copy of the proposed "General Design Criteria for Nuclear Power Plant
Construction Permits" is attached.
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AEC UNITED STATES
ATOMIC ENERGY COMMISSION
WASHINGTON, DC  20545

No. H-252 FOR IMMEDIATE RELEASE
Tel. 973-3335 OR        (Monday, November 22, 1965)

973-3446

AEC TAKING PUBLIC COMMENT ON PROPOSED DESIGN CRITERIA
    FOR NUCLEAR POWER PLANT CONSTRUCTION PERMITS

The Atomic Energy Commission is seeking comment from the nuclear
industry and other interested persons on proposed general design criteria which
have been developed to assist in the evaluation of applications for nuclear power
plant construction permits.

The proposed criteria have been developed by the AEC regulatory staff and
discussed with the Commission's Advisory Committee on Reactor Safeguards
(ACRS).  They represent an effort to set forth design and performance criteria for
reactor systems, components and structures which have evolved over the years in
licensing of nuclear power plants by the AEC.  As such, they reflect the
predominating experience to date with water reactors but most of them are
generally applicable to other reactors as well.

It is recognized that further efforts by the AEC regulatory staff and the ACRS
will be necessary to fully develop these criteria.  However, the criteria as now
proposed are sufficiently advanced to submit for public comment.  Also, they are
intended to give interim guidance to applicants and reactor equipment
manufacturers.

The development and publication of criteria for nuclear power plants was one
of the key recommendations of the special Regulatory Review Panel which studied
ways of streamlining the Commission's reactor licensing procedures.

In the further development of these criteria, the AEC intends to hold
discussions with organizations in the nuclear industry and to issue from time to time
explanatory information on each criterion.  Following such discussions with industry
and receipt of other public comment, the AEC expects to develop and publish
criteria that will serve as a basis for evaluation of applicants for nuclear power plant
construction permits.

(more)
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It is recognized that additional criteria may also be needed, particularly for
reactors other than water reactors, and that there may be instances where one or
more of the presently proposed criteria may not be applicable.  Application of the
criteria to a specific design continues to involve a considerable amount of
engineering judgment.

These proposed criteria are part of a longer-range  Commission program to
develop criteria, standards and codes for nuclear reactors, including identification of
codes and standards that industry will be encouraged to undertake.  The ultimate
goal is the evolution of industry codes based on accumulated knowledge and
experience, as has occurred in various fields of engineering and construction.

A copy of the proposed "General Design Criteria for Nuclear Power Plant
Construction Permits" is attached.  Comments should be sent to the Director of
Regulation, U. S. Atomic Energy Commission, Washington, D. C. 20545, by
February 15, 1966.

#

11/22/65

NOTE:  THIS AEC NOTICE AND THE ATTACHED DESIGN CRITERIA WERE
RETYPED TO ENHANCE THE EXISTING PRINT AND COPY QUALITY.
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GENERAL DESIGN CRITERIA FOR NUCLEAR POWER PLANT CONSTRUCTION PERMITS

Attached hereto are general design criteria used by the AEC in judging whether a proposed nuclear

power facility can be built and operated without undue risk to the health and safety of the public.  They

represent design and performance criteria for reactor systems, components and structures which have evolved

over the years in licensing of nuclear power plants by the AEC.  As such they reflect the predominating

experience to date with water reactors out most of them are generally applicable to other reactors as well.

It should be recognized that additional criteria will be needed for evaluation of a detailed design,

particularly for unusual sites and environmental conditions, and for new and advanced types of reactors.

Moreover, there may be instances in which it can be demonstrated that one or more of the criteria need not be

fulfilled.  It should also be recognized that the application of these criteria to a specific design involves a

considerable amount of engineering judgment.

An applicant for a construction permit should present a design approach together with data and

analysis sufficient to give assurance that the design can reasonably be expected to fulfill the criteria.

FACILITY

CRITERION 1

Those features of reactor facilities which are essential to the

prevention of accidents or to the mitigation of their consequences

must be designed, fabricated, and erected to:

(a) Quality standards that reflect the importance of the

safety function to be performed.  It should be

required, in this respect, that design codes commonly

used for nonnuclear applications may not be adequate.
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(b) Performance standards that will enable the facility to

withstand, without loss of the capability to protect the

public, the additional forces imposed by the most severe

earthquakes, flooding conditions, winds, ice and other

natural phenomena anticipated at the proposed site.

CRITERION 2

Provisions must be included to limit the extent and the consequences of credible chemical

reactions that could cause or materially augment the release of significant amounts of fission products

from the facility.

CRITERION 3

Protection must be provided against possibilities for damage of the safeguarding features of

the facility by missiles generated through equipment failures inside the containment.

REACTOR

CRITERION 4

The reactor must be designed to accommodate, without fuel failure or primary system

damage, deviations from steady state norm that might be occasioned by abnormal yet anticipated

transient events such as tripping of the turbine-generator and loss of power to the reactor recirculation

system pumps.

CRITERION 5

The reactor must be designed so that power or process variable oscillations or transients that

could cause fuel failure of primary system damage are not possible or can be readily suppressed.
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CRITERION 6

Clad fuel must be designed to accommodate throughout its design lifetime all normal and

abnormal modes of anticipated reactor operation, including the design overpower condition, without

experiencing significant cladding failures.  Unclad or vented fuels must be designed with the similar

objective of providing control over fission products.  For unclad and vented solid fuels, normal and

abnormal modes of anticipated reactor operation must be achieved without exceeding design release

rates of fission products from the fuel over core lifetime.

CRITERION 7

The maximum reactivity worth of control rods or elements and the rates with which reactivity

can be inserted must be held to values such that no single credible mechanical or electrical control

system malfunction could cause a reactivity transient capable of damaging the primary system or

causing significant fuel failure.

CRITERION 8

Reactivity shutdown capability must be provided to make and hold the core subcritical from

any credible operating condition with any one control element at its position of highest reactivity.

CRITERION 9

Backup reactivity shutdown capability must be provided that is independent of normal

reactivity control provisions.  This system must have the capability to shut down the reactor from any

operating condition.



BFN-18

A.0-41

-4-

CRITERION 10

Heat removal systems must be provided which are capable of accommodating core decay

heat under all anticipated abnormal and credible accident conditions, such as isolation from the main

condenser and complete or partial loss of primary coolant from the reactor.

CRITERION 11

Components of the primary coolant and containment systems must be designed and

operated so that no substantial pressure or thermal stress will be imposed on the structural materials

unless the temperatures are well above the nil-ductility temperatures.  For ferritic materials of the

coolant envelope and the containment, minimum temperatures are NDT + 60oF and NDT + 30oF,

respectively.

CRITERION 12

Capability for control rod insertion under abnormal conditions must be provided.

CRITERION 13

The reactor facility must be provided with a control room from which all actions can be

controlled or monitored as necessary to maintain safe operational status of the plant at all times.  The

control room must be provided with adequate protection to permit occupancy under the conditions

described in Criterion 17 below, and with the means to shut down the plant and maintain it in a safe

condition if such accident were to be experienced.
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CRITERION 14

Means must be included in the control room to show the relative reactivity status of the

reactor such as position indication of mechanical rods or concentrations of chemical poisons.

CRITERION 15

A reliable reactor protection system must be provided to automatically initiate appropriate

action to prevent safety limits from being exceeded.  Capability must be provided for testing functional

operability of the system and for determining that no component or circuit failure has occurred.  For

instruments and control systems in vital areas where the potential consequences of failure require

redundancy, the redundant channels must be independent and must be capable of being tested to

determine that they remain independent.  Sufficient redundancy must be provided that failure or

removal from service of a single component or channel will not inhibit necessary safety action when

required.  These criteria should, where applicable, be satisfied by the instrumentation associated with

containment closure and isolation systems, afterheat removal and core cooling systems, systems to

prevent cold-slug accidents, and other vital systems, as well as the reactor nuclear and process safety

system.

CRITERION 16

The vital instrumentation systems of Criterion 15 must be designed so that no credible combination of

circumstances can interfere with the performance of a safety function when it is needed.  In particular,

the effect of influences common to redundant channels which are intended to be independent must

not negate the operability of a safety system.  The effects of gross disconnection of the system, loss

of energy (electric power, instrument air), and adverse environment (heat from loss of instrument

cooling, extreme cold, fire, steam, water, etc.) must cause the system to go into its safest state

(fail-safe) or be demonstrably tolerable on some other basis.
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ENGINEERING SAFEGUARDS

CRITERION 17

The containment structure, including access openings and penetrations, must be designed

and fabricated to accommodate or dissipate without failure the pressures and temperatures

associated with the largest credible energy release including the effects of credible metal-water or

other chemical reactions uninhibited by active quenching systems.  If part of the primary coolant

system is outside the primary reactor containment, appropriate safeguards must be provided for that

part if necessary, to protect the health and safety of the public, in case of an accidental rupture in that

part of the system.  The appropriateness of safeguards such as isolation valves, additional

containment, etc., will depend on environmental and population conditions surrounding the site.

CRITERION 18

Provisions must be made for the removal of heat from within the containment structure as

necessary to maintain the integrity of the structure under the conditions described in Criterion 17

above.  If engineered safeguards are needed to prevent containment vessel failure due to heat

released under such conditions, at least two independent systems must be provided, preferably of

different principles.  Backup equipment (e.g., water and power systems) to such engineered

safeguards must also be redundant.
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CRITERION 19

The maximum integrated leakage from the containment structure under the conditions

described in Criterion 17 above must meet the site exposure criteria set forth in 10 CFR 100.  The

containment structure must be designed so that the containment can be leak tested at least to design

pressure conditions after completion and installation of all penetrations, and the leakage rate

measured over a suitable period to verify its conformance with required performance.  The plant must

be designed for later tests at suitable pressures.

CRITERION 20

All containment structure penetrations subject to failure such as resilient seals and expansion

bellows must be designed and constructed so that leak-tightness can be demonstrated at design

pressure at any time throughout operating life of the reactor.

CRITERION 21

Sufficient normal and emergency sources of electrical power must be provided to assure a

capability for prompt shutdown and continued maintenance of the reactor facility in a safe condition

under all credible circumstances.

CRITERION 22

Valves and their associated apparatus that are essential to the containment function must be

redundant and so arranged that no credible combination of circumstances can interfere with their

necessary functioning.  Such redundant valves and associated apparatus must be
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independent to each other.  Capability must be provided for testing functional operability of these

valves and associated equipment to determine that no failure has occurred and that leakage is within

acceptable limits.  Redundant valves and auxiliaries must be independent.  Containment closure

valves must be actuated by instrumentation, control circuits and energy sources which satisfy

Criterion 15 and 16 above.

CRITERION 23

In determining the suitability of a facility for a proposed site the acceptance of the inherent

and engineered safety afforded by the systems, materials and components, and the associated

engineered safeguards built into the facility, will depend on their demonstrated performance capability

and reliability and the extent to which the operability of such systems, materials, components, and

engineered safeguards can be tested and inspected during the life of the plant.

RADIOACTIVITY CONTROL

CRITERION 24

All fuel storage and waste handling systems must be contained if necessary to prevent the

accidental release of radioactivity in amounts which could affect the health and safety of the public.

CRITERION 25

The fuel handling and storage facilities must be designed to prevent criticality and to

maintain adequate shielding and cooling for spent fuel under all anticipated normal and abnormal

conditions, and credible accident conditions.  Variables upon which health and safety of the public

depend must be monitored.



BFN-18

A.0-46

-9-

CRITERION 26

Where unfavorable environmental conditions can be expected to require limitations upon the

release of operational radioactive effluents to the environment, appropriate hold-up capacity must be

provided for retention of gaseous, liquid, or solid effluents.

CRITERION 27

The plant must be provided with systems capable of monitoring the release of radioactivity

under accident conditions.
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Table A.0-1

AEC GENERAL DESIGN CRITERIA - GROUP I
(OVERALL PLANT REQUIREMENTS)

                                              Conformance
     Criterion                                          (References to Sections of FSAR)                    Remarks                       

1. Quality Standards 1.5, 1.10, 2.0, 3.2, 3.3, 3.4, 3.5, See Note 1

3.7, 3.8, 4.2, 4.3, 4.4, 4.5, 4.6,

4.7, 4.8, 5.0, 6.0, 7.2, 7.3, 8.0,

App. D

2. Performance Standards 1.5, App C. See Note 2

3. Fire Protection 5.0, 10.11, 12.0

4. Sharing of Systems 2.6, 5.3, 7.14, 7.15, 7.16, 8.4, See Note 3

8.5, 8.6, 9.2, 9.3, 9.4, 10.5, 10.6,

10.7, 10.8, 10.9, 10.10, 10.11,

10.12, 10.14, 11.6, 12.2, App F.,

4.8

5.  Records Requirements 13.7, App D                                                  

Notes:  1. The phrase in the criterion statement "are essential to" is interpreted as "have a vital role in."  The
last sentence is interpreted to mean that where such programs and procedures are not covered by
applicable codes and standards, a showing of sufficiency is required.

        2. As in Criterion 1 phase "have a vital role in" is interpreted from "are essential to" in the first
sentence.  The latter part of the sentence is interpreted as "to withstand, without undue risk to the
health and safety of the public, the forces that might be imposed by the occurrence of natural
phenomena such as earthquakes, tornadoes, flooding conditions, wind or ice."

        3. The following rewording emphasizes that this criterion applies only to critical safety systems and
recognizes that the intent is not to restrict all sharing of systems but only to restrict sharing where
there would be a significant degradation of safety: "Where reactor facilities share systems or
components which have a critical safety function, it shall be shown that safety is not significantly
impaired by the sharing."
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AEC GENERAL DESIGN CRITERIA - GROUP II (PROTECTION BY
MULTIPLE FISSION PRODUCT BARRIERS)

         Conformance
     Criterion                                         (References to Sections of FSAR)                     Remarks                   

 6. Reactor Core Design 1.5, 1.7, 3.2, 3.6, 3.7, 4.3, 4.7,
4.8, 7.2, 14.2, 14.4, 14.5, 14.6

 7. Suppression of Power 1.5, 3.4, 3.6, 3.7, 4.4, 7.2, 7.5,
Oscillations 7.7, 7.17, 14.5

 8. Overall Power 1.5, 1.7, 3.6, 3.7, 7.17
Coefficient

 9. Reactor Coolant 1.5, 4.2, 4.3, 4.4, 4.10, 4.11, 7.8,
Pressure Boundary 14.5, 14.6, App.C

10. Containment 5.2, 5.3, 14.4, 14.6
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AEC GENERAL DESIGN CRITERIA - GROUP III
(NUCLEAR AND RADIATION CONTROLS)

         Conformance

         Criterion                                      (References to Sections of FSAR)                     Remarks                   

11. Control Room 1.5, 7.2-7.5, 7.7-7.10, 7.12, See Note 1
12.2, 12.3

12. Instrumentation 1.5, 3.4, 3.8, 4.10, 7.2, 7.3, 7.4, See Note 2
and Control 7.5, 7.7, 7.8, 7.9, 7.10, 7.12,
System 7.13, 7.14, 7.16, 9.2, 9.3, 9.4

13. Fission Process 1.5, 3.4, 3.8, 7.2, 7.5, 7.7,
Monitors and 7.8, 7.9, 7.16
Controls

14. Core Protection 1.5, 3.4, 3.5, 4.4, 4.5, 4.6,
System 4.7, 4.8, 6.1-6.7, 7.2-7.5,

7.7, 7.12, 14.1-14.7

15. Engineered Safety 1.5, 7.2-7.5, 7.12
Features Protection
Systems

16. Monitoring Reactor 1.5, 4.10, 5.2, 7.8, 10.16 See Note 3
Coolant Pressure
Boundary

17. Monitoring 1.5, 7.12, 7.13, 7.14, 9.2, 9.4,
Radioactive
Releases

18. Monitoring Fuel 7.6, 7.12, 7.13, 9.2, 9.4, 10.5 See Note 4
and Storage

Notes: 1. It is assumed that the event which renders the control room unhabitable does not occur
simultaneously with a reactor accident.

2. Although the variables referred to in the criterion are not specified, the intent is taken to mean only
those variables are included which are associated with reactor control, are measurable, could
result in an unsafe condition, and have established operating limits.

3. This criterion is interpreted to mean that the coolant pressure boundary is monitored by the
detection of leakage through it.

4. The words "contribute to" are interpreted as "result in" to improve clarity.
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AEC GENERAL DESIGN CRITERIA - GROUP IV (RELIABILITY
AND TESTABILITY OF PROTECTION SYSTEMS)

         Conformance
       Criterion                                         (References to Sections of FSAR)                    Remarks                   

19. Protection System 1.5, 3.4, 7.2-7.5, 7.12, 14.0
Reliability

20. Protection Systems 1.5, 3.4, 7.2-7.5, 7.12, 14.0
Redundancy and
Independence

21. Single Failure 1.2, 14.4
Definition

22. Separation of 1.5, 3.4, 7.2-7.5, 7.12
Protection and
Control Instrumen-
tation System

23. Protection Against 1.5, 3.4, 7.2-7.5, 7.12, 14.0
Multiple Disability
for Protection
Systems

24. Emergency Power for 1.5, 3.4, 6.4, 7.2-7.5, 7.12,
Protection 8.4, 8.5, 14.0
Systems

25. Demonstration of 1.5, 3.4, 4.6, 4.8, 5.2, 5.3,
Functional 6.7, 7.2-7.5, 7.12

26. Protection Systems 1.5, 6.1-6.5, 7.2-7.5, 8.4, 8.5
Fail-Safe Design
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AEC GENERAL DESIGN CRITERIA - GROUP V (REACTIVITY CONTROL)

         Conformance
     Criterion                                         (References to Sections of FSAR)                     Remarks                   

27. Redundancy of 1.5, 3.4, 3.8, 7.7
Reactivity Control

28. Reactivity Hot 1.5, 3.4, 3.6, 3.8, 7.7, 14.0 See Note 1
Shutdown Capacity

29. Reactivity Shutdown 1.5, 3.4, 3.6, 7.2, 14.0
Capacity

30. Reactivity Holddown 1.5, 3.4, 3.6, 3.8
Capacity

31. Reactivity Control 1.5, 3.4, 3.6, 3.7, See Note 2
Systems Malfunction 7.2, 7.7, 14.0

32. Maximum Reactivity 1.5, 3.4, 3.6, 3.7, See Note 3
Worth of Control 7.7, 14.0
Rods

Notes: 1. As presently worded, this criterion can be read to require that of fast scram.  This is not consistent
with current practice and is not taken to be the intent.  It also fails to recognize the degree of
reliability with which the primary reactivity shutdown system operates.  By this interpretation that
part of the sentence which follows the words "hot operating condition" is deleted.

2. The phrase in the criterion statement "in conjunction with the reactor protection systems" is
inserted after the words, "reactivity control systems" in the first sentence to recognize that the
reactor protection system is required to protect against certain control system malfunctions and
operator errors.  The parenthetical expression is expanded to "(not ejection or dropout)".

3. Item (b) in the criterion statement is interpreted to read "(b) disrupt the core, its support structures,
or other vessel internals sufficiently to significantly impair the effectiveness of core cooling."
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Table A.0-6

AEC GENERAL DESIGN CRITERIA - GROUP VI (REACTOR
COOLANT PRESSURE BOUNDARY)

         Conformance
       Criterion                                        (References to Sections of FSAR)                     Remarks                    

33. Reactor Coolant 1.5, 3.3-3.6, 4.2, 4.4, 4.5,
     Pressures Boundary             4.6, 4.11, 14.4-14.6, App. C
     Capability

34. Reactor Coolant 3.3, 4.2, 4.3, 7.8, App. C, See Note 1
     Pressure Boundary App. D
     Rapid Propagation
     Failure Prevention

35. Reactor Coolant 4.2
     Pressure Boundary
     Brittle Fractures
     Prevention

36. Reactor Coolant 4.2, 4.3, 4.10, 4.12
     Pressure Boundary
     Surveillance

Notes: 1. The interpretation of this criterion is that it should relate directly to codes and standards currently
in existence or planned for the future.  Accordingly, it is interpreted to read as follows:  "The
reactor coolant pressure boundary shall be designed and operated to reduce to acceptable levels
the probability of rapidly propagating type failures.  Consideration shall be given (a) to the
provisions for control over service temperature and irradiation effects which may require
operational restrictions, (b) to the design and construction of the reactor pressure vessel in
accordance with applicable codes, and (c) to the design and construction of reactor coolant
pressure boundary piping and equipment in accordance with applicable codes."
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                                                       Table A.0-7

(Sheet 1)

                          AEC GENERAL DESIGN CRITERIA - GROUP VII (ENGINEERED SAFETY FEATURES)

       Criterion                                                     Conformance (References to Sections of FSAR)                 Remarks                           

37. Engineered Safety Features 1.5, 3.3, 3.4, 4.2, 4.4, 4.6, 5.2, 5.3, 6.1-6.7, See Note 1
Basis for Design 7.2, 7.3, 7.4, 8.4, 8.5, 8.6, 14.1-14.7

38. Reliability and Testa- 1.5, 3.4, 3.5, 4.6, 5.2, 5.3, 6.6, 7.2, 7.3,
bility of Engineered 7.4, 7.5, 7.12, 8.4, 8.5, 8.6
Safety Features

39. Emergency Power for 7.2, 7.3, 7.4, 8.5, 8.6 See Note 2
Engineered Safety Features

40. Missile Protection 5.2, 12.2, App.C

41. Engineered Safety Features 6.1-6.5, 7.4, 14.1-14.6 See Notes
Performance Capability 2 and 3

42. Engineered Safety Features 3.4, 5.2, 5.3, 6.1-6.5, 7.2, 7.3, 7.4, See Note 4
Components Capability 8.4, 8.5, 8.6, 14.6

43. Accident Aggravation 3.4, 5.2, 5.3, 6.1-6.5, 7.3, 7.4, 8.4, 8.5, 8.6
Protection

44. Emergency Core Cooling 6.1-6.5, 7.4, 14.6 See Note 5
Systems Capability

45. Inspection of Emergency 3.3, 4.2, 4.12, 6.6
Core Cooling Systems

46. Testing of Emergency 1.5, 6.6, 7.4
Core Cooling Systems
Components

47. Testing of Emergency 7.4, 6.6
Core Cooling Systems

48. Testing of Operational 1.5, 6.4, 6.6, 7.4, 8.5, 8.6, 10.9, 10.10 See Note 6
Sequence of Emergency
Core Cooling Systems

49. Containment Design Basis 1.5, 4.6, 5.2, 5.3, 6.1, 6.2, 6.5, 7.3, 7.4, See Note 7
10.6, 10.9, 14.2, 14.7, App.C

50. NDT Requirement for 5.2 See Note 8
Containment Material

51. Reactor Coolant Pressure 1.5, 2.2, 2.3, 5.2, 4.6, 7.3, 14.6
Boundary Outside
Containment

52. Containment Heat 1.5, 4.8, 5.2, 6.1-6.5, 7.4, 10.6, 10.9,
Removal Systems 14.6, 14.7

53. Containment Isolation Valves 1.5, 4.6, 5.2, 7.3

54. Containment Leakage Rate 5.2
Testing

55. Containment Periodic 5.2 See Note 9
Leakage Rate Testing
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(Sheet 2)

AEC GENERAL DESIGN CRITERIA - GROUP VII (ENGINEERED SAFETY FEATURES)

        Criterion                                                   Conformance (References to Sections of FSAR)   Remarks                        

56. Provisions for Testing 5.2, 5.3

of Penetrations

57. Provisions for Testing 4.6, 5.2, 7.3, 7.12

of Isolation Valves

58. Inspection of Containment 4.8, 5.2, 5.3, 6.4, 6.6, 10.6, 10.9, 12.2
Pressure-Reducing Systems

59. Testing of Containment 4.8, 5.2, 5.3, 6.4, 6.6, 7.3, 7.4, 10.6, 10.9
Pressure-Reducing
Systems Components

60. Testing of Containment 6.4, 6.6, 7.4
Spray Systems

61. Testing of Operational 5.2, 5.3, 6.4, 6.6, 7.4, 8.4, 8.5, 8.7 See Note 6
Sequence of Containment
Pressure-Reducing Systems

62. Inspection of Air Cleanup 5.2, 5.3, 10.12
Systems

63. Testing of Air Cleanup 5.2, 5.3, 10.12
Systems Components

64. Testing of Air Cleanup 5.2, 5.3, 10.12
Systems

65. Testing of Operational 5.3, 7.12, 13.4
Sequence of Air Cleanup
Systems

Notes:  1. The opening phrase in the second sentence of the criterion, "as a minimum," represents an unrealistic
extension of today's requirements for the design of engineered safety features.  The current design basis
accident, which assumes an instantaneous, circumferential rupture of up to the largest pipe in the primary
system, represents an extremely conservative design basis.  To imply that a break larger than this should be
considered is unduly conservative and has very serious implications on plant design. Furthermore, the
inclusion of this phrase makes the criterion much less specific and leaves the design basis completely open
to interpretation in the future.  Because this defeats the whole purpose of the criterion, this phrase is deleted
in our interpretation.

   2. The criterion requires that two independent failures be considered which may be unduly conservative for
some plants.  The design of the onsite and offsite power system should be based on an overall availability
and reliability analysis of the entire complex of power systems.

The last sentence of the criterion is therefore interpreted as the following:  "The complex of electrical power
systems which provide power for engineered safety features shall be designed to meet stated reliability and
availability goals.  A justification of the bases for selection of these stated goals is required".

   3. The design of the engineered safety features should be based on an overall reliability and availability analysis
for these features; such an approach will lead to improved safety as it gives proper weighting not only to
single failures, but also to combined failures with a high probability of occurrence.  The last sentence of the
criterion is therefore interpreted as the following:  "Engineered safety features shall be designed to meet
stated reliability and availability goals.  A justification of the bases for selection of these stated goals is
required".
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(Sheet 3)

AEC GENERAL DESIGN CRITERIA - GROUP VII (ENGINEERED SAFETY FEATURES)

(Cont.)
Notes: 4. This criterion is interpreted to reflect the fact that it is a practical impossibility to design each component and

each system so that its effectiveness is not impaired by the loss-of-coolant accident.  Loss-of-coolant accidents
can be postulated in which the component of an emergency core cooling system would be directly involved.  The
objective for engineered safety features is more properly expressed as follows:  "Engineered safety features shall
be designed so that the capability of these features to perform their required function is not impaired by the
effects of a loss of coolant accident."

5. Item (c) of the criterion, relating to sharing, is confusing and difficult to interpret.  Inasmuch as sharing is covered
by Criterion 4, and the impairment of these features due to effects of the loss-of-coolant accident is covered
under Criterion 42, this entire phrase is unnecessary.  The criterion should include a reference to location of pipe
breaks as well as to size of break.

6. There is concern about the unavailability of these systems during such a test, particularly since it may be
extremely difficult to perform such a test during reactor operation.  There is also concern about the  design
complications which will be required in order to permit such a test.  This means adding extra equipment and
further complicates an already complex system, which may be detrimental to safety.  This criterion is interpreted
to mean testing of such systems in subsystems with suitable subsystem analysis, rather than testing of the entire
operational sequence.

7. Since the effective functioning of emergency core cooling systems is required to maintain containment integrity, it
is not logically consistent to base the design of the containment system on the presumed failure of these same
emergency core cooling systems.  It is more appropriate to relate the containment design basis directly to the
performance capability of the emergency core cooling systems.  It appears that the intent of this criterion is to
require that the containment systems be designed to handle pressures and temperatures substantially in excess
of those which would occur with functioning emergency core cooling systems, as is the case in current licensing
practice.  This does not appear to bring about any real improvement in overall plant safety.  A more modest
allowance for any impairment of cooling system performance is, therefore, allowable.  The criterion is interpreted
as follows:
"The containment structure, including access openings and penetrations and any necessary containment heat
removal systems, shall be designed so that the containment structure can accommodate without exceeding the
design leakage rate the pressures and temperatures resulting from the largest credible energy release following a
loss-of-coolant accident, including some allowance for effects from metal-water or other chemical reactions
beyond those that would occur with normal operation of emergency core cooling systems at design objection
conditions."

         8. This broadly applicable and yet very specific requirement is not in keeping with the intent of the general criteria.
These requirements should be spelled out in the supplemental criteria is interpreted as the simple statement,
"Design of containments shall be in accordance with applicable engineering codes."

9. Leakage rate testing of the containment at design pressure is not now an AEC requirement for plants after they
have been placed in service.  The severe burden which this would impose has been recognized and modified
procedure adopted.  This procedure used the relationship between leakage rates measured initially at design
pressure, and at some reduced pressure.  Such a relationship is then employed to extrapolate subsequent test
values for leakage at reduced pressure to the full design pressure of interest.

This criterion is therefore interpreted as follows:  "The containment shall be designed so that  integrated leakage
rate testing can be done periodically during plant lifetime.  Such tests will be made at a pressure which permits
extrapolation of results to the design pressure condition, using relationships established initially for comparative
leakage at these two conditions."
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AEC GENERAL DESIGN CRITERIA - GROUP VIII (FUEL AND WASTE STORAGE SYSTEMS)

        Criterion                                      Conformance (References to Sections of FSAR)               Remarks       

66. Prevention of Fuel 7.6, 10.2, 10.3
Storage Criticality

67. Fuel and Waste 10.5
Storage Decay Heat

68. Fuel and Waste 9.1, 9.2, 9.3, 9.4, 10.3, 10.5, 12.2, 12.3
Storage Radiation
Shielding

69. Protection Against 5.1-5.3, 9.2, 9.3, 9.4, 10.2, 10.3, 10.5, 12.1, 12.2
Radioactivity Release
From Spent Fuel
and Waste Storage

Table A.0-9

AEC GENERAL DESIGN CRITERIA - GROUP IX (PLANT EFFLUENTS)

         Criterion                                      Conformance (References to Sections of FSAR)                 Remarks    

70. Control of Releases   1.5, 5.2, 5.3, 7.12, 7.13, 9.2, 9.4, 14.2-14.7
of Radioactivity to
the Environment
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APPENDIX B

Technical Specifications (TS)

The TS are maintained in separate volumes for Units 1, 2, and 3.

Technical Requirements Manual (TRM)

The TRMs for Units 1, 2, and 3 are maintained in separate volumes.  The TRMs were created as part of the
conversion to Improved TS and are referenced by a License condition thereof.  The change control process for
the TRM is provided in Section 5.0 of the TRM.
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APPENDIX C

STRUCTURAL QUALIFICATION OF SUBSYSTEMS AND COMPONENTS

Introduction

Appendix C received a general update in FSAR Amendment 10 to describe
currently applicable criteria and methods for structural qualification (and
verification) of subsystems and components for the operating BFN Units.
The updated Appendix C (for Amendment 10 and later Amendments) is
maintained in accordance with 10CFR50.71.

Prior to Amendment 10, Appendix C described basic structural loading
criteria and qualification methods used in the original design of BFN
components and piping subsystems.  Those earlier versions of Appendix C
are significant for historical purposes only.

C.1 Scope

Appendix C presents the criteria and qualification methods for the following
Seismic Class I (hereafter referred to as Class I) mechanical and electrical
subsystems/components:

Piping and Pipe Supports
Major Components
Primary Containment System and Penetrations
Equipment
HVAC Ductwork and Supports
Conduit and Supports
Cable Tray Systems

C.2 Loading Conditions, Definitions, and Overview

C.2.1 Seismic Classification

The design basis for Class I subsystems and components considers all
applied loads such as pressure, temperature, deadweight, seismic, and
hydrodynamic loads.  Definitions of Class I, Class II, plant conditions, and
seismic loading are as follows:

Class I

This class includes those structures, systems, and components whose failure
or malfunction might cause, or increase the severity of, an accident which
would endanger the public health and safety.  This category includes those
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structures, systems, and components required for safe shutdown and
isolation of the reactor.

Class II

This class includes those structures, systems, and components which are
important to reactor operation, but are not essential for preventing an
accident that would endanger the public health and safety, and are not
essential for the mitigation of the consequences of these accidents.  A
Class II designated item shall not degrade the integrity of any item
designated Class I.

C.2.2 Loading Conditions

Normal Conditions

A normal condition is any condition in the course of operation of the plant
under planned and anticipated conditions, in the absence of upset,
emergency, or faulted conditions.

Upset Conditions

Upset conditions are any deviations from normal conditions anticipated to
occur often enough that design should include a capability to withstand these
conditions.  The upset conditions include abnormal operational transients
caused by a fault in a system component requiring its isolation from the
system, transients due to loss of load or power, and any system upset not
resulting in a forced outage.  The upset conditions include the effect of the
Operating Basis Earthquake.

Emergency Conditions

Emergency conditions are any deviations from normal conditions that require
shutdown for correction of the conditions or repair of damage in the system.
A fire event as postulated in Appendix R is an emergency condition, and its
effects of weight and pressure on the components or systems are evaluated.
The conditions have a low probability of occurrence but are included to
provide assurance that no gross loss of structural integrity will result as a
concomitant effect of specific damage developed in the system.

Faulted Conditions

Faulted conditions are those combinations of conditions associated with
extremely low-probability postulated events whose consequences are such
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that the integrity and operability of the nuclear system may be impaired to the
extent where considerations of public health and safety are involved.  Such
considerations require compliance with safety criteria as may be specified by
jurisdictional authorities.

Test Conditions

A test condition is any condition, such as, when hydrostatic testing of
component or system is conducted in the course of operation of the plant
under planned and anticipated conditions and in the absence of upset,
emergency, or faulted conditions.

C.2.3 Definitions

Operating Basis Earthquake

The Operating Basis Earthquake (OBE) is defined as that earthquake for
which structures, systems, and components of the nuclear power plant that
must continue operation without undue risk to the health and safety of the
public are designed to remain functional.

Design Basis Earthquake [Also referred to as Safe Shutdown Earthquake
(SSE)]

The Design Basis Earthquake (DBE) is defined as that earthquake for which
the structures, systems, and components of the nuclear power plant that must
be capable of safe shutdown and maintain the plant in a safe condition
without undue risk to the health and safety of the public are designed to
remain functional.

Amplified Response Spectra

Amplified Response Spectra (ARS) are defined as plots of maximum seismic
response versus frequency for single degree-of-freedom subsystem at
various locations in Class I structures subjected to seismic loading.  The
generation of amplified response spectra, building accelerations, and
displacements used for subsystem and component analyses are described in
Section 12.2 of the UFSAR.

Zero-Period Acceleration

Zero-period Acceleration (ZPA) is defined as the peak of the building floor
seismic acceleration time history.
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Primary Loads

Those loads which produce stresses which are not self-limiting, such as dead
weight, pressure, seismic inertia loads, and hydrodynamic loads.

Secondary Loads

Those loads which produce stresses which are self-limiting, such as thermal
effects and seismic anchor movements.

Torus Attached Piping Systems

Piping and tubing systems attached directly or indirectly to the torus shell to
the point where effects of torus motion are demonstrated to be insignificant
and including piping up to at least the first containment isolation valve.
These systems include the main steam relief valve discharge piping systems.

C.2.4 Seismic Design Input

The input ground motions and seismic structural analysis methods used to
develop design inputs for subsystem and component design and qualification
are addressed in UFSAR Section 12.2 for each seismic Class I structure
housing safety related subsystems and components.  The seismic inputs
used for subsystems and components addressed in Appendix C are
summarized as follows:

(a) The original design basis El Centro earthquake input motion,
described in Section 2.5.4, is used for qualification of

1) Major components (Section C.4),
2) The primary containment system and penetrations

(Section C.5),
3) Torus attached piping systems (Section C.3.5).

Specifically, original design basis El Centro input is utilized in the
following ways.  Time history responses from the dynamic earthquake
analyses described in Section 12.2.2.8 are used to seismically qualify
the reactor pressure vessel (RPV), RPV internals, and drywell.
Amplified response spectra are used to seismically qualify torus
attached piping systems.  Equivalent static coefficients are used to
seismically qualify the torus and vent system as well as the primary
system components addressed in Section C.4.2.
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(b) The alternate design basis artificial earthquake input
motion, described in Section 2.5.4, is used for
qualification of piping and pipe supports (except torus
attached piping systems) and HVAC ductwork and
supports.  It will be used for verification of seismic
adequacy of mechanical and electrical equipment and
for long-term qualification of conduit and cable tray
subsystems.

Specifically, the artificial earthquake amplified response spectra are
used to qualify piping and pipe supports (except torus attached piping
systems) and HVAC ductwork and supports.  These response spectra
will also be used in verification of seismic adequacy of equipment and
long-term qualification of conduit and cable tray subsystems.

C.2.5 Overview of Structural Qualification

An overview of the structural qualification of BFN Class I subsystems and
components follows.

1. Piping and Pipe Supports (Section C.3)

Qualification of Class I piping and tubing systems, including the large
bore piping, small bore piping/CRDH piping, buried piping, and tubing
is in accordance with USAS-B31.1.0-1967 (Reference 1). Plant
conditions and associated stress limits not addressed in
USAS-B31.1.0-1967 are delineated in Section C.3.

Qualification of torus-attached piping systems has been implemented
within the scope of the Long Term Torus Integrity Program (LTTIP) as
described in the Browns Ferry Plant Unique Analysis Report (PUAR)
(Reference 12) and NRC Safety Evaluation (Reference 22).  Torus
attached piping system stresses, nozzle loads, concrete anchor loads,
and other interface loads are maintained below the allowable
described in the PUAR and Section C.3.5.

Pipe support design criteria for all Class I piping and instrument tubing
supports are based on the AISC Manual of Steel Construction
(Reference 4), in conjunction with the Manufacturers Standardization
Society (MSS) SP-58 (Reference 5).  Plant conditions and associated
stress limits not addressed in References 4 and 5 are delineated in
Section C.3.
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2. Major Components (Section C.4)

Seismic design adequacy of reactor pressure vessel (RPV) and
internals (RPV/Internals) have been reassessed
(Reference 21).  This assessment was based on the coupled
seismic model described in Section 12.2.2.8.2.  It qualified the
RPV/Internals for the updated loads.  Critical stresses and
interface loads for the RPV/Internals and primary system
components are maintained below the allowables described in
Tables C.4-1 and C.4-2, respectively.

3. Primary Containment System and Penetrations (Section C.5)

The torus (wetwell), connecting vent system between drywell
and wetwell, penetrations, and equipment have been qualified
to Long Term Torus Integrity Program (LTTIP) criteria as
documented in the BFN-Plant Unique Analysis Report (PUAR)
(Reference 12).  Stresses are maintained below allowables
described in the PUAR.  In addition, the drywell and its
penetrations have been qualified for pressure, deadweight, and
applicable loading components as described in Section C.5.1.

4. Equipment (Section C.6)

Browns Ferry Nuclear Plant was identified as one of the
operating plants to be reviewed for the NRC Unresolved Safety
Issue (USI) A-46 requirements.  The existing BFN safety-
related equipment was originally designed to have sufficient
margin of safety to withstand BFN design basis seismic loading.
Plant-specific verification of seismic adequacy of equipment
has been conducted in accordance with References 24, 25, 44,
and 45.  Qualification of new equipment and replacements for
existing equipment from March 1988 until July 2007 is
described in Section C.6.3.  Equipment Seismic/Structural
Qualification (ESQ) after July 2007 is described in Section
C.6.4.  Qualification of equipment subjected to hydrodynamic
loads of the Long Term Torus Integrity Program (LTTIP) is
described in Section C.6.5.

5. HVAC Ductwork and Supports (Section C.7)

Seismic qualification of Class I HVAC ductworks and supports
is based on AISC allowable stress design methods
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(Reference 4) and SMACNA standards (References 26, 27,
28) as described in Section C.7.

C.2.6 Safety Margins

This section describes and justifies the basic structural safety
margins used in the original BFN design basis for Class I subsystems
and components.  In some cases BFN has committed to more
specific safety margins or allowables as described in other
Appendix C sections.  This section remains applicable for those
cases where more specific commitments have not been made.

In addition to the generic definitions in Section C.2.2, the meaning of these
terms is expanded in quantitative probabilistic language.  The purpose of
this expansion is to clarify the classification of any hypothesized accident or
sequence of loading events so that the appropriate structural safety margins
for reactor vessel and reactor vessel internals are applied.  Knowledge of
the event probability is necessary to establish meaningful and adequate
safety factors for structural design.  The table in the next paragraph
illustrates the quantitative event classifications.

P40 = 40-year event
    encounter probability

Upset (likely) 1.0  > P40 > 10-1

Emergency (low probability) 10-1 > P40 > 10-3

Faulted (extremely low probability) 10-3 > P40 > 10-6

These probabilities have been assigned to establish the appropriate
structural design safety margins for these loading criteria.  A
summary of these criteria is shown in the table listed below.

Deformation Limit Table C.2-1
Primary Stress Limit Table C.2-2
Buckling Stability Limit Table C.2-3
Fatigue Limit Table C.2-4

There are many places where, through the exercise of designer
judgment, it is unnecessary to actually carry out a formal analysis for
each of these limits.  A simple example consists of the case where
two pieces of pipe of differing wall thicknesses are joined at a butt
weld.  If they are both subjected to the same loading, only the thinner
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piece would require a formal analysis to demonstrate that the primary
stress limit has been satisfied.

The term SFmin that appears in the tables is similar to the classical
definition of a minimum safety factor on load or deflection.  SFmin is
related to the event probability by the following equation:

SFmin =     9        (Equation A)
   3 - log10 P40

where

10-1 > P40  > 10-5 (Equation A applies)

10-5 > P40  > 10-6 (SFmin = 1.125)

1.0  > P40  > 10-1 (SFmin = 2.25)

These expressions show the probabilistic significance of the classical
safety factor concept as applied to reactor safety.  The SFmin values
corresponding to the current governing accident event probabilities
are summarized as follows:

Governing Load-     P40 SFmin

Item ing Conditions ___            _____

Upset N and AD 10-1 2.25
or N and U 10-1 2.25

Emergency N and R 10-3 1.5
or N and Am 10-3 1.5
or other 10-1 to 2.25 to

10-3 1.5

Faulted N and Am and R 1.5 x 10-6 1.125
or other 10-3 to 1.5 to

10-6 1.125

where:
N  = normal loads
U  = upset loads excluding earthquake
AD = Operating Basis Earthquake including any associated

transients
Am = Design Basis Earthquake including any associated transients
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R  = Any pipe rupture loading including any associated transients

The minimum safety factor decreases as the event probability
diminishes; and if the event is too improbable (incredible = P40 < 10-6),
no safety factor is appropriate or required.

C.3 Piping and Pipe Supports

Piping design criteria for Class I piping and tubing, with the exception
of torus attached piping, are in accordance with USAS-B31.1.0-1967
(Reference 1).  Since this early code is incomplete relative to plant
operating conditions and code equations, the later ASME Section III
code has been used in the development of load combinations and
allowable stress criteria. Section III of the 1971 ASME Boiler and
Pressure Vessel Code, including the Summer 1973 addenda
(Reference 2), are used as guidance.  However, analysis
parameters, such as material allowable stresses, Stress
Intensification Factor (SIF), coefficient of thermal expansion, elastic
modulus, etc., are in accordance with the USAS-B31.1.0-1967 Code
(Reference 1).

The design criteria for torus attached piping systems  are described
in Section C.3.5.

Pipe support design criteria for Class I piping and tubing supports are
based on the AISC Manual of Steel Construction (Reference 4), in
conjunction with the Manufacturers Standardization Society (MSS)
SP-58 (Reference 5) as described in Section C.3.6.

C.3.1 Large Bore Piping

Large bore piping is defined as all Class I, 21/2-inch Nominal Pipe
Size (NPS) and larger, process piping which is not subject to Main
Steam Relief Valve (MSRV) and postulated loss of coolant accident
(LOCA) hydrodynamic loads due to torus excitation.

C.3.1.1 Analytical Models of Piping Systems

Analytical models of rigorously analyzed large bore Seismic Class I
Piping Systems are consistent with as-built configurations in
accordance with the requirements of References 13 and 14.

Large bore Class I piping systems are analyzed by rigorous analysis,
which is a detailed analysis of the piping system, generally
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computer-aided, to assure that the system or design and support
locations meet all code requirements.  Computer programs used are
described in Section C.3.7.

The continuous piping system is mathematically idealized as an
assembly of elastic structural members connecting discrete nodal
points.  Nodal points are placed in such a manner that force
deformation characteristics for piping elements such as straight runs
of pipe, elbows, etc., can be formulated.

System loads such as internal pressure, weight, thermal expansion,
fluid transients, and inertia forces are applied at the nodal points.
The stiffness matrix of the interconnecting members is computed and
modified to account for flexibility characteristics specified in
USAS-B31.1.0 (Reference 1).

Branch lines off the header piping are either modeled and analyzed
as part of the header or decoupled from the header if its moment of
inertia is less than 1/25 of that of the run pipe.  For decoupled branch
line analysis, header responses are considered.  The header pipe
analysis includes the applicable Stress Intensification Factor (SIF)
due to branch pipe.

C.3.1.2 Seismic Analysis of Piping Systems

The seismic analysis of large bore piping systems is performed by the
response spectrum method.  The damping is 0.5 percent of critical for both
OBE and DBE.  The seismic input for both horizontal and vertical directions
is developed from structural analysis using artificial (Housner) time history
described in Section 2.5.4.

The Amplified Response Spectra (ARS) developed from the artificial time
history are broadened 10 percent for rock supported structures and
15 percent for soil supported structures.  The seismic loading considers the
dynamic inertia response of the system based on the ARS and the effects of
differential Seismic Anchor Movement (SAM) of the structure to which the
system is attached.

The rigorous analyses using ARS consider all modes of vibration below
20 Hz as flexural modes.  Modes of frequencies 20 Hz and above are
considered as rigid modes.  Rigid mode responses are computed by using
the maximum Zero Period Acceleration (ZPA) as applicable to the building
floor (structure) to which the system is attached.
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Response spectra analysis is based on either uniform (enveloped) or
Independent Support Motion (ISM) techniques.  In case of uniform motion,
the spectra input is developed by enveloping all applicable spectra of the
system attachment points for each direction.  When ISM technique is used,
zonal responses are combined by absolute summation.

The flexural mode responses are combined by the Square Root of Sum of
Squares (SRSS) method except for closely spaced modes (frequencies
within 10 percent of each other) which are combined by absolute
summation.  Rigid mode is combined by SRSS method with flexural modes.
The spatial responses are combined by absolute summation of either
East-West or North-South responses with Vertical responses.  The net
seismic responses are obtained by enveloping the East-West/Vertical and
North-South/Vertical combinations.

SAM (including decoupled branch lines) effects are combined with either
seismic inertia or thermal expansion loads.  When combined with seismic
inertia loads, absolute method with uniform technique and SRSS method
with ISM technique is used.  When combined with thermal expansion loads,
the effects are combined by absolute summation.

C.3.1.3 Load Combinations and Acceptance Criteria

The load combinations and allowable stress limits for the Class I piping are
presented in Tables C.3-1A, C.3-1B, and C.3-1C.  These load combinations
are categorized in terms of Test, Normal, Upset, Emergency and Faulted
conditions as defined in Section C.2.2.  Additional definitions are listed
below.

Sustained Loads:  Effects of live weight (weight of fluid being handled or of
fluid used for testing or cleaning) and dead weight (weight of piping,
insulation, and fluid or other loads permanently imposed on piping).

Fire Event Loads:  Effects of fire events postulated in Appendix R.  Loads
include sustained loads and internal pressure.

Fluid Transients:  Effects of fluid transients including steam hammer, water
hammer (excluding check valve slam), and main steam relief valve
actuation.

Differential Settlement:  Effects of loads on piping due to movement caused
by adjacent soil and building structures or by relative settlement of
buildings.
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C.3.2 Small Bore Piping

Small bore piping is defined as all Class I, 2-inch Nominal Pipe Size (NPS)
and smaller, process piping which is not subject to main steam relief valve
actuation and LOCA hydrodynamic loads due to torus excitation.

The Control Rod Drive Hydraulic (CRDH) piping system, which consists of
185 1-inch NPS insert and 185 3/4-inch NPS withdrawal lines in generally
bundled arrangements, is a unique group of small bore piping.  Qualification
of small bore piping other than the CRDH piping is described in
Section C.3.2.1.  Qualification of CRDH piping system is performed separately
as described in Section C.3.2.2.

Small bore piping lines which have been modeled and rigorously analyzed as
part of the large bore piping system are excluded from the scope of this
section.  The details of the rigorous analysis for small bore and CRDH piping
are consistent with the large bore piping analysis described in Section C.3.1.

C.3.2.1 General Small Bore Piping

Class I general small bore piping is qualified by field verification, evaluation,
and analysis using a generic attribute methodology to meet the same
criteria of load combination and allowable stress as described in Section
C.3.1.  Qualification of pipe supports for Class I small bore piping is
described in Section C.3.6.2.

The Class I small bore piping qualification program performed rigorous
analyses on a representative sample of problems in accordance with the
methodology described in Section C.3.1.  The sample size is approximately
ten percent (10%) of the total program scope.  The sample problems were
selected from the as-built Class I small bore piping and pipe supports that are
representative of the critical loading conditions and plant locations.

The 10 percent sample problem attributes were applied in evaluating the
remaining 90 percent of small bore piping within the program scope.  Small
bore piping can also be qualified by rigorous analysis.

Design changes within the bounds of the LTTIP are qualified in accordance
with Section C.3.5.  Class I small bore piping design changes outside these
bounds are qualified in accordance with large bore piping criteria
(Section C.3.1) using rigorous analysis or equivalent static analysis
techniques.
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C.3.2.2 Control Rod Drive Hydraulic Piping

The Control Rod Drive Hydraulic (CRDH) system consists of 185 1-inch
diameter insert and 185 3/4-inch diameter withdrawal lines routed in generally
bundled arrangements with up to 100 pipes per bundle.  It was not necessary
to explicitly analyze each line; however, rigorous analysis has been performed
for each of the typical configuration groups of lines which represent the range
of line configurations within each bundle.

Lines are arranged in groups based on similar geometry, size, and span
length to enable justification of typical configurations for analysis.  These
typical configuration lines have been analyzed to assure that both maximum
primary and primary plus secondary loads have been evaluated for pipe
stress levels and for each CRDH support frame.

CRDH insert and withdrawal lines are attached to the CRD housings.
Analytical models and seismic input of CRDH lines are consistent with the
TVA commitment to complete installation of seismic lateral restraints on the
CRD housings prior to restart (References 3, 35), as described in
Section C.4.1.6.

Support reaction forces for all CRDH pipes have been compiled based on
the typical line analyses.  These reaction forces are then combined for
qualification of the CRDH support frames as described in Section C.3.6.2.2.

CRDH insert and withdrawal pipe guides have been removed from a few
locations on the support frames in order to accommodate thermal expansion
of the pipes and the drywell vessel.  Seismic pipe stresses and support
loads are calculated by omitting these unidirectional supports in the piping
dynamic models.  However, seismic support loads and local pipe stresses
due to impact of the pipes at the unidirectional support points are included
when the piping models indicate that impact will occur.

These unidirectional loads are included in the reaction forces applied to the
CRDH support frames as described in C.3.6.2.2.

Load combinations and allowable stress criteria for CRDH piping are
described in Table C.3-1C.  CRDH piping stresses are maintained below
these allowables.  Interface loads with CRD housing, drywell penetrations,
and CRD hydraulic control unit components are also maintained within
established limits.
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C.3.3 Instrument Tubing

Class I tubing required for the safe shutdown is qualified by field
verification, evaluation, and analysis using generic attributes to meet the
same methodology and criteria as specified in Section C.3.1.  Qualification
of tubing supports is described in Section C.3.6.3.

The tubing qualification program performed rigorous analyses on a sample
of representative tubing problems consisting of approximately 25 percent of
the total program scope.  The sample problems were selected from the
as-built tubing and supports on a plant wide basis.  The details of the
rigorous analysis for tubing are consistent with the large bore piping
analysis described in Section C.3.1.  The 25 percent sample problem
attributes were applied in evaluating the remaining 75 percent of the tubing
within the program scope.

Design changes for tubing within the bounds of the LTTIP are qualified in
accordance with Section C.3.5.  Class I tubing design changes outside
these bounds are qualified in accordance with large bore piping criteria
(Section C.3.1) using rigorous analysis or equivalent static analysis
techniques.

C.3.4 Buried Piping

Buried Class I piping has been qualified by rigorous analysis of representative
models from all the systems containing buried piping.  Similar configurations
and embedment depths exist in each system.  Rigorous analyses have been
performed for worst case models from each system containing critical
components such as elbows and tees along various depths and pipe
diameters.

Analysis

Qualification of Class I buried piping is based on BFNP site specific
geotechnical and seismic input data.  Effects of surrounding soil on piping is
simulated by horizontal and vertical soil springs.  The spring rate and
spacing requirements are according to References 9, 10 and 36.

Bounding analyses of all buried piping configurations are performed by using
TPIPE computer program.  Thermal, seismic, internal pressure, overburden
pressure, and differential movement loading conditions are applied and
qualified to satisfy the criteria depicted in Table C.3-1A.
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Seismic analysis is done by statically applying the axial strain, which is
calculated from the peak ground velocity and Raleigh wave velocity values
as established in References 10 and 11.  The bending strain is ignored as it
is negligible.

Class I buried piping at penetrations into the secondary containment, entry
points into the intake structure, and penetrations into other structures are
analyzed for the differential movements of the soil and the structure.
Typically, the analysis of piping within a structure includes a portion of the
buried piping to a length sufficient enough to simulate the effects of an
anchor.  In some cases, the soil structure interface is protected from the
effects of differential movements by using flexible couplings and/or guard
boxes.

C.3.5 Torus Attached Piping Systems

Torus attached piping systems, as defined in Section C.2.3, are within the
scope of the BFN Long Term Torus Integrity Program (LTTIP) design criteria.
These systems are qualified to withstand the hydrodynamic loads associated
with postulated loss of coolant accident (LOCA) loads and main steam relief
valve discharges, seismic, static, and thermal loads defined in References 6
and 19.  Structural qualifications, modifications, and design criteria for the
torus attached piping systems, including the main steam relief valve
discharge piping systems, are presented in sections 4, 7, 8, Appendix A, and
Appendix B of the LTTIP Plant Unique Analysis Report (PUAR),(Reference
12).  The NRC safety evaluation report for the LTTIP is Reference 22.

Some refinements and clarifications were made to the torus attached piping
systems design criteria and associated methods after the LTTIP SER
(Reference 22) was issued in May 1985.  These changes neither increase
allowable stresses nor reduce structural margins relative to the acceptance
criteria considered in LTTIP SER.  Significant changes include:

1. Deflection limits were added for rigid pipe supports which are not
attached to the torus and not included on the piping model.  The
deflection limit for supports existing on 7-31-87 is 5/32-inch, when
normalized loads are applied.  The corresponding limit for supports
added after 7-31-87 is 1/8-inch.  Normalized loads are obtained by
dividing the piping analysis loads by the stress factors tabulated in
LTTIP PUAR section 4.3.4.1.

2. Friction loads due to piping deadweight and thermal expansion
effects were added to the load combinations for qualification of rigid
supports which act as pipe guides.  A friction factor of 0.3 is used and
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the friction load is considered in support qualification if the pipe
thermal movement in the unrestrained direction is 1/16-inch or more.
Friction loads are considered in deadweight plus thermal expansion
(primary plus secondary) loading combinations which exclude
dynamic loads.

3. An additional loading condition for hydrostatic testing was added.
Normal (service level A) stress limits are applied for this testing
condition.

4. An Appendix R fire event was added to the emergency condition
(service level C) load combinations.  This new load combination
excludes any dynamic loading.  It involves pressure plus deadweight
effects only.

5. Clarification was added that pipe support gaps up to 1/16-inch are
considered in some thermal expansion/contraction analyses.
However, pipe support flexibility is not considered in these analyses
unless the supports are directly attached to the torus and included in
the piping models for all loading conditions.

6. The active valve list was updated to add some new valves to the list.
The new active valves are evaluated by the same criteria as the
existing active valves listed in PUAR Table 2-3 (i.e., the criteria in
PUAR section 4.3.3).

7. Interface requirements between torus attached piping and other
piping (e.g., large bore piping) were clarified.  When a torus attached
piping model terminates in a lapping zone with other Class I piping,
loads and stresses calculated from the separate analytical models
are enveloped within the lapping zone and LTTIP criteria is satisfied
for the enveloped loads and stresses.

BFN design criteria documents and engineering procedures control the
qualification of torus attached piping systems for design changes.
Compliance with these documents ensures that the allowable stresses,
deflection limits, nozzle load limits, and other interface limits described in
LTTIP PUAR section 4, appendix A, appendix B, and the
clarification/refinements described above are satisfied.

Discrepancies between the initial as-designed and as-built conditions of
LTTIP torus attached piping system modifications, described in the PUAR,
were identified by reinspections and corrected.  Those modifications now
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comply with engineering requirements assuring compatibility with the LTTIP
design criteria.

The Emergency Core Cooling System (ECCS) suction strainers were
initially modified to satisfy LTTIP structural design criteria requirements as
described in PUAR Section 8.5.2 and Figure 8-4.  Later, in response to
NRC Bulletin 96-03 concerning potential plugging by debris (Reference 42),
those strainers were replaced by larger, more functionally efficient strainers
designed by GE.

The replacement strainers are securely fastened to the previously existing
30-inch diameter flanges by twenty-four 3/4-inch bolts.  Each bolting flange
face is located approximately one foot inside its associated ECCS suction
penetration.

The replacement ECCS suction strainers and associated header/piping and
penetrations were structurally qualified to LTTIP design criteria and
analytical methodology described in the PUAR with the following
refinements and clarifications:

1.  The ECCS suction header/piping models were modified to simulate the
added mass of the new strainers and associated water mass.  Strainer
stiffness was simulated based on structural properties determined from a
detailed model of the strainers.  The effective water mass was
determined based on GE Research & Development (R&D) test data for
the strainer.

2. Applied hydrodynamic drag loads for the LOCA and Main Steam Relief
Valve (MSRV) LTTIP load cases were defined by extrapolation of
applied drag loads for the previously existing strainers.  Hydrodynamic
drag load factors were based on comparison of the size, location,
hydrodynamic mass, and drag coefficients for the replacement and
previously existing strainers.  The effective hydrodynamic masses and
drag coefficients for the replacement strainers were based on GE R&D
test data.

3. LOCA and MSRV drag load responses for the new strainers were
determined by multiplying the applied hydrodynamic drag loads by
Dynamic Load Factors (DLFs) in three orthogonal directions.  LOCA
Pool Swell DLFs were maintained at 2.0.  LOCA Condensation
Oscillation (CO)/Chugging and MSRV DLFs were calculated based on
characteristic frequencies of the submerged strainers mounted to the
ECCS suction header/piping models.  Load combination techniques for
the harmonic source and fluid structure interaction CO and Chugging



BFN-23

C.0-18

drag loads on the strainer were per LTTIP criteria requirements (PUAR
Sections 4.2.3 and 4.2.4).

4. Load reduction ("knockdown") factors for the single and multiple main
steam relief valve torus dynamic response effects were justified based
on correlation of the test results from the LTTIP inplant MSRV tests
described in Appendix C of the PUAR with the ECCS suction
header/piping analyses for those conditions.  These load reduction
factors conservatively account for increased MSRV flow rates due to 3%
setpoint tolerance and anticipated 5% power uprate conditions, plus a
four-inch increase in maximum pressure suppression pool level.  The
MSRV load reduction factors were applied to the torus dynamic
response MSRV inputs to the ECCS suction header/piping and
associated torus penetrations analyses.  They were not applied to MSRV
hydrodynamic drag loads.

5. Compliance of the ECCS header/piping systems and penetrations with
LTTIP structural criteria (PUAR Section 4.3) was demonstrated for the
updated models.  No additional modifications were required to the
header/piping systems or penetrations.

6. Structural integrity of the replacement strainers was demonstrated for
enveloping loads.  Strainer stresses comply with stresses from ASME
Section III, 1989 Edition allowable stresses.  Service levels for the
various LTTIP load combinations were conservatively established based
on the Mark I Containment Program Structural Acceptance Criteria Plant
Unique Analysis Application Guide (PUAR Reference 13) Table 5.1
"Class MC Components and Supports".

BFN LTTIP design criteria documents have been changed to:  1) Require
the definition of MSRV load reduction factors for the ECCS suction
header/piping systems, penetrations and strainers; 2) establish the
allowable stress criteria for the new strainers; and permit use of the new
strainer drag coefficients and hydrodynamic masses based on test data for
the strainers.

These changes are justified by supporting test/analysis correlation and by
compliance with the intent of NUREG 0661 (Reference 6) and the
applicable Mark I Containment Program documents.  The other
methodology changes described above are permitted by the LTTIP design
criteria and PUAR Section 4.

These design criteria changes are limited to the replacement strainers,
installed in response to concerns identified by NRC Bulletin 96-03
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(Reference 42), and the associated ECCS suction header/piping and
penetrations.  PUAR Section 4.2.2.1 included a provision to allow use of the
MSRV inplant test results to "address future NRC concerns regarding the
BFN containment system."  Definition and application of the MSRV load
reduction factors, as described above, is consistent with that PUAR
provision which was considered in the LTTIP SER (Reference 22).  It is also
consistent with NUREG-0661, Appendix A, Section 2.13.9, "MSRV Load
Assessment By In-Plant Tests."  Therefore, the design criteria changes
neither increase allowable stresses nor reduce structural margins relative to
the acceptance criteria considered in the LTTIP SER.

C.3.6 Pipe and Tubing Supports

Pipe/tubing supports, except LTTIP pipe supports, for Class I piping and
tubing are designed based on the AISC manual of Steel Construction
(Reference 4), in conjunction with the Manufacturer's Standardization
Society SP-58 (Reference 5).  Pipe/tubing supports are classified into the
three general categories with respect to its load combination and stress
allowables as following:

Linear Support - Any support which resists load essentially through a single
component of direct stress.  These supports provide resistance to
movement of the pipe in a particular direction or directions from all load
sources.  A linear support is any variety of restraint configurations designed
and fabricated from structural shapes and plates.

Dynamic Snubber - Provides resistance to dynamic movement without
restricting gradually applied motion (e.g., piping thermal expansion) in the
direction specified.

Component Standard Support - A support assembly consisting of one or more
units which are catalog items and generally mass produced.

C.3.6.1 Large Bore Pipe Supports

Class I pipe supports installed on Class I large bore piping limit deflections
from any one or all of the applicable load and movement sources as follows:

DW - Deadweight of sustained loads (includes
applicable fluid weight in test condition or fire
event)

E1 - Operational basis earthquake (OBE)
E2 - Safe shutdown earthquake (SSE)
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Ti - Thermal mode i=1, 2, --- (includes directional
     anchor movements)
VT - Valve thrust (relief forces)
WH - Waterhammer
S1 - OBE anchor movements
S2 - DBE (SSE) anchor movements
PR - Pipe rupture

C.3.6.1.1 Large Bore Pipe Supports Design Criteria Analysis

The design load combinations and allowable stresses for the Class I large
bore pipe supports are presented in Table C.3-2.  These design load
combinations are categorized with respect to hydrotest, normal, upset,
emergency, and faulted conditions as defined in Section C.2.2.  The basic
computer programs used for large bore pipe support analysis are described in
Section 3.7.

Concrete Anchors

Concrete Anchors for pipe supports are ductile type or expansion anchors.
Ductile anchors at BFN are predominantly welded studs or regular length
undercut anchors.  To ensure that the ductile anchor capacity is controlled by
the anchor steel capacity, the allowable load is limited to one-fourth the
anchor concrete pullout capacity.

Expansion anchors transfer loads to the concrete by expanding laterally
against the side of a hole drilled in hardened concrete.  Expansion anchors at
BFN are predominantly wedge bolts and expansion shell anchors.  The tensile
allowable loads for all support loading conditions for the wedge bolts and
expansion shell anchors are limited to one-fourth and one-fifth, respectively,
of the anchor concrete pullout capacity.

C.3.6.2 Small Bore Pipe Supports

C.3.6.2.1 General Small Bore Pipe Supports

The design criteria for all Class I small bore pipe supports, other than LTTIP
and the CRDH small bore pipe supports, is the same as that for Class I large
bore pipe supports as described in Section C.3.6.1.1. (See Section C.3.2.1).
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C.3.6.2.2 CRDH Pipe Supports

For Control Rod Drive Hydraulic (CRDH) insert and withdrawal piping
supports, in addition to the load combinations listed in Table C.3-2 the
following load combinations are also evaluated.

Design Load
Load Combination Direction Combination

Upset     + DW + T2(+)

    - DW + T2(-)

Emergency     + DW + T3(+)

    - DW + T3(-)

where: T2 is abnormal scram thermal mode, and
T3 is normal scram with post-LOCA thermal
mode.

Normal full scram thermal loads are combined with seismic loads in the upset,
emergency, and faulted load combinations of Table C.3-2.

Since the CRDH piping are routed in generally bundled arrangements as
described in Section C.3.2.2, special types of CRDH pipe supports are
defined as follows.

Rack - A two-dimensional frame which provides support/restraint for a CRDH
pipe bundle.

Bar - An individual member in a support rack which provides direct
support/restraint for a row of pipes within a CRDH pipe bundle.

The following methodology is used to determine and evaluate CRDH piping
support stresses and stress-related load effects, thereby accounting for the
fact that the peak seismic forces from multiple individual pipes will not occur
simultaneously.

a. To calculate support stresses due to pipe seismic restraints on a pipe
bundle support rack and on each individual support bar in that rack, the
stresses caused by application of individual pipe peak seismic inertia
forces in each separate orthogonal restraint direction are combined by a
factored Absolute Sum (ABSUM) method.  By this method, the support
stresses due to individual pipe seismic inertia forces in an orthogonal
restraint direction are multiplied by a factor and then combined by



BFN-23

C.0-22

ABSUM.  The multiplication factor is 0.5 for pipe seismic inertia (not
impact) forces on racks which support 23 pipes or more; it is 0.75 for pipe
seismic inertia forces on racks and individual bars which support from 9
to 22 pipes; and it is 1.0 for pipe seismic inertia forces on racks and
individual bars which support from 1 to 8 pipes.

Pipe seismic impact force effects and the net (combined) pipe seismic
inertia force effects are combined by the SRSS method.

The net (combined) pipe seismic inertial and impact force effects are
combined with the support frame seismic self-weight excitation effects by
the ABSUM method.

This process is repeated for each orthogonal restraint direction.

b. Support frame stresses from seismic forces applied in each separate
orthogonal restraint direction are combined by ABSUM.  Similarly, seismic
stresses from multiple racks in an overall support frame are combined by
ABSUM.  This is done either directly or by simultaneous application of the
forces, for each rack and each orthogonal direction, to the overall frame in
the directions which maximize overall frame seismic stresses and
displacements.  Each net (combined) seismic force effect is the larger of
the North-South plus Vertical, or East-West plus Vertical seismic input
effects.  The seismic support stresses and displacements all have a
+ and - value for combination with static load effects.

c. Individual pipe forces are applied to the support frames for each static
load case (deadweight, normal scram thermal, abnormal scram thermal,
and post-LOCA thermal), and stresses are calculated for each case by
algebraic summation.

d. Static and seismic frame stresses are combined and compared to the
associated allowable stresses for each load combination defined by Table
C.3-2 and this Section, considering the directional sense of each static
stress and the +  and - values of the seismic stress.  Both general frame
and local bar stresses are evaluated in this manner.

In addition, the combined deflection from seismic pipe forces, seismic
self-weight excitation of the frames, and dead-weight of the pipes are
limited to 1/8-inch at the point of pipe inertial load application for each
direction of restraint.

e. Each pipe clamp and guide is evaluated for the combined effects of the
peak seismic and static forces for each load combination.  The forces in
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each orthogonal direction of restraint are applied simultaneously and
compared to the rated capacity of the clamp/guide.

The design criteria for CRDH pipe supports, with the exceptions that above
additional load combinations are added to those specified in Table C.3-2, as
well as the special evaluation methodology and provisions described above,
are the same as that for Class I large bore pipe supports as described in
Section C.3.6.1.1.

C.3.6.3 Tubing Supports

The design criteria for Class I tubing supports is the same as that for Class I
large bore pipe supports as described in Section C.3.6.1.1.

C.3.7 Computer Programs for Class I Piping System Analysis

The following is a list of the principal computer programs used for dynamic
and/or static analysis of Class I piping and pipe supports.  Each program's
scope, background, applicability, and method of validation is discussed in the
program descriptions below.  As required, additional computer programs are
used to support these analyses.

Program Name Application

TPIPE Static and Dynamic

ANSYS Static, Dynamic and Non-linear

FAPPS Static

GTSTRUDL Static and Dynamic

TPIPE--for the linear elastic structural analysis of arbitrary, 3-
dimensional piping systems subject to static and dynamic loadings.
Analyses are performed to requirements for ASME Classes 1, 2, 3
systems, and ANSI B31.1.0 Power Piping Code.

Piping system is idealized as a mathematical model consisting of lumped
weights connected by weightless elastic members.  The locations of the
lumped weights are chosen to adequately represent the dynamic
characteristics of the system for dynamic considerations.  The direct
stiffness method of structural analysis is used to form the stiffness matrix,
including stiffness modifications for curved components.



BFN-23

C.0-24

Diagonal mass and damping matrices are assumed.  The equations of
equilibrium are solved to determine the system displacements, and
hence member forces and moments for the applied loading and/or
displacements, using a Gaussian elimination procedure.

TPIPE analyzes piping systems subject to applied static loading
conditions using the method discussed in the preceding paragraph;
however, the piping dead load analysis considers both distributed weight
properties of the piping and any concentrated weights.

TPIPE analyzes piping systems for dynamic excitation using the analysis
technique known as the response spectrum modal superposition method.
A direct integration or modal superposition time history capability is also
available.  Seismic options include a multiple support zone capability or
independent support motion (ISM) technique for response spectrum
analysis.  The dynamic properties of the system (periods of vibration and
normal mode shapes) are determined using a modified subspace
iteration technique, and the system response is then computed by the
modal superposition procedure.  The seismic analysis capability includes
the contribution of rigid modes (ZPA effect).

TPIPE has been benchmarked against the NRC program EPIPE in
accordance with the Standard Review Plans, NUREG-0800,
Section 3.9.1.II and NUREG/CR-1677.  TPIPE is verified and
maintained by using formal software QA procedures.

ANSYS - The ANSYS computer program is a large-scale general
purpose computer program for the solution of several classes of
engineering analysis problems.  ANSYS is capable of analyzing
structures with static and dynamic loadings, elastic and plastic
member properties, creep and swelling, buckling, and small and
large deflections.

The matrix displacement method of analysis based upon finite
element idealization is employed throughout the program.

FAPPS - The Frame Analysis Program for Pipe Supports (FAPPS)
is an inter-active computer program specifically developed for the
analysis and design of 18 standard frames as well as any
non-standard frame for pipe support.  It optimizes member sizes,
welds, base plates, and embedments based upon various user
specified design limitations.
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The process of optimization of member sizes is controlled
completely by the user to achieve an economical solution.  In this
way the user can limit the range of the member size selection
process, subject to the available shapes, consideration of members
connectivity and installation feasibility, and also the possible
anticipation of future additional loads or revised design loads.

The FAPPS program also has the flexibility to perform normal load
condition code checks for either the AISC, ASME Section III Subsection
NF or AIJ codes.

The FAPPS also performs code check for upset, emergency, and
faulted load conditions.

The FAPPS allows use of various types of load sets for
simplification of input to allow algebraic, absolute, and/or SRSS
combination of results due to each load vector within a load set as
well as each load set that is to be combined in one load set.

FAPPS is verified and maintained by using formal software QA
procedures.

GTSTRUDL provides the ability to specify characteristics of
structural problems, perform analyses, reduce and combine results,
perform design, and output any part or all of the information stored
in the structural problem data based on a selective basis.

Analytical procedures apply to any combination of framed structures
and continuum mechanics problems of arbitrary configuration and
composition.  Force boundary conditions on member ends, and
force and displacement boundary conditions at support joints, may
be specified implicitly by means of structural type and orientation
commands, or explicitly for a member or joint.  Continuum
mechanics problems are treated using the finite element method in
which the domain of the problem consists of different shapes
connected at a finite number of joints.

GTSTRUDL permits elements (members and finite elements) of
different types to be mixed in the same problem solution whether they
have the same or a different number of degrees-of-freedom per joint.

Properties of member elements may be specified by providing
section properties of prismatic or variable section members, naming
a section from a pre-established table of properties (such as
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"W14X237"), or specifying flexibility of stiffness matrices for special
member elements.

GTSTRUDL analysis procedures perform linear small displacement
static and dynamic analysis of structures composed of any
combination of member and finite elements with the same or
variable number of degrees-of-freedom per joint.

GTSTRUDL design procedures include steel design and code
checking for member elements by the 1969 and 1978 AISC
(American Institute of Steel Construction) Specifications for general
steel structures.

GTSTRUDL is verified and maintained by using formal software QA
procedures.

C.4 Major Components

C.4.1 Reactor Pressure Vessel (RPV), RPV Internals, and Supports

General Electric Company (GE) originally designed and qualified the BFN
RPVs, RPV internals, and supports as described in Sections C.4.1.1
through C.4.1.5.  In 1989, an upgraded seismic analysis was performed and
a reassessment of the combined loading effects was made as described in
Section C.4.1.6.  In 1997, an additional reassessment was made for a 105%
power uprate operation which included the current seismic loads.  Stresses
and loads remain within design basis allowables, as indicated by Table
C.4-1.

C.4.1.1 RPV Stress Analysis

The RPVs were designed, fabricated, inspected, and tested in
accordance with the ASME Boiler and Pressure Vessel Code,
Section III, its interpretations, and applicable requirements for
Class A vessels as defined therein, as of the date that the reactor
vessel order was placed (Reference Appendices J, K, and L for BFN
1, 2, and 3, respectively).

Stress analysis requirements and load combinations for the RPVs
were evaluated for the cyclic conditions expected throughout the
40-year life, with the conclusion that ASME code limits are satisfied.

The RPV design report (original Appendix J that was redocketed by
Reference 23 on June 23, 1989) provides the results of the original
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detailed design stress analyses performed for the RPV to meet the
code requirements.  Selected RPV components considered to have
possibly higher than code design primary stresses, as a result of rare
events or a combination of rare events, were also analyzed in
accordance with the requirements of the loading criteria in this
section and the safety margins in Section C.2.6.

Results (critical load combinations, locations, and allowables) for the
most critical of those original analyses are included in Table C.4-1.
The allowables were met in all cases.

C.4.1.2 RPV Fatigue Analysis

The analysis of the RPV shows that all components are adequate for
cyclic operation by the rules of Section III of the ASME Boiler and
Pressure Vessel Code.  The critical components of the vessel are
evaluated on a fatigue basis, calculating cumulative usage factors
(ratios of required cycles to allowed cycles-to-failure) for all operating
cycle conditions.  The cumulative usage factors for the critical
components of the RPV are below the code allowable of 1.0.

C.4.1.3 RPV Internals and Supports Stress Analysis

The RPV internals are designed using Section III of the ASME Boiler
and Pressure Vessel Code as a guide.  The material used for
fabrication of most of the internals is solution heat-treated,
unstabilized, Type 304 austenitic stainless steel conforming to ASTM
specifications.  Allowable stresses for the internals materials under
normal operating conditions are taken directly from Section III.

For rare events or a combination of rare events, the RPV internals
and supports were analyzed in accordance with the requirements of
the loading criteria in this section and the safety margins in
Section C.2.6, and results (critical load combinations, locations, and
allowables) for the most critical of those analyses are included in
Table C.4-1.  The allowables were met in all cases.

C.4.1.4 RPV Internals Deformation Analysis

C.4.1.4.1 Control Rod System

If there were to be excessive deformation of the Control Rod System,
made up of the control rod drive, control rod drive housing, control rod,
control rod guide tube and fuel channels, and the core structural elements
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which support them (top guide, core support, and shroud and shroud
support), it could possibly impede control rod insertion.  The maximum
loading condition that would tend to deform these long, slender
components is the Design Basis Earthquake.  The highest calculated
stresses occur where the Design Basis Earthquake and loads resulting
from the DBA pipe break are considered to occur simultaneously.  Even in
these cases the general stress levels are relatively low and for uprated
conditions, control rod guide tube buckling potential is within allowable
criteria.  No significant deformation is associated with these calculated
stresses;  therefore, rod insertion would not be impeded after an assumed
simultaneous Design Basis Earthquake and pipe break accident.  The
addition of control rod drive housing lateral restraints (reference Section
C.4.1.6) provides added assurance in this regard.

C.4.1.4.2 Core Support

The core support sustains the pressure drop across the fuel.  This
pressure drop is the only load which causes significant deflection of
the core support.  Excessive core support deflection could lift the
control rod guide tubes off their seats on the control rod drive
housings and thereby increase core bypass leakage.  This upward
deflection would have to be 1/2-inch to begin to lift guide tubes.  The
maximum deflections under normal operating conditions and pipe
rupture differential pressures for the core support are calculated to
be very small as compared to 1/2-inch.  The guide tubes will, therefore,
not be lifted off.  For uprated conditions, the core support beams
have been evaluated for buckling as a result of the pressure drop
and have been determined to have margin within allowable criteria.

C.4.1.5 RPV Internals Fatigue Analysis

The fatigue analysis was performed using as a guide the ASME
Boiler and Pressure Vessel Code, Section III.  The method of
analysis used to determine the cumulative fatigue usage is described
in APED-5460, 'Design and Performance of GE-BWR Jet Pumps,'
September 1968.  The most significant fatigue loading occurs in the
jet-pump shroud support area of the internals.

The analysis was performed for a plant where the configuration (leg-
type shroud support) was almost identical to Browns Ferry.
Therefore, the calculated fatigue usage is expected to be a
reasonable approximation for BFN.

The following loading combinations and transients were considered.



BFN-23

C.0-29

1.  Normal startup and shutdown;

2.  Operating Basis and Design Basis Earthquakes;

3.  Ten-minute blowdown from a stuck main steam relief valve;

4.  HPCI operation;

5.  LPCI operation (DBA); and

6.  Improper start of a recirculation loop.

Calculated Cumulative Fatigue Usage was less than the allowable of 1.0.

Remarks

The location of maximum calculated fatigue usage is at the bottom
side of the baffle plate at the point where the baffle plate attaches to
the shroud in the vicinity of the minimum ligament.

C.4.1.6 RPV, RPV Internals, and Supports Seismic Analysis

GE originally performed a detailed seismic analysis of the RPV, RPV
internals, and supports as described in redocketed Appendix J.  Loads from
other load sources were combined with the seismic loads from that analysis,
with the results described in Sections C.4.1.1 through C.4.1.5.

The seismic loads on the RPV, RPV internals, and supports are now based
on a dynamic analysis of an upgraded model of the RPV and RPV internals
coupled with the Reactor Building as described in Section 12.2.2.8.2.  The
results of the upgraded seismic analyses were combined with the results of
other loads for the various loading conditions in the reassessment
documented by Reference 21.  All stresses and loads remain within the
allowables given in Table C.4-1.

The upgraded RPV, RPV internals, and supports seismic model includes
consideration of the Control Rod Drive (CRD) housing lateral restraints
which were added (References 3 and 35) to limit CRD housing and attached
CRD hydraulic piping seismic stresses and displacements.
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C.4.2 Primary System Components Stress Analysis

GE supplied, specified the allowables, and performed the original
qualifications for the primary system components listed in Table C.4-2.
Seismic loads used in these qualifications were based on El Centro input
motion as described in Section C.2.4.

The extent of GE's stress analyses performed on equipment/components
were dependent upon the type of equipment/components and the type of
fabrication.  Fabricated shapes are generally made from plate or rolled
shapes with uniform thickness and shapes with regular geometric
configurations.  Cast shapes are generally made with nonuniform material
thickness in complicated shapes that are not regular geometric
configurations.  Manufacturers have traditionally designed cast shapes
conservatively since they do not lend themselves to rational analysis.
Usually a design is developed based on extensive tests and experience.
Selected components considered to have possibly higher than code design
primary stress as a result of rare events or a combination of rare events
were analyzed in accordance with the requirements of the loading criteria in
this section and the safety margins in Section C.2.6.  Results (critical load
combinations, locations, and allowables) for the most critical of those
analyses are included in Table C.4-2.

Class I large bore and torus attached piping systems have been qualified to
satisfy requirements described in Section C.3.  As part of this qualification
the piping nozzle loads on primary system components are maintained
within the allowable nozzle loads described in Table C.4-2.

In addition, primary system component stresses are within the allowable
stresses and component thicknesses are greater than the required
thicknesses described in Table C.4-2.

C.5 Primary Containment System and Penetrations

Each Browns Ferry unit employs a pressure suppression primary
containment system which houses the reactor vessel, the reactor coolant
recirculation loops, and other branch connections of the Reactor Primary
System (RPS).  The main functions of the primary containment system are:

1) to withstand the pressures resulting from a loss-of-coolant
accident (LOCA) and/or main steam relief valve discharge,

2) to provide enclosure for the decay of any radioactive material
which may ultimately be released,
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3) to store sufficient water to condense steam released as a
result of a LOCA and/or MSRV discharge, and

4) to supply water to the Emergency Core Cooling Systems
(ECCS).

The primary containment system consists of a drywell, a pressure
suppression chamber (wetwell or torus) which stores a large volume of water,
a connecting vent system between the drywell and the wetwell, isolation
valves, a vacuum relief system, containment cooling systems, equipment for
establishing and maintaining a pressure differential between the drywell and
the wetwell, and other service equipment.  Section C.5.2 provides a more
complete description of the primary containment system.

The following C.5 sections describe the structural qualification of the
primary containment system except for the torus attached piping systems.
Qualification of torus attached piping systems, including MSRV discharge
piping systems, is described in Section C.3.5.

C.5.1 Primary Containment Vessels Stress Analysis

The primary containment vessels (consisting of the drywell, torus, vent
system, and associated integral penetrations) were originally designed,
fabricated, inspected, and tested in accordance with the ASME Boiler and
Pressure Vessel Code, Section III, its interpretations, and applicable
requirements for Class B vessels as defined therein as of the date that the
vessel order was placed.

The Browns Ferry Containment vessels for Units 1 and 2 were built to
Section III of the ASME Boiler and Pressure Vessel Code, 1965 edition, and
Addenda through Winter 1966, inclusive (Reference 17).  The Unit 3
containment vessel was built to Section III of the ASME code, 1965 edition,
and Addenda through Summer 1967, inclusive.  The ASME code design
condition categories presently defined as Normal, Upset, and Emergency
were not defined in these editions.

The loading conditions and allowable stresses for the drywell are presented
in Table C.5-1.  The accident condition allowables are based on 1968 ASME
Section III Code with Addenda through Summer of 1969.  Stresses in the
drywell vessel including its integral penetrations are maintained within these
allowables.  These primary containment loadings were validated to be
acceptable for 105% power uprate operation (Reference 43).
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See Sections C.5.3 and C.5.4 for qualification of the torus vent system,
non-safety related internal structures, and wetwell/drywell vacuum breakers.

C.5.2 Primary Containment Bellows Stress Analysis

The vent pipes bellows were designed, fabricated, and tested in accordance
with ASME Boiler and Pressure Vessel Code, 1965 edition to Winter 1966
Addenda, and including Code Case Interpretations 1177-5 and 1330-1.

In accordance with Code Case 1177-5, the membrane stress in the bellows is
limited to the tabulated maximum allowable stress value of 15,500 psi for the
material (SA-240-T304) at 300 F in accordance with the ASME Boiler and
Pressure Vessel Code, Section VIII, Table UHA-23.

Pressure tests were conducted on each bellows by sealing the annulus
between the bellows and protective guard plate and pressurizing and
monitoring the pressure decay for several hours.  All bellows were found to
be leak-tight.

The bellows-type expansion joints for containment penetrations and vent
pipes are designed for an internal pressure of 56 psig at 281 F and an
external pressure of 2 psig (7 psig in the steam vault room) at 281 F.  The
joints are also designed to permit an axial extension of 0.6 in., an axial
compression of 2.0 in., and a lateral offset of from 0.3 to 1.55 in. depending
on the elevation of the penetration.  The design fatigue life of the joints is
7000 cycles.

The containment penetration expansion joints are designed, fabricated, and
tested to meet Interpretations of the ASME Boiler and Pressure Vessel Code,
Cases 1177 and 1330, and to meet the standards of the Expansion Joint
Manufacturer's Association, Inc.  The primary stresses are limited in
accordance with Code Cases 1177 and 1330 to ASME Boiler and Pressure
Vessel Code, Section VIII (Reference 18) allowable stress intensities.  The
secondary stresses are limited to the design fatigue life stress values for the
expansion joint at 7000 cycles.

The longitudinal butt welds in the expansion joints are radiographed in
accordance with the ASME Boiler and Pressure Vessel Code prior to forming.
The welds attaching the bellows elements to the transition elements are
made and inspected in accordance with Code Case 1330.  The vent pipe
bellows were evaluated further for the effects of postulated hydrodynamic
loads in the LTTIP (Section C.5.3).
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C.5.3 Long Term Torus Integrity Program (LTTIP)

In July 1980, the Nuclear Regulatory Commission (NRC) issued
NUREG-0661, "Safety Evaluation Report, Mark I Containment Long-Term
Program" (Reference 6) to address the NRC acceptance criteria for the
Mark I nuclear plant containment system evaluation on the identified loss-
of-coolant accident (LOCA) and main steam relief valve hydrodynamic
loads.

The BFN Long Term Torus Integrity Program (LTTIP) reevaluated the
plant-specific responses, in compliance with the intent of NUREG-0661.
Results of the reevaluation, qualification, and implemented modifications
are documented in the BFN-LTTIP Plant Unique Analysis Report (PUAR)
(Reference 12) and the NRC safety evaluation report (Reference 22).  This
program addressed the torus (wetwell), vent system, torus attached piping
systems, and non-safety related internal structures portions of the BFN
primary containment system.

LTTIP structural qualification criteria, methods, and modifications for the
torus and torus penetrations, vent system and vent pipe bellows, and
non-safety related internal structures are described in Sections 4, 5, 6, 9,
and Appendix B of the LTTIP PUAR.  There have been no significant
changes in the criteria or methods described therein since the LTTIP SER
was issued in May 1985, except as follows:

a.   Analyses have been performed to account for a maximum analytical
pressure suppression pool water level elevation of 536'-10", which is 4
inches higher than the previously analyzed value.  The new analytical
water level includes consideration of potential instrument error and a
margin for future use.

b. Applied pool swell and vent thrust loads were generated based on a
more refined Design Basis Accident blowdown analysis performed using
the LAMB vessel blowdown model described in NEDO-20566
(Reference 41).  Structural analysis methods were not changed.

c. Stresses and loads remain below the acceptance limits considered in the
LTTIP SER.

d. The LTTIP requirements are also demonstrated to be satisfied for 105%
power uprate operation (Reference 43).

BFN design criteria documents and engineering procedures control the
qualification of these primary containment system components for design
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changes.  Compliance with these documents ensures that the allowable
stresses and interface limits described in PUAR Section 4 and Appendix B
are satisfied.

Discrepancies between the initial as-designed and as-built conditions of the
LTTIP modifications for these components were identified by re-inspection
and corrected.  Those modifications now comply with engineering
requirements assuring compatibility with the design criteria.

See Section C.3.5 for structural qualification of the torus attached piping
system.

Changes in LTTIP design criteria and methodology for structural
qualification of replacement ECCS suction strainers and associated
header/piping systems and penetrations are described and justified in
Section C.3.5.

C.5.4 Wetwell/Drywell Vacuum Breakers

Wetwell/drywell vacuum breaker dynamic loads associated with the LOCA
chugging phenomena were identified during full scale tests for the Mark I
Containment Program.  Those loads were not included in NUREG-0661
and, consequently, were not addressed by the LTTIP PUAR.  They were the
basis of NRC Generic Letter 83-08 (Reference 37).  The BFN
wetwell/drywell vacuum breakers were evaluated and modified for these
chugging dynamic loads in response to GL 83-08, as described by
Reference 38.  The LOCA hydrodynamic loads are also demonstrated to be
satisfied for 105% power uprate operation (Reference 43).

C.6 Equipment

The general question regarding the adequacy of seismic qualification of
safety-related equipment in operating plants has been recognized as an
industry wide concern by the nuclear industry.  The NRC established this
concern in December 1980 as Unresolved Safety Issue (USI) A-46,
"Seismic Qualification of Equipment in Operating Plants", (NUREG-0606
and -0705).  It is important to note, however, that the A-46 statement of the
issue recognized the industry consensus position that the application of the
rules and procedures in existence at the time of operating plant design
served to ensure that conservative margins were incorporated into safety
equipment design.

In 1987, Browns Ferry Nuclear Plant was identified as one of the operating
plants applicable to A-46 requirements.  The existing Browns Ferry safety
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equipment was qualified originally to have sufficient margin of safety to
withstand seismic loading.  Plant-specific verification of seismic adequacy of
equipment was implemented in accordance with References 24, 25, 43, and
44.

For historical purposes, the original equipment seismic loading and
analysis methods are described in Sections C.6.1 and C.6.2.  Qualification
of replacements for existing equipment and new equipment from
March 1988 to July 2007, while the A-46 Generic Implementation
Procedure (GIP) was being developed by the Seismic Qualification Utilities
Group (SQUG), approved by the NRC, and implemented at BFN, is
described in Section C.6.3.  Seismic/Structural Qualification (S/SQ) of new
and replacement equipment after July 2007 is described in Section C.6.4.

C.6.1 Equipment Seismic Loading (Historical)

For GE-supplied equipment, seismic design conditions were included in the
purchase specification of seismic Class I equipment.  These were in the
form of equivalent static seismic coefficients both in the horizontal and
vertical directions.  Vendor design submittals in this area (as well as all
other functional areas) were reviewed for adequacy and applicability by the
design engineer.  Qualifications of GE-supplied mechanical equipment,
which are primary system components, are described in Section C.4.2.

For TVA purchased Class I mechanical equipment, static seismic
coefficients were specified for pumps, motors, etc., that were known to have
a natural frequency greater than 20 Hz.  The DBE building response in the
vertical and horizontal directions at the equipment location was specified.
Valves, relays, etc., were specified to withstand seismic loads equal to or
greater than resonance response at the equipment location.  For equipment
whose natural frequency was felt to be less than 20 Hz, TVA required the
vendor to determine the natural frequency.  Appropriate spectral curves
were included in the specifications for equipment suspected of having a low
natural frequency (  20 Hz), and the vendor was required to make a
thorough dynamic analysis or test of this equipment.

The support structure of all Class I equipment was designed to adequately
protect the equipment it supports.

For TVA-purchased Class I electrical equipment, the following requirements
were included in the purchase specifications to assure adequate design and
functional integrity under the seismic design conditions.
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1. The equipment, the devices mounted on it, and its supports shall be
designed to withstand seismic forces determined from floor
accelerations of (A) g horizontal, and (B) g vertical, provided that all of
the natural frequencies of vibration of the equipment are greater than
20 Hz.

2. Devices located in equipment or in areas of the equipment which have
natural frequencies of vibration less than 20 Hz shall be designed to
withstand seismic forces determined from resonant acceleration of (C) g
horizontal and (B) g vertical.

3. The stresses in the supports and the anchor bolts due to seismic loads
shall be combined with the stresses due to other live and dead loads
and operating loads.  The allowable stress for this combination of loads
shall be based on the ordinary allowable stresses set forth in the
applicable codes.

4. All equipment shall be anchored or fastened in such a way that it will
remain in place when friction is considered nonexistent with the
following accelerations:

(A)  specified from 0.20g to 1.70g, dependent upon location,
   (B)  specified as 0.134g, and
   (C)  specified from 1.24g to 29.80g, dependent upon location.

Provisions were included in the purchase specification of electrical
equipment to ensure that the seismic requirements were satisfied.
The specifications required the vendor to certify that his equipment
meets the seismic requirements and to submit a verification report
giving the following information.

1. Rigid equipment (has no natural frequencies of vibration less
than 20 Hz):  Show that the lowest natural frequency of more
than 20 Hz and that all components on, or in, the equipment
will continue to function properly when subjected to the
seismic forces as determined from the floor accelerations
specified.

2. Nonrigid equipment (has natural frequencies of vibration less
than 20 Hz):  Show that all components on, or in, the
equipment will continue to function properly when subjected
to the seismic forces as determined from the resonant
accelerations specified.
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C.6.2 Equipment Seismic Analysis (Historical)

Equipment was typically analyzed statically to determine its response
to earthquake loads.  The equivalent static coefficients for the
equipment were obtained from the floor response spectra
corresponding to the support elevations of the equipment.  In lieu of
determining the natural frequency of the equipment, the peak value
of the applicable floor response spectrum was used in calculating the
earthquake-induced loads.  In cases where the allowable stress limits
were exceeded, the corresponding input acceleration was obtained
from the appropriate floor response spectra.

Equipment which was outside the reactor coolant pressure boundary
(RCPB) used the design conditions of pressure, thermal, and deadweight
plus Operating Basis Earthquake (OBE), which was equivalent to Normal
plus Upset.  Substituting the Design Basis Earthquake for the OBE was
equivalent to the Emergency condition.  The Faulted condition was not
applicable.

C.6.3 Seismic Qualification of New Equipment and Replacements for
Existing Equipment From March 1988 Until July 2007

NRC Generic Letter 87-02 (Reference 8) specified that replacements should
be "verified for seismic adequacy either by using A-46 criteria and methods
or, as an option, qualifying by current licensing criteria."  In the interim time
period from March 1988 until July 2007, BFN optional equipment seismic
qualification criteria for new items and replacements, which were plant
modifications, were generally in accordance with NRC Regulatory Guide
1.100 (Reference 20) and IEEE 344-1975 (Reference 32).  This optional,
“current criteria” was used for a majority of BFN design changes for Class I
equipment.  This practice was continued until the A-46 Generic
Implementation Procedure (GIP) methodology was included in a licensing
basis revision per Section C.6.4.

Alternately, during this interim time period, qualification of Class I
replacements and new items were addressed by the following approaches:

1. Qualification of a new or replacement item of equipment was
accomplished by similarity to an existing installed item.  Any
dissimilarities were evaluated to show that the new or replacement item
was no less capable of withstanding seismic loading than the installed
item upon which the qualification by similarity was based.
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2. Qualification was accomplished by comparison to an identical existing
component.  The two components were required to meet all of the
following conditions.

a. The form, fit, function, weight and weight distribution, and
materials of construction were identical.

b. The parts were from the same manufacturer and had the same
model number.

c. It was positively shown that the mounting configuration and
location of the existing item created a seismic loading
condition which was equal to or greater than the seismic
loading condition predicted for the new or replacement item.

3. Qualification was accomplished by use of the draft guidelines and
criteria of USI A-46 and the associated Seismic Experience Data
Base (See References 8, 33, 34) and then verified by A-46 GIP
implementation.

In each of these alternative approaches the objective was to assure that the
required seismic adequacy was maintained or achieved so that it could be
verified later by NRC-approved A-46 criteria.  Results of the BFN A-46 GIP
implementation activities (References 24, 25, 44, and 45) confirmed that
these approaches were successful.

C.6.4 Equipment Seismic/Structural Qualification (ESQ) After July 2007

After July 2007, S/SQ of BFN Class I and Class II electrical and mechanical
equipment of all types, including electrical assemblies and devices, electrical
conduit and cable tray raceway systems, and mechanical equipment and fluid
system components (pump, tank and vessel assemblies, valves, and other
in-line fluid system components) is performed in accordance with BFN ESQ
design criteria, which replaced the interim design criteria described in
Section C.6.3.

The ESQ design criteria requires new Class I equipment to be seismically
qualified either by compliance with “current criteria” (based on IEEE 344-1975,
NRC Regulatory Guide 1.100 R1, and applicable ASME codes) or SQUG GIP
3A methods (Reference 46).  It also requires modifications to existing Class I
equipment to comply with “current criteria” when there are specific BFN
licensing commitments for the existing equipment to comply with IEEE
344-1975 (or 1971).  In addition, it requires modifications to existing Class I
equipment to comply with “current criteria” if the existing equipment S/SQ
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documentation is in accordance with “current criteria.”  Otherwise, GIP 3A
methods (Reference 46) are identified as an alternative approach for Seismic
Qualification of Class I equipment when applied in accordance with SQUG
Implementation Guidelines for Seismic Qualification of New and Replacement
Equipment/Parts (NARE) (Reference 47).

Seismic Qualification of Class I equipment includes compliance with applicable
criteria for normal operating loads plus seismic loads.  However, S/SQ also
entails qualification of Class I equipment in some locations for other BFN
design basis structural loading conditions.  For example, the ESQ design
criteria also requires Class I equipment within the LTTIP boundaries to be
qualified for load combinations and acceptance criteria described in the LTTIP
PUAR (Reference 12).  In addition, Class I equipment, which is exposed to the
outside environment, is required to be qualified for BFN design basis wind,
tornado missiles, snow, and ice as applicable at the equipment location.  The
requirements for these additional loading conditions are considered “current
criteria” because those conditions are not addressed by GIP 3A.

The ESQ design criteria requires new Class I electrical conduit and cable tray
raceway systems and modifications to existing Class I electrical raceway
systems to be seismically qualified in accordance with GIP 3A methods and
the SQUG Implementation Guidelines for NARE (References 46 and 47).

Per the ESQ design criteria, new Class II equipment and modifications to
existing Class II equipment are seismically qualified by demonstration of
structural and pressure boundary integrity by “current criteria” or by GIP 3A
methods.

Replacement items (e.g. parts) for Class I and Class II equipment for plant
maintenance (not plant modifications) are verified to ensure that the S/SQ of
the replacement item or its host equipment is not degraded.  This is
accomplished by application of a TVA design standard, in accordance with the
ESQ design criteria.  The design standard implements the Seismic Technical
Evaluation of Replacement Items (STERI) process per References 48 and 49.
It ensures that S/SQ of the equipment is maintained (not degraded) in
accordance with “current criteria” and the SQUG Implementation Guidelines
for NARE (Reference 47).

C.6.5 Qualification of Equipment in Torus Attached Piping Systems

Equipment in torus attached piping systems is also qualified to the
requirements defined in section 4.3 of the LTTIP PUAR (Reference 12).
Section C.3.5 of this Appendix describes the qualification of torus attached
piping systems.



BFN-23

C.0-40

C.6.6 Interface Loads from Class I Piping Analysis

Interface loads between Class I equipment and piping which is rigorously
analyzed, as described in Section C.3, are maintained within acceptable
limits justified by TVA, TVA-contractors, or equipment vendors.  For
example, nozzle loads on primary system components are maintained within
allowables described in Section C.4.2 and Table C.4-2.

C.7 Heating, Ventilation, and Air Conditioning (HVAC) Ductwork and Supports

C.7.1 Scope

Seismic qualification of the Class I HVAC ductwork and associated supports
is described in this section.  The BFN Class I HVAC ductwork consists of
rectangular and round sheet metal ducts (References 26, 27, 28), as well as
scheduled pipe used as ductwork.  For rectangular ducts, the Companion
Angle (CA) and Pocket Lock (PL) type transverse joint constructions as
specified by the Sheet Metal and Air Conditioning Contractors' National
Association (SMACNA) are used.  Additionally, welded joint constructions
are also used.

The analytical methods are described in Section C.7.2 and C.7.3.  When
scheduled pipe is used as ductwork, qualification may be done according to
methods and stress limits described in Section C.3.1 and C.3.6.  The buried
HVAC ductwork for Standby Gas Treatment (SGT), constructed of
scheduled pipe, is evaluated in accordance with Section C.3.4.

C.7.2 Ductwork System Seismic Analysis

The ductwork system consists of a duct run and a series of supports.  The
original ductwork design was based on Amplified Response Spectra (ARS)
using the El Centro earthquake input ground motion as described in
Section 2.5.4.  Subsequently, all Class I ductwork systems have been
reevaluated using ARS developed from artificial time history (Housner) and
impact assessments have been made.  The impact assessments include
combining the two directional responses absolutely, as opposed to the
SRSS method used with the El Centro response spectra.  The results of the
impact assessments have been used to determine whether the ductwork
previously qualified using the El Centro response spectra (SRSS
combination) meets the allowables specified in Section C.7.3.  For any
ductwork system not meeting the specified allowables, modifications have
been made for compliance with the requirements of Section C.7.3.



BFN-23

C.0-41

For the seismic evaluation, computer aided modal response method is
used.  The ducts are modeled as beam elements with effective bending and
shear properties.  For rectangular ducts with Companion Angle and Pocket
Lock type transverse joints, frequency correction factors of 0.87 and 0.59,
respectively, have been applied to more accurately predict the frequency.
However, for round ducts (welded joints), the frequency correction factor
used is 1.0.  Modes of frequencies 20 Hz and above are considered as
rigid.  The effects of Zero Period Acceleration (ZPA) are also considered,
which is applied to the rigid mode with the effective values as the maximum
building floor accelerations at or above 20 Hz.

The flexural mode responses are combined by SRSS method for each
direction, except for closely spaced modes (frequencies within 10 percent of
each other), which are combined by absolute summation.  The rigid mode is
combined by SRSS method with flexural modes.  Two sets (xy and zy) of
resultant seismic responses are generated, where x and z represent two
horizontal directions and y represents the vertical direction.  A set is formed
by absolute summation of responses of the two directions.  The controlling
response is the larger of the two sets of responses.

Alternatively, an equivalent static method with the peak acceleration values
corresponding to the system fundamental frequency has been used.  A
multimode correction factor of 1.5 is applied to the peak acceleration in an
equivalent static analysis method.

The ARS analysis considers all effective concentrated weights lumped
along the ductwork.  Differential building seismic movements are also
considered.  In addition, weather induced loads (as applicable) are
considered for ductwork exposed to exterior conditions.

The damping ratio of DBE (SSE) response spectra used on each type of the
ductwork are as follow:

Critical
Ductwork  Damping %

   Rectangular, companion angle or pocket lock           7
Rectangular, all welded                               2
Round duct, all types except scheduled pipe           2
Scheduled pipe                                        1
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C.7.3 Ductwork Load Combinations and Allowable Stresses

Ductwork systems are designed for Normal and Emergency loading
conditions.  Normal condition consists of Deadweight loads.  Emergency
condition is a combination of Deadweight and DBE (SSE) seismic loads.

C.7.3.1 Duct Allowable Stresses

Bending

Bending stresses are limited to the following allowables:

Rectangular Duct: 8000 psi (Normal)
                         12000 psi (Emergency)

*Round Duct:        10000 psi (Normal)
                         15000 psi (Emergency)

*  Not applicable to scheduled pipe analyzed in accordance with Sections
C.3.1 and C.3.4.

Shear

1)  Rectangular Duct:

Va = 5.5 w (6.4) (Ie/w).25   (Emergency)

     Where,

Va = Allowable shear capacity of a rectangular duct cross section, 1b.

w = Uniform weight per foot length of ductwork, lb/ft.

Ie = Effective moment of inertia (bending) of cross
     section, in.4 (based on approach in Reference 26).

Notes

 a) For evaluating the shear load at a section with an unreinforced
opening, Va is reduced in proportion to the reduction in gross
shear area.

 b) For ductwork with heavier gauge steel than the SMACNA
construction, an alternative method of qualification by AISI
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Specification (Reference 39) is adopted.  If this method is used,
a 1/3 increase is allowed for the Emergency load combination.

2)  Round Duct

Maximum shear stress:   0.53 Fy (Emergency)

where, Fy = Minimum specified yield stress of duct section, psi.

Buckling

Maximum allowable =  0.9 x critical buckling for axial compression (Emergency)

C.7.3.2 Ductwork Supports Allowable Stresses

The allowables for Class I ductwork supports, connecting bolts, and welds
are as follows:

Normal:     AISC Manual allowables (Reference 4)

Emergency:  Tension and Bending : 1.5 x Normal *    

Compression           : 1.5 x Normal *
                 Shear                 : 0.9 Fy / 1.7321
                 Bolt stress in tension :  1.5 x Normal
                 Bolt stress in shear  :  1.4 x Normal

     Weld stress           : 1.5 x Normal *
     Buckling              : 0.9 x Critical

     *Maximum allowable  : 0.9 Fy.
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Table C.2-1
DEFORMATION LIMIT

Either One of (Not Both) General Limit

a.
Permissible Deformation, DP

Analyzed Deformation

Causing Loss of Function,  DL



















0 9.

minSF

b.
Permissible  Deformation,   DP 

Experimental  Deformation

Causing  Loss of Function,   DE



















 
1.0

SFmin

where

DP = permissible deformation under stated conditions of normal, upset,
emergency, or faulted

DL = analyzed deformation which would cause a system loss of function(1)

DE = experimentally determined formation which would cause a system loss of
function(1)

(1) "Loss of Function" can only be defined quite generally until attention is
focused on the component of interest.  In cases of interest, where
deformation limits can affect the function of equipment and components,
they will be specifically delineated.  From a practical viewpoint, it is
convenient to interchange some deformation condition at which function is
assured with the loss of function condition if the required safety margins
from the functioning condition can be achieved.  Therefore, it is often
unnecessary to determine the actual loss of function condition because
this interchange procedure produces conservative and safe designs.
Examples where deformation limits apply are:  control rod drive alignment
and clearances for proper insertion, core support deformation causing fuel
disarrangement, or excess leakage of any component.
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Table C.2-2

PRIMARY STRESS LIMIT

Any One of (No More than One Required) General Limit

a.
Elastic Evaluated Primary Stresses, PE

Permissible Primary Stresses,  PN       









2.25

minSF

b.  
Permissible Load, LP                         

Largest Lower Bound Limit Load,  CL









1.5

SFmin

c.

Elastic Evaluated                    

Primary Stress,  PE

Conventional ultimate strength

at Temperature,  US



















0 75.

minSF

d.

Elastic Plastic Evaluated

Nominal Primary Stress,  PE

Conventional ultimate strength

at Temperature,  US

−

















0 9.

minSF

e. 
Permissible Load,  LP       

Plastic Instability Load,  PL











0 9.

minSF

f. 







UF  Analysis,Fracture From Load Ultimate

                                LP Load, ePermissibl 0 9.

minSF

g.  



















�LE Test, from� Load�

Function of� �Loss� or �Load� Ultimate

                   �LP �Load, ePermissibl 1.0

SFmin
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Table C.2-2 (continued)

PRIMARY STRESS LIMIT

where

PE = Primary stresses evaluated on an elastic basis.  The effective membrane
stresses are to be averaged through the load carrying section of interest.
The simplest average bending, shear or torsion stress distribution which will
support the external loading will be added to membrane stresses at the
section of interest.

PN = Permissible primary stress levels under normal or upset conditions under
applicable industry code.

LP = Permissible load under stated conditions of emergency or faulted.

CL = Lower bound limit load with yield point equal to 1.5 Sm, where Sm is the
tabulated value of allowable stress at temperature of the ASME III code or
its equivalent.  The "lower bound limit load" is here defined as that produced
from the analysis of an ideally plastic (nonstrain hardening) material where
deformations increase with no further increase in applied load.  The lower
bound load is one in which the material everywhere satisfies equilibrium and
nowhere exceeds the defined material yield strength using either a shear
theory or a strain energy of distortion theory to relate multiaxial yielding to
the uniaxial case.

US = Conventional ultimate strength at temperature or loading that would cause a
system malfunction, whichever is more limiting.

EP = Elastic-plastic evaluated nominal primary stress.  Strain hardening of the
material may be used for the actual monotonic stress strain curve at the
temperature of loading or any approximation to the actual stress strain curve
which everywhere has a lower stress for the same strain as the actual
monotonic curve may be used.  Either the shear or strain energy of
distortion flow rule may be used.

PL = Plastic instability load.  The "plastic instability load" is defined here as the
load at which any load bearing section begins to diminish its cross-sectional
area at a faster rate than the strain hardening can accommodate the loss in
area.  This type analysis requires a true stress-true strain curve or a close
approximation based on monotonic loading at the temperature of loading.
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Table C.2-2 (continued)

PRIMARY STRESS LIMIT

UF = Ultimate load from fracture analyses.  For components that involve
sharp discontinuities (local theoretical stress concentration > 3) the
use of a "fracture mechanics" analysis where applicable, utilizing
measurements of plain strain fracture toughness may be applied to
compute fracture loads.  Correction for finite plastic zones and
thickness effects as well as gross yielding may be necessary.  The
methods of linear elastic stress analysis may be used in the fracture
analysis where its use is clearly conservative or supported by
experimental evidence.  Examples where "fracture mechanics" may be
applied are for fillet welds or end of fatigue life crack propagation.

LE = Ultimate load or loss of function load as determined from experiment.
In using this method account shall be taken of the dimensional
tolerances which may exist between the actual part and the tested part
or parts as well as differences which may exist in the ultimate tensile
strength of the actual part and the tested parts.  The guide to be used
in each of these areas is that the experimentally determined load shall
use adjusted values to account for material properties and dimension
variations, each of which has no greater probability than 0.1 of being
exceeded in the actual part.
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Table C.2-3
BUCKLING STABILITY LIMIT

Any One of (no more than one required) General Limit

a.  
Permissible Load,  LP               

Code Normal Event Permissible

Load,  PN



















2.25

minSF

b. 
Permissible  Load,  LP        

Stability Analysis Load,  SL











0 9.

minSF

c.  
Permissible Load, LP                

Ultimate Buckling Collapse Load

from Test,  SE



















1.0

SFmin

where:

LP = Permissible load under stated conditions of emergency or faulted.

PN = Applicable code normal event permissible load.

SL = Stability analysis load.  The ideal buckling analysis is often sensitive
to otherwise minor deviations from ideal geometry and boundary
conditions.  These effects shall be accounted for in the analysis of the
buckling stability loads.  Examples of this are ovality in externally
pressurized shells or eccentricity of column members.

SE = Ultimate buckling collapse load as determined from experiment.  In
using this method, account shall be taken of the dimensional
tolerances which may exist between the actual part and the tested
part.  The guide to be used in each of these areas is that the
experimentally determined load shall be adjusted to account for
material property and dimension variations, each of which has no
greater probability than 0.1 of being exceeded in the actual part.



BFN-21

Table C.2-4
FATIGUE LIMIT

General
   Limit   

Summation of mean fatigue(1) a. Fatigue cycle usage
usage including emergency or       from analysis  0.05
faulted events with design and
operation loads following    b. Fatigue cycle usage
Miner hypotheses....       from test  0.33
either one (not both)

(1) Fatigue failure is defined here as a 25% area reduction for a load
carrying member which is required to function or excess leakage
causing loss of function, whichever is more limiting.  In the fatigue
evaluation, the methods of linear elastic stress analysis may be used
when the 3Sm range limit of ASME Code, Section III has been met.  If
3Sm is not met, account will be taken of (a) increases in local strain
concentration, (b) strain ratcheting, and (c) redistribution of strain due
to elastic-plastic effects.  The January 1969 draft of the USAS B31.7
Piping Code may be used where applicable, or detailed elastic-plastic
methods may be used.  With elastic-plastic methods, strain hardening
may be used not to exceed in stress for the same strain the steady-
state cyclic strain hardening measured in a smooth low cycle fatigue
specimen at the average temperature of interest.
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TABLE C.3-1A

LOAD COMBINATIONS AND ALLOWABLE STRESS CRITERIA FOR CLASS I PIPING AND TUBING

(PIPING OTHER THAN RRS, MS, FW AND CRDH SYSTEMS)9

Plant Conditions Moment Constituents2 NC-36521

Concurrent Loads  From Load Sources  Equations and Stress Limits Eq. No.

Design and Normal

Design Pressure + Sustained MA = M(DW)10 (8)

Upset

Max (Peak) Pressure + MBU = M(E1,VT,WH)3,6

Sustained + OBE + Fluid (9U)
Transient

Emergency

Max (Peak) Pressure + MBE = M(E2,VT,WH,JI)5,6,8,11

Sustained + Fluid Transient (9E)
+ (DBE or Jet Impingement)
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.
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.
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TABLE C.3-1A

LOAD COMBINATIONS AND ALLOWABLE STRESS CRITERIA FOR CLASS I PIPING AND TUBING

(PIPING OTHER THAN RRS, MS, FW AND CRDH SYSTEMS)9

Plant Conditions Moment Constituents2                           NC-36521

Concurrent Loads  From Load Sources  Equations and Stress Limits Eq. No.

Faulted

(Max (Peak) Pressure + MBF = M(E2,VT,WH,JI)6,8  (9F)
Sustained + DBE + Fluid
Transient + Jet Impingement)

Normal and Upset (Secondary)

Thermal Expansion + MC = M(Ti,SD,S1)3,4,7  (10)
Thermal Anchor Movement +
Seismic Anchor Movement

   OR

Design Pressure + Sustained +  (11)
Thermal Expansion + Thermal Anchor
Movement + Seismic Anchor Movement

Differential Settlement

Differential Settlement MD = M(BS)

( )P D

D D

i M M

Z
Sm i

o i

A BF

h

2

2 2

0 75
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+
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TABLE C.3-1B

LOAD COMBINATIONS AND ALLOWABLE STRESS CRITERIA OF CLASS I PIPING FOR REACTOR RECIRCULATION (RRS)

MAIN STEAM (MS) AND FEEDWATER (FW) SYSTEMS9

Plant Conditions Moment Constituents2                           NC-36521

Concurrent Loads  From Load Sources  Equations and Stress Limits Eq. No.

Design and Normal (Primary)

Design Pressure + MA = M(DW)10  (8)
Sustained

Upset (Primary)

Design Pressure + MBU = M(E1,VT,WH)3,6 (9U)
Sustained + Occasional

Normal (Primary + Secondary)

Design Pressure + M'C = M(Ti,SD) (11)
Sustained + Thermal 
Expansion + Thermal Anchor Movement

P D

D D

iM

Z
Si

o i

A
h
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2 2
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.
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TABLE C.3-1B
LOAD COMBINATIONS AND ALLOWABLE STRESS CRITERIA OF CLASS I PIPING FOR REACTOR RECIRCULATION (RRS)

MAIN STEAM (MS) AND FEEDWATER (FW) SYSTEMS9

Plant Conditions Moment Constituents2                           NC-36521

Concurrent Loads  From Load Sources  Equations and Stress Limits   Eq. No.

Upset (Primary + Secondary)

Design Pressure + MC = M(Ti,SD,S1)3,4,7 (9U+10)
Sustained + Thermal
Expansion & Thermal Anchor
Movement + OBE + SAM

Emergency (Primary)

Design Pressure + MBE = M(E2,VT,WH,JI)5,6,8,11 (9E)
Sustained + Fluid Transient
+ (DBE or Jet Impingement) 

Max. (Peak) Pressure + MBE' = M(E1,VT,WH)6,8 (9E)’
Sustained + OBE + Fluid
Transient

Max. (Peak) Pressure +
Sustained + Fluid Transient (9E)”
+ (DBE or Jet Impingement)

Faulted Primary

Max (Peak) Pressure + MBF = M(VT,E2,WH,JI)6,8  (9F)
Sustained + Fluid Transient
+ DBE + Jet Impingement
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TABLE C.3-1C

LOAD COMBINATIONS AND ALLOWABLE STRESS CRITERIA

FOR CONTROL ROD DRIVE HYDRAULIC PIPING

Plant Conditions Moment Constituents2                           NC-36521

Concurrent Loads  From Load Sources  Equations and Stress Limits Eq. No.

Design and Normal (Primary)

Design Pressure + MA = M(DW)10

Sustained (8)

Upset (Primary)

Max Operating Pressure + MBU = M(E1,VT,WH)3,6 (9U)
Sustained + Occasional (9U)

Upset (Primary + Secondary)

Max Operating Pressure + MC1 = M(Ti,SD,S1)3,7  OR
Sustained + Normal Scram (10)
Thermal Expansion and Anchor
Movement + SAM (OBE)

 (11)
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TABLE C.3-1C

LOAD COMBINATIONS AND ALLOWABLE STRESS CRITERIA

FOR CONTROL ROD DRIVE HYDRAULIC PIPING

Plant Conditions Moment Constituents2                           NC-36521

Concurrent Loads  From Load Sources  Equations and Stress Limits Eq. No.

Max Operating Pressure +   MC2 = M(Ti,SD)7

Sustained + Abnormal Scram  OR (10)
Thermal Expansion and Anchor
Movement

 (11)

Emergency (Primary)

Max Operating Pressure + MDE = M(E2,VT,WH,JI)6,8,11

Sustained + Fluid Transient    (9E)
+ (SSE or Jet Impingement)5

Faulted (Primary)

Max Operating Pressure + MDF = M(E2,VT,WH,JI)6,8

Sustained + Fluid Transient    (9F)
+ SSE + Jet Impingement
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TABLE C.3-1A, 1B, 1C (Cont'd)

Nomenclature

P = Design Pressure, psi.

Pm = Max (Peak) Pressure, psi.

Pn = Maximum operational or scram pressure for the Hydraulic System Pump Pressure for CRDH
System only.

Do = Outside Pipe Diameter, in.

Di = Nominal Inside Pipe Diameter, in.

i = Stress Intensification Factor from B31.1.0 - 1967.

Sh = Basic material allowable stress at maximum operating temperature.

Sc = Basic Material Allowable Stress at Ambient Temperature.

SA = Allowable expansion stress defined in B31.1.0 - 1967.

U,E,F = Added Suffixes for differentiation between Upset, Emergency, and Faulted.

Z = Pipe section modulus (in3).

DW = Deadweight.

E1 = Operating Basis Earthquake (OBE) Inertia Effect.

E2 = Design Basis Earthquake (DBE) Inertia Effect.

WH = Steam/Water Hammer.

Ti = Thermal mode i (i = mode number).

SD = Thermal Anchor Movements.

S1 = OBE Seismic Anchor Movements.

BS = Differential movement between the soil and building structure for buried piping or relative
differential building settlement for piping attached to two buildings.

VT = Valve Thrust (Main Steam Relief Valve Actuation).

JI = Jet Impingement.
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TABLE C.3-1A, 1B, 1C (Cont'd)

Notes

 1. ASME Boiler and Pressure Vessel Code, Section III, Division 1, 1971 edition, through
Summer 1973 Addenda and Code Case 1606-1.  Material allowables and SIFs from USAS
B31.1.0 - 1967

 2. The sequence of events, consistent with the system operational requirements, is considered
in establishing which load sources are taken as acting concurrently.

 3. Seismic anchor movements are included in the evaluation of either equation (9) or equation
(10), but need not be included in both.

 4. All secondary load sources resulting from plant normal or upset conditions are identified and
evaluated for the limiting operating modes of the system.  The effects of these load sources
are used in evaluating equipment loading, support loading, and type.

 5. The largest loads from either DBE or Jet Impingement are used.  Jet impingement loading
requirements for piping inside and outside of containment are described in Appendix M.

 6. If more than one dynamic load source is involved, such as earthquake, valve thrust, and
water hammer, the SRSS method will be used to combine resultant moments from individual
load sources.  In the event that the dynamic load sources are determined to act
nonconcurrently, then they can be considered independently.

 7. For Mc, the effects of Ti and corresponding SD are combined algebraically first, and then
combined absolutely with S1.

 8. Only inertia term of earthquake effect to be considered.

 9. Exceptions from the requirements in Table C.3-1A, -1B, and -1C may be allowed with proper
justification and NRC concurrence.

10. Additional stresses caused by hydrostatic testing weight are evaluated when applicable.

11. Appendix R fire events are evaluated as separate emergency loading conditions.  No
dynamic loads are postulated to occur simultaneously with these events.  Piping is evaluated
for pressure plus deadweight effects of the events.
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LOAD COMBINATIONS AND ALLOWABLE STRESSES

FOR CLASS I PIPE AND TUBING SUPPORTS

Support Category Load Condition Direction Design Load
Combinations1,2,9

Allowable3

Stresses

Linear Type
Support

Normal +

-

DW + Ti+

DW + Ti-

1.0S AISC

Hydrotest DW 1.0S AISC

Upset + DW + Ti+ + SRSS[VT+, WH+,
E1, S1]

1.33S AISC4

- DW + Ti- - SRSS [VT-, WH-,
-E1, -S1]

Emergency + DW + Ti+ + SRSS [VT+, WH+,
E2, S2]

1.5S AISC4

or

DW + Ti+ + SRSS [VT+, WH+]
+ PR+

or

DW + Ti+ (Appendix R)

- DW + Ti- - SRSS [VT-, WH-,
-E2, -S2]

or

DW + Ti- - SRSS [VT-, WH-] +
PR-

or

DW + Ti- (Appendix R)

Faulted + DW + Ti+ + SRSS [VT+, WH+,
E2, S2] + PR+

1.5S AISC4

- DW + Ti- - SRSS [VT-, WH-,
-E2, -S2] +PR-
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Support Category Load Condition Direction Design Load
Combinations1,2,9

Allowable3

Stresses

Snubbers

Hydraulic

Upset Same as Linear VLR

Emergency Same as Linear 1.2 VLR

Faulted Same as Linear 1.2 VLR

Mechanical

Pre-NF Upset Same as Linear VLR

Emergency Same as Linear The lesser of
1.33 VLR or
LCD Level 'C'

Faulted Same as Linear The lesser of
1.33 VLR or
LCD Level 'C'

Post-NF Upset Same as Linear LCD Level 'B'

Emergency Same as Linear LCD Level 'C'

Faulted Same as Linear LCD Level 'C'
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Support Category Load Condition Direction Design Load
Combinations1,2,9

Allowable
Stresses3,5,6

Standard Support
Components

Normal Same as Linear S58

Hydrotest Same as Linear 2.0S58
8

Upset Same as Linear 1.2S58

Emergency Same as Linear (See Note 7)

Faulted Same as Linear (See Note 7)
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Notes:

1. Signs for Load Evaluation

DW - Carries the actual analysis signs.

Ti - Thermal load shall be evaluated for both hot and cold conditions.

2. Design value for (+) direction is the larger of zero and the value calculated; (-) direction is the
smaller of zero and the value calculated.

3. S AISC = The basic allowable stresses defined in Part I of the
AISC Specification for the Design, Fabrication, and
Erection of Structural Steel for Buildings, November
1978.  (Excluding the 1.33 factor).

S58   = The basic allowable load as defined by the vendor in
accordance with MSS SP-58, 1967 edition, Pipe Hangers and
Supports.

Fy   = The minimum yield stress of support member at elevated
sustained temperature (i.e., normal operating temperature
exceeds 150 F).

VLR  = The basic load rating supplied by the vendor.

LCD  = Load capacity data sheet as levels supplied by the vendor.

4. Linear Allowables shall not exceed 0.9Fy for tension or 0.9Fy/ 3 = 0.52Fy for shear.

5. Load rated allowables established according to ASME section III subsection NF are acceptable
using the appropriate load level.

6. Linear support allowables may be used for detailed analysis of standard support components.
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Notes:

7. Allowable stress shall not exceed the lesser of 2.0558 or the linear support allowance.  However,
the lesser shall not exceed available LCD Level 'D' limits.

8. Maximum allowable stress for hydrotest condition shall not exceed 0.8Fy.

9. SRSS combinations shall be consistent with the provisions of Section C.3.1.2.
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REACTOR VESSEL, REACTOR VESSEL INTERNALS AND SUPPORTS
CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES

Criteria Loading Primary Stress Type Allowable Stress (psi)

Stabilizer Bracket and Adjacent Shell

Primary Stress Limit - ASME Boiler Normal and upset condition loads Membrane and bending 40,000
and Pressure Vessel Code, Sect. III 1.  Operating Basis Earthquake
defines primary membrane plus 2.  Design pressure
primary bending stress intensity
limit for SA 302 - Gr. B Emergency condition loads Membrane and bending 60,000

1.  Design Basis Earthquake
For normal and upset condition 2.  Design pressure
Stress limit = 1.5 X 26,700 = 40,000 psi
Faulted condition loads Membrane and bending 80,000
For emergency condition 1.  Design Basis Earthquake
Stress limit = 1.5 X 40,000 = 60,000 psi 2.  Jet reaction forces

3.  Design pressure
For faulted condition
Stress limit = 2.0 X 40,000 = 80,000 psi

Vessel Support Skirt

Primary Stress Limit - ASME Boiler Normal and upset condition loads General membrane 26,700
and Pressure Vessel Code, Sect. III 1.  Dead weight
defines stress limit for SA 302 2.  Operating Basis Earthquake
Gr. B

Emergency condition loads General membrane 40,000
For normal and upset condition 1.  Dead weight
SM = 26,700 psi 2.  Design Basis Earthquake

For emergency condition Faulted condition loads General membrane 53,400
Slimit = 1.5 SM = 1.5 X 26,700 = 1.  Dead weight
40,000 psi 2.  Design Basis Earthquake

3.  Jet reaction forces
For faulted condition
Slimit = 2.0 SM = 20 X 26,700 = 53,400 psi
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REACTOR VESSEL, REACTOR VESSEL INTERNALS AND SUPPORTS
CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES

Criteria Loading Primary Stress Type Allowable Stress (psi)

Shroud leg Support

Primary Stress Limit - ASME Boiler Normal and upset condition loads Tensile 23,300
and Pressure Vessel Code, Sect. III 1. Operating Basis Earthquake
defines allowable primary membrane 2. Pressure drop across shroud
stress SB-168 material.    (normal)

3. Subtract dead weight

1. Tensile Loads
For normal and upset condition Emergency condition loads Tensile 35,000
SM = 23,300 psi 1. Design Basis Earthquake

2. Pressure drop across shroud
For emergency condition    (normal)
Slimit = 1.5 SM  3. Subtract dead weight
       = 1.5 X 23,300 = 35,000 psi

Faulted condition loads Tensile 46,600
For faulted condition 1. Design Basis Earthquake
Slimit = 2.0 SM 2. Pressure drop across shroud
       = 2.0 X 23,300 = 46,600 psi    during faulted condition

3. Subtract dead weight

2. Compressive Loads
For normal and upset condition Normal and upset condition loads Compressive 14,000
SA = 0.4 Sy 1. Operating Basis Earthquake
   = 0.4 X 35,000 = 14,000 psi 2. Zero pressure drop across
   shroud
For emergency condition 3. Dead weight
Slimit = 0.6 Sy

          = 0.6 X 35,000 = 21,000 psi Emergency condition loads Compressive 21,000
1. Design Basis Earthquake

For faulted condition 2. Subtract operating pressure
Slimit = 0.8 Sy    drop across shroud
       = 0.8 X 35,000 = 28,000 psi 3. Dead weight

Faulted condition loads Compressive 28,000
1. Design Basis Earthquake
2. Zero pressure drop
   across shroud
3. Dead weight



BFN-21

Sheet 3
Table C.4-1 (Continued)

REACTOR VESSEL, REACTOR VESSEL INTERNALS AND SUPPORTS
CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES

Criteria Loading Primary Stress Type Allowable Stress (psi)

Top Guide Longest Beam

Primary Stress Limit - The allowable Normal and upset condition loads* General membrane plus 25,388
primary membrane stress plus bending 1. Operating Basis Earthquake bending
stress is based on ASME Boiler and 2. Weight of structure
Pressure Vessel Code, Sect. III for
Type 304 stainless steel plate.

For normal and upset condition Emergency condition loads* General membrane plus 38,081
Stress Intensity 1. Design Basis Earthquake bending
SA = 1.5 Sm = 1.5 X 16.925 = 25,388 psi 2. Weight of structure

For emergency condition
Slimit = 1.5 SA = 1.5 X 25,388
       = 38,081 psi Faulted condition loads* General membrane plus 50,775

(Same as emergency condition) bending
For faulted condition
Slimit = 2SA = 2 X 25,388 = 50,775 psi

Top Guide Beam End Connections

Primary Stress Limit - ASME Boiler Normal and upset condition loads* Pure shear 10,155
and Pressure Vessel Code, Sect. III 1. Operating Basis Earthquake
defines material stress limit for 2. Weight of structure
Type 304 stainless steel

For normal and upset condition
Stress Intensity Emergency condition loads* Pure shear 15,232
SA = 06 Sm = 0.6 X 16,925 = 10,155 psi 1. Design Basis Earthquake

2. Weight of structure
For emergency condition
Slimit = 1.5 SA

       = 1.5 X 10,155 = 15,232 psi Faulted condition loads* Pure shear 20,310
(Same as emergency condition)

For faulted condition
Slimit = 2SA = 2 X 10,155 = 20,310 psi

*Note:  Normal, upset, and accident top guide hydraulic loads are upward.  These are not included in the stress analysis since they counteract the effect of the structure weight.
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REACTOR VESSEL, REACTOR VESSEL INTERNALS AND SUPPORTS
CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES

Criteria Loading Primary Stress Type Allowable Stress (psi)

Core support (pre-uprate)

Primary Stress Limit - The allowable Normal and Upset condition loads General membrane plus 25,388
primary membrane stress plus bending 1. Normal operation pressure drop bending
stress is based on ASME Boiler and 2. Operating Basis Earthquake
Pressure Vessel code, Sect. III for
Type 304 stainless steel plate Emergency condition loads General membrane plus 38,081

1. Normal operation pressure drop bending
For allowable stress see top guide 2. Design Basis Earthquake
longest beam above

Faulted condition loads General membrane plus 50,275
1. Pressure drop after recircu- bending
   lation line rupture
2. Design Basis Earthquake

Core support (uprate)* Allowable pressure
For power uprate the allowable differential differential (psid)
loading is based on the ratio of applied
pressure to buckling pressure.

For normal and upset: Normal and Upset condition loads Buckling 28.0
allowable ratio = 0.40 1.  Normal operation pressure drop

2.  Operating Basis Earthquake

For emergency: Emergency condition loads Buckling 42.0
allowable ratio = 0.60 1.  Normal operation pressure drop

2.  Design Basis Earthquake

For faulted: Faulted condition loads Buckling 56.0
allowable ratio = 0.80 1.  Pressure drop after main steam

     line rupture.
2.  Design Basis Earthquake

Allowable Stress (psi)
Core Support Aligners

Primary Stress Limit - ASME Boiler Normal and upset condition load Pure shear 10,155
and Pressure Vessel Code, Sect. III 1. Operating Basis Earthquake
defines material stress limit for
Type 304 stainless steel Emergency condition load Pure shear 15,232

1. Design Basis Earthquake
For allowable shear stresses, see
top guide beam end connections Faulted condition load Pure shear 20,310
above 1. Design Basis Earthquake

*The component did not change as a result of increasing power but represents the parameters that were reevaluated as part of the power uprate analysis.
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REACTOR VESSEL, REACTOR VESSEL INTERNALS AND SUPPORTS
CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES

Moment Limit Accounting 
Criteria Loading Primary Stress Type for Pressure Loads (in-lb)

Fuel Channels

Primary Stress Limit - The allowable Normal and Upset condition loads Membrane and bending 28,230
Sm for Zircaloy determined according 1. Operating Basis Earthquake
to methods recommended by ASME 2. Normal pressure load
Boiler and Pressure Vessel Code,
Sect. III.  Allowable moment Emergency condition loads Membrane and bending 42,350
determined by calculating limit 1. Design Basis Earthquake
moment using Table C.2-2                    2. Normal pressure load
equation (b), then applying SFmin

for applicable loading conditions. Faulted condition loads Membrane and bending 56,500
1. Design Basis Earthquake
2. Loss-of-coolant accident

(Sm = 9,270 psi, 1.5 Sm = 13,900 psi)    pressure

Emergency limit load = 1.5 X
Normal limit load calculated using
1.5 Sm =  yield
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REACTOR VESSEL, REACTOR VESSEL INTERNALS AND SUPPORTS
CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES

Criteria Loading Location Allowable Stress (psi)

RPV Stabilizer

Primary Stress Limit - AISC specification Upset condition Rod 130,000
for the construction, fabrication 1. Spring preload Bracket  22,000
and erection of structural steel for 2. Operating Basis Earthquake  14,000
buildings

Emergency condition Bracket  33,000
For normal and upset conditions 1. Spring preload  21,000
AISC allowable stresses, but without 2. Design Basis Earthquake
the usual increase for earthquake loads

Faulted condition Bracket  36,000
For emergency conditions 1. Spring preload  21,500
1.5 X AISC allowable stresses 2. Design Basis Earthquake

3. Jet reaction load
For faulted conditions
Material yield strength

RPV Support (Ring Girder)

Primary Stress Limit - AISC specification Normal and upset condition Top flange  27,000
for the design, fabrication and erection 1. Dead loads
of structural steel for buildings 2. Operating Basis Earthquake Bottom Flange  27,000

3. Loads due to scram Vessel to girder bolts  60,000
For normal and upset conditions  22,500
AISC allowable stresses, but without
the usual increase for earthquake
loads

For faulted conditions Faulted condition Top flange  45,000
1.67 X AISC allowable stresses for 1. Dead loads Bottom flange  45,000
structural steel members 2. Design Basis Earthquake Vessel to girder bolts 125,000
Yield strength for high strength 3. Jet reaction load  75,000
bolts (vessel to ring girder)
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REACTOR VESSEL, REACTOR VESSEL INTERNALS AND SUPPORTS
CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES

Criteria Loading Location Allowable Stress (psi)

CRD Housing Support "Shootout Steel"

Primary Stress Limit - AISC specification Faulted Condition loads Beams (top cord)  33,000
for the design, fabrication 1. Dead weight  33,000
and erection of structural steel 2. Impact force from failure Beams (bottom cord)  33,000
for buildings    of a CRD housing  33,000

For normal and upset condition (Dead weights and earthquake Grid structure  41,500
Fa = 0.60 Fy (tension) loads are very small as  27,500
Fb = 0.60 Fy (bending) compared to jet force.)
Fv = 0.40 Fy (shear)

For faulted conditions
Fa limit = 1.5 Fa (tension)
Fb limit = 1.5 Fb (bending)
Fv limit = 1.5 Fb (shear)
Fy = Material yield strength

Recirculating Pipe and Pump
Pipe Rupture Restraints

Primary Stress Limit - Structural Faulted condition loads Brackets on 28 in. pipe  33,000
Steel:  AISC specification for the 1. Jet force from a complete
design, fabrication and erection    circumferential failure Cable on pump restraints  99,000
of structural steel for buildings.    (break) of recirculation line

For normal or upset conditions
Fa = 0.60 Fy (tension)

For faulted conditions
Fa limit = 1.5 Fa (tension)
Fy = yield strength
Cable (wire rope)

For faulted conditions
Fa = 0.80 Fu (tension)
Fu = ultimate strength
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REACTOR VESSEL, REACTOR VESSEL INTERNALS AND SUPPORTS
CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES

Criteria Loading Location Allowable Stress (psi)

Control Rod Drive Housing

Primary Stress Limit - The allowable     Normal and upset condition loads Maximum membrane 16,925
primary membrane stress is based on 1. Design pressure stress intensity occurs
the ASME Boiler and Pressure Vessel 2. Stuck rod scram loads at the tube to tube
Code Sect. III, for Class A vessels 3. Operating Basis Earthquake weld near the center of
for Type 304 stainless steel the housing for normal

upset and emergency
For normal and upset condition conditions
Sm = 16,925 psi at 575oF

For emergency conditions Emergency condition loads 25,100
Slimit = 1.5 Sm = 1.5 X 16,925=25,400 psi 1. Design pressure

2. Stuck rod scram loads
3. Design Basis Earthquake

Control Rod Drive

Primary Stress Limit - The allowable Normal and upset condition loads Maximum stress intensity 26,060
primary membrane stress plus Maximum hydraulic pressure occurs at a point on the
bending stress is based on ASME from the control rod drive Y-Y axis of the indicator
Boiler and Pressure Vessel Code Supply pump. tube
Sect. III for SA-212 TP 316 NOTE - Accident conditions
tubing do not increase this loading

Earthquake loads are negligible
For normal and upset condition
SA = 1.5 Sm = 1.5 X 17.375 = 26,060 psi



BFN-21
Sheet  9

Table C.4-1 (Continued)

REACTOR VESSEL, REACTOR VESSEL INTERNALS AND SUPPORTS
CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES

Criteria Loading Location Allowable Stress (psi)

Control Rod Guide Tube (pre-uprate)

Primary Stress Limit - The allowable     Faulted condition loads         The maximum bending 25,400
primary membrane stress plus 1. Dead weight stress under faulted
bending stress is based on the ASME 2. Pressure drop across guide loading conditions
Boiler and Pressure Vessel Code    tube due to failure of occurs at the center of
Sect III for Type 304 stainless    steam line the guide tube
steel tubing 3. Design Basis Earthquake

For normal and upset conditions
Sm = 16,925 psi

For faulted condition
Slimit = 1.5 Sm = 1.5 X 16,925 - 25,400

Control Rod Guide Tube (uprate)* Allowable loads (lbs)         Pressure differential (psi)
        (vertical)

The allowable loading is based on Faulted condition loads The maximum loading 35,200                                    84
the ratio of applied load to bucklling 1.  Dead weight conditions occur at the
load 2.  Pressure drop across guide center of the guide tube

     tube due to failure of length
For normal and upset:      steam line
allowable ratio = 0.40 3.  Design Basis Earthquake

For faulted:
allowable ratio = 0.80

Incore Housing Allowable Stress (psi)

Primary Stress Limit - The allowable Emergency condition loads Maximum membrane 25,400
primary membrane stress is based on 1. Design pressure stress intensity occurs
ASME Boiler and Pressure Vessel 2. Design Basis Earthquake at the outer surface of
Code, Sect. III, for Class A vessels the vessel penetration
for Type 304 stainless steel

For normal and upset conditions
Sm = 16,925 psi at 575oF

For emergency condition (N + AM)
Slimit = 1.5 Sm = 1.5 X 16,925 = 25,400 psi

*The component did not change as a result of increasing power but represents the parameters that were reevaluated as part of the power uprate analysis.
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PRIMARY SYSTEM COMPONENTS  - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES

MAIN STEAM ISOLATION VALVES

      Criteria Method of Analysis      Minimum Dimension Required

1. Body Minimum Wall Thickness Minimum wall thicknesses in the cylindrical Body wall thickness
portions of the valve shall be calculated

Loads: using the following formula: t = 1.83 in. at 23-in. diameter
                                                    

Design pressure and temperature

Primary Membrane Stress Limit:                  

S = 7,000 lb/in.2 per ASA B16.5 where:
S = allowable stress of 7000 psi
P = primary service pressure, 655 psi
d = Inside diameter of valve at section
    being considered, in.
C = corrosion allowance of 0.12 in.

2. Cover Minimum Thickness        Valve cover thickness

Loads: where: t = 4.888 in.
    t = minimum thickness, inches  

Design pressure and temperature     d = diameter or short span, in.
Design bolting load     C = attachment factor
Gasket load     S = allowable stress, psi

    W = total, bolt load, lb
   hG = gasket moment arm, in.
   Ci = corrosion allowance, in.

Primary Stress Limit:

Allowable working stress per
ASME Section VIII
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Main Steam Isolation Valves (Continued)

                                                                            Allowable Stress or
Criteria Method of Analysis Actual Dimension

3. Cover Flange Bolt Area Loads: Total, bolting loads and stresses shall be Flange Bolt Stress
calculated in accordance with "Rules for

Loads: Bolted Flange Connections" - ASME Boiler S = 30,900 lb/in.2

and Pressure Vessel Code, Section VIII,        at 575 F
Design pressure and temperature Appendix II, except that the stem operational
Gasket load load and seismic loads shall be included in
Stem operational load the total load carried by bolts.  The
Seismic load-Design Basis Earthquake horizontal and vertical seismic forces shall

be applied at the mass center of the valve
Bolting Stress Limit: operator assuming that the valve body is

rigid and anchored.

Allowable working stress per ASME
Nuclear Pump & Valve Code, Class I

4. Body Flange Thickness and Stress Flange thickness and stress shall be calcu- Body Flange Stress
lated in accordance with "Rules for Bolted

Loads: Flange Connections" = ASME Boiler and Pressure
Vessel Code, Section VIII, Appendix II, except

Design pressure and temperature that the stem operational load and seismic SH = 26,700 lb/in.2

Gasket load loads shall be included in the total load SR = 26,700 lb/in.2

Stem operational load carried by the flange.  The horizontal and ST = 26,700 lb/in.2

Seismic load - Design Basis vertical seismic forces shall be applied at
Earthquake the mass center of the valve operator assum-

ing that the valve body is rigid and anchored.

Flange Stress Limits:

SH, SR, ST

1.5 Sm per ASME Nuclear Pump

and Valve Code, Class I.
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES

Main Steam Isolation Valves(Continued)

                                                                                            

Criteria Method of Analysis                       Allowable Stress

5.  Valve Disc Thickness

Loads: where: S = 17,800 lb/in2

  Sr = radial stress, psi
Design pressure and temperature   St = tangential stress
Primary bending stress limit:    v = Poisson's ratio

   P = design pressure, psi
Allowable working stress per    R = radius of disc, inches
ASME Section VIII    t = thickness of disc, inches

6.  Valve Operator Supports The valve assembly shall be analyzed assuming
that the rigid mass and that the valve body

Loads: is an anchored, rigid mass and that the
                                            specified vertical and horizontal seismic
Design pressure and temperature              forces are applied at the mass center of the      S = 18,000 lb/in2

Stem operational load                       operator assembly, simultaneously with 
Equipment dead weight                      operating pressure plus dead weight plus
Seismic load-Design Basis                   operational loads.  Using these loads,

                                        stresses and deflections shall be determined
Support Rod Stress Limit:                   for the operator support components.

Allowable working stress per ASME
ASME Section VIII
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Main Steam Safety Valves

      
Criteria        Method of Analysis Allowable Stress             Minimum Dimension Required

1.  Inlet Nozzle Wall Thickness

Loads:          t = 0.183 in.
where:

1.1 X Design pressure at 600 F T = min. required thickness, in.
S = allowable stress, lb/in.2

Primary Membrane Stress Limit: P = 1.1 X design pressure, lb/in.2

R = internal radius, in.
Allowable stress intensity as defined E = joint efficiency
by ASME Standard Code for Pumps and C = corrosion allowable, in.
Valves for Nuclear Power

2.  Valve Disc Thickness

Loads: where: Ss= 20,190 lb/in.2

1.1 X Design pressure at 600 F W  =  shear load, lb
A  =  shear area, in.2

Diagonal Shear Stress Limit: P  =  1.1 X design pressure, lb/in.2

A1 =  disc area, in.2
0.6  x allowable stress intensity and:

as defined by ASME Standard Code A  =  S (R + R1)
for Pumps and Valves for Nuclear S  =  slope of frustrum of shear cone, in.
Power R1 =  radius at base of cone, in.

R  =  radius at top of cone, in.

3.  Inlet Flange Bolt Area Total bolting loads and stresses shall be
calculated in accordance with procedures of

Loads: Para. 1-704.5.1 Flanged Joints, of B31.7 Sb = 27,700 lb/in.2

Nuclear Piping Code.
Design pressure and temperature
Gasket load
Operational load
Design Basis Earthquake

Bolting Stress Limit:
Allowable stress intensity, Sm, as
defined by ASME Standard Code
for Pumps and Valves for Nuclear Power
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Main Steam Safety Valves (Continued)

Criteria Method of Analysis  Allowable Stress  

4.  Inlet Flange Thickness Flange thickness and stresses shall be SH= 27,300 lb/in.2

calculated in accordance with procedures of SR= 27,300 lb/in.2

    Loads:                          Para. 1-704.5.1 Flanged Joints, of B31.7 ST= 27,300 lb/in.2

                                             Nuclear Piping Code.
    Design pressure and temperature
    Gasket load
    Operational load
    Seismic load-Design Basis Earthquake

    Flange Stress Limits:

    SH, SR, ST

    1.5 Sm per ASME Nuclear Pump

  and Valve Code
Set Point

5.  Valve Spring-Torsional Stress

S = 82,500 lb/in2

    Loads: where:

Smax = torsional stress, lb/in2 Maximum Lift

    W1 =  Set point load P = W1 or W2 = spring load,

    W2 =  Spring load at maximum D = means diameter of coil, in. S = 112,500 lb/in.2

 lift, lb d = diameter of wire, in.
C =  D  = correction factor

         d
    Torsional Stress Limit

   0.67 X torsional elastic limit when
   subjected to a load of W1.

    0.90 X torsional elastic limit
   when subjected to a load of W2.
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Main Steam Safety Valves (Continued)

                                                                        
Criteria Method of Analysis Allowable Stress          Minimum Dimension Required

6.  Yoke Rod Area 

    Loads:
where:

    Spring load at maximum lift A = required area per rod, in2 A = 0.852 in.2

   F = total spring load, lb
    Primary Stress Limit: Sm = allowable stress, lb/in.2

 
Allowable stress intensity, Sm, as

    defined by ASME Standard Code for
    Pumps and Valves for Nuclear Power.

7.  Yoke Bending and Shear Stresses Sb = 18,200 lb/in.2

 

    Loads: where: Ss = 10,900 lb/in.2

    Spring load at maximum lift Sb = bending stress, lb/in.2

     Ss = shear stress, lb/in.2

    Bending and Shear Stress Limits:     M  = bending moment, in.-lb
   Z  = section modulus, in.3

    Bending-allowable stress intensity, V  = vertical shear, lb
    Sm, per ASME Nuclear Pump and Valve   A  = shear area, in.2

    Code Shear - 0.6 X allowable stress
    intensity, 0.6 Sm, per ASME Nuclear
    Pump and Valve Code.

8.  Body Minimum Wall Thickness

     Loads: where: Body Bowl
t = required thickness, in t = 0.3312 in

Primary service pressure   S = allowable stress, 7,000 lb/in.2

P = primary service pressure, 150 lb/in2 Inlet Nozzle
    Primary Stress Limit: d = inside diameter of valve at                                             t = 0.231 in.
            section being considered, in.
    Allowable stress, 7,000 lb/in2, Outlet Nozzle
    in accordance with USAS B16.5.                                                                                           t = 0.2823 in.
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Main Steam Safety Valves

                                                                             
Criteria Method of Analysis Allowable Stress            Load Limit 

      
9.  Inlet Nozzle Combined Stress S = 27,300 lb/in.2

    Loads: where:
  S  = combined bending and tensile
    Spring load at maximum lift   stress, lb/in.2

    Operational load F1 = maximum spring load, lb
    Seismic load-Design Basis Earthquake    F2 = vertical component of reaction
       thrust, lb
    Combined Stress Limit:
  A  = cross section area of nozzle, in.2

    1.5 X allowable stress intensity,       M1 = moment resulting from horizontal
    1.5 Sm, per ASME Code for Pumps           component of reaction, lb-in.
    and Valves for Nuclear Power. M2 = moment resulting from horizontal
       seismic force, in.-lb

10. Spindle Diameter                               Load limit (0.2Fc)

Loads: where:                         F = 30,210 lb
Spring load at Maximum lift Fc = critical buckling load, lb

  E  = modulus of elasticity, lb/in.2

Spindle Column Load Limit: I   = moment of inertia, in.4

  L  = length of spindle in compression, in.
0.2 X critical buckling load

11. Spring Washer Shear Area Ss = 15,960 lb/in.2

Loads where:

Spring load at maximum lift Ss = shear stress, lb/in.2

  F  = spring load, lb
Shear Stress Limit: A  = shear area, in.2

0.6 X allowable stress intensity,
0.6Sm, per ASME Nuclear Pump and
Valve Code.
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PRIMARY SYSTEM COMPONENTS - CRITICAL COMBINATIONS, LOCATIONS, AND ALLOWABLES
Main Steam Relief Valves

                                                                    
Criteria Method of Analysis Minimum Dimension Required

1.  Body Minimum Wall Thickness
Main Body:

Loads: where:              t = 0.625 in.

    Design pressure and temperature t  = minimum required thickness, in.                Bonnet:
     S = allowable stress, 7,000 lb/in.2

    Primary Membrane Stress Limit:  P = primary service pressure, 655           t = 0.287 in.
                                            d = inside diameter of valve at section
    Allowable working stress as         being considered, in.
    defined by USAS B16.5 (7,000 C = corrosion allowance, 0.12 in.
    psi at primary service pressure).
                                                 
2.  Bonnet Cap and Pilot Base Bonnet Cap:  
 

    Minimum Thickness                t = 0.612 in.

    Loads: where:
 t   = minimum required thickness, in.           Pilot Base:
    Design pressure and temperature d   = diameter or short span, in.
    Gasket load C  = attachment factor, ASME           t = 2.117 in.                                          

Section VIII
    Primary Stress Limit: P   = design pressure, lb/in.2

 Sm = allowable stress, lb/in.2

    Allowable stress intensity, Sm, W  = total bolt load, lb
    as defined by ASME Standard hg  = gasket moment arm, in.
    Code for Pumps and Valves C1  = corrosion allowance, 0.12 in.
    for Nuclear Power.
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Main Steam Relief Valves (Continued)

                                                                             
 Criteria Method of Analysis Allowable Stress         Minimum Dimension Required  

3. Flange Bolt Area - Inlet Flange, Total bolting loads and stresses shall be  Body to Base:
 Outlet Flange, Body to Bonnet, calculated in accordance with procedures
 Bonnet to Base of Para. 1-704.5.1 Flanged Joints, of Ab = 10.26 in2 Ab = 2.854 in.2

B31.7 Nuclear Piping Code
 Loads:  Bonnet to Cap:

 Design pressure and temperature Ab = 1.452 in.2 Ab = 0.995 in.2

 Gasket load 
 Operational load Inlet Flange
 Design Basis Earthquake 

Ab = 13.9 in.2 Ab = 6.25 in.2

Bolting Stress Limit:
   Outlet Flange:
 Allowable stress intensity, Sm as Ab = 12.2 in2

 defined by ASME Standard Code for Ab = 5.5 in.2

 Pumps and Valves for Nuclear Power.

4. Flange Thickness - Inlet, Outlet, Flange thickness and stresses shall be
 Bonnet Flanges calculated in accordance with procedures SH = 26,250 lb/in.2

 of Para. 1-704.5.1 Flanged Joints, of SR = 26,250 lb/in.2

 Loads: B31.7 Nuclear Piping Code ST = 26,250 lb/in.2

 Design pressure and temperature

 Gasket load
 Operational load
 Design Basis Earthquake

 Flange Stress Limits:

 SH, SR, ST

 1.5 Sm per ASME Nuclear
 Pumps and Valve Code.



BFN-21

Sheet 10
Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Main Steam Relief Valves (Continued)

                                                                             
 Criteria Method of Analysis Allowable Stress  

5. Valve Disc. Thickness and Stress Disc Stress:
                                     
 
 
 Loads: where: Sm = 15,800 lb/in2

 Design pressure and temperature   Sr = radial stress, lb/in2

   St = tangential stress, lb/in2

 Primary Stress Limit:    v  = Poisson's ratio

      P = design pressure, lb/in2

 Allowable stress intensity, Sm    R = radius of disc, in.

 as defined by ASME Standard Code for    t  =  thickness of disc, in.

 Pumps and Valve for Nuclear Power.

Inlet Nozzle Diameter Thickness
     and Stress Inlet Nozzle Stress:
           

 Loads: where: S = 26,250 lb/in2

 S  = combined bending and tensile
 Design pressure and temperature      stress, lb/in2

 Operational load F1 = vertical load due to design pressure, lb
 Design Basis Earthquake F2 = vertical component of reaction
        thrust, lb
 Primary Stress Limit: A  = cross section area of nozzle, in2

 M1 = moment resulting from horizontal
 1.5 X allowable stress intensity,      reaction, in.-lb
 1.5 Sm as defined by ASME M2 = moment resulting from horizontal
 Standard Code for Pumps and seismic force at mass center of
 Valves for Nuclear Power.      valve, in.-lb
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Recirculation Pumps

                                                                             
 Criteria Method of Analysis  Allowable Stress      Minimum Dimension Required

1. Casing Minimum Wall Thickness           t = 2.68 in.
 
 

Loads:  Normal and Upset Condition where:

 Design pressure and temperature t  = minimum required thickness, in.
 P = design pressure, psig
 Primary Membrane Stress Limit: R = maximum internal radius, in.
 S = allowable working stress, psi
 Allowable working stress per E = joint efficiency
 ASME Section III, Class C C = corrosion allowance, in.

 
2. Casing Cover Minimum Thickness
 Loads:  Normal and Upset Condition

 Design pressure and temperature

    Sr = 15,075 psi
 

 Primary Bending Stress Limit:
 
 

 1.5 Sm per ASME code for
 Pumps and Valves for St = 15,075 psi
 Nuclear Power Class I

                                                                                            where:
   Sr = radial stress at outer edge, psi
   St = tangential stress at inner edge, psi
    w = pressure load, psi
    W = uniform load along inner edge, lb
     t = disc thickness, in.
    m = reciprocal of Poisson's ratio
    a = radius of disc, in.
    b = radius of disc hole, in.
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Recirculation Pumps (Continued)

                                                                             
 Criteria Method of Analysis Allowable Stress     Minimum Dimension Required

3. Cover and Seal Flange Bolt Areas Bolting loads, areas and stresses shall be                    
 calculated in accordance with "Rules for
 Loads:  Normal and upset conditions Bolted Flange Connections" - ASME 20,000 psi
 Section VIII, Appendix II
 Design pressure and temperature
 Design gasket load
 20,000 psi
 Bolting Stress Limit:

 Allowable working stress per
 ASME Section III, Class C

4. Cover Clamp Flange Thickness Flange thickness and stress shall be                                           Flange Thickness  
 calculated in accordance with "Rules                                           8.9 in.
 Loads:  Normal and upset condition for Bolted Flange Connections" -ASME 
 Section VIII, Appendix II

Design pressure and temperature
Design gasket load
Design bolting load

Tangential Flange Stress Limit:

Allowable working stress per
ASME Section III, Class C

5. Pump Nozzle Stress Pipe Stress is compared to allowable 21,708 psi
of 0.9 (Yield stress of pump nozzle)

Loads: Normal, Upset and 
Faulted Condition
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Recirculation Pumps (Continued)

                                                                             
Criteria Method of Analysis Allowable Stress  

6. Mounting Bracket Combined Stress Bracket vertical loads shall be determined         
summing the equipment and fluid weights

Loads: and vertical seismic forces. Pump Lug
Bracket horizontal loads shall be determined

Flood weight by applying the specified seismic force at 17,280 psi
Design Basis Earthquake mass center of pump-motor assembly

(flooded).
Combined Stress Limit: Horizontal and vertical loads shall be

applied simultaneously to determine
Yield Stress tensile, shear and bending stresses in Motor Lug

the brackets.  Tensile shear, and bending
stress shall be combined to determine 21,000 psi
maximum combined stresses.
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Recirculation Pumps (Continued)

                                                                            
Criteria Method of Analysis Allowable Stress  

7. Stresses Due to Seismic Loads The flooded pump-motor assembly shall Motor Bolt Tensile Stress:
be analyzed as a free body supported by

Loads: constant support hangers from the pump     11,200 psi
brackets.  Horizontal and vertical seismic

Operating pressure and forces shall be applied at mass center of Pump Cover Bolt Tensile Stress:
temperature assembly and equilibrium reactions shall
Design Basis Earthquake be determined for the motor and pump     32,000 psi

brackets.  Load, shear, and moment
Combined Stress Limit: diagrams shall be constructed using live Motor Support Barrel

loads, dead loads, and calculated snubber     Combined Stress:
Yield stress reactions.  Combined bending, tension

and shear stresses shall be determined     22,400 psi
for each major component of the assembly
including motor, motor support barrel,
bolting and pump casing.  The maximum
combined tensile stress in the cover
bolting shall be calculated using tensile
stresses determined from loading diagram
plus tensile stress from operating pressure.
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Fuel Storage Racks

Criteria Loading Location  Allowable Stress

Stresses due to normal, upset, or emergency Emergency condition At column to base welds    11,000 psi(1)

loading shall not cause the racks to fail "A" loads
so as to result in a critical fuel array 1.  Dead loads At base hold down lug    20,000 psi(2)

2.  Full fuel load in rack (casting)
3.  Design Basis Earthquake

Primary Stress Limit-Paper numbers 3341
and 3342, Proceedings of the ASCE, Journal Emergency condition
of the Structural Division, December 1962 "B" loads (see below)
(task committee on lightweight alloys)
(Aluminum)

Emergency Conditions
Stress limit = yield strength
at 0.2% offset.

(1) Load testing shows that the structure will not yield when subjected to simulated emergency condition "A" loads.
     Strain gages mounted on the welds show that calculated stresses are conservative.
(2)  Calculated stresses compare very well with test results.

Emergency Condition "B"

Loading

In addition to the loading conditions given above, the racks are tested and analyzed to determine their capability
to safely withstand the accidental, uncontrolled drop of the fuel grapple from its full retracted position into the
weakest portion of the rack.

Method of Analysis

The displacement of the vertical columns at the ends of the racks is determined by considering the effect of the
grapple kinetic energy on the upper structure.  The energy absorbed shearing the rack longitudinal structural member
welds is determined.

The effect of the remaining energy on the vertical columns is analyzed.  Equivalent static load tests are made on
the structure to assure that the criteria are met.
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
RHR Pumps

Criteria            Method of Analysis                               Allowable Stress

1. Closure bolting shall be designed to 1.  Bolting loads and stresses shall be     25,000 psi
contain the internal design pressure     calculated in accordance with the "Rules
of the pump casing without exceeding     for Bolted Flange Connections," ASME
the allowable stress of the bolting     Boiler and Pressure Vessel Code,
material.  Allowable stresses at     Section VIII, Appendix II.
design temperature shall be in
accordance with ASME Boiler and     Pump Design Pressure                450 psig
pressure Vessel Code, Section VIII.     Maximum Design Temperature    350 F

2. The minimum wall thickness of the 2.  Stress in the pump casing shall be     14,000 psi
pump shall limit stress to the     calculated at the point of maximum
allowable stress when subjected to     internal pump diameter by the formula
design pressure and temperature.
Allowable stresses shall be in
accordance with ASME Boiler and
Pressure Vessel Code, Section VIII.

where

Sc = calculated stress, psi
P  = pump design pressure, psi
D  = maximum pump internal diameter
t  = actual minimum metal thickness less
    corrosion allowance, 0.080 in.
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
RHR Pumps (Continued)

Criteria Method of Analysis and Allowable Nozzle Loads

3. Application of forces and moments by 3. Stresses will not be excessive if the 
attaching pipe on pump nozzles under     maximum resultant force when taken with
combined maximum thermal expansion     the maximum resultant moment falls below
and Operating Basis Earthquake the line.
loading reaction plus load due to
internal pressure shall not produce
an equivalent bending and torsional
stress in the nozzles in excess of
the allowable stress as defined by
the ASME Boiler and Pressure Vessel
Code, Section VIII.     Suction           OBE                 DBE

    Fintercept     88,000 lb          146,000 lb
          
    (M=0)

For Design Basis Earthquake stress     Mintercept  1,200,000 in.-lb  1,800,000 in.-lb

shall be less than 1.5 of allowable      (F=0)

stress.

    Discharge

    Fintercept   68,000 lb        126,000 lb

      (M=0)

    Mintercept   760,000 in.-lb  1,300,000 in.-lb

     (F=0)

    Pipe Design Pressure

    Suction      =  150 psig

    Discharge  =  450 psig
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Core Spray Pumps

                 Criteria                                       Method of Analysis                                 Allowable Stress  

1.  Closure bolting shall be designed to 1. Bolting loads and stresses shall be    20,000 psi
contain the internal design pressure    calculated in accordance with the "Rules
of the pump casing without exceeding    for Bolted Flange Connections," ASME
the allowable stress of the bolting   Boiler and Pressure Vessel Code, Section
material.  Allowable stresses at   VIII, Appendix II.
design temperature shall be in
accordance with ASME Boiler and   Pump Design Pressure             500 psig
Pressure Vessel Code, Section VIII. Maximum Design Temperature 210 F

2. The minimum wall thickness of the 2. Stress in the pump casing shall be    14,000 psi
pump shall limit stress to the allow-  calculated at the point of maximum
able stress when subjected to design   internal pump diameter by the formula
pressure and temperature.  Allowable                     
stresses shall be in accordance with
ASME Boiler and Pressure Vessel
Code, Section VIII.

    where
    Sc = calculated stress, psi

17,500 psi allowable for 216 WCB X     P  = pump design pressure, psi
0.8 (quality factor) = 14,000 psi     D  = maximum pump internal diameter

    t  =   actual minimum metal thickness
            less corrosion allowance, 0.080 in.
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Core Spray Pumps (Continued)

Criteria                                Method of Analysis and Allowable Nozzle Loads Representative Results

3. Application of forces and moments by 3.  Stresses will not be excessive if the 
attaching pipe on pump nozzles under     maximum resultant force when taken with the
combined maximum thermal expansion     maximum resultant moment falls below the line.
Operating Basis Earthquake 
loading reaction plus load due to
internal pressure shall not produce
an equivalent bending and torsional
stress in the nozzles in excess of
the allowable stress as defined by
the ASME Boiler and Pressure Vessel 
Code, Section VIII. Suction           OBE                  DBE

    Fintercept     66,686 lb      104,955 lb

          
    (M=0)

For Design Basis Earthquake stress     Mintercept    564,193 in.-lb 880,105 in.-lb

shall be less than 1.5 of allowable      (F=0)

stress.

    Discharge

    Fintercept     35,105 lb     65,982 lb

      (M=0)

    Mintercept    266,479 in.-lb  463,492 in.-lb

     (F=0)

    Pipe Design Pressure

    Suction    =  125 psig

    Discharge  =  500 psig
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
HPCI Pumps

               Criteria                                    Method of Analysis                          Allowable Stress

1. Closure bolting shall be designed to 1. Bolting loads and stresses shall be Main Pump
contain the internal design pressure  calculated in accordance with the "Rules
of the pump casing without exceeding  for Bolted Flange Connections," ASME    20,000 psi
the allowable stress of the bolting Boiler and Pressure Vessel Code, Section
material.  Allowable stresses at VIII, Appendix II. Boost Pump
design temperature shall be in
accordance with ASME Boiler and Main Pump Design Pressure    1500 psig    20,000 psi
Pressure Vessel Code, Section VIII. Boost Pump Design Pressure    450 psig

2. The minimum wall thickness of the 2. Stress in the pump casing shall be Main Pump
pump shall limit stress to the allow- calculated at the point of maximum
able stress when subjected to design internal pump diameter by the formula    14,000 psi
pressure and temperature.  Allowable
stresses shall be in accordance with
ASME Boiler and Pressure Vessel
Code, Section VIII.

                       Volute stress shall be calculated by the Boost Pump
    following formula
        14,000 psi

The maximum stress in the pump         Roark
casing when subjected to design p. 307 Case 26
pressure shall not exceed the allow-
able working stress of the material.
The allowable stress shall be in     and R = a - 0.5b
accordance with ASME Boiler and
Pressure Vessel Code, Section III.
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
HPCI Pumps (Continued)

               Criteria                           Method of Analysis and Allowable Nozzle Loads

3. Application of forces and moments by 3. Stresses will not be excessive if the 
attaching pipe on pump nozzles under    maximum resultant force when taken with the
combined maximum thermal expansion   maximum resultant moment falls below the line.
and Operating Basis Earthquake
loading reaction plus load due to
internal pressure shall not produce
an equivalent bending and torsional
stress in the nozzles in excess of
the allowable stress as defined by
the ASME Boiler and Pressure Vessel
Code, Section VIII. Suction           OBE      DBE

Fintercept     33,000 lb   43,000 lb
  

     (M=0)  

For Design Basis Earthquake stress     Mintercept    500,000 in.-lb  700,000 in.-lb

shall be less than 1.5 of allowable      (F=0)    

stress.

    Discharge

    Fintercept     32,000 lb             47,000 lb

      (M=0)

    Mintercept    250,000 in.-lb  460,000 in.-lb

     (F=0)

    Pipe Design Pressure

    Suction    =   150 psig

    Discharge  = 1500 psig
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
RCIC Pump

               Criteria                                       Method of Analysis                          Allowable Stress

1. Closure bolting shall be designed to 1. Bolting loads and stresses shall be 
   contain the internal design pressure   calculated in accordance with the "Rules

of the pump casing without exceeding   for Bolted Flange Connections," ASME    20,000 psi
the allowable stress of the bolting   Boiler and Pressure Vessel Code, Section
material.  Allowable stresses at  VIII, Appendix II.
design temperature shall be in
accordance with ASME Boiler and  Pump Design Pressure      1500 psig
Pressure Vessel Code, Section VIII.

2. The minimum wall thickness of the 2. Stress in the pump casing shall be    14,000 psi
pump shall limit stress to the allow-   calculated at the point of maximum
able stress when subjected to design internal pump diameter by the formula
pressure and temperature.  Allowable
stresses shall be in accordance with
ASME Boiler and Pressure Vessel
Code, Section VIII.

        SC = 0.8Sa

The maximum stress in the pump Volute stress shall be computed by the    14,000 psi
casing when subjected to design     following formula:
pressure shall not exceed the
allowable working stress of the Roark p.
material.  The allowable stress 225 Case No. 36
shall be in accordance with ASME
Boiler and Pressure Vessel Code,
Section III.      = factor from Roark

    a = volute length
    b = volute width
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
RCIC Pump (Continued)

Criteria                             Method of Analysis and Allowable Nozzle Loads

3. Application of forces and moments by 3. Stresses will not be excessive if the 
attaching pipe on pump nozzles under maximum resultant force when taken with the
combined maximum thermal expansion  maximum resultant moment falls below the line.
and Operating Basis Earthquake
loading reaction plus load due to
internal pressure shall not produce 
an equivalent bending and torsional 
stress in the nozzles in excess of
the allowable stress as defined by
the ASME Boiler and Pressure Vessel
Code, Section VIII. Suction           OBE     DBE

Fintercept      9,000 lb 13,500 lb

(M=0)

For Design Basis Earthquake stress     Mintercept     54,000 in.-lb 69,000 in.-lb

shall be less than 1.5 of allowable      (F=0)

stress.

    Discharge

    Fintercept      9,000 lb   13,500 lb

    (M=0)

    Mintercept     54,000 in.-lb   69,000 in.-lb

    (F=0)

    Pipe Design Pressure

    Suction    =   150 psig

    Discharge  =   1500 psig
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Standby Liquid Control Pumps

Criteria Method of Analysis              Allowable Stress

1. Closure bolting shall be designed to 1. Bolting loads and stresses shall be Stuffing Box Bolts
contain the internal design pressure    calculated in accordance with the "Rules
of the pump without exceeding the     for Bolted Flange Connections," ACME      25,000 psi
allowable working stress of the   Boiler and Pressure Vessel Code, Section
bolting material.  Allowable stresses   VIII, Appendix II. Cylinder Head Bolts
shall be in accordance with ASME
Boiler and Pressure Vessel Code.             25,000 psi    

2. The maximum stress in the pump 2. Stress in the pump fluid cylinder shall be            16,500 psi
fluid cylinder when subjected to    calculated at the point of maximum stress
design pressure shall not exceed    by the pressure area method.
the allowable working stress of
the material.  The allowable stress Pump Design Pressure      1400 psig
shall be in accordance with ASME
Boiler and Pressure Vessel Code,
Section VIII.

3. The stresses in the motor mounting 3. The seismic forces acting on the motor to Tension
bolts when the motor is subjected    subject the bolting to shear or tension
to the Design Basis Earthquake shall    are considered.  The motor is isolated     16,500 psi
not exceed 0.9 of yield stress and     from the pump and nozzle forces by the
twice the allowable shear stress for     flexible coupling. Shear
bolting material in accordance with
the ASME Boiler and Pressure Vessel         10,000 psi
Code, Section VIII.
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Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Standby Liquid Control Pumps (Continued)

Criteria                                    Method of Analysis and Allowable Nozzle Loads

4. The stresses in the pump mounting bolts   4. The maximum force taken with the maximum
due to the combination of Operating           resultant moment shall fall below the line on the
Basis Earthquake acting on the flooded            force-moment diagram:
pump plus the attaching pipe reactions
under combined maximum thermal expan-
sion plus Operating Basis Earthquake
shall not exceed the allowable shear
and tensile stresses for the bolting
material in accordance with the ASME
Boiler and Pressure Vessel code,
Section VIII.  The attaching pipe
reaction plus the load due to internal
pressure shall not produce an equivalent
bending and torsional stress in  OBE
nozzles in excess of the allowable           Discharge  M = 2.3 (342-F)
stress.                         not to exceed 283 ft-lb

The stresses in the pump mounting bolts           Suction    M = 4.59 (711-F)
due to the combination of the Design                         not to exceed 1385 ft-lb
Basis Earthquake acting on the flooded        DBE
pump plus the attaching pipe reactions           Discharge M = 2.3 (684-F)
under combined maximum thermal expan-                         not to exceed 444 ft-lb
sion plus Design Basis Earthquake shall           Suction    M = 4.59 (1422-F)        
not exceed 0.9 times the yield stress                         not to exceed 2060 ft.lb
in tension and twice the allowable
shear stress for the bolting material    Where M is maximum moment (ft-lb) in
in accordance with the ASME Boiler and any direction and F is maximum force
Pressure vessel Code, Section VIII.  (lb) in any direction.
The attaching pipe reaction plus the
load due to internal pressure shall not
produce an equivalent bending and tor-
sional stress in nozzles in excess of
1.5 times allowable stress.
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
RHR Service Water Pumps

            Criteria                                  Method of Analysis and Allowable Nozzle Loads

1. Application of forces and moments by 1. Stresses will not be excessive if the 
    attaching pipe on pump nozzles under maximum resultant force when taken with the

combined maximum thermal expansion maximum resultant moment falls below the line.
and Operating Basis Earthquake
loading reaction plus load due to
internal pressure shall not produce
an equivalent bending and torsional
stress in the nozzles in excess  of
the allowable stress as defined by
the ASME Boiler and Pressure Vessel 
Code, Section VIII.

Pump is a vertically mounted deep-well type
with submerged suction.

    

For Design Basis Earthquake stress     Discharge         OBE             DBE

shall be less than 1.5 of allowable

stress.     Fintercept     45,200 lb       73,000 lb

     (M=0)

    Mintercept    336,000 in.-lb  536,500 in.-lb

     (F=0)

    Pipe Design Pressure

    Discharge  =  180 psig

    Suction
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
RCIC Turbine

Criteria Method of Analysis                   Allowable Stress

1. Closure bolting shall be designed to 1.  Bolting loads and stresses shall be 20,000 psi
contain the internal design pressure    calculated in accordance with the "Rules
of the turbine casing without     for Bolted Flange Connections," ACME
exceeding the allowable working     Boiler and Pressure Vessel Code, Section
stress of the bolting material.      VIII, Appendix II.
Allowable stresses shall be in
accordance with ASME Boiler and
Pressure Vessel Code, Section VIII.

2. The maximum wall thickness of the 2.  Stresses in the various pressure contain-     17,500 psi
turbine casing shall be based on    ing portions of the turbine casing shall
that to limit stress to the allowable    be calculated according to the rules of
working stress when subjected to     Part UG, Section VIII, of the ASME Boiler
design pressure plus corrosion and Pressure Vessel Code.
allowance.  Allowable stresses shall
be in accordance with ASME Boiler and
Pressure Vessel Code, Section VIII.
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
RCIC Turbine (Continued)

Criteria                               Method of Analysis and Allowable Nozzle Loads

3. The forces and moments imposed by the 3.  The total resultant of the forces and the total
    attached piping on the turbine inlet    resultant of the moments on both the inlet and     

and exhaust connections shall satisfy    the exhaust connections of the turbine shall     
the following conditions:     satisfy the following equations:

  
a. The resultant force and moment    For the combination of dead weight and maximum            
   from the combination of dead   thermal expansion,
   weight, and thermal expansion
   shall be less than that stipulated    Inlet       F = (2620-M)/3.0  
   by the equipment vendor.     Exhaust     F = (6000-M)/3.0            

b. The resultant force and moment    For the combination of dead weight, maximum    
   from the combination of dead     thermal expansion, and Operating Basis Earth-    
   weight, thermal expansion, and     quake.      
   Operating (or Design) Basis     Inlet       F = (3000-M)/2.5    
   Earthquake shall be less than     Exhaust     F = 3.0 (6000-M), but not
   that demonstrated acceptable                     to exceed 8,370 lb  
   by detailed seismic analysis of             
   the equipment.     For the combination of dead weight, maximum

    thermal expansion, and Design Basis Earthquake  
              

    Inlet        F = (4500-M)/2.5
    

    Exhaust     F = 3.0 (9000-M), but not    
                     to exceed 12,555 lb

    Where "F" is the resultant force in lb and "M"
                                                     is the resultant moment in ft-lb

    Typical acceptable area on the force-moment
    diagram is indicated below:

�����

���
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
RCIC Turbine (Continued)

Criteria            Method of Analysis

4. The stresses in the turbine anchor 4. Vertical forces on the anchor bolts shall be 
bolts (turbine to baseplate) due to    the sum of the following:    
the combination of the Operating     
Basis Earthquake acting on the    a. Weight of the turbine assembly times the     
turbine while running plus the total vertical component of acceleration,    
piping loads (weight, thermal & OBE) b. The vertical pipe force reactions,    
shall not exceed the allowable tensile    c. The pipe moment reactions tending to tip the
stress nor the allowable shear stress            turbine and subject the bolting to tension.
for the bolting materials as specified
in the ASME Boiler and Pressure     Horizontal forces on the anchor bolts,
Vessel Code, Section VIII.     subjecting them to shear, shall be the sum of

    the following:

a. Weight of the turbine assembly times the
        horizontal component of acceleration,

b. The horizontal pipe force reactions,
    c. The effect of pipe moment reactions causing
        horizontal loading at the anchor bolts

    NOTE:  Friction shall not be considered to be
           restrictive

5. The stresses in the turbine anchor 5. Same as analysis under 4, above.
bolts (turbine to baseplate) due to
the combination of Design Basis
Earthquake acting on the turbine
in standby plus the total piping
loads (weight, thermal, and DBE)
shall not exceed 0.9 times the
yield stress in tension, nor twice
the allowable shear stress for the
bolting materials as specified in
the ASME Boiler and Pressure Vessel
Code, Section VIII.
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
HPCI Turbine

        Criteria        Method of Analysis Allowable Stress

1. Closure bolting shall be designed to 1. Bolting loads and stresses shall be   20,000 psi
contain the internal design pressure    calculated in accordance with the "Rules
of the turbine casing without for Bolted Flange Connections," ASME
exceeding the allowable working Boiler and Pressure Vessel Code, Section
stress of the bolting material. VIII, Appendix II.
Allowable stresses shall be in
accordance with ASME Boiler and
Pressure Vessel code, Section VIII.

2. The minimum wall thickness of the 2. Stresses in the various pressure   17,500 psi
turbine casing shall be based on that    containing portions of the turbine casing
to limit stress to the allowable work-    shall be calculated according to the rules
ing stress when subjected to design    of Part UG, Section VIII, of the ASME
pressure plus corrosion allowance.    Boiler and Pressure Vessel Code.
Allowable stresses shall be in
accordance with ASME Boiler and
Pressure Vessel Code, Section VIII.
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
HPCI Turbine (Continued)

Criteria                               Method of Analysis and Allowable Nozzle Loads

3. The forces and moments imposed by the 3. The total resultant of the forces and the total
attached piping on the turbine inlet  of the moments on both the inlet and 
and exhaust connections shall satisfy the connections of the turbine shall 
the following conditions: satisfy the following equations:

a.  The resultant force and moment For the combination of dead weight and
    from the combination of dead       maximum thermal expansion,
    weight and thermal expansion
    shall be less than that stipulated    Inlet        F = (7570-M)/3.0
    by the equipment vendor. Exhaust      F = (9930-M)/3.0

b. The resultant force and moment For the combination of dead weight, maximum
    from the combination of dead thermal expansion, and Operating Basis Earthquake
    weight, thermal expansion, and     Inlet         F = (20,000-M)/2.5 but not
    Operating (or Design) Basis                   to exceed 5000 lb
    Earthquake shall be less than     Exhaust    F = (20,000-M)/0.8, but not

        that demonstrated acceptable                     to exceed 11,500 lb 
    by detailed seismic analysis of                       

the equipment

      For the combination of dead weight, maximum
  thermal expansion, and Design Basis Earthquake,

    Inlet         F = (30,000-M)/2.5, but not
                     to exceed 17,250 lb
    Exhaust       F = (30,000-M)/0.8, but not
                      to exceed 17,250 lb

  Where "F" is the resultant force in lb and "M" 
  is the resultant moment in ft-lb

Typical acceptable area on the force-moment diagram  
is indicated below:

�����

���
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
HPCI Turbine (Continued)

Criteria            Method of Analysis

4. The stresses in the turbine anchor 4. Vertical forces on the anchor bolts shall be the 
bolts (turbine to baseplate) due to sum of the following:
the combination of the Operating Basis
Earthquake acting on the turbine while a. Weight of the turbine assembly times the 
running plus the total piping loads                  vertical component of acceleration,
(weight, thermal and OBE) shall not b. The vertical pipe force reactions,
exceed the allowable tensile stress c. The pipe moment reactions tending to tip the
nor the allowable shear stress for         turbine and subject the bolting to tension.
the bolting materials as specified 
in the ASME Boiler and Pressure Horizontal forces on the anchor bolts, subjecting
Vessel Code, Section VIII. them to shear, shall be the sum of the following:

a. Weight of the turbine assembly times the 
horizontal component of acceleration,

b. The horizontal pipe force reactions,
c. The effect of pipe moment reactions causing

horizontal loading at the anchor bolts

NOTE: Friction shall not be considered to be
   restrictive

5. The stresses in the turbine anchor 5. Same as analysis under 4, above.
bolts (turbine to baseplate) due to
the combination of Design Basis
Earthquake acting on the turbine in
standby plus the total piping loads
(weight, thermal and OBE) shall not
exceed 0.9 times the yield stress in
tension, nor twice the allowable shear
stress for the bolting materials as
specified in the ASME Boiler and
Pressure Vessel Code, Section VIII.



BFN-21

               Sheet 33
Table C.4-2 (Continued)

PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Recirculation Valves - Units 1 and 2

                                                                          
              Criteria                      Method of Analysis                Allowable Stress                 Minimum Dimension Required

1. Body Minimum Wall In Pipe Run Codes and Standards                                                            2 in. (Equalizer Bypass Valve)
1. USAS B31.1.0 1967            t = 0.253 in.

  2 in. Equalizer Bypass Valve 2.  Manufacturers Standards                                  4 in.  (Discharge Bypass Valve)
  4 in. Discharge Bypass Valve     Society MSS-SP.66      t = 0.405 in.
22 in. Equalizer Valve

  28 in. Suction Valve                                  22 in. (Equalizer Valve)
   28 in. Discharge Valve            t = 1.520 in.

Loads: where:

Design Pressure t = minimum wall thickness, in.                                     28 in. (Suction Valve)
Design Temperature P = design pressure, psig       t = 1.938 in.

d = minimum diameter of flow
    passage, but not less than       28 in (Discharge Valve)
Primary Membrane Wall     90% of inside diameter at       t = 1.938 in.
Thickness     welding end, in.

S = allowable working stress, psi
y = plastic stress distribution

    factor, 0.4

2. Body-to-Bonnet Bolt Area Loads ASME Boiler and Pressure Vessel 2 in. (Equalizer Bypass Valve)
Code, Section VIII, Appendix II,

2 in. Equalizer Bypass Valve 1968 Edition. Sallow = 29,000 lb/in.2

4 in. Discharge Bypass Valve

Loads: Total bolting loads and stresses 4 in. (Discharge Bypass Valve)
shall be calculated in accordance

Design pressure and temperature with "Rules for Bolted Flange Con- Sallow = 29,000 lb/in.2

Gasket load nections," ASME Boiler and Pressure
Stem operational load Vessel Code, Section VIII, Appendix
Design Basis II, except that the stem operation-
Earthquake al load and seismic loads shall be

included in the total load carried
by bolts.  The horizontal and
vertical seismic forces shall be
applied at the mass center of the
valve operator assuming that the
valve body is rigid and anchored.

( )t
P

S P y
d=

− −
+

15

2 2 1
01

.
.
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Recirculation Valves - Units 1 and 2 (Continued)

                         
              Criteria                      Method of Analysis                           Allowable Stress

3. Flange Stress                    ASME Boiler and Pressure Vessel                  2 in. (Equalizer Bypass)
Code, Section VIII, Appendix II,

2 in. Equalizer Bypass Valve 1968 Edition.   SH          SR         ST   

4 in. Discharge Bypass Valve 20,100      3,426       13,426

Loads: Flange thickness and stress shall 
be calculated in accordance with 4 in. (Discharge Bypass)

Design pressure and temperature "Rules for Bolted Flange Connec-
Gasket load tions," ASME Boiler and Pressure 20,100      13,426       13,426
Stem operational load Vessel Code, Section VIII, Appen-
Seismic load - dix II, except that the stem
Design Basis operational load and seismic loads
Earthquake shall be included in the total

load carried by the flange.  The
horizontal and vertical seismic
forces shall be applied at the mass
center of the valve operator assum-
ing that the valve body is rigid.

4. (A) Body and Bonnet Flange ASME Boiler and Pressure Vessel Primary Stresses
    Stress Code, Section III, Article 4

Membrane Stress Allowable =
(B) Body Neck Wall Stress Primary, secondary, and peak 15,800 psi

stresses were analyzed in accordance
22 in. Equalizer Valves with ASME Section III using finite Local Membrane Stress Allowable =
28 in. Suction Valves element computer analysis.  The 23,700 psi
28 in. Discharge Valves model was verified by strain gage Primary Plus Secondary Stresses

tests
Loads: Code Allowable - 3Sm =

Design pressure and 47,400 psi
Design temperature
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Recirculation Valves - Units 1 and 2

                   
          Criteria         Method of Analysis Allowable Stress                 

5. Body to Bonnet Bolting Under operating conditions

Loads:  67,000 psi 

Design Pressure Maximum conditions
Design Temperature 100,500 psi

6. Valve Operator Support Bolting The valve assembly is analyzed Sb allowable = 20,000 lb/in.2

assuming that the valve body is an
  2 in Equalizer Bypass Valve anchored, rigid mass and that the
  4 in. Discharge Bypass Valve specified vertical and horizontal
22 in. Equalizer Valve seismic forces are applied at the
28 in. Suction Valve mass center of the operator assembly,
28 in. Discharge Valve simultaneously with operating pres-

sure plus dead weight plus opera-
Loads: tional loads.  Using these loads,

stresses and deflections are deter-
Design Pressure and Temperature mined for the operator support
Stem operational load components.
Equipment dead weight
Seismic load
Design Basis Earthquake
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Recirculation Valves - Unit 3

                         
              Criteria                      Method of Analysis  Allowable Stress                   Minimum Required Dimension

1. Body Minimum Wall In Pipe Run
                         22 in. Valve  - t = 1.52 in.
Loads:                                         4 in.   Valve  - t = 0.405 in.

Design pressure and temperature where:                                       2 in.   Valve  - t = 0.253 in.
t = minimum wall thickness, in.

Primary Membrane Stress Limit: P = design pressure, psig                                                          28 X 24 X 28 in. Valve -
d = minimum diameter of flow                                                                t = 1.677 in. (Suction)

Allowable working stress per     passage but not less than 90%
ASME Section 1     of inside diameter at welding                                                  28 X 24 X 28 in. Valve -

end, in.                                                                                t = 1.938 in. (Discharge)
S = allowable working stress, psi
y = plastic stress distribution
    factor, 0.4

2. Body-to-Bonnet Bolt Area Total bolting loads and stresses Flanged Bolt Stress

shall be calculated in accordance

Loads: with "Rules for Bolted Flange Sallow = 29,000 lb/in.2

Connections," ASME Boiler and

Design pressure and temperature Pressure Vessel Code, Section VIII,

Gasket load Appendix II, except that the stem

Stem operational load operational load and seismic loads

Seismic load - shall be included in the total load

Design Basis Earthquake carried by bolts.  The horizontal

and vertical seismic forces shall

Bolting Stress Limit: be applied at the mass center of

the valve operator assuming that

Allowable working stress per the valve body is rigid and anchored.

ASME Boiler and Pressure

Vessel Code, Section VIII,

Appendix II, 1968 Edition.

( )
t

1.5 Pd

2S 2P 1 y 0.1
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PRIMARY SYSTEM COMPONENTS - CRITICAL LOAD COMBINATIONS, LOCATIONS, AND ALLOWABLES
Recirculation Valves - Unit 3 (Continued)

 
       Criteria        Method of Analysis Allowable Stress

3. Flange Stress Flange thickness, and stress shall be SH: 20,100 lb/in.2 (Hub Stress)

calculated in accordance with "Rules SR: 13,426 lb/in.2 (Radial Stress)

Loads: for Bolted Flange Connections"-ASME ST: 13,426 lb/in.2 (Tangential Stress)

Boiler and Pressure Vessel Code,

Design pressure and temperature Section VIII, Appendix II, except

Gasket load that the stem operational load and

Stem operational load seismic loads shall be included in

Seismic Loads - the total load carried by the flange.

Design Basis The horizontal and vertical seismic

Earthquake forces shall be applied at the mass

center of the valve operator as-

Flange Stress Limits; suming that the valve body is rigid.

SH,SR,ST:

Sm per ASME Boiler and Pres-

sure Vessel Code, Section VIII,

Appendix II, 1968 Edition.

4. Valve Operator Support Bolts The valve assembly is analyzed assum- Sb allowable = 20,000 lb/in.2

ing that the valve body is an anchored,

Loads: rigid mass and that the specified

vertical and horizontal seismic forces

Design pressure and temperature are applied at the mass center of the

Stem operational load operator assembly, simultaneously with

Equipment dead weight operating pressure plus dead weight

Seismic load - plus operational loads.  Using these

Design Basis loads, stresses and deflections are

Earthquake determined for the operator support

components.

Yoke and Yoke Bolt Stress Limits:

Allowable working stress per

ASME Section VIII.
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DRYWELL-LOADING CONDITIONS AND ALLOWABLE STRESSES

Loading Allowable Stress Intensity (ksi)
Condition  Loading Components         (Notes 1 and 2)                        

Initial and Final Dead Loads Pm < Sm = 17.5
Test Condition Test Pressure PL < 1.5 Sm = 26.3

Vent Thrusts PL + Pb < 1.5 Sm = 26.3
OBE PL + Pb + Q < 3.0 Sm = 52.5

Normal and Upset Dead Loads Pm < Sm = 17.5
Operating Condition Vent Thrusts PL < 1.5 Sm = 26.3

OBE PL + Pb < 1.5 Sm = 26.3
Accident Temperature PL + Pb + Q < 3.0 Sm = 52.5
Accident Pressure

Emergency Condition Dead Loads Region not Backed by Concrete
(Note 3)         Accident Pressure Pm < 0.9 Sy = 30.3

Accident Temperature PL < 0.9 Sy = 30.3
Vent Thrusts        
OBE         Region Backed by Concrete
Jet Loads Pm < Sy = 33.7
          PL < 1.5Sy = 50.6

Flooded Condition Dead Loads Pm < Sy = 38.0
Hydrostatic Pressure PL < Sy = 38.0
From Flooded DryWell PL + Pb < Su = 70.0
DBE PL + Pb + Q < Su = 70.0

NOTE:  1. Stress intensities are based on ASME Boiler and Pressure Vessel Code, Section III, Subsection B of Reference 17.

2. Definition of symbols are as follows:
Pm = Primary membrane stress,
PL = Primary local membrane stress,
Pb = Primary bending stress, Q = secondary stress.

3. The 1965 ASME Code does not address accident conditions.  Therefore, this design criteria utilizes the 1968 ASME Code with
addenda through the summer of 1969 to establish design allowables for the accident condition for that portion of the vessel
backed by concrete.
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APPENDIX D

QUALITY ASSURANCE PLAN
FOR THE BROWNS FERRY NUCLEAR PLANT

D.1 Quality Assurance During Design and Construction

The original QA program for design and construction was described in the Browns
Ferry Power Station Design and Analysis Report. The program was later described
in both Appendix D of the Final Safety Analysis Report and the TVA Topical Report,
TVA-TR75-1A.  Currently, the TVA Nuclear Quality Assurance Plan defines and
describes the QA program for Browns Ferry Nuclear Plant.

Design activities for plant modifications by Nuclear Engineering shall be in
accordance with the latest approved revision of the TVA Nuclear Quality Assurance
Plan.

D.2 General Electric Quality System for BWR Nuclear Steam Supply Projects

The working relationship between TVA and General Electric for the Browns Ferry
Nuclear Plant quality control function was described in Amendment 5 to the Browns
Ferry Power Station Design and Analysis Report.  Over the course of performing
the design and initial procurement activities for the Browns Ferry Nuclear Plant, the
General Electric Quality Assurance Program was upgraded to reflect changes in
regulatory requirements and industry standards.  These changes first culminated in
the G. E. Boiling Water Reactor QA Manual, NEDE-20586, Revision 0 which was
applicable to activities starting September 27, 1974.

The present G. E. Boiling Water Reactor Quality Assurance Program is described in
the G. E. Topical Report, NEDO-11209-04A, "General Electric Nuclear Energy
Quality Assurance Program Description."

D.3 Quality Assurance Program for Station Operation

D.3.1 Compliance

The TVA Nuclear Quality Assurance Plan defines and describes the quality
assurance program for operation of Browns Ferry.
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D.3.2 Critical Structures, Systems and Components/Q-Lists

TVA prepares the Q-List, Q-List System notes, or General Q-List to document the
classification of critical structures, systems, and components (CSSC) consistent
with their importance to safety.  Items designated on these lists are treated under
the QA program as set forth in the Nuclear Quality Assurance Plan (NQAP).

As a minimum, those items that are necessary for inclusion in the listing are those
that ensure:

1. The integrity of the reactor coolant pressure boundary.

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

3. The capability to prevent or mitigate the consequences  of an incident
which could result in potential offsite  exposures comparable to those
specified in 10 CFR 50.67.

4. Those other items which TVA considers should receive a graded level of
quality assurance coverage by design or commitment.
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APPENDIX E

SITE GASEOUS RELEASE RATE LIMIT CALCULATION

Site Gaseous Release Rate Limits

The stack and building release rate limits correspond to the 500 and 3,000 mRem
per year noble gas dose rate limits which are contained in the Browns Ferry Nuclear
Plant Technical Specifications Section 5.5.4.  The calculational methods used to
determine these limits utilize actual site characteristics and meteorological
conditions and are consistent with Regulatory Guide 1.109, "Calculation of Annual
Doses to Man from Routine Releases of Reactor Effluents for the Purpose of
Evaluating Compliance with 10 CFR Part 50 Appendix I," and Regulatory Guide
1.111, "Methods for Estimating Transport and Dispersion of Gaseous Effluents in
Routine Releases from Light-Water-Cooled Reactors."  The techniques used for
these calculations provide realistic, conservative estimates of the radiation doses
resulting from potential releases of radioactive materials and, when considered in
conjunction with the other parts of the operational program, provide assurance that
plant operations will be well within applicable limits and guidelines.
  
The calculated release rate limits are adjusted as necessary utilizing additional
available data.

The plant is designed to limit releases of radioactive material as low as is
reasonable achievable.

The plant is equipped to measure and/or accurately monitor actual releases from
the plant thereby providing a basis for control to ensure operation within the
operating limits.

TVA operates an onsite system of meteorological instruments including an
instrumented 300-foot meteorological tower.   Temperature, wind speed, and wind
direction are obtained at three levels. Data from the meteorological instruments are
obtained and analyzed and provide a basis for confirming and adjusting, if
necessary, the calculated release rate limits.
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APPENDIX F

UNIT SHARING AND INTERACTIONS

F.1 INTRODUCTION

The Browns Ferry Nuclear Plant is a three-unit plant.  As in the case of any multi-unit
plant in which the units are contiguous or even in the same general vicinity, the
design must be evaluated in respect to possible influence of one unit on the others
through the various coupling mediums which exist in the design.  An obvious coupling
medium is simply the atmosphere, in the sense that a radioactive release from one
unit could require emergency action to protect operators at a contiguous or nearby
unit.  Another coupling is the interconnected electrical grid.  In this case, a
hypothetical accident on one unit must be considered as having the potential,
however small, of causing a general electrical system loss of offsite power, and thus
inducing trips and shutdowns of all reactors which are connected to that system.  A
less obvious coupling may be a conventional service system, such as compressed air
or any of several conventional service water  systems, failure which might cause the
unit(s) to shut down either directly or indirectly.  Couplings from intense natural
events such as tornadoes, earthquakes, and floods are considered in these designs,
as well as intense unnatural events such as fire, steaming, flooding, and collision or
impact from mechanical failures.

Such couplings are evaluated under the following categories of events.

1.  Normal Events

These are events that occur regularly and frequently under normal operating
conditions.  For a three-unit plant, any or all of the units may be operating at any
power level or may be shut down.  However, it is unlikely that all units will be shut
down at the same time.

2.  Expected Events

These events are expected to occur infrequently during the life of the plant.
They may be due to such causes as operator error, failure in a unit or plant
system, normal weather extremes, and transmission line faults.

3.  Postulated Events

These events are postulated to occur during the life of one of several plants from
such causes as severe floods, minor Operational Basis Earthquakes, or
tornadoes; or severe unnatural events such as fire, mechanical failure of small
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equipment or failure in equipment and components in the conventional
nonredundant systems of this plant.

4.  Limiting Postulated Events

Certain limiting events are postulated in order to establish the limiting design
conditions for the Protection and Engineered Safeguards Systems.  They have
potential for serious public damage and plant damage extending to the complete
functional loss of a unit or the plant.  These events are not expected to occur
during life of the plant.  They include such events as recirculation line failure,
design basis earthquake associated with recirculation line failure, sustained loss
of offsite power, or curtailed flow of water due to earthquake damage combined
with loss of downstream dams.

The demands on the unitized and the shared systems under these categories of
events vary according to the state of the individual units.  These states are
represented by  Matrix 1 in Appendix G.

Appendix G, in general, refers to the operational status of a single unit.  The design
of shared features of the plant is based on all combinations of states possible with
three units, except that in the case of accidents, accidents are limited to only one of
three reactors.

Certain shared plant systems, such as electric power and ventilation systems, have a
significant importance in that they must be in essentially continuous operation under
all of the event categories and plant states listed above.  The design includes
features which recognize the importance of continuity of these services with due
regard for allowable outage or repair times.

F.2 SCOPE

The scope of this appendix includes all plant features in which unit sharing and
interaction are a significant consideration, except that it does not include those
aspects of design and operation associated with refueling operations.

"Unit sharing" implies a coupling of some kind between two or three operating
reactors.  Where appropriate, this appendix also briefly discusses shared system
interactions with each other.

One of the objectives of this appendix is to provide additional information to support
the technical specifications and the associated operating and emergency procedures
in respect to shared systems.  It will be noted that the degree of disablement of plant
systems, equipment and components, both in a unit and a plant or intersystem sense,
cannot always be defined simply within individual groups or sets of equipment without
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consideration of the condition of other sets of equipment.  For example, certain
pumps cannot be deliberately disabled for maintenance if certain diesel generators
are concurrently disabled.  The reasons for this are explained in the following
sections.

F.3 REFERENCES

Interaction between units is briefly discussed in the Browns Ferry Units 1 and 2
Design and Analysis Report (DAR), Chapter 1-9.0, and Amendment 6, Question C-10
(sharing of control rod drive hydraulic pumps).

The Browns Ferry Unit 3 Design and Analysis Report (DAR) is referenced to this
subject in the following chapters and amendments:

1. Browns Ferry Design and Analysis Report, Chapter XV (Unit Sharing and
Interactions),

2. Amendment 2, Question 3.9 (Listing of components, systems, and structures
designed to Class I criteria),

3. Amendment 2, Question 4.2 (Onsite electric system),

4. Amendment 2, Question 4.6 (DC system),

5. Amendment 2, Question 5.4 (Failure of control and service air system),

6. Amendment 2, Question 6.6 (Loss of offsite power operation with and without
main condensers),

7. Amendment 2, Question 6.4 (EECW, RHRSW, & RBCCW systems),

8. Amendment 2, Question 7.2 (Sharing of controls,
 instrumentation and alarms between control rooms),

9. Amendment 4, Question 3 (Watertight sealing of the corner rooms of the torus
area),

10. Amendment 4, Question 4 (Additional information on diesel-generator system),
and

11. Amendment 5, Question 3 (Additional information with respect to parallel
operation of diesel generators).
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The balance of Appendix F provides additional information on the subjects related to
shared systems in the above amendments.

F.4 CRITERIA

The criteria for the design of shared systems are as follows:

a. Only one of the three units shall be assumed to be in a loss-of-coolant accident
or postaccident recovery mode at any point in time; however, the system shall
be adequate to address accident signals, spurious and real, in all three units in
any order (real followed by spurious or spurious followed by real).

b. The most severe combinations of thermal, hydraulic and electrical loads
associated with the various combinations of plant states shall be assumed to
establish the design basis for capacity of the shared systems, consistent with
the assumption in (a) above.

c. Shared engineered safeguards and supporting service systems shall provide
reliable and redundant services to the units and to the plant in all combinations
of modes of operation of the units.

d. Systems which are potentially contaminable by accident consequences such as
RHR shall not be shared except in the extremely degraded postaccident cases
described in (e) and (f) below.

e. It shall be assumed that gross flooding of the basement (El. 519.0) areas could
occur as a consequence of torus or torus header piping failure below the water
line in the torus in the long term following a loss-of-coolant accident.  Additional
core damage shall be prevented under these circumstances.  The effect of
gaseous releases shall not be accommodated in this design; the sole intent
shall be to provide continuous core cooling to preclude further core damage.

f. Postaccident core cooling shall be provided in the long term after all of the
accident unit Core Standby Cooling Systems have failed because of flooding or
other cause.  For this case, long-term post accident cooling is defined to begin
no sooner than 10 minutes after the accident.

g. Incidents or accidents in one unit shall not directly influence the operation of the
other units; they may indirectly cause or require shutdown of the other units.
Examples of such incidents are loss of offsite power and compressed air.

h. Control rooms and other common rooms requiring temporary occupancy in
order to operate or shut down the plant shall be protected by appropriate
shielding and atmospheric filter systems, so that the most severe radiation
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release event from one unit shall not cause excessive dose levels in these
rooms.

i. Common plant features shall be designed to resist the most severe postulated
natural phenomena, such as tornado, flood, and earthquake, without causing
fuel damage, except that fuel damage is permissible in the event of a maximum
postulated earthquake coincident with recirculation line failure on one unit.  The
combination of concurrent earthquake and recirculation line failure would be a
beyond design basis event.  The design shall allow for a random single failure
in addition to those which might occur as the result of these conditions, such as
pump losses from possible missile impact or water header failures which could
cause both partial loss of cooling water and flooding of critical features.

j. Redundant shared systems shall be appropriately isolated and/or separated to
avoid loss of essential services from single intense events, including failure of
such systems.

k.  Shared systems which are in the category of engineered safeguards or their
auxiliary supporting systems shall be protected from failure of lower class systems
or structures.

F.5 LIST OF SHARED FEATURES

The following lists include two categories of shared systems.  The first list includes
several shared systems which are not in the category of Class I seismically designed
Engineered Safeguards Systems.  The second list itemizes the safeguards systems
and their supporting auxiliary systems.  On some of the systems, only a portion of the
system serves a safeguard or supporting function.  All of the portions that serve
safeguard or supporting functions are designed to seismic specifications in redundant
configurations, and are otherwise qualified as elements of the overall protection and
actuator systems in the plant.  The parenthetical numbers refer to sections,
subsections, or paragraphs of the FSAR.

Shared Conventional Features
(Not Engineered Safeguards)

 1. Normal Auxiliary Power System (Includes Offsite and Station Sources) (8.4)

 2. Environmental Radiological Monitoring Program (2.6)

 3. Control and Service Air Systems (10.14)

 4. Condenser Circulating Water System (11.6)
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 5. Raw Cooling Water System (10.7)

 6. Raw Service Water System (10.8)

 7. Radioactive Waste Control Systems (9.0)

 8. Drywell Equipment and Floor Drain Systems (10.16)

 9. Fire Protection Systems (10.11)

10. Condensate Storage and Transfer Systems (11.9)

11. Potable Water and Sanitary Systems (10.15)

12. Auxiliary Boiler System (10.20)

13. Plant Communications Systems (10.18)

14. Turbine Building and Radwaste Building (12.2.3 and 12.2.5)

15. Lighting System (10.19)

16. Plant Preferred and Nonpreferred AC System (8.7.3.2)

17. Auxiliary DC Power Supply and Distribution (8.8)

18. Demineralized Water System (10.13)

19. Reactor Building Closed Cooling Water System (10.6)

20. Reactor Building Equipment and Floor Drain Systems (10.16)

21. Hardened Wetwell Vent (5.2.7)

The shared features listed above are those that are significant to unit and plant
operation, and to this extent have an interface relationship with the Engineered
Safeguards Systems.  Maloperation of some of these systems may challenge the
protection and safeguards systems of the units or plant by requiring unit trips and
shutdown cooling; however, none of these systems is required to safely shut down
the plant.  While some of these systems are used during normal shutdown, loss of
these systems will not preclude going to cold shutdown.
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Common plant features that have little, if any, connection with reactor operation and
safety considerations are not included in this list.  Examples would be the Service and
Office Buildings, hydrogen trailer port, and Gatehouse.

Shared Class I Seismic Features, Structures,
Safeguards Systems and

Their Auxiliary Support Systems

 1. Reactor Building (Secondary Containment System) (5.3 and 12.2.2)

 2. Control Bay (12.2.2)

 3. Spent Fuel Storage Facilities (10.3)

 4. Reactor Building Crane (12.2.2.5)

 5. Process Radiation Monitoring System (7.12)

 6. Diesel Generator Buildings (12.2.8 and 12.2.13)

 7. Pumping Station (Intake Building) (12.2.7 and 12.2.7.2)

 8. Standby Gas Treatment Building (12.2.10)

 9. Standby AC Power Supply and Distribution (8.5)

10. 250-V DC Power Supply and Distribution (8.6)

11. Subsections of the Heating and Ventilating Systems and Heating, Ventilating,
and Air-Conditioning Systems (5.3.3.6 and 10.12)

12. Control Rod Drive Hydraulic System (3.4.5.3) (Note:  The shared portion of this
system is not Class I seismic.)

13. Deleted

14. Gaseous Radwaste System (Stack) (9.5 and 12.2.4)

15. Standby Coolant Supply System (4.8.6.4)

16. RHR Service Water System (10.9)

17. Emergency Equipment Cooling Water System (10.10)
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18.  Standby Gas Treatment System (5.3.3.7)

F.6 DESCRIPTION OF SHARED CONVENTIONAL SYSTEMS

F.6.1 Normal Auxiliary Power System (Includes Offsite and Station Sources)

This system basically consists of seven 500-kV lines which transmit power from the
station into the interconnected grid, two 161-kV lines which furnish incoming power to
the plant, and the three turbine-generator units.

The shutdown auxiliary power requirements can be met by any of five normal power
sources as follows:

a. The two 161-kV lines connected to the two common station service transformers
are capable of providing shutdown auxiliary power to any two units.

b. Either of the 500-kV sources for Units 1 or 2 can provide shutdown power to
either Unit 1 or Unit 2.

c. The 500-kV source for Unit 3 can provide shutdown power for Unit 3.

The capacity and mode of operation of the offsite power systems ensure that there is
a very low probability of system upset if the largest generating unit on the grid is
tripped.  In the case of earthquake, possible loss of the offsite power system is
recognized; the onsite standby diesel generators are designed for this occurrence.

In the event that all three of the Browns Ferry units were tripped within a short
interval, the possibility of offsite power loss would be increased considerably.
However, the probability of a three-unit trip is very low.

The offsite power system is subject to perturbations from many sources besides those
due to events at the Browns Ferry Nuclear Plant itself.  However, the reliability of the
offsite system is considered to be compatible with the reliability of the onsite system
with respect to providing an adequate power supply to the plant under any emergency
situation.

F.6.2 Environmental Radiological Monitoring Program

The Environmental Radiological Monitoring Program includes periodic sampling of
vegetation, crops, milk, soil, and various water sources in the environs for
determination of radioactivity level of various kinds.
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F.6.3 Control and Service Air Systems

Each unit has its own drywell control air system for supplying air-operated devices
inside its drywell.  For Unit 1, drywell control air compressors take suction from the
corresponding unit’s drywell atmosphere in a closed-loop system.  For Units 2 and 3,
the drywell control air system is supplied with nitrogen from the shared Containment
Inerting System.  The remainder of the control air system and the service air system
are shared in the plant.  Control air is not required for proper functioning of the
engineered safeguards and their supporting auxiliary systems.  All necessary
air-operated devices, such as main steam isolation and relief valves, which are part of
the safeguards complex, are equipped with Class I accumulators which provide a
sufficient quantity of stored air for a sufficient number of cycles.  This shared system
does not influence the nuclear safety of the plant, except the portions which penetrate
primary and secondary containment.  These portions prevent seismically induced
failure from causing a breach of secondary containment and maintain primary
containment integrity by providing primary containment isolation and through a seismic
design.

F.6.4 Condenser Circulating Water System

In the normal mode of operation, this system is unitized.  The three condenser
circulating water pumps per unit are powered from the unit 4160-V boards.  The
pumps are 2250-hp each.  Power is normally supplied either from offsite sources or
from station sources (unit turbo-generators).

In the shutdown mode (MODE 3), with all the units down and with the reactors
steaming to the condensers via the turbine bypass system, only a small amount of
condensing water is required to hold normal condenser vacuum which is essential to
continuing operation of both the bypass system and the turbine-driven feedwater
pumps.  One of the nine condenser circulating water pumps has sufficient capacity to
furnish a surplus of cooling water for all three units in this condition.

The design provides circulating water tunnel inter-ties so that any one circulating
pump can provide condensing water to all units under shutdown conditions.  This
mode of operation may also be used during outage of the normal onsite sources and
loss of offsite power, in preference to discharging steam to the torus or resorting to
shutdown cooling operation of the RHR system.

Under such conditions, two of the eight diesel generators would be placed in parallel
unit operation and connected to the appropriate unit 4160-V switchboard.  The two
generators would be used to carry the circulating water pump.  The other diesel
generators would be used for other shutdown loads.
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This mode of operation will not be used with an accident unit.  It will be used for
nonaccident units in the unlikely case of sustained loss of offsite power coupled with
loss of normal onsite generation.  This mode minimizes the onsite power requirement
for shutdown heat removal.

F.6.5 Raw Cooling Water System

This system supplies water to all units and common equipment.  It is designed to
maintain adequate cooling flow to various loads which are nonessential to safe
shutdown, and it provides the preferred source of cooling water for certain shutdown
functions such as RBCCW heat exchanger cooling and the control and service air
compressors.  The Raw Cooling Water System also serves as a secondary source of
cooling water to some components which are normally supplied by the Emergency
Equipment Cooling Water System in Unit 2 only.

The Raw Cooling Water System is normally operated in conjunction with the
condenser circulating water pumps.  Under loss of normal auxiliary power conditions,
when the circulating pumps are inoperative, the raw cooling water consumption must
be conserved.  Raw Cooling Water flow is limited to one pump per unit to prevent
cavitation damage from lack of suction pressure.

This shared system does not influence the nuclear safety of the plant, except the
portion which penetrates secondary containment.  This portion is designed to prevent
seismically induced failure from causing a breach of secondary containment.

F.6.6 Raw Service Water System

This system provides miscellaneous shared noncritical services with raw water.  It
maintains pressure on the fire mains and provides enough water for small fires.  It is
not a critical system.

This shared system does not influence the nuclear safety of the plant, except the
portion which penetrates secondary containment.  This portion is designed to prevent
seismically induced failure from causing a breach of secondary containment.

F.6.7 Radioactive Waste Control Systems

The Shared Liquid and Solid Radwaste Systems are essential to normal operation of
any or all plant units, but are not essential for shutdown.  Emergency power and Class
I seismic design are not required for this system.

This shared system does not influence the nuclear safety of the plant, except the
portion which penetrates secondary containment.  This portion is designed to prevent
seismically induced failure from causing a breach of secondary containment.
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The Gaseous Radwaste System discharges a mixture of gases from various plant
sources through subsystems which process the gases to the shared stack.  Some
subsystems (e.g. charcoal adsorbers) in one unit may be operated in parallel with
another unit’s subsystems.  Other equipment (e.g. chillers for the dehumidification and
recombiner room cooling coils) may be cross tied between units.  Unitized air dilution
fans in the base of the stack dilute the explosive mixture of hydrogen, oxygen, and air
at the point where these gases are discharged from the explosion-resistant piping
system.  Two fans are provided per unit.  These fans are not required in either the
accident or loss of offsite power cases.  The ducting within the stack and the stack
itself are designed to Class I seismic requirements (see paragraph F.7.14).

F.6.8 Drywell Equipment and Floor Drain Systems

This system is shared to the extent that the drains discharge into common receivers
through piping systems which are common for all units.  The receivers are higher than
the sump; thus, natural drainage will not occur.

This shared system does not influence the nuclear safety of the plant, except the
portion which penetrates secondary containment.  This portion is designed to prevent
seismically induced failure from causing a breach of secondary containment.

F.6.9 Fire Protection Systems

The common parts of this system are the high-pressure water based suppression
systems (i.e., water spray deluge and preaction systems, hose stations, hydrants,
etc.), the low-pressure CO2 systems, and the fire detection, annunciation, and initiation
systems.  These systems are described in detail in the Fire Protection Report, Volume
1, as referenced in FSAR Section 10.11.

The Fire Protection System piping is seismically supported to ensure that it will not fall
on ESS equipment during a seismic event.  The system itself is not designed to
seismic requirements.  However, portions of the CO2 subsystems within the Diesel
Generator Buildings and the Control Building, designed to Class I seismic criteria and
part of the detection circuitry, which closes the Diesel Generator Rooms for CO2

flooding, have been designed to prevent spurious closing of these rooms under
earthquake shock conditions.

This shared system does not influence the nuclear safety of the plant, except the
portion which penetrates secondary containment.  This portion is designed to prevent
seismically induced failure from causing a breach of secondary containment.
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F.6.10 Condensate Storage and Transfer Systems

This shared system, which is operated in the unitized mode, provides a common
source of preferred water supply to the RCIC and HPCI systems of all units.  The
system may also furnish water for non-safety related purposes to all the control rod
drive hydraulic, Residual Heat Removal, and Core Spray pumps.  The common portion
of the piping, tanks, and valves outside of the reactor building are not required for safe
shutdown and do not have any seismic requirements.  The HPCI system for each unit
is provided with an automatic suction transfer to the torus of that unit.  The associated
level switches for this transfer are mounted on the Condensate Storage and Supply
System piping.

This system penetrates secondary containment and is designed to prevent seismically
induced failure from causing a breach of secondary containment.  The unitized
portions of this system do provide a safety function in support of the HPCI System.

F.6.11 Potable Water and Sanitary Systems

These shared systems do not influence the operational safety of the plant, except in
the sense that those portions of the systems which penetrate secondary containment
are designed to prevent seismically induced failure from causing a breach of
containment.  The lines are provided with valves to insure the containment integrity if
the piping systems are damaged by seismically induced loads.

F.6.12 Auxiliary Boiler System

This system provides a common means to test the HPCI and RCIC steam turbines at
low pressure and place the steam jet air ejectors in service.  The outage of this system
does not influence the capability of the plant to shut down in any mode.

The boilers are relatively low-pressure (250 psig).  They are located in the Turbine
Building.  The Turbine Building is separated from the control bay by a two-foot-thick
concrete wall.  This protection, plus backup protection in the event control room
equipment becomes inaccessible or inoperative, effectively prevents a boiler accident
from interfering with the safe shutdown of the plant.

This shared system does not influence the nuclear safety of the plant, except the
portions which penetrate secondary containment.  These portions are designed to
prevent seismically induced failure from causing a breach of secondary containment.

F.6.13 Plant Communications Systems

This common system provides routine communication needs and, in addition, provides
emergency communication by independent sound-powered systems.  Six separate,
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sound-powered systems are provided between the control room and various areas in
the plant.  A seventh, redundant and independent sound-powered system interlinks
the Diesel Generator Rooms with the backup control center and the 4-kV shutdown
boards.

F.6.14 Turbine Building and Radwaste Building

These buildings house common services to all three units.  The Turbine Building is
physically divided into unit areas wherein shielding from on-line N-16 radiation is the
main consideration for the wall designs.  Neither of these buildings is required for safe
shutdown.  Damage by tornado, earthquake, turbine failure, or other cause is
considered to be credible and allowable.

The interfaces between these buildings and their internal structures, and the Class I
control bay and Diesel Generator Building, have been examined for possible influence
of failure of the lower-class system.  Portions of the Radwaste Building structure have
been assigned to Class I seismic criteria because of their influence on the Diesel
Generator Building.  Similarly, the interface wall between the control bay and the
Turbine Building has been designed to withstand impact from failure of the lower-class
Turbine Building.

F.6.15 Lighting System

This common system is ordinarily powered from the Normal Auxiliary Power System.
There are two backup subsystems, each of which has multiple circuits.  One backup
subsystem uses the 250-V DC system as a Class IE source of power.  The other
backup system, which also has a Class I power source, uses the standby diesel
generators to furnish lighting in critical areas.  Battery packs are used to supplement
the above systems and to provide lighting for Appendix R.

F.6.16 Plant Preferred and Nonpreferred AC System

This system provides the plant with a transient-free, constant-frequency system for
such items as clocks and chart drives.  While it is a highly reliable system, its failure
does not represent a nuclear safety problem.

F.6.17 Auxiliary DC Power Supply and Distribution

The 48-V DC system provides power to the general plant communication and
annunciator systems.  Although the system is highly reliable, with three batteries and
four chargers, it is not a Class I seismic design.  Failure of the system would cause
loss of the annunciator complex, but this would not directly influence continued
operation nor prevent a safe shutdown of the plant.
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F.6.18 Demineralized Water System

This shared system provides high purity water to all three units and to the common
plant facilities such as the radio-chemical laboratory.  It serves no essential shutdown
function.

This shared system does not influence the nuclear safety of the plant, except the
portions which penetrate primary and secondary containment.  These portions prevent
seismically induced failure from causing a breach of secondary containment and
maintain primary containment integrity by providing primary containment isolation and
through a seismic design.

F.6.19 Reactor Building Closed Cooling Water System

This system is normally unitized but a common spare pump and heat exchanger are
used for all three units.  The system differs from the design described in Section 6.4.3
of Amendment 2 of the Unit 3 DAR, wherein the common pump was shared only by
Units l and 2.  Otherwise, in respect to utilization of the spare pump, the design is
unchanged.  Each reactor normally operates with two pumps and two exchangers;
however, one is sufficient in an emergency.

The multi-unit plant requires consideration of maintaining RBCCW operation for
nonaccident units under combined accident and loss of offsite power conditions.  It is
necessary to avoid high drywell temperature and seal damage in the nonaccident units
to avoid the creation of secondary emergencies in addition to the primary emergency
which requires concentration of pumping and electrical power.  Appropriate parts of
the RBCCW systems are programmed to automatically start on diesel power.  They,
thus, protect the recirculation pump seals and through operation of the multiple
blowers, maintain satisfactory drywell temperature in the nonaccident units.

Also, spent fuel pool cooling can be restored to maintain pool temperatures within
acceptable limits.  The RBCCW systems provide cooling for the spent pool heat
exchangers.  This cooling function must be reestablished in the long term following  an
accident to prevent discharge of excessive water vapor into the secondary
containment, where vapor could enter the SGTS and damage the filters.

The systems are nonredundant in respect to the piping system.  If a system should fail
for this or any other reason, drywell temperature would be maintained by operation of
the RHR drywell spray system and/or programmed blowdown of the unit to reduce
primary coolant temperature.  Heatup of the drywell is slow enough to permit manual
operation of the drywell spray system.  Alternate means of cooling the spent fuel pools
are provided by an inter-tie with the RHR systems.  The pool water can be circulated
through the RHR system, where it is cooled before it is returned to the pool.
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F.6.20 Reactor Building Equipment and Floor Drain Systems

This system is shared in respect to the common drain header into which the unitized
Reactor Building floor drainage pumps discharge.  Two pumps are provided for each
unit, each of which is powered from diesel-backed sources.  They are designed to
accommodate several times the maximum expected drainage flow.  Each pump has a
capacity of 160 gpm at 90 ft of head, and both pumps may operate concurrently.

In the event that system failures lead to flooding of the Reactor Building floor at
elevation 519.0, only one zone would be affected.  Doors between the zones are
designed as bulkheads and are administratively maintained closed.

Essential raw water headers (EECW system) are sectionalized to provide isolation of
possible leak sources into the zone while maintaining sufficient flow for essential
safeguards equipment.

In the event of gross failure of the torus or torus header piping under postaccident
conditions, the unit drainage system would be greatly exceeded and the drainage flow
would stop because of pump failure.  The system cannot naturally drain into the
receiver tanks.  The Standby Coolant Supply System (see paragraph F.7.15) would be
used to cool the reactor.

F.6.21 Hardened Wetwell Vent (HWWV)

The shared portion of the HWWV contains a common header from outside the Reactor
Building of each unit to a vent point inside the stack.

F.7 DESCRIPTION OF SHARED CLASS I SEISMIC FEATURES, STRUCTURES,
SAFEGUARDS SYSTEMS AND SUPPORTING AUXILIARY SYSTEMS

F.7.1 Reactor Building (Secondary Containment System)

The Reactor Building is shared by all three units.  It serves as the secondary
containment envelope for any radiation release from the primary containments and as
the primary envelope for any release from sources inside the building but exterior to
the drywell or torus piping of any unit.

The design basis of the Secondary Containment System and the Standby Gas
Treatment System is to maintain a negative pressure inside secondary containment.
The Reactor Building is designed as a Class I structure in order to maintain its integrity
and, hence, pressure boundary following a Design Basis Earthquake.  The
penetrations through the secondary containment membrane in conjunction with the
Standby Gas Treatment System are designed to maintain a negative pressure inside
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the secondary containment boundary following a Design Basis Earthquake, thus
limiting the release of radioactive material directly to the environment.

The building is divided into three reactor zones and one common refueling zone.
Upon receiving an initiation signal, the SGTS provides for reduction of pressure in the
reactor zone to be isolated and in the shared common refueling zone.

Isolation results in all normal ventilation ceasing in the isolated zone(s).  Subsection
5.3.3.2 describes the sequence and logic for isolation of the secondary containment
system.  Normal plant operation requires the ventilation in order to maintain equipment
operability and to prevent trips based on high ambient temperatures.  Recent
operating history has demonstrated that the loss of ventilation to the main steam and
feedwater valve vaults for an operating unit can quickly (approximately 10 to 30
minutes) result in a main steam system isolation (and hence reactor trip) based on
high area temperatures.

The unit zones provide a means to support postaccident cooling of a unit in the
postulated case of subsequent loss-of-torus water which would cause zone flooding.
This is discussed in paragraph F.7.15.

F.7.2 Control Bay

The control bay houses facilities for all three units.  In respect to direct shielding from
accident-created sources and to atmospheric control, the control bay includes the
separate rooms in the Reactor Building which contain the 4160-V and
480-V shutdown switchboards.  These rooms are therefore accessible for direct
switching operations during any postulated event except, of course, for some
unnatural occurrence in one such room.  The board rooms are shielded from
accident-created sources to enable temporary occupancy, whereas the control bay
proper is shielded for long-term occupancy.

The control bay is approximately 400 feet long and vertically is separated into three
floors at elevations 617, 606, and 593 feet.  The upper floor contains the normal
control room complex for all three units, the middle floor contains cable spreading
rooms and rooms for mechanical HVAC equipment, and the bottom floor contains
rooms for electrical and instrumentation equipment.  Room separation on all three
floors is accomplished by masonry walls and metal doors.

The control bay has been designed to provide an environment protected from tornado
missiles and differential pressures.  With respect to incidents arising from causes
within the control bay which might necessitate evacuation by operators, facilities have
been provided in the Reactor Building to enable operators to safely shut down all units
to either the hot (MODE 3) or cold (MODE 4) shutdown condition.
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F.7.3 Spent Fuel Storage Facilities

The spent fuel storage facilities are shared only for Units 1 and 2, and the sharing
feature is only a transfer canal which connects the two storage pools.  Watertight
gates are provided at each end of the transfer canal.

An incident arising from a fuel handling accident from an open reactor or from the
storage pools influences the entire three-unit refueling floor.  This zone of the
secondary containment would be isolated and placed on the Standby Gas Treatment
System.  Units which might be in operation would not be directly affected by such an
incident and would not necessarily have to shut down.

F.7.4 Reactor Building Crane

The crane is shared by all three units.  However, from an operational viewpoint, it
influences only one unit at a time.

F.7.5 Process Radiation Monitoring System

The four subsystems that are shared are the Main Stack Radiation Monitoring System,
the Reactor Building Ventilation Radiation Monitoring System, the Plant Ventilation
Exhaust Radiation Monitoring System, and the Liquid Radwaste Effluent Monitor.  The
main stack system monitors the diluted gaseous release from all three units.  It may
therefore become the first source of information which would require power reduction
or shutdown of any or all units.

The Main Stack Radiation Monitoring System does not initiate any control action, since
it cannot distinguish which unit may be the source of high radiation.  Additional
unitized process radiation systems, including those in each off-gas holdup pipe,
provide source recognition so that the offending unit may be identified. The unitized
systems provide control action which would result in a unit trip if no corrective action is
taken to reduce activity release.

The Reactor Building Ventilation Radiation Monitoring System is shared in the sense
that radiation monitors in the common refueling zone act in conjunction with unitized
zone monitors to cause alarms, isolation of the affected zone plus refueling floor, and
closure of unit primary containment purge and exhaust paths.  The latter paths are
normally closed when the units are in operation.  If radiation from an accident unit is
detected in a non-accident operating unit, the principal effect would be isolation of the
non-accident unit's reactor zone of secondary containment and loss of normal
ventilation.  The effect of isolating the secondary containment and the associated loss
of ventilation for an operating unit is discussed in Section F.7.1.
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The Plant Ventilation Exhaust Radiation Monitoring System records the activity
released by way of the ventilation exhaust and alarms when the activity released
reaches a preset value.  The system is unitized and is shared only in the sense that
the unitized detectors monitor samples from the common Turbine Building, Radwaste
Building and refueling zone.

The Liquid Radwaste Effluent Monitor records the activity released by way of the
Liquid Radwaste System and alarms when the activity released reaches a preset
value.

F.7.6 Diesel Generator Buildings

These buildings provide a protected environment for the standby diesel generators
which are essential to safe shutdown in the event of a sustained offsite power loss and
complete loss of station sources.

The buildings are independent structures.  Internally, each is divided into four
reinforced concrete bays, or stalls, that contain the engine generators and their
respective auxiliaries.  Each stall is separately ventilated to cool the engine exterior
and generator.  The engine jacket water is separately cooled by the Emergency
Equipment Cooling Water System.  Combustion air and exhaust are independent of
the ventilation system, but the generators are dependent on room ventilation.

A gallery at the rear of the generator stalls houses two auxiliary boards which provide
dual auxiliary supply power to all four of the diesel generators.  These auxiliaries
include two 100-percent-capacity ventilation fans per generator.  The boards are in
separate rooms; however, the gallery below the boards extends across the full length
of the building.

A fifth room, or stall, in the Diesel Generator Building contains the CO2 storage system
and a central information panel for diesel operation.  This panel is a passive backup
information center for use under abnormal conditions which might require operator
evacuation of the Main Control Rooms.

The buildings are designed to Class I seismic requirements.  They have also been
designed for tornado missile impact and for the differential pressures arising from a
tornado.  See Section 12.2.8 for greater detail of design wind and tornado loadings.

Access to the buildings is provided from outside by doors at the end of each stall.  In
addition, shielded accesses are provided via doors and stairways from the Control
Building.  Operators may thus enter the Diesel Generator Buildings from the control
bay.
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F.7.7 Pumping Station (Intake Building)

This building houses equipment which provides all cooling water to the plant.  Integrity
of this building is essential to plant safety in any mode of operation, since continuity of
operation of at least part of the pumps therein is required.  Similarly, the intake
channel must always supply at least enough water to effect shutdown heat removal
and auxiliary equipment cooling.

For this reason, these structures have been designed to resist tornados, floods and
earthquakes, and to provide physical separation of essential pumps so that any violent
event of natural or unnatural origin will not damage enough pumps to prevent safe
shutdown cooling.  The essential pumps are not dependent on the general building
circuitry; instead, they are powered by separate feeders entering the building from
physically separated routes.

The RHR service water pumps assigned to the RHRSW System, which provide
shutdown cooling water, are mounted outdoors in pairs on the deck within
compartments in addition to one RHRSW pump per compartment assigned to the
EECW System, to minimize the possibility of missile damage.

The intake channel has been designed to assure continuity of water flow into the plant
under postulated Design Basis Earthquake conditions, which are further hypothesized
to cause loss of the downstream dam.  The channel is cut sufficiently deep to insure
continued flow from the main river channel assuming failure of the dam.  The channel
walls are sloped and otherwise designed to preclude channel blockage under any
postulated conditions.

Normally, a large amount of cooling water enters the plant via the intake structure.
Under shutdown conditions, intake flow is reduced to a few percent of normal, thus not
requiring continued use of the traveling feature of the screens used under normal
operating conditions.  Water flow rate is reduced to near zero in the channel and
within the building under emergency conditions.

F.7.8 Standby Gas Treatment Building

This shared building is essentially a four-compartment, concrete box buried in the
berm in the southwest end of the Reactor Building (see Section 12.2.10.1 for a
description of the structure).  It contains the blowers, filters and other auxiliaries of the
Standby Gas Treatment System.  The building is Class I seismic.  Internal
shadow-shielding is provided between the three subsystems.  The building is drained
by four sump pumps, located in two sumps.  The pumps are powered by emergency
power.
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F.7.9 Standby AC Power Supply and Distribution

This paragraph is intended to supplement the information contained in Subsection 8.5
with regard to the common or shared character of the system.  The system is
composed of four independent, diesel generator units coupled as an alternate source
of power to four independent, 4160-V boards for Units 1 and 2.  There are four
additional diesel generator units coupled as an alternate source of power to the four
Unit 3 4160-V boards.  Each board furnishes essentially identical services.  Any given
Unit 1 and Unit 2 4160-V board has, as a possible load, two RHR pumps, each
assigned to a different unit.  Thus, the four shutdown boards supply four RHR pumps
on each unit.  Any given Unit 3 4160-V board has, as a possible load, one RHR pump;
thus, the four Unit 3 boards also supply four RHR pumps.  Similarly, the four Unit 1
and Unit 2 shutdown boards power eight core spray pumps, and the Unit 3 shutdown
boards power four core spray pumps.  Two such pumps operating in parallel on the
same core spray loop are required for core spray on a particular unit.

No single 4160-V shutdown board will have more than the following loads:

1 RHR pump,
1 Core Spray pump,
2 RHRSW pumps, and associated 480-V loads.

For Units 1 and 2 only, to prevent overloading the shared Unit 1/2 4KV shutdown
boards during combinations of real and spurious accident signals, the RHR (LPCI) and
Core Spray systems will initiate the ECCS preferred pump logic to dedicate the
Division I 4KV shutdown boards and their associated pumps to Unit 1.  The Division II
shutdown boards and their associated pumps are dedicated to Unit 2.  For additional
discussion of the ECCS preferred pump logic, see Section 7.4

Additional discussion of the 4160-V shutdown board loading is given in Section 8.5.

Below the 4160-V level, the system is basically unitized, having two 480-V shutdown
and two diesel auxiliary boards.  The two 480-V shutdown boards, one physically
isolated from the other, have independent supplies from different 4160-V boards; and,
in addition, each has a backup supply from a third 4160-V board.  The four 480-V
diesel-auxiliary boards which provide common services to the diesel generators are
similar to the unit 480-V shutdown boards in respect to physical and electrical
separation and supply.

As mentioned previously in this appendix, this system must meet the maximum power
requirement, assuming prolonged loss of offsite power and station sources and the
worst possible combination of unit operating modes.  This is determined to be the
design basis earthquake plus design basis loss-of-coolant accident in one unit, with
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the other units being tripped, for any reason, or already shut down and operating on
their respective shutdown pumps.

The system is required to cope with this mode for a period of at least 10 minutes
without assistance from the operators.  In this mode, the 4160-V boards will disconnect
from the normal supply and will shed their normal loads, including any pumps which
may already be in operation, and will then be automatically connected to their
respective diesel generator as soon as voltage and frequency are obtained after the
automatic start.

The accident-initiate signals from the reactor system in the accident mode perform two
essential functions:  (1) they align the core cooling function to the accident unit and
process any accident-initiate signals which may subsequently arise, and (2) they
initiate the timed loading of the 4160-V shutdown boards.  Timing is required to enable
the diesel generators to successfully start the comparatively heavy pump loads.
Timers are independent; the failure of any timer may prevent successful operation of
only one 4160-V board and generator combination.

In the event that normal auxiliary power is not lost under the single- or multi-unit trip
cases, a different timing system is used to avoid the simultaneous starting of all
accident-unit pumps on the common Normal Auxiliary Power System.  Timers are
again independent; the loss of one such timer may cause the loss of the pumps
assigned to one board if it fails to operate.

In the event of an accident and the failure of one diesel generator the Standby AC
Power Supply System would retain in operation three of four RHR pumps on LPCI and
two parallel core spray pumps (one loop) for ten minutes.  Nonaccident units would be
on RCIC-HPCI operation, if they had tripped from normal operation, and would be
discharging heat to their respective pressure suppression chambers.

Following the initiation of an accident and loss of normal auxiliary power, the Standby
AC Power Supply System will automatically restore selected loads in the non-accident
units (such as drywell blowers) that are needed to support the non-accident units in a
safe shutdown condition during the initial ten minutes following an accident.

At ten minutes, the operators are assumed to begin to manually operate the system.
Basically, their task is to verify that the accident unit is under control with core spray
and RHR pumps, after which they will withdraw one or two of the three or four RHR
pumps which are serving the accident unit in LPCI mode.  The reactor operators will
manually begin the operations necessary to successfully remove heat from the
pressure suppression chambers of all three units, including paralleling the Units 1 and
2 diesel generators with the Unit 3 diesel generators.  For Units 1 and 2, the non-
accident unit operators will have to coordinate with the accident unit operators to
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reduce loads on the shared Unit 1/2 4KV shutdown boards prior to restoring any large
loads, such as RHR pumps for shutdown cooling in the non-accident unit.

In the postaccident recovery mode, the Standby AC Power Supply System is realigned
and supervised by the operators to reflect its long-term function as a shared system.
Six out of eight of the diesel generators can provide sufficient power, with a fair margin
based on their rated capacity.  However, the diesel generators, switchboards, headers
and valving, and pumps and heat exchangers are arranged in certain sets which must
be considered as integrated subsystems in developing detailed emergency loading
and operating procedures.  Core spray on the accident unit is provided from two of the
three boards available and other shared services are appropriately divided between
the three boards.

As noted above, both the automatic and manual modes of operation of the Standby
Diesel Generator System utilized eight independent electrical sources.

If failure of the Normal Auxiliary Power System should be the only occurrence, the
preferred method of removing afterheat is through the main condensers, because this
is simpler and requires less electrical power.  However, one of the nine 2250-hp
condenser circulating water pumps must be started and operated.  This would require
the paralleling of two diesel generators.  The design provides for this mode of
operation.

F.7.10 250-V DC Power Supply and Distribtuion

The 250-V Unit DC System has three batteries, one located in each unit.  The unit
batteries are connected and sized so that any two can carry the maximum expected
design basis accident load for 30 minutes without recharging.

The fourth, fifth, and sixth batteries located in the Turbine Buildings are provided as
non-class 1E sources for unit specific non-class 1E loads and common station
services.

The battery chargers are also unitized in normal operation; however, a spare charger
can be manually switched to any of the unit or station batteries.

A possible shared influence is related to circuit faults.  Circuits that are assigned to a
given separations division are not permitted to be routed with circuits assigned to the
other separations division.  Hence, a faulted circuit could influence only one
separations division.  Non-divisional circuits routed with both divisions have two
isolation devices.  Additionally, selective coordination is provided such that the device
nearest the fault isolates the faulted circuit.  For ungrounded DC control circuits, fuses
are provided in both the positive and negative circuit to provide backup protection
should one of the fuses fail to open the faulted conductors.
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The 250-V DC Control Power Supply System consists of five batteries and chargers
(one set assigned for each of the Unit 1 and Unit 2 shutdown boards and shutdown
board 3EB).  Thus, the sharing is limited to one of the four shutdown boards that
supplies the Standby AC Power Supply System for Units 1 and 2.

F.7.11 Subsections of the Heating and Ventilating Systems

These shared systems are described in paragraph 5.3.3.6 and Subsection 10.12 of the
FSAR.  The effect of loss of normal ventilation in the Reactor Building is discussed
briefly in paragraph F.7.1.

The Turbine Building heating and ventilating system is shared in the sense that the
turbines are in a common ventilation zone.  Each unit has its own complement of
intake and exhaust fans, and the normal air flow patterns should not cause any
significant cross flow in the common turbine room.

For the purpose of this description, the control bay includes the shutdown board rooms
which are actually within the Reactor Building, but outside the perimeter of secondary
containment.

The Unit 1 and Unit 2 rooms contain both the 4-kV and 480-V shutdown boards
whereas the Unit 3 rooms contain only the 480-V shutdown boards.  (The Unit 3 4-kV
shutdown boards are housed in the Unit 3 Diesel Generator Building.)

The Unit 1, 2, and 3 control bay cooling system consist of two independent central
chilled water systems serving two independent area chilled water air handling
systems.  The Unit 1 and 2 chilled water system consist of two 100% capacity air
cooled, water chilling units and nine area chilled water air handling units:  four 100%
capacity units serving the Unit 1 and 2 Electric Board Rooms located in the Reactor
Building, two 100% capacity units serving the Unit 1 and 2 safety related equipment
rooms located on the 593 elevation of the Control Building, two 100% capacity units
serving the Unit 1 and 2 Control Building, and one 100% capacity unit serving the
common Switchyard Relay Room also located on the 617 elevation.  The Unit 3 chilled
water system consist of two 100% capacity chillers and five area chilled water air
handling units, two 100% capacity units serving the Unit 3 safety related equipment
rooms located on the 593 elevation of the control building, two 100% capacity units
serving the Unit 3 control room and office spaces located on the 617 elevation of the
control building, and one 100% capacity unit serving the common switchyard relay
room located on elevation 617 of the control building.  Each of the three shutdown
board rooms, located in it’s respective Reactor Building, is provided with two 1005
capacity air conditioning units.  Board room air is circulated in a closed loop, across
cooling coils in the air conditioning units containing a volatile refrigerant, where the air
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is cooled, and circulated back into the rooms.  These units are water cooled and reject
the internal room heat load to the EECW system.

Separate ventilation systems supply outside air to the Control Building.  The outside
air serves as makeup air for the air-conditioned areas and for ventilation of the
spreading rooms, and the Units 1 and 2 Elevation 606 Mechanical Equipment Room.
Two of the outside air systems are shared.  The first serves the Unit 1 and Unit 2 Main
Control Room, the Switchyard Relay Room, Units 1 and 2 Elevation 606 Mechanical
Equipment Room, and the Unit 1 and Unit 2 Auxiliary Instrument Rooms; and the
second serves the Units 1 and 2 spreading room.  The third and fourth are not shared,
as the third serves the Unit 3 Main Control Room and Auxiliary Instrument Rooms, and
the fourth serves the Unit 3 spreading room.

The air-conditioning for the Unit 3 4-kV electric board rooms is provided by the Unit 3
Diesel Generator Building systems, as discussed in FSAR paragraph 10.12.5.3.
There are two separate systems serving two different areas in the building.  Two of
the four boards are in one area and two boards are located in the other area.

Maloperation of the air-conditioning or ventilation air systems could adversely affect
the operation of any or all generating units in any mode.  These systems are therefore
designed as redundant sets serving corresponding rooms or groups of rooms.  Each
redundant set has two 100-percent-capacity air-handling (recirculation) systems and
are designed as engineered safeguards support systems.  Although the temperature
rise in most of the rooms served by the air-conditioning and ventilation air systems
would be fairly slow after system failure, calculations show that the ultimate
temperatures would be too high to predict reliable operation of the equipment therein.
A typical example would be a room containing a 250-V battery charger wherein the
continued set operation is contingent on maintaining room ventilation.  Therefore, the
systems are designed in redundant configurations, have access to normal and
emergency power, and, where appropriate, are designed to Class I seismic
requirements.

The rooms containing the Unit 1 electric boards and Unit 2 electric boards are cooled
by two 100 percent capacity air handling units.  The Unit 3 480-V electric boards are
cooled by two 100 percent capacity air conditioning units.  The conditioned air
operates as a closed loop within the corresponding board rooms located in each of the
Reactor Buildings.

F.7.12 Control Rod Drive Hydraulic System

A Control Rod Drive Hydraulic System water pump is shared between Units 1 and 2.
There is no direct safety-related function required of this or the other pumps, since
control rod scram is accomplished by accumulators on each rod backed up at high
reactor pressure by the reactor primary coolant system.
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The use of the shared pump is fully discussed in Amendment 6 of the Browns Ferry
Units 1 and 2 DAR, with the conclusion that no adverse interaction would result
between Units 1 and 2.  It should be noted that an additional feature of the CRD
system is to provide purge water for the recirculation pump seals.  A pump shaft seal
water line is cross tied between all five control rod drive pumps.  A shutoff valve allows
each pump or unit to be isolated.

F.7.13 Deleted

F.7.14 Gaseous Radwaste System (Stack)

These systems are unitized except for the common discharge plenum, ducting, and the
stack itself.  The unitized systems have dual air-dilution fans; during normal operation,
the common portions of the system see diluted gaseous radwaste.

In the postaccident mode, the stack and internal ducting are used to obtain elevated
discharge from the Standby Gas Treatment System and the HWWV.  For this and
other reasons, the stack and the internal ducting which perform this function are
designed to Class I seismic requirements.

The 600-foot stack is also designed for controlled failure if it should be damaged by a
violent tornado.  The upper portion is designed to fail first and thereby to limit the
reach of the stack if it should be blown down.  It would therefore not strike the Diesel
Generator or Reactor Building.

F.7.15 Standby Coolant Supply System

This shared system is designed to provide continuing core cooling in the most
degraded state of the unit RHR and Core Spray Systems, namely, that of complete
failure due to inundation from torus, torus header piping failure, or other cause.  The
system provides for an open-cycle mode of core cooling with discharged water from
the primary system leak passing into the basement area.  For this mode, the only
pump required for the accident unit would be one of the two RHRSW pumps
connected to the RHR service water header supplying the standby coolant system.
This mode of operation would be used only until a sufficient hydrostatic head of water
is built up in the basement to supply adequate NPSH to RHR pumps on the unit
cross-connection.  The building walls, bulkhead doors, and penetrations are designed
for a hydrostatic head considerably greater than that necessary to achieve adequate
NPSH on the cross-connected RHR pumps at the specified flow rate for this mode.
Subsequent cooling would be a closed-cycle mode using one of the two available RHR
heat exchangers on the adjacent unit.
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This shared system is normally valved off.  Valves are located high enough to insure
adequate time for lineup before they become inundated.  The zones are provided with
instrumentation which annunciates when the floor is flooded at the 519.0 elevation.

The Standby Coolant Supply System provides means for core cooling for any
postulated failure of the RHR cooling complex, provided the reactor has been tripped
for several minutes and sufficient time is available for system alignment.  Additional
features of the system are discussed in paragraph 4.8.6.4.

F.7.16 RHR Service Water System

This shared system consists of four pairs of RHR service water pumps assigned to the
RHR systems and four additional pumps assigned to the EECW system.  Each of the
pairs feeds one independent RHR service water header which, in turn, feeds one RHR
heat exchanger in each unit.  Two of the individual pumps feed one emergency
equipment cooling water header.  The two remaining pumps feed the alternate header.
The entire system is Class I seismic.  On a per unit and plant basis, the system
provides several ways to furnish raw cooling water to essential shutdown equipment.
Each RHR service water and EECW header is physically, mechanically, and
electrically independent of the alternate headers performing the same function.

The main function of the RHR Service Water System is to provide an assured heat
sink for long-term dissipation of afterheat to Wheeler Reservoir, when the normal
means of heat rejection through the condensers is not available for any reason or
cannot be used because the reactors are depressurized or isolated from the
condensers.  The reactor cooling systems have sufficient heat storage capacity so that
under emergency conditions temperature changes are slow enough to permit manual
operation of the RHR Service Water System.  Therefore, all system operations are
manually controlled both in the normal and postaccident modes.

A second function of the RHR Service Water System is to provide an assured supply
of water for the Emergency Equipment Cooling Water System, which supplies cooling
water for the various auxiliary systems and items of equipment which support the
shutdown operations.  These may be unit or plant functions.  Examples are RHR seal
coolers, RHR and core spray room coolers, the Control Building emergency cooling
unit, and the diesel-engine coolers.  In these cases, a dependable and
promptly-available raw cooling water flow is required, thus necessitating a fully
automated source (see paragraph F.7.17).

Two RHRSW pumps and two RHR heat exchangers (and associated RHR pumps) are
required per unit to effectively remove afterheat under emergency conditions.  Each
unit has four such RHR pump/heat-exchanger combinations.
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The RHR service water headers feed the RHR heat exchangers individually.  The
service water discharge from each heat exchanger is provided with a combined
throttling and stop valve.  The discharge from this valve is combined with the
discharge from a second RHR heat exchanger valve so that each unit has two
independent drain systems, one from each pair of heat exchangers.  Heat exchanger
flow is controlled as desired by the throttling valves, so that service water is available
to any of the three heat exchangers on a given RHR service water header, although
no more than two heat exchangers may be operated at any one time due to pump
capacity limitations.  The discharge from each pair of heat exchangers is provided with
a radiation detector.

Because of pump alignment, no one train's heat exchanger set can be operable for all
three units at any given time.  Only two of any train's heat exchangers A, B, C, or D
can operate simultaneously for the three-unit plant.  One header per train has three
supply connections, e.g., 1A, 2A, and 3A heat exchangers.  There are only two pumps
serving the "A," as well as the remaining, trains; and it takes one pump to supply
enough coolant to serve each heat exchanger.

Since the RHR primary pumps are rated at 2000-hp, and the companion RHRSW
pumps have a rating of 400-hp, the major part of a single diesel generator capacity is
required for operation of one such set of pumps.  For the three-unit plant, six sets are
required; thus, six out of the eight diesel generators are required if normal auxiliary
power is not available.  On a unit basis, two-out-of-four RHR pump/service water pump
sets are required.

Selection of a given unit set of such equipment for afterheat removal implies that all or
a sufficient fraction of that set is operational for that purpose.  The respective RHRSW
header for each such set has sufficient flow capacity to serve the RHR heat
exchangers of two units at full capacity by running two RHRSW pumps on that
header--even three heat exchangers could be accommodated at reduced capacity.
However, such an operation, while possible, is not contemplated.
The RHR Service Water System is designed to provide adequate cooling even when
degraded by selected multiple failures, but it is limited to certain allowable loading
combinations of diesel generators, electrical boards, and pumps.  Therefore, certain
sets of multiple failures are not allowable.  A sufficient number and kinds of failures
could be postulated to disable the system; however, the probability of these sets of
failures in independent systems is too low to be of concern.

The technical specifications permit temporary disabling of elements of this system for
the purpose of maintenance.  Detailed procedures consider elements of the separate
sets or subsystems in the RHR-RHRSW and standby power systems to insure that an
adequate number of fully-operable subsystems is provided during the maintenance
interval.
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F.7.17 Emergency Equipment Cooling Water System

As discussed above, this shared system distributes cooling water to equipment and
auxiliary systems which are required for shutdown of all three units.  Since some
equipment cannot tolerate loss of water flow for more than a few minutes, the RHRSW
pumps start automatically to supply water to this system.

The piping system is designed as two independent, closed-ended loops with an
independent RHRSW pump feeding the closed ends of each loop.  A system of check
valves on each critical load ensures that such loads will be served from either of the
two loops.  Only mechanical check valves are used; consequently, when the header(s)
are pressurized, all of the loads in the three-unit plant are served simultaneously,
whether such loads are in actual operation or not.  The plant is thus treated essentially
as a single unit in respect to use of this system.

To accommodate the possibility of header piping or tap failure, the headers are
sectionalized and the taps are either restricted in size or orificed to limit flow to
individual loads.  Doubled check valves insure against a header or tap failure draining
water from the alternate header.

Sectionalizing valves and the headers are so located that, if a header failure should
occur in a unit zone, one core spray system and two of the four RHR pumps and their
respective room coolers would still be served in the affected unit and one of its
adjacent units.  Flow from the fault would be stopped to avoid flooding the zone.

The operational philosophy is to require the availability of two fully-pressurized
headers and eight diesel generators for the case of loss of normal power.  A pressure
failure in one header would be annunciated and manually restored.

This system has been designed with the intent of achieving very high reliability in view
of its root function during loss-of-power and other emergency situations.  It has been
checked against postulated natural and unnatural events which might affect it, and
against the field of failures which might occur in the system itself.  The system is fully
adequate for its purpose.

F.7.18 Standby Gas Treatment System

This shared system operates to filter and exhaust the air from a unit zone plus the
refueling zone, the refueling zone only, or the entire secondary containment of four
zones (see also paragraph F.7.1).  The system is used only when an abnormal activity
release occurs.  It will tend to localize the influence of activity release and minimize
the possibility of having to shut down and decontaminate all unit areas.
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APPENDIX G

PLANT NUCLEAR SAFETY OPERATIONAL ANALYSIS

This appendix delineates the analytical methods which were used to derive the
BFNP Technical Specifications.  This appendix is retained for historical purposes.

G.1 ANALYTICAL OBJECTIVE

The objective of the nuclear safety operational analysis is to systematically identify
the requirements for and limitations on plant operation necessary to satisfy nuclear
safety operational criteria.

Definitions of key terms used in this appendix are given in Subsection 1.2,
"Definitions."

G.2 BASIS FOR SELECTING OPERATIONAL REQUIREMENTS

An operational requirement is a requirement or restriction on either the value of a
process variable or the operability of a plant system.  Such requirements must be
observed during all modes of plant operation (not just at power) to assure that the
plant is operated safely.  There are two kinds of operational requirements for plant
hardware:

1. Limiting condition for operation--the required condition for a system while the
reactor is operating in a specified condition.

2. Surveillance requirements--the nature and frequency of tests required to
assure that the system is capable of performing its essential functions.

Operational requirements are selected for one of two basic reasons:

1. A requirement is considered essential if the requirement is necessary to
assure that some specified condition (unacceptable result) is avoided during
or following some specified plant event.

2. A requirement is considered essential if the requirement is necessary to avoid
some specified condition (unacceptable result) in spite of a single failure
during or following some specified plant event.

A systematic method is used to identify operational requirements based on these
two reasons.
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G.2.1 Unacceptable Safety Results

The following listed conditions are the unacceptable safety results used as the
major reasons for selecting system operational requirements.  The different groups
of unacceptable safety results are associated with different categories.  Several of
the unacceptable safety results are superior; in importance to the others; these
superior, unacceptable safety results are marked with an asterisk.

The unacceptable safety results have been associated with the different categories
of plant operation and events to facilitate the systematic selection of operational
requirements.  All the criteria must be satisfied at all times.

Plant Event Category    Unacceptable Safety Result

1. Normal Operation        *1-1. The release of radioactive material to
the environs to such an extent that
the limits of 10 CFR 20 are exceeded.

 1-2. Fuel failure to such an extent that
were the freed fission products
released to the environs via the
normal discharge paths for
radioactive material, the limits of
10 CFR 20 would be exceeded.

 1-3. Nuclear system stress in excess of
that allowed for planned operation by
applicable industry code.

 1-4. The existence of a plant condition not
considered by plant safety analysis.
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Plant Event Category    Unacceptable Safety Result

2. Abnormal Operational  2-1. The release of radioactive
    Transients material to the environs to such an

extent that the that the limits of
10 CFR 20 are exceeded.

 2-2. Any fuel failure calculated as a result
of the transient.

 2-3. Nuclear system stress in excess of
that allowed for transients by
applicable industry codes.

3. Accidents               *3-1. Radioactive material release to such
an extent that the guideline values of
10 CFR 100 would be  exceeded.

 3-2. Fuel cladding temperature in excess
of 2200 F or peak fuel enthalpy
greater than 280 cal/g.

 3-3. Nuclear system stresses in excess of
that allowed for accidents by
applicable industry codes.

 3-4. Containment stresses in excess of
that allowed for accidents by
applicable industry codes when
containment is required.

 3-5. Overexposure to radiation of plant
operations personnel in the control
room.
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Plant Event Category    Unacceptable Safety Result

4. Special Event--Loss  4-1. The inability to bring the
    of habitability of reactor to the cold shutdown
    the control room condition by manipulation of the local

controls and equipment which are
available outside the control room.

 4-2. The inability to bring the reactor to the
cold shutdown condition from outside
the control room.

5. Special Event--  5-1. The inability to shut down
    Inability to shut the reactor independent of
    down reactor with control rods.
    control rods.

G.2.2 Nuclear Safety Operational Criteria

The following nuclear safety operational criteria are used to select operational
requirements:

           Criteria               Nuclear Safety
Applicability     Identification       Operational Criteria

General      G The plant shall be operated in
such a manner that the
unacceptable safety results are
avoided.

Abnormal Opera-     SF The plant shall be
tional Transients operated in such a
and Accidents manner that no single active

component failure can prevent
the safety actions essential to
avoiding the unacceptable
safety results associated with
abnormal operational
transients and accidents.  This
requirement is not applicable
during system repair if the
availability of the safety action
is maintained either by
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restricting the allowable repair
time or by more frequent
testing of a redundant system.

G.2.3 Origin of the Unacceptable Safety Results and Criteria

Most of the unacceptable safety results and nuclear safety operational criteria
represent an extension of the general intent of plant hardware design criteria to
plant operations.  Thus, where hardware design is required by design criteria to
offer a specified degree of protection for a radioactive material barrier under certain
circumstances, actual plant operation is required by operational criteria to offer the
same degree of protection under the same circumstances.

The unacceptable temperature limit of 2200 F for accidents is a result of
experiments with highly oxidized Zircaloy.  It has been determined that at high
temperatures this material may fragment as it is cooled.  If the maximum cladding
temperature is maintained below 2200 F, no cladding fragmentation will occur and
no impediment to core cooling will result from changes in core geometry.

Unacceptable safety result 1-4 differs in origin from the other criteria.  This criterion
requires, in effect, that the plant be operated only under conditions for which safety
analysis has been performed.  In a case where a system has not been shown to be
nonessential to some safety action, the system would be considered essential
under this criterion until proven otherwise.  Thus, definitive safety analysis is a
prerequisite to a finding of nonessentiality for a system or system action.

G.3 BASIS FOR SELECTION OF SURVEILLANCE TEST FREQUENCIES FOR
NUCLEAR SAFETY SYSTEMS AND ENGINEERED SAFEGUARDS

G.3.1 Normal Surveillance Test Frequencies

After the essential nuclear safety systems and engineered safeguards have been
identified through the application of the nuclear safety operational criteria,
surveillance requirements are selected for these systems.  In the course of
selecting surveillance test frequencies, the various systems are considered in terms
of relative availability, test capability, plant conditions necessary for testing, and
engineering experience with the system type.  The surveillance test frequency
selected represents the application of engineering judgment integrating all of these
considerations.  However, the surveillance frequencies selected are conservative
with respect to the surveillance requirements actually needed to maintain the
reliability of the system as provided by the basic system design.
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G.3.2 Allowable Repair Times

Allowable repair times are determined through engineering judgment.  These times
are conservative in comparison to those computed using availability analysis
methods1 for redundant, standby systems.  The resulting maximum average
allowable repair times assure that a system's long-term availability,
including allowance for repair, is not reduced below the availability that would be
achieved if repairs could be made in zero time.

G.3.3 Repair Time Rule

Repair of a safety system may be carried out while the reactor is in operation for a
time equal to the maximum allowable average repair time.  If repair is not complete
when the allowable repair time expires, the reactor plant must be placed in its safest
mode for potential radiological releases (with respect to the protection lost).

To maintain the validity of the assumptions used to establish the above repair time
rule, the following restrictions must be observed.

1. Routine maintenance on shared systems, which are always needed, should
be conducted to keep the equipment out of service for as short a time as
possible, but never longer than the allowable repair time.  Routine
maintenance and testing should be scheduled where possible when the
equipment is not needed.

2. Once the need for repair of a failed device is discovered, repair should
proceed as quickly as possible consistent with good craftsmanship.

G.4 METHOD OF ANALYSIS

The nuclear safety operational analysis is performed after the plant detailed design
has been established.  The end products of the analysis are the operational nuclear
safety requirements, restrictions, and limits on plant hardware and its operation,
which must be observed to satisfy the nuclear safety operational criteria.  The key
steps in this analysis are as follows.

1. Identify and define the physical states (operating states) in which the BWR
core may operate (exist).

                                           
1
 Jacobs, I. M. "Guidelines for Determining Safe Test Intervals and Repair Times for Engineered

Safeguards," General Electric Company, Atomic Power Equipment Department, April 1969
(APED 5726).
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2. For each operating state, identify the types of operations (planned) and
events (transients, accidents, and special events) that the plant must
accommodate within the nuclear safety operational criteria.

3. For each operating state, identify the safety actions essential to
accommodating each applicable type of operation and event within the
nuclear safety operational criteria.

4. For each operating state, identify the systems or variables (to be limited) that
are essential to achieving each required safety action.  Systems that are
needed for the achievement of a safety action with a specified degree of
redundancy are considered essential to the safety action.  Limitations on
process variables should be associated with the applicable unacceptable
result and the related plant system originating the need for the limit.

5. For each system identified in step 4, identify the specified system functional
requirements and restrictions that must be observed within each operating
state.  For each key process variable identified in step 4, establish the limits
which must be observed in each operating state.

6. Identify the minimum amount of system hardware that must be operable (or
restricted from operation) to accomplish the functional requirements (and
restrictions) identified in step 5.

7. For each system, identify the conditions (operability, numbers of components,
out-of-service times, inspection, and test frequencies) that must be met to
accomplish (with an acceptable level of redundancy and availability) the
system functional requirements (and restrictions) identified in step 5.

The results of steps 1, 2, 3, and 4 are presented in this appendix.  The results of
steps 5, 6, and 7 for each system and variable identified in step 4 are presented in
the subsections of the safety analysis report that describe the system.

Together, the plant design and the observation of the operational nuclear safety
requirements derived in this analysis assure that the nuclear safety operational
criteria are satisfied.  When an operational nuclear safety requirement for a system
is combined with the action to be taken if the requirement cannot be met, a
technical specification is formed.  Figure G.0-1 shows in block form the process by
which technical specifications are derived.  Appendix B lists the Technical
Specifications for the Browns Ferry Nuclear Plant.
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G.5 ANALYSIS AND RESULTS

G.5.1 Identification of BWR Operating States

Six BWR operating states are identified and defined in Matrix 1.  Some states, such
as pressurized with the reactor vessel head removed, are eliminated by virtue of
their impossibility.  But the main objective in the selection of operating states is to
divide the BWR operating spectrum into a few major conditions to facilitate the
considerations of various events in each state.  The operating states identified
include all the conditions in which the core can exist.

It is recognized that each of the identified operating states includes a wide spectrum
of values for important plant parameters.  Within each operating state, these
parameters are considered over their entire range to determine the limits on their
values necessary to satisfy the operational nuclear safety criteria.  Such limitations
are presented in the subsections of the safety analysis report where the systems
originating the requirement for the parameter limit are described.  The plant
parameters to be considered in this manner include the following:

Reactor coolant temperature,
Reactor vessel water level,
Reactor vessel pressure,
Reactor vessel water quality (chemical and radioactivity),
Reactor coolant forced circulation flow rate,
Reactor power level (thermal and neutron flux),
Core neutron flux distribution, and
Feedwater temperature.

G.5.2 Identification of Types of Operation and Events Applicable in Each BWR
Operating State

G.5.2.1  Identification Method

Matrix 2 identifies the planned operations, abnormal operational transients,
accidents, and special events that are to be considered in determining plant
operational nuclear safety requirements and restrictions.  Planned operations are to
be considered without regard to the need for anticipating abnormal operational
transients, accidents, or special events because these events are considered
separately.  The abnormal operational transients and accidents listed on the matrix
were selected and categorized by the same methods as those described in Chapter
14.0, "Plant Safety Analysis."  In each case, the events listed cause the most
severe demand for protective action of any events of a similar nature.

The planned operations are defined as follows.



BFN-16

G.0-9

1. Planned Operation--Planned operation is normal plant operation under
planned conditions in absence of significant abnormalities.  Operations
subsequent to an incident (transient, accident, or special event) are not
considered planned operations until the actions taken in the plant are identical
to those that would be used had the incident not occurred.  The established
planned operations can be considered as chronological:  refueling outage,
achieving criticality, heatup, power operation, achieving shutdown, cooldown,
refueling outage.

2. Refueling Outage--Refueling outage includes all of the planned operations
associated with a normal refueling outage:

(1) Planned, physical movement of core components (fuel, control rods,
etc.),

(2) Refueling test operations, and

(3) Planned maintenance.

3. Achieving Criticality--Achieving criticality includes all the plant actions that are
normally accomplished in bringing the plant from a condition in which all
control rods are fully inserted to a condition in which nuclear criticality is
achieved and maintained.

4. Heatup--Heatup begins where achieving criticality ends and includes all plant
actions that are normally accomplished in approaching nuclear system rated
temperature and pressure by using nuclear power (reactor critical).  Heatup
extends through warmup and synchronization of the turbine-generator.

5. Power Operation--Power operation begins where heatup ends and includes
continued operation of the plant at power levels in excess of heatup power.

6. Achieving Shutdown--Achieving shutdown begins where power operation ends
and includes all plant actions normally accomplished in achieving nuclear
shutdown (more than one rod subcritical) following power operation.

7. Cooldown--Cooldown begins where achieving shutdown ends and includes all
plant actions normally accomplished in the continued removal of decay heat
and the reduction of nuclear system temperature and pressure.

The entries in Matrix 2 indicating the applicability of the planned operations are
based on the definitions of the planned operations.  The Matrix 2 entries indicating
the applicability of an event (transient, accident, or special event) to each state are
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based on whether the event can occur starting from any of the initial conditions
represented by the set of planned operation or event applicable in the
corresponding BWR operating state.

It should be noted that, even though a given operation or event is not applicable
while the reactor is in a certain operating state, operational restrictions on certain
plant systems may be necessary to ensure that the given operation or event
remains inapplicable.  The needs for such restrictions are identified in later
matrices.

G.5.2.2  Detailed Explanations of Matrix 2 Entries

The explanations for the entries made in Matrix 2 are given item-by-item in the
following paragraphs.

G.5.2.2.1  Planned Operation

The entries for the planned operations all follow directly from the definitions of the
planned operation and the definitions of the BWR operating states.

G.5.2.2.2  Abnormal Operational Transients

The abnormal operational transients listed as Events 12 through 36 are the same
ones selected by the methods described in Section 14.0, "Plant Safety Analysis."
The following paragraphs explain why certain events are applicable in certain
operating states but not in others.

Events 12 and 13 - Generator and Turbine Trips

A turbine or generator trip can occur in operating states D (during heatup) or F
(during power operation).

Events 14 and 15 - Main Steam Line Isolation

Isolation of the main steam lines can result in a transient for which some degree of
protection is required only in operating states C, D, E, and F.  In operating states A
and B, the main steam lines are continuously isolated.

Event 16 - Loss of Vacuum (Turbine Trip Without Bypass)

Because the main condenser is normally used for the removal of decay heat under
any condition in which steam is being generated, this event is applicable in
operating states C, D, E, and F.  The more significant cases are in operating state
F, when the condenser is used during power operations.



BFN-16

G.0-11

Event 17 - (not used)

Event 18 - Loss of Feedwater Heating

A loss of feedwater heating must be considered with regard to the nuclear safety
operational criteria only in operating state F, because significant feedwater heating
does not occur in any other operating state.

Event 19 - Shutdown Cooling (RHRS) Malfunction

A shutdown cooling malfunction, causing a moderator temperature decrease, must
be considered in operating states A, B, C, and D.  This event is not considered in
operating states E and F, because nuclear system pressure is too high to permit
shutdown cooling (RHRS) operation.

Event 20 - Inadvertent Pump Start (Temperature Decrease)

The addition of cold water via an inadvertent start of a pumping system must be
considered in all operating states because this event can potentially occur under
any operating condition.

Event 21 - Control Rod Withdrawal Error

The results of adding positive reactivity via a control rod withdrawal error must be
considered in all operating states.  A rod withdrawal error can potentially occur
under any operating condition.

Events 22 and 23 - Removal of Control Rod and Fuel Assembly Insertion

An inadvertent positive reactivity insertion can result from erroneous control rod
removal, or fuel assembly insertion.  Because these actions can occur only when
the reactor vessel head is removed and manipulation of the refueling equipment
over the reactor core is possible, operating state A is the only state in which these
events must be considered.

Event 24 - (not used)

Event 25 - Pressure Regulator Failure

A pressure regulator failure, causing a coolant inventory decrease, is applicable
only in operating states C, D, E, and F, because in none of the other states is the
reactor pressurized.
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Event 26 - Inadvertent Opening of Main Steam Relief Valves

The inadvertent opening of a main steam relief valve is possible in any operating
state.

Event 27 - Loss of Feedwater Flow

Because continuous feedwater flow is neither required nor provided in operating
states A and B, a loss of feedwater flow need only be considered in operating states
C, D, E, and F.

Event 28 - Total Loss of Offsite Power

The effects of a loss of auxiliary power must be considered in each operating state.

Events 29, 30, 31, and 32 - Core Coolant Flow Decreases

Because forced coolant circulation would be present as a planned operation only in
operating states C, D, E, and F, events causing loss of forced circulation flow need
be considered only in these states.

Event 33 - Recirculation Flow Control Failure Increasing Flow

Because a recirculation flow control failure, causing an increased coolant flow
through the core, can occur only when a recirculation pump is initially operating
during planned operation, this event is applicable only in operating states C, D, E,
and F.

Event 34 - Startup of Idle Recirculation Pump

A startup of an idle recirculation pump can potentially occur in any operating state.

Event 35 - Loss of Shutdown Cooling

Malfunctions causing loss of RHR shutdown cooling are considered in operating
states A, B, C, and D, because only in these states would the RHR shutdown
cooling system be in use as part of one of the planned operations.

Event 36 - Feedwater Controller Failure - Maximum Demand

A feedwater controller failure, causing an excess coolant inventory in the reactor
vessel, must be considered in operating states C, D, E, and F because only in these
states can the feedwater controller be in operation as part of the planned
operations.
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G.5.2.2.3  Accidents

The accidents listed in Matrix 2 as Items 38 through 41 are the same ones selected
by the methods described in Section 14.0, "Plant Safety Analysis."  The following
paragraphs explain why certain accidents are applicable in certain operating states
but not in others.

Event 38 - Control Rod Drop Accident

The control rod drop accident is applicable in operating states C, D, E, and F.  The
rod drop accident cannot occur in states A and B, because rod coupling integrity is
checked on each rod to be withdrawn if more than one rod is to be withdrawn.  No
safety actions are required in states C and E, where the plant is shut down by more
than one rod prior to the accident.

Event 39 - Pipe Breaks Inside Primary Containment

A pipe break inside the primary containment is not applicable to operating states A
and B, because the nuclear system is not significantly pressurized in these two
states.

Event 40 - Fuel-Handling Accident

Because a fuel-handling accident can potentially occur any time when fuel
assemblies are being manipulated either over the reactor core or in the spent fuel
pool, this accident is considered in all operating states.

Event 41 - Pipe Breaks Outside Primary Containment

A pipe break outside the primary containment is not applicable to operating states A
and B because the nuclear system is not significantly pressurized in these two
states.

G.5.2.2.4  Special Event- Loss of Habitability of the Control Room (Event 44)

A loss of habitability of the control room is a special event investigated to evaluate
the capability of the plant to be controlled from outside the control room.  Special
criteria apply to this event; these criteria are given in Section 14.0, "Plant Safety
Analysis."  A loss of habitability of the control room is applicable to any operating
state.

G.5.2.2.5  Special Event - Ability to Shut Down the Reactor Without Control Rods
(Event 45)
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The inability to shut down the reactor with control rods is a special event postulated
to evaluate the capabilities of the Standby Liquid Control System.  The criteria for
evaluating this event are given in Subsection 3.8, "Standby Liquid Control System."
Because this event can occur only when the reactor is initially not shut down, it is
applicable only to operating states B, D, and F.

G.5.3 Identification of Safety Actions and Systems Essential to Satisfying the
Nuclear Safety Operational Criteria

G.5.3.1  Introduction

To fully identify and establish the proper requirements, restrictions, and limitations
that must be observed during plant operation, plant systems and components must
be related to the needs for their actions in satisfying the nuclear safety operational
criteria.  This relationship is displayed in a series of block diagrams and matrices.

For each event, a block diagram is presented showing the conditions and systems
essential to achieving each essential safety action.  The block diagrams show only
that equipment necessary to provide the safety actions in such a way that the
nuclear safety operational criteria are satisfied.  The total plant capability to provide
a safety action is not shown, only the minimum capability essential to satisfying the
operational criteria.  The block diagrams show the essential protection sequences
for each event.  Once all of the protection sequences are identified in block diagram
form, the equipment requirements are superimposed on the operational matrices.
Thus, the matrices display the most restrictive requirements from all of the essential
protection sequences for any one event.  Each matrix of the series considers the
following conceptual aspects.

1. The BWR operating state,

2. The types of operations or events that are possible within the operating state,

3. The relationships of certain safety actions to the unacceptable results and to
specific types of operation and events,

4. The relationships of the actions of certain systems to the safety actions and to
specific types of operation and events,

5. The supporting or auxiliary systems essential to the operation of the front-line
safety systems, and
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6. The considerations necessary to achieve a minimum level of functional
redundancy (the single-failure criterion applied functionally at the safety action
level).

Because the scope of information presented on Matrix 3 encompasses so many
safety aspects of the plant design and operation, the matrices are necessarily large
and utilize a number of codes and symbols.  The major point is that it is impossible
to rationally set operational requirements on a given component without
systematically considering each of the just-noted six aspects of the BWR on a
plantwide basis.  Matrix 3 and the block diagrams for the events together provide a
vehicle for such a systematic analysis.  Through the use of Matrix 3 and the block
diagrams, any operational requirement can be traced to the unacceptable result,
criterion, or safety action originating its need.

All of the indications in Matrix 3 represent a finding of essentiality for the safety
action, system, or limit under consideration.  Essentiality in this context means that
the safety action, system, or limit is essential to satisfying the nuclear safety
operational criteria.  A finding of essentiality is made by conducting an analysis in
which the safety action, system, or limit under consideration is completely
disregarded in the analyses of the applicable operations or events.  If the nuclear
safety operational criteria are satisfied without the safety action, system, or limit,
then the safety action, system, or limit is not essential, and no operational nuclear
safety requirement would be indicated.  When disregard of a safety action, system,
or limit results in violation of one or more nuclear safety operational criteria, the
safety action, system, or limit is considered essential; and the resulting operational
nuclear safety requirements can be related to specific criteria and unacceptable
results.

There is a difference between classification analyses, which provide bases for
findings of essentiality, and the analyses of Chapter 14.0, "Plant Safety Analysis."
Although the events analyzed are the same, the analyses of Section 14.0 represent
a real response of the plant under certain limiting assumptions, whereas a
classification analysis strips away all nonessential actions and systems in the effort
to determine essentiality.  A classification analysis represents essential plant
response.  The analyses of Section 14.0 emphasize "worst cases" with regard to the
fuel thermal-hydraulic conditions, nuclear system pressure, or radioactivity release.
The classification analyses emphasize "protection sequences."

G.5.3.2  Presentation of Information in Matrix 3

Figure G.0-2 presents the concept used for presenting information in Matrix 3.  The
right-hand end of each matrix relates hardware (systems) requirements to safety
actions and specific events.  The left side of each matrix is used to relate safety
actions to the unacceptable results and specific events.  Each matrix applies only to
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one BWR operating state.  A safety action, which is essential to avoiding one or
more unacceptable results for a given event, is identified by placing the
identification number of the appropriate unacceptable result inside the matrix block
corresponding to the safety action and the event.  In Figure G.0-2, the example
shows that for a turbine trip the scram safety action is essential to avoid
unacceptable results 2-2 and 2-3; and the pressure relief safety action is essential
to avoid unacceptable result 2-3.  By referring to the lists of unacceptable results
given earlier, the reasons why scram and pressure relief are needed can be
precisely determined.

A system that is essential to carrying out a safety action for a given event is
identified by placing the column number of the safety action in the matrix block
corresponding to the system and event.  Other symbols are placed in the system
matrix blocks to indicate various requirements of the system as follows.

Number Indicates that the system is essential to a safety action with
that column number, or that the system is an auxiliary (support
system) to the system with that column number.

SF (single     The system is required so that an essential safety failure
   failure) action will meet the single-failure criterion as stated by the

nuclear safety operational criteria.

S (shared) This symbol is used following one of the previous three
symbols to indicate that the system shares with another
system the obligation to perform an action, meet the
single-failure criterion, or meet the availability requirements.
The column number of the system with which the obligation is
shared is written inside parentheses with the S.

R (restricted) One or more of the system's functions must either not be
acting or not be capable of acting in order to satisfy
operational nuclear safety criteria while the reactor is in the
designated operating state.

L (limit) One or more of the key process parameters must be limited to
satisfy nuclear safety operational criteria while the reactor is in
the designated operating state.

P (personnel Credit is taken for personnel action (manual control) of the
   action) corresponding system.
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Blank None of the system's functions is required or needs to be
restricted to satisfy nuclear safety operational criteria while
the reactor is in the designated operating state.

Dark Frame The framed block represents the most significant or
Around Block demanding condition from which an operational nuclear safety

requirement for the system is derived.

Auxiliary This symbol identifies those systems which function as
auxiliaries to the front-line safety systems.

Figure G.0-2 shows a number of examples of the use of the symbols in the system
side of Matrix 3.  The examples on Figure G.0-2 are interpreted on Table G.0-1.

G.5.3.3  Rules Followed in Constructing Block Diagrams and Filling in Matrices

The block diagrams and the entries made in Matrix 3 represent the consistent
application of a set of rules.  These rules are as follows.

1. Entries are made only when an action, limit, or system is essential to satisfying
the nuclear safety operational criteria and to avoiding the unacceptable safety
results.  Entries are not made simply because a system does operate or a limit
is observed.

2. Entries are made for all actions, limits, and systems essential for the event
through the full range of initial conditions within an operating state.  Thus,
consideration is not limited to worst cases only; lesser cases sometimes
require actions or systems different from the worst case.

3. For planned operations, entries are made only for actions, limits, and systems
essential to avoiding the unacceptable results during operation in that state
(as opposed to transients, accidents, and special events, which are followed
through to completion).  In this respect, planned operations are treated
differently from other events because the transfer from one state to another
during planned operations is deliberate; for events other than planned
operations, the transfer from one state to another may be unavoidable.

4. Limits are indicated on the matrix only for those essential parameters that are
continuously monitored by the operator.  Parameter limits associated with the
required performance of an essential system are considered to be included in
the requirement for the operability of the system.  Limits on continuously
monitored parameters are called "envelope limits," and limits on periodically
monitored parameters are called "operability limits."  Only the envelope limits
and the associated indicators for the envelope limits are indicated on the



BFN-16

G.0-18

matrix; systems associated with the control of the envelope parameters are
considered nonessential as long as it is possible to place the plant in a safe
condition without using the system in question.

5. For transients, accidents, and special events, entries are made for the entire
duration of the event and aftermath until planned operation is resumed.
Planned operation is considered resumed when the procedures being followed
are identical to those used during any one of the planned operations.

6. The initial conditions for transients, accidents, and special events are limited
to conditions that would exist during the planned operations applicable within
the operating state.

7. Because transients, accidents, and special events are considered through the
entire duration of the event until planned operation is resumed, manual
operation of certain systems is sometimes required following the more rapid
portions of the event.  Credit for operator action is taken on a case basis,
depending upon the conditions that would exist at the time operator action
would be required.  Credit for operator action is taken only when the operator
can be reasonably expected to accomplish the required action under the
existing conditions.  When credit for operator action is taken, a "P" is entered
in the appropriate matrix block.

8. Matrix entries for transients, accidents, and special events are made only for
those actions, limits, and systems for which there arises a unique requirement
as a result of the event.  For instance, if a system that was in operation prior to
the event (during planned operation) is to be employed in the same manner
following the event, and if the event did not affect the operation of the system,
then no matrix entries for the system would be made.

9. Where an operational nuclear safety requirement for a system is based on a
certain event, the corresponding matrix block is framed with dark lines.

G.5.3.4  Meaning of Matrix 3

The entries corresponding to a given event (horizontally across the entire width of
Matrix 3) form a comprehensive statement of the safety actions and plant systems
which must be the subject of operational nuclear safety requirements to satisfy the
nuclear safety operational criteria.  System requirements and safety actions are
related to the criteria for which they are essential.  The entries corresponding to a
given system (vertically down the entire height of a Matrix 3) form a comprehensive
statement of the needs for or restrictions against the system's actions in the
designated operating state.  It should be noted that requirements for indications
refer to either direct or indirect indications of the listed process variable.
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With the information presented in Matrix 3, it is possible to determine for each
system the detailed functional requirements and the detailed conditions to be
observed regarding system hardware in each operating state.  The detailed
conditions to be observed regarding system hardware include such operational
nuclear safety requirements as number of components that must be operable and
test frequencies.

G.5.3.5  Detailed Explanation of Matrix 3 Entries

The following paragraphs and the associated block diagrams describe the various
events from a functional and system level viewpoint.  A more detailed analysis of
the transients, accidents, and special events is presented in Section 14.0 to give
the event results in terms of key plant parameters.

The block diagrams of the protection sequences show only the front-line systems
that must perform in a protection sequence.  Systems that act as auxiliaries to the
front-line safety systems are identified in the block diagrams of safety system
auxiliaries given in Figures G.0-3 through G.0-22.  Safety system auxiliaries are
shown as required on Matrix 3 for any event for which the front-line safety system is
required.  The notation used on Matrix 3 for safety system auxiliaries reflects the
need, when applicable, to ensure that a safety system auxiliary is single-failure
proof relative to some combination of front-line safety systems.  Thus, the notation
60-65SF in Column 89 of a matrix would indicate that the DC power system
(Column 89) must be single-failure proof relative to the system pair consisting of the
RCICS (Column 60) and the HPCIS (Column 65).  In this manner, Matrix 3 reflects
an in-depth analysis of the auxiliaries that support more than one front-line safety
system.

If a front-line safety system fails safe following failure of an auxiliary system, the
auxiliary system is considered nonessential and is not indicated on the block
diagrams or the matrix.  Auxiliaries are not shown for indications or for systems
needed only for planned operations.

The treatment on the matrix of the offsite AC power system versus the standby AC
power system (diesel generator) is worthy of special note.  Most of the transients
and accidents do not necessarily involve loss of the offsite AC power supply;
however, the standby AC power system is by itself capable of accommodating the
various events within the nuclear safety operational criteria.  But the protection
sequences resulting from considering only the use of the standby AC power system
are all very similar to the sequence for Event 28, loss of all offsite AC power.  To
reveal the characteristic differences in the protection sequences, offsite AC power
is assumed available for all transients except for Event 28, even though offsite
power is not absolutely essential to satisfying the nuclear safety operational criteria.
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Should offsite AC power not be available, these transients become lesser cases of
Event 28.  For those transients in which the use of offsite power dictates the
protection sequence, appropriate matrix entries are made in Column 96 (offsite AC
power), but the single-failure criterion is not applied because, without offsite power,
a lesser case of Event 28 results.  For accidents, the protection sequences shown
are those that assume the use only of the standby AC power system.

The conventions used on the protection sequence diagrams associated with each
event are illustrated in Figure G.0-23.  A separate protection sequence diagram is
shown for each essential safety action requiring the operation of two or more
systems.

G.5.3.5.1  Planned Operations

The requirements for the planned operations normally involve the use of limits on
certain key process variables.  Matrix 3 generally displays the process variable
limits, associates the limits with the system for which the limit is essential, and
shows the indications that are necessary for the plant operator to comply with the
limits.

Event 1 - Refueling Outage

Refueling Outage operations include all planned operations pertaining to the
nuclear core that are normally accomplished whenever the reactor vessel head is
removed.  These operations are applicable to operating states A and B only.  The
essential safety actions for state A are as follows.

  Safety Action Reason Safety Action Required

Radioactive To limit radioactive material release
Material Release (10 CFR 20).
Control

Core Power To remain within the envelope of
Level Control conditions considered by the plant

safety analysis.

  Safety Action Reason Safety Action Required

Nuclear System To remain within the envelope of
Water Quality conditions considered by the plant
Control safety analysis.
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Core Reactivity To remain within the envelope
Control of conditions considered by the

plant safety analysis.

Refueling To remain within the envelope of
Restrictions conditions considered by the plant

safety analysis.

Stored Fuel To prevent excessive fuel damage and
Shielding, Cooling to remain within the envelope of
and Reactivity conditions considered by the plant
Control safety analysis.

Control Bay To maintain control bay environment
Environmental (temperature, humidity) within limits
Control for personnel and equipment so that

the plant is maintained within the
envelope of conditions considered by
plant safety analysis.

The limits that are associated with these safety actions are, in most cases, obvious.
The power level control needed for this state refers to a minimum neutron source
level.  This minimum must exist prior to withdrawing control rods for a reactor
startup.  Possible refueling restriction sequences are indicated on Figure G.0-24.
This figure shows that either the procedural restrictions or the refueling interlocks
can maintain core alteration conditions to within the envelope of conditions
considered by the plant safety analysis.

State B considerations include those described for state A, but because the reactor
is critical or subcritical by less than the reactivity worth of any one control rod,
additional  requirements must be observed.  The additional safety actions for state
B are as follows.

 Safety Action Reason Safety Action Required

Rod Worth To assure that rod worth remains
Control within the limits considered by

the plant safety analysis.

As shown by Figure G.0-25, adequate rod worth control can be achieved either by
operator control of rod position via the control rod position indications or by the
action of the rod worth minimizer program of the process computer.  In state B,
power level control requires both a minimum and a maximum bound on core power
level.
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Event 2 - Achieving Criticality

Through the definition of achieving criticality, this operation is applicable to all
operating states.  States A, C, and E each consist of that part of "achieving
criticality" in which the reactor is shut down (more than one rod subcritical).  States
B, D, and F each consist of that part of "achieving criticality" in which the reactor is
not shut down.  For states B, D, and F, the actual condition of criticality (keff=1) may
or may not exist at any instant of time.  For example, in operating state F, it is
possible to be not shut down, yet still be in the latter stages of achieving criticality
(keff <1).  Note that the condition of shutdown for these analyses is a nuclear
definition only.

Operating state F is the condition under which the nuclear system may be subject to
its greatest loads.  Because operating states A through E may be considered to be
an approach to state F for this operation, the number of safety action requirements
in state F is equal to or greater than the requirements in other states.  The following
listing relates the essential safety actions for this most demanding state (state F)
with a justification for the action.
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 Safety Action Reason Safety Action Required

Radioactive To limit radioactive material
Material                release(10 CFR 20).
Release Control

Core Power To remain within the envelope of conditions
Level Control considered by the plant safety analysis.

Reactor Vessel To limit excessive pressure stresses and to
Pressure Control remain within the envelope of conditions

considered by the plant safety analysis.

Reactor Vessel To prevent excessive fuel damage and to
Water Level remain within the envelope of conditions
Control considered by the plant safety analysis.

Nuclear System To limit excessive thermal stresses on the
Temperature nuclear system.
Control

Nuclear System To remain within the envelope of conditions
Water Quality considered by the plant safety analysis.
Control

Nuclear System To limit crack propagation of the reactor
Leakage Control vessel, to remain within the envelope of

conditions considered by the plant safety
analysis, and to limit radioactive
material release (10 CFR 20).

Core Reactivity To remain within the envelope of conditions
Control considered by the plant safety analysis.

Rod Worth To remain within the envelope of conditions
Control considered by the plant safety analysis.

Primary Containment To remain within the envelope of conditions
Pressure and considered by the plant safety analysis.
Temperature Control

Safety Action Reason Safety Action Required
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Control Bay To maintain control bay environment
Environmental (temperature, humidity) within limits for
Control personnel and equipment so that the plant

is maintained within the envelope of
conditions considered by the plant safety
analysis.

Stored Fuel To avoid excessive fuel damage and to
Shielding, remain within the envelope of conditions
Cooling and considered by the plant safety analysis.
Reactivity Control

To achieve these safety actions for this operation, it is essential that certain plant
systems be operating or available to operate in state F.  An example of a system
requirement is the entry in block F2-46, which is "5."  This entry means that the core
power level indications must be operating to satisfy safety action 5, core power level
control.  This system requirement is self-explanatory in that the operator must have
some indication of power level to control it.  Similarly, to satisfy the essential safety
action of rod worth control, the process computer and the control rod position
indications share this function.  That is, to have rod worth control, the operator must
either have the process computer operating, or he must have some indication of
control rod positions (see Figure G.0-25).

It is essential that limits be placed on certain parameters due to various systems
(symbol "L" on Matrix 3).  For example, limits are placed on pressure, water quality,
and leakage due to reactor vessel design limitations (entries 8L, 10L, and 11L on
matrix).  Also, a limit exists on the power level due to fuel design limitations (entry
5L on matrix).  Similar reasoning for safety action limits is made for the remaining
systems.  These limits are discussed in the section describing each individual
system.  A restriction (symbol "R" on Matrix 3) is placed on the operation of the
recirculation system to avoid the thermal stresses on the reactor vessel which might
otherwise arise from the cold-loop startup of a recirculation pump.

Event 3 - Heatup

Heatup, which begins where achieving criticality ends and includes all plant actions
that are normally accomplished in approaching nuclear system rated conditions,
begins in state D and continues into state F.  The following list relates the essential
safety actions with the needs for the actions, which are the same in states D and F.
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 Safety Action Reason Safety Action Required

Core Neutron Flux To remain within the envelope of
Distribution Control conditions considered by the plant safety analysis.

Radioactive To limit and indicate release of
Material Release radioactive material.
Control

Core Power Control To operate only in conditions considered by the 
plant safety analysis.

Reactor Vessel To limit and indicate fuel failure and operate only
Water Level in conditions considered by the plant safety
Control analysis.

Reactor Vessel To limit and indicate fuel failure and
Pressure Control operate only in conditions considered by the plant

safety analysis and so indicate.

Nuclear System To indicate and limit nuclear system
Temperature process barrier stresses.
Control

Nuclear Systems To operate only under conditions
Water Quality considered by the plant safety
Control analysis.

Nuclear System To indicate and limit nuclear system
Leakage Control process barrier stresses, to operate only in

conditions considered by the plant safety analysis
and so indicate, and to limit and indicate release of
radioactive material.

Core Reactivity To operate so the reactor can be shut
Control down with the control rods.

Rod Worth To operate only in conditions
Control considered by plant safety analysis and so indicate.

Primary Containment To remain within the envelope of
Pressure and conditions considered by the plant
Temperature Control safety analysis.
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Safety Action Reason Safety Action Required

Stored Fuel To avoid excessive fuel damage and to
Shielding, Cooling remain within the envelope of
and Reactivity conditions considered by the plant
Control safety analysis.

Control Bay To maintain control bay environment
Environmental (temperature, humidity) within limits
Control for personnel and equipment so that the plant is

maintained within the envelope of conditions
considered by the plant safety analysis.

Most of the systems required to be operable to accomplish these safety actions are
obvious.  Limits (L) are placed on several process variables due to certain systems.
For example, there is a limit on the core power level due to the fuel (5L in block
F3-53).

For some systems requirements, two or more systems share the safety action
responsibility.  In particular, the safety action for core neutron flux distribution
control is accomplished through operator observation of either the core flux
distribution indications and the Neutron Monitoring System, which drives the
indicators, or the control rod position indications.  Also, the rod worth control safety
action is accomplished through either automatic operation of the process computer
or operator observation of the control rod position indications.  (See Figure G.0-25.)

Event 4 - Power Operation

Operating state F is the only state in which the reactor can be under normal plant
operation in excess of heatup power; therefore, states A, B, C, D, and E are not
applicable to this event.  The following listing relates the essential safety actions for
this state with a justification for that action.

 Safety Action Reason Safety Action Required

Radioactive Material To limit radioactive material release
Release Control (10 CFR 20).

Core Power To remain within the envelope of
Level Control conditions considered by the plant safety analysis.
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Safety Action Reason Safety Action Required

Core Coolant To avoid excessive fuel damage and to
Flow Rate remain within the envelop of conditions
Control considered by the plant safety analysis.

Control Bay To maintain control bay environment
Environmental (temperature, humidity) within limits
Control for personnel and equipment so that the plant is

maintained within the  envelope of conditions
considered by the plant safety analysis.

Core Neutron Flux To remain within the envelope of
Distribution conditions considered by the plant
Control safety analysis.

Reactor Vessel To prevent excessive fuel damage and
Water Level to remain within the envelope of
Control conditions considered by the

plant safety analysis.

Reactor Vessel To limit excessive pressure stresses
Pressure Control and to remain within the envelope of conditions

considered by the plant safety analysis.

Nuclear System To limit excessive thermal stresses on
Temperature Control the nuclear system.

Nuclear System To limit radioactive material release
Leakage Control (10 CFR 20), to remain within the envelope of

conditions considered by the plant safety analysis,
and to prevent crack propagation of the reactor
vessel.

Nuclear System To remain within the envelope of
Water Quality conditions considered by the plant
Control safety analysis.

Core Reactivity To remain within the envelope of
Control conditions considered by the plant

safety analysis.
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Safety Action Reason Safety Action Required

Rod Worth To remain within the envelope of conditions
Control considered by the plant safety analysis.

Primary Containment To remain within the envelope of
Pressure and conditions considered by the plant
Temperature Control safety analysis.

Stored Fuel To avoid excessive fuel damage and to
Shielding, Cooling remain within the envelope of
and Reactivity conditions considered by the plant
Control safety analysis.

To achieve certain of these safety actions for this operation, several plant systems
are indicated in Matrix 3 as essential to safe operation.  Of these actions, the core
neutron flux distribution control (safety action 6) is accomplished by the reactor
operator observing either the control rod position indications (system 52) or the core
neutron flux distribution indications (system 47); these flux indications are driven by
system 74, the Neutron Monitoring System.  These systems are required to be
continuously operating.  Similarly, the control rod position indications (system 52)
and the process computer (system 81) are shown to share rod worth control (action
13).  Other system requirements are more obvious.

Certain parameters are limited due to an individual system.  For example, there is a
limit on pressure (pressure control, safety action 8) due to the reactor vessel.
Similarly, there are limits on temperature and leakage due to the reactor vessel.
The imposed limits are discussed in the section on each individual system.

A restriction (symbol "R" in Matrix 3) is placed on the operation of the recirculation
system for this event to avoid the thermal stresses that may arise on the reactor
vessel from the cold-loop startup of a recirculation pump.

Event 5 - Achieving Shutdown

The planned operation of achieving shutdown is applicable in states B, D, and F.  In
states A, C, and E, the reactor is in the shutdown condition by definition.  The
essential safety actions for achieving shutdown include the following.

 Safety Action Reason Safety Action Required

Radioactive To limit the release of radioactive
Material Release material to the requirements of
Safety Action Reason Safety Action Required
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Control 10 CFR 20 (includes indications essential to control
such releases).

Core Coolant Flow To operate the plant only within the
Rate Control, Core envelope of conditions considered by
Power Level Control, plant safety analysis employing those
and Core Neutron indications essential to maintain
Flux Distribution conditions within those limits.
Control

Control Bay To maintain control bay environment
Environmental (temperature, humidity) within limits for
Control personnel and equipment so that the plant is

maintained within the envelope of conditions
considered by the plant safety analysis.

Reactor Vessel To limit fuel failure to fission
Water Level product release rates within the
Control limits of 10 CFR 20, and to operate the plant only

within the envelope of conditions considered by the
plant safety analysis, including essential
indications.

Reactor Vessel To prevent stresses to the nuclear
Pressure Control system process barrier in excess of that allowed by

design for planned operation, including indications
essential for control, and to limit plant operation to
conditions considered by the plant safety analysis,
including essential indications.

Nuclear System To limit stresses to the nuclear
Temperature system process barrier to that allowed
Control by design for planned operation, including

indications essential for control.

Nuclear System To remain within the envelope of
Water Quality conditions considered by the plant
Control safety analysis.

Safety Action Reason Safety Action Required

Nuclear System To prevent stresses to the nuclear
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Leakage Control system process barrier from exceeding that allowed
by design, to limit plant operation conditions to
those considered by the plant safety analysis, and
to restrict the release of radioactive material to
limits designated by 10 CFR 20.  These
requirements shall include indications essential to
their control.

Core Reactivity To remain within the envelope of
Control conditions within which the reactor  can be shut

down with control rods.

Rod Worth To limit plant operation to conditions
Control considered by the plant safety analysis, including

essential indications.

Primary Containment To limit plant operation to conditions
Pressure and considered by the plant safety
Temperature Control analysis, including essential

indications.

Stored Fuel To avoid excessive fuel damage and to
Shielding, Cooling remain within the envelope of
and Reactivity conditions considered by the plant
Control safety analysis.

The above safety actions are required for operation in state F.  In operating state D,
the vessel pressure is less than 850 psig, resulting in minor modifications in safety
actions and system requirements.  In operating state B, vessel head is removed.  In
this state, there is no requirement for reactor vessel pressure control or core
neutron flux distribution control.

In states F and D, shared (S) functions are noted in several instances.  The core
neutron flux distribution indications share with the control rod position indications
the function of controlling through operator observation the core neutron flux
distributions to avoid unacceptable result 1-4.  This requires that essential
indications be utilized to assure that operation remains within the envelope of
conditions considered by the plant safety analysis.  (See F-5-47, F-5-52, and F-5-74
entries.)  Similarly, control rod position indications and the process computer share
(S) the function of rod worth control to assure operation within the envelope of the
plant safety analysis.
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Event 6 - Cooldown

Since cooldown begins where achieving shutdown ends; by definition, cooldown is
applicable in states A, C, and E, in which the reactor has achieved shutdown.  The
essential safety actions for cooldown include the following.

Safety Action Reason Safety Action Required

Radioactive To limit the release of radioactive
Material Release material to 10 CFR 20 requirements
Control (includes essential indications).

Reactor Vessel To limit fuel failure to that which results in fission
Water Level product release rates within 10 CFR 20 limits, and
Control to limit plant operation to conditions considered by

the plant safety analysis, including essential
indications.

Reactor Vessel To limit stresses to the nuclear system process
Pressure Control barrier in excess of design allowances for planned

operation, including essential indications, and to
limit plant operation to conditions considered by the
plant safety analysis, including essential indications.

Nuclear System To limit stresses to the nuclear system process
Temperature Control barrier in excess of design allowances for planned

operation, including essential indications.

Nuclear System To remain within the envelope of conditions
Water Quality considered by the plant safety analysis.
Control

Nuclear System To limit stresses to the nuclear system process
Leakage Control barrier in excess of design allowances for planned

operation, to limit plant operation to the envelope of
conditions considered by the plant safety analysis,
and to restrict the release of radioactive material to
the limits designated by 10 CFR 20.  These
requirements include indications essential to their
control.
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Safety Action Reason Safety Action Required

Primary Containment To remain within the envelope of conditions
Pressure and considered by the plant safety analysis.
Temperature Control

Stored Fuel To avoid excessive fuel damage and to
Shielding, Cooling remain within the envelope of conditions
and Reactivity considered by the plant safety analysis.
Control

Control Bay To maintain control bay environment
Environment (temperature, humidity) within limits for
Control personnel and equipment so that the plant is

maintained within the envelope of conditions
considered by the plant safety analysis.

The requirements for limits and parameter indications for the safety actions
essential to this planned operation are essentially identical to the requirements for
these same safety actions for other planned operations, except that there is a
unique temperature limit on rate-of-change during cooldown.  This is indicated as a
limit for temperature control on the reactor vessel and a requirement for
temperature indications.

Events 7-11 - (Numbers Not Used)

G.5.3.5.2  Abnormal Operational Transients

The safety requirements and protection sequences for abnormal operational
transients are described in the following paragraphs.  The protection sequence
block diagrams show only the sequence of front-line safety systems.  Upon
transferring the information in the sequence diagrams to Matrix 3, the auxiliaries for
the front-line safety systems are accounted for on the matrix.

Events 12 and 13 - Generator Trip and Turbine Trip

Generator trip and turbine trip (with bypass) are similar, abnormal operational
transients.  The required safety actions and the systems required to fulfill the safety
actions are the same for both transients.  The state D turbine trip is an insignificant
event due to the low initial power level.

Two safety actions are required to satisfy the nuclear safety operational criteria.
Scram is required to prevent excessive fuel damage and to prevent
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overpressurization of the nuclear system.  Pressure relief is required to prevent
overpressurization of the nuclear system.

Figures G.0-26 and G.0-27 illustrate the different protection sequences pertinent to
producing the scram and pressure-relief safety actions.  Scram is accomplished
through operation of the Reactor Protection System and the Control Rod Drive
System.  Pressure relief is accomplished through operation of the Nuclear System
Pressure Relief System.  As Figures G.0-26 and G.0-27 indicate, all of the systems
involved with scram and pressure relief must individually meet the single-failure
criterion.

Event 14 - Isolation of All Main Steam Lines

Isolation of all main steam lines is most severe and rapid in operating state F during
power operation.  In other states, steam line isolation becomes a lesser case of the
state F sequence.  The following listing relates the essential safety actions for the
worst case with the needs for the actions.

Safety Action                Reason Safety Action Required

Scram To prevent excessive fuel damage and to limit
nuclear system pressure rise.

Pressure Relief To prevent excessive nuclear system pressure rise.

Core Cooling To prevent excessive fuel damage after the reactor
vessel is isolated.  Feedwater flow (normal cooling)
is assumed lost.

As shown in Figure G.0-28a, scram is accomplished through the actions of the
Reactor Protection System and the Control Rod Drive System.  The Nuclear System
Pressure Relief System provides pressure relief.

After the reactor is isolated and feedwater flow has been lost, decay heat may cause
an increase in nuclear system pressure, eventually lifting main steam relief valves
and allowing reactor vessel water level to decrease.  The core cooling sequence
shown in Figure G.0-28b shows both the short-term and long-term sequences
necessary to achieve adequate cooling in spite of any single failure.  This same
sequence could be used in any situation in which the main heat sink and normal
feedwater flow are lost.  In this sequence, either the RCICS or HPCIS maintain water
level in the reactor vessel as steam is relieved via the main steam relief valves to the
torus.  The RHRS torus cooling mode can be used to remove the heat received by
the torus water.  When the torus water temperature reaches 120 F, a controlled
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depressurization (100 F/hr) must be started by operating the main steam relief
valves through remote manual control (considered part of the Automatic
Depressurization System).  Starting the depressurization when the torus water
reaches 120 F assures that the torus water retains its capability to suppress a full
blowdown of the nuclear system within the bounds of the experimental data
observed in actual pressure suppression tests.  Depending upon nuclear system
pressure, the RCICS, HPCIS, LPCI, or Core Spray Systems can be used to maintain
reactor vessel water level until the shutdown cooling system can be placed into
operation (planned operation).

Event 15 - Isolation of One Main Steam Line

The only condition under which isolation of one main steam line causes a significant
transient is in state F during high power operation.  Scram is the only unique action
required in response to the event to avoid excessive fuel damage and nuclear
system overpressurization.  Because the feedwater system and main condenser
remain in operation following the event, no unique requirement arises for core
cooling.

As shown in Figure G.0-29, the scram safety action is accomplished through the
combined actions of the Neutron Monitoring System, Reactor Protection System,
and Control Rod Drive System.

Event 16 - Loss of Condenser Vacuum

A loss of vacuum in the turbine-generator condenser can occur at any time steam
pressure is available and is therefore applicable to operating states C, D, E, and F.
This nuclear system pressure increase transient is the most severe of the pressure
increase transients and is similar in analysis to the Event 14, "Isolation of All Main
Steam Lines."  However, as this transient becomes a lesser case in the operating
states in which the reactor is more than one control rod subcritical, there is no need
for scram protection in states C and E.

In operating state D, at more than 1055 psig, and in state F, scram is initiated to
prevent excessive fuel damage and is accomplished with the actions of the Reactor
Protection System and Control Rod Drive System.  Figure G.0-30a shows the
sequence.  As shown in Figure G.0-30b, in operating states C, D, E, and F, the
following additional actions are required.  The Nuclear System Pressure Relief
System provides pressure relief.  After the reactor is isolated and feedwater flow has
been lost, decay heat may cause an increase in nuclear system pressure, eventually
lifting main steam relief valves and allowing reactor vessel water level to decrease.
The core cooling sequence in this case is shown in Figure G.0-30b.
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Event 17 - (Number Not Used)

Event 18 - Loss of Feedwater Heating

Significant feedwater heating occurs only in operating state F.

A loss of feedwater heating causes such a mild transient that no protective actions
are required to accommodate the event when the reactor is on automatic
recirculation flow control.  If the reactor is on manual flow control, however, the
neutron flux increase associated with this event will reach the scram setting.  As
shown in Figure G.0-31, the scram safety action is accomplished through the
combined actions of the Neutron Monitoring System, Reactor Protection System,
and Control Rod Drive System.

Event 19 - Shutdown Cooling (RHRS) Malfunction (Temperature Decrease)

No unique safety actions are required to avoid the unacceptable safety results for
transients as a result of a reactor coolant temperature decrease induced by
misoperation of the shutdown cooling heat exchangers.  In states B and D, where
the reactor is critical or near critical, the very slow power increase resulting from the
moderator temperature decrease would be controlled by the operator in the same
manner as is normally used to control power in the source or intermediate power
ranges.

Event 20 - Inadvertent Pump Start (Temperature Decrease)

An inadvertent pump start (temperature decrease) is defined as an unintentional
start of any nuclear system pump which adds sufficient cold water to the reactor
coolant inventory to cause a measurable moderator temperature decrease.

While all the safety criteria apply, there are no unique safety actions required to
control the adverse effects of such a pump start; that is, pressure increase and
temperature decrease in states A, C, and E.  In these operating states, the safety
criteria are met through the basic design of the plant systems, and no safety action
is specified.  In states B, D, and F, where the reactor is not shut down, the plant
operator can control any power changes by the normal manner for controlling power.

Event 21 - Control Rod Withdrawal Error

No unique safety actions are required in operating states A, C, and E because the
core is more than one rod subcritical and could not achieve criticality with the full
withdrawal of any one control rod.
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During high power operation (state F), an uninhibited, erroneous rod withdrawal
does not result in fuel damage since the rod block monitor stops the rod withdrawal.
However, during plant operation in the intermediate range (achieving criticality,
heatup, achieving shutdown, states B, D, and F), a high flux scram is required to
terminate the increase in power level.  As shown by Figure G.0-32, the required
scram is accomplished by the Neutron Monitoring, Reactor Protection, and Control
Rod Drive Systems.

Events 22 and 23 - Fuel Assembly Insertion and Control Rod Removal

An inadvertent positive reactivity insertion can result from the erroneous physical
operations pertaining to fuel assembly insertion, or control rod removal, and is
possible only when the reactor vessel head is removed.

Because during core alterations the mode switch is in the REFUEL position, which
allows the refueling equipment to be positioned over the core and also inhibits
control rod withdrawal, this transient is applicable to operating state A only.  No
unique safety actions are required because the total worth (positive reactivity) of
either one fuel assembly or one control rod is inadequate to cause a criticality.

In addition, the mechanical designs of the control rod assembly physically prevent its
removal without the simultaneous or prior removal of the adjacent fuel assemblies.

Event 24 - (Number Not Used)

Event 25 - Pressure Regulator Failure

A pressure regulator failure is most severe and rapid in operating state F during
power operation.  In state E, pressure regulator failure becomes a milder case of the
state F sequence.  In states C and D, this transient is even less severe, because
reactor vessel pressure is at less than 825 psia initially.

The following listing relates the essential safety actions for the worst case with a
justification for the actions.

 Safety Action Reason Safety Action Required

Scram To prevent excessive fuel damage and to limit
nuclear system pressure rise following reactor
vessel isolation.

Pressure Relief To prevent excessive nuclear system pressure rise
following reactor vessel isolation.
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Safety Action Reason Safety Action Required

Core Cooling To prevent excessive fuel damage after the reactor
vessel is isolated and feedwater flow (normal
cooling) has been lost.

Reactor Vessel To prevent damage to the fuel barrier
Isolation by limiting the loss of reactor coolant.

The various protection sequences giving the safety actions are shown in Figure
G.0-33.  Depending on the plant conditions existing prior to the event, scram will be
either on high flux (IRM range) or on main steam line isolation.  The sequence
resulting in reactor vessel isolation is also dependent upon initial conditions.  In
state F with the mode switch in RUN, isolation is initiated when main steam line
pressure decreases to 850 psig.  Under other conditions, isolation is initiated by
reactor vessel low water level.  Core cooling following isolation can be provided by
either the RCICS or HPCIS.

Event 26 - Inadvertent Opening of a Main Steam Relief Valve

An inadvertent opening of a main steam relief valve is assumed in any state.  In
states A and B, the water level cannot be lowered so far as to threaten any fuel
damage; therefore, no safety actions are required in states A and B.  If the event
occurs when the feedwater system and main condenser are in operation, the plant
continues to operate in the normal manner, the feedwater system providing the
additional water to maintain reactor vessel water level.  The only situation requiring
unique safety actions is when the event occurs at a time when the nuclear system is
pressurized but the feedwater system is not in operation.  The opening of a main
steam relief valve in this case results in a reactor vessel low water level.  The
following safety actions are needed for this situation.

Safety Action Reason Safety Action Required

Scram To prevent excessive fuel damage.

Core Cooling To prevent excessive fuel damage.

Reactor vessel isolation is not required because the vessel is already isolated in the
situation under which any safety action is required.

The protection sequences for scram and core cooling are shown in Figure G.0-34.
Reactor vessel low water level initiates both the scram and core cooling safety
actions.
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Event 27 - Loss of Feedwater Flow

A loss of feedwater flow results in a net decrease in the coolant inventory available
for core cooling.  A partial or complete loss of feedwater flow may occur in states C,
D, E, and F.  The proper responses to this transient include a reactor scram on low
water level and maintenance of reactor vessel water level.  The following listing
relates the essential safety actions for state F, with the need for the actions.

Safety Action Reason Safety Action Required

Scram To prevent excessive fuel damage.

Pressure Relief To prevent excessive nuclear system pressure rise
after the reactor vessel has been isolated.

Core Cooling To prevent excessive fuel damage after the reactor
vessel is isolated and feedwater flow (normal
cooling) lost.

Reactor Vessel To prevent damage to the fuel barrier
Isolation by limiting the loss of reactor coolant.

As shown in Figures G.0-35a and b, the Reactor Protection System and Control Rod
Drive System effect a scram on low water level.  The Reactor Vessel Isolation
Control System and the main steam line isolation valves act to isolate the reactor
vessel.  After the main steam line isolation valves close, decay heat slowly raises
system pressure to the lowest main steam relief valve setting.  Pressure relief is
accomplished by the Nuclear System Pressure Relief System.  Core cooling is
necessary to restore and maintain water level.  Either the HPCIS or the RCICS can
maintain adequate water level; as a pair, the HPCIS and RCICS satisfy the
single-failure criterion for core cooling.

The requirements for operating state D are the same as for state F.  The
requirements for operating states C and E are the same as for states D and F,
except that the scram action is not required.

Event 28 - Total Loss of Offsite Power

This is a variety of combinations of possible offsite power losses and initial plant
conditions.  Figures G.0-36a, b, c, d, and e show the various electrical sequences
considered by this analysis.  The sequences are selected by applying the abnormal
operational transient selection criteria given in Subsection 14.4.  Depending upon
the specific case under consideration, the following safety actions are required.
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Safety Action Reason Safety Action Required

Scram To prevent excessive fuel damage and to limit
nuclear system pressure rise.

Pressure Relief To prevent excessive nuclear system pressure rise
after the reactor vessel has been isolated.

Core Cooling To prevent excessive fuel damage after the
feedwater flow (normal cooling) has been lost.

Restore AC Power To prevent excessive fuel damage by providing AC
power for various systems required for other safety
actions.

The protection sequences shown in Figures G.0-36a, b, c, d, and e, encompass all
of the sequences ever required to accommodate the event under any initial
condition.  For core cooling in states A and B, only the lower portion of the sequence
shown in Figure G.0-36e is required.

Event 29 - Recirculation Flow Control Failure (Decreasing Flow)

This recirculation flow control malfunction causes a decrease in core coolant flow.
Such a decrease can be accommodated within the operational nuclear safety criteria
without the action of any protection systems.  Thus, no unique operational nuclear
safety requirements arise from this event.  This event is not applicable to states A
and B, because the reactor vessel head is off and the recirculation pumps would
normally not be in use.  The trip could occur in states C through F; however, the
absence of matrix entries signifies the reactor's ability to accommodate the transient
with no unique safety action requirement.

Event 30 - Trip of One Recirculation Pump

The trip of one recirculation pump produces a milder transient than the simultaneous
trip of two recirculation pumps (see Event 31).  No unique safety actions are
required in response to this transient.  This event is not applicable to states A and B,
because the reactor vessel head is off and the recirculation pumps would normally
not be in use.  The trip could occur in states C through F; however, the absence of
matrix entries signifies the reactor's ability to accommodate the transient with no
unique safety action requirement.

Event 31 - Trip of Two Recirculation Pumps
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The transient resulting from this two-loop trip is not severe enough to require any
unique safety action in response to the event.  The transient is compensated for by
the inherent stability of the reactor. However, a manual scram may be required if
evidence of thermal-hydraulic instability is observed.  This event is not applicable to
states A and B, because the reactor vessel head is off and the recirculation pumps
would normally not be in use.  The trip could occur in states C through F, however,
the absence of matrix entries signifies the reactor's ability to accommodate the
transient with no unique safety action requirement.

Event 32 - Recirculation Pump Seizure*

A recirculation pump seizure considers the instantaneous stoppage of the pump
motor shaft of one recirculation pump.  The case involving operation at design power
in state F is described in Subsection 14.5.  While all the safety criteria apply, there
are no required safety actions to control the adverse effects of recirculation pump
seizure.  MCPR is maintained above 1.0 and no damage occurs to the fuel barrier.
No scram is required, and no unique safety action is necessary to control
temperature and pressure.  The safety criteria are met through the basic design of
the plant systems.  This event is not applicable to states A and B, because the
reactor vessel head is off and the recirculation pumps would normally not be in use.
The trip could occur in states C through F, however, the absence of matrix entries
signifies the reactor's ability to accommodate the transient with no unique safety
action requirement.  *(This event has been reclassified as an accident see
NEDE-24011-P-A-US.)

Event 33 - Recirculation Flow Control Failure (Increasing Flow)

A recirculation flow control failure causing increased flow is applicable in states C,
D, E, and F.  In state F, the accompanying increase in power level is accommodated
through a reactor scram.  As shown in Figure G.0-37, the scram safety action is
accomplished through the combined actions of the Neutron Monitoring System,
Reactor Protection System, and Control Rod Drive System.

Event 34 - Startup of Idle Recirculation Pump

The cold-loop startup of an idle recirculation pump is most severe and rapid for
those operating states in which the reactor may be critical (states B, D, and F).
When the transient occurs in the range of 10 to 60 percent power operation, no
safety actions are required in response to the event.  Reactor power in this case
would be limited to approximately 60 percent design power due to core flow
limitations, while using one working recirculation loop.  Above 60 percent power, a
high neutron flux scram is initiated.  Should the event occur when the reactor is not
at power operation, but critical (<10 percent), the resulting transient may produce a
high level neutron flux scram of the intermediate range monitors (IRM).
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As shown in Figure G.0-38, the scram action is accomplished through the combined
actions of the Neutron Monitoring System, Reactor Protection System, and Control
Rod Drive System.  At power operation (10-60 percent), the high level IRM scram is
not initiated because the core flux monitoring has been shifted to the average power
range monitors (APRM).

Event 35 - Loss of Shutdown Cooling

The loss of RHR shutdown cooling can occur only during the low-pressure portion of
a normal reactor shutdown and cooldown.  At this time, the RHR system is operating
in the shutdown cooling mode, which occurs only in states A, B, C, and D.

As shown in Figure G.0-39, for most single failures that could result in loss of
shutdown cooling, no unique safety actions are required; in these cases, shutdown
cooling is simply reestablished using other normal shutdown cooling equipment.  In
the cases where the RHRS shutdown cooling suction line becomes inoperative, a
unique requirement for cooling arises.  In states A and B, in which the reactor vessel
head is off, either half of the RHRS-LPCI mode can be used to maintain water level.
In states C and D, in which the reactor vessel head is on and the system can be
pressurized, the low-pressure cooling system, main steam relief valves (manually
operated), and RHRS-torus cooling mode can be used to maintain water level and
remove decay heat.

Event 36 - Feedwater Controller Failure (Maximum Demand)

A feedwater controller failure (maximum demand) leads to an excess of coolant
inventory in states C, D, E, and F.  The following listing relates the essential safety
actions with the need for the actions.

Safety Action Reason Safety Action Required

Scram To prevent excessive fuel damage and to limit
nuclear system pressure rise.

Pressure Relief To prevent excessive nuclear system pressure rise.

In operating state F, any adverse responses of the reactor due to cooling of the
moderator can be accomplished by a scram.  As shown in Figure G.0-40, the scram
safety action is accomplished through the combined actions of the Neutron
Monitoring System, Reactor Protection System, and the Control Rod Drive System.
Pressure relief is required in states C, D, E, and F and is achieved through the
operation of the Nuclear System Pressure Relief System.
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G.5.3.5.3  Accidents

Event 37 - (Number Not Used)

Event 38 - Control Rod Drop Accident

The control rod drop accident is the result of an assumed failure of the rod-to-drive
coupling after the rod becomes stuck in its fully-inserted position.  The assumption is
made that the control rod drive is fully withdrawn before the stuck rod falls out of the
core at a maximum velocity (determined by experimental data to be 3.11 ft/sec).  The
control rod velocity limiter, an engineered safeguard, limits the rod drop velocity to
less than this value.  The resultant radioactive material release is maintained below
the requirements of 10 CFR 100.  This accident is analyzed in Subsection 14.6.

Although the control rod drop accident is applicable in all operating states except
states A and B, where special precautions are taken to ensure coupling integrity, no
safety action is required in states C and E, where the plant is shut down by more
than one rod prior to the accident.  In states D and F, where fission product release
may occur, the essential safety actions required include the following.

Safety Action Reason Safety Action Required

Scram To limit radiological effects to the guideline values
of 10 CFR 100, and to limit peak fuel enthalpy.

Reactor Vessel To limit radiological effects to the guideline
Isolation values of 10 CFR 100.

Safety Action Reason Safety Action Required

Establish Primary To limit radiological effects to the guideline
Containment values of 10 CFR 100.

Establish Secondary To limit radiological effects to the values of
Containment 10 CFR 100.

Core Cooling To prevent fuel cladding temperatures in excess of
2200 F.

Containment To limit containment stresses to
Cooling acceptable values.
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Limit Reactivity To prevent peak fuel enthalpy in
Insertion Rate excess of 280 cal/g and excessive nuclear system

stresses.

Pressure Relief To limit nuclear system pressure to that allowed for
accidents by applicable industry codes.

Control Bay To limit the radiation dose received by operations
Environmental personnel who must remain in the control room
Control to control the plant after accident.

Figures G.0-41a, b, and c show the different protection sequences for the control rod
drop accident.  These Figures show the safety actions required for operating states
D and F.

Event 39 - Pipe Break Inside Primary Containment

Pipe breaks inside the primary containment are considered only when the nuclear
system is significantly pressurized and result in the release of steam and/or water
into the primary containment.  The most severe case is the circumferential break of
the largest recirculation system pipe.  This is called the design basis accident (DBA)
for the loss of coolant from a pipe break inside the primary containment.

As shown in Figures G.0-42a and b, in operating states C and E (reactor shut down,
but pressurized), a pipe break accident up to the DBA can be accommodated within
the operational nuclear safety criteria through the various operations of the Main
Steam Line Isolation Valves, Core Standby Cooling Systems (HPCIS, Automatic
Depressurization System, LPCI and Core Spray System), Primary Containment and
Reactor Vessel Isolation Control System, Primary Containment, Secondary
Containment, Standby Gas Treatment System, Control Room Isolation System and
the Incident Detection Circuitry.  In operating states D and F (reactor not shut down,
but pressurized), the same equipment is required as in states C and E; but, in
addition, the Reactor Protection System and the Control Rod Drive System must
operate to scram the reactor.  The limiting items, upon which the operation of the
above equipment is based, are the allowable fuel temperature and the primary
containment pressure capability.

The control rod drive housing supports are considered necessary whenever the
system is pressurized to prevent excessive control rod movement through the
bottom of the pressure vessel following the postulated rupture of one control rod
drive housing (a lesser case of loss-of-coolant accident).

After completion of the automatic actions of the above equipment, manual operation
of the RHRS (torus cooling mode) is required to maintain primary containment
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pressure and fuel temperature within limits during long-term cooldown following the
accident.

Event 40 - Fuel Handling Accident

This unlikely accident, described in Subsection 14.6 as the drop of one fuel
assembly from the refueling equipment during fuel handling operation, is possible in
any state whenever fuel handling operations are in progress.

Because in state A the mode switch is in the REFUEL position, which allows the
refueling equipment to be positioned over the core and also inhibits control rod
withdrawal, the design basis accident is applicable to operating state A only.
Accident considerations include mechanical fuel damage due to impact and a
subsequent release of fission products.

The following safety actions are required for response to the fuel handling accident.

Safety Action Reason Safety Action Required

Establish Secondary To limit the radiological effects to
Containment the guideline values of 10 CFR 100.

Control Bay To prevent excessive radiation dose to
Environmental operations personnel in the control
Control System room.

The protection sequences pertinent to this accident are shown in Figure G.0-43.

Event 41 - Pipe Break Outside Primary Containment

Pipe break accidents outside the primary containment are assumed to occur any
time the nuclear system is pressurized (states C, D, E, and F).  This accident is most
severe when operating at high power (state F).  In the other states (C, D, and E), this
accident becomes a lesser case of the state F sequence.  The following list relates
the essential safety actions for the worst case, with the needs for the actions.

Safety Action Reason Safety Action Required

Scram To prevent fuel clad temperature in excess of
2200 F.

Reactor Vessel To limit radiological effect so as not
Isolation to exceed the guideline values of 10 CFR 100.
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Core Cooling To prevent fuel cladding temperatures in excess of
2200 F.

Restrict Loss of To prevent fuel cladding temperatures
Reactor Coolant in excess of 2200 F.
(passive)

Pressure Relief To limit nuclear system stresses so as not to
exceed stresses allowed for accidents by applicable
industry codes.

Control Bay Environ- To prevent overexposure to radiation
mental Control of control room personnel.

The protection sequences for the various possible pipe breaks outside the primary
containment are shown in Figures G.0-44a, b, and c.  As shown in Figures G.0-44a
and b, special consideration must be given to the HPCIS steam line breaks, because
this system is otherwise used in response to the other pipe break accidents.  The
sequences show that for small breaks (breaks not requiring immediate action), the
operator can use a large number of process indications to identify the break and
isolate it (Figure G.0-44b).

Scram is accomplished through operation of the Reactor Protection System and the
Control Rod Drive System.  Reactor vessel isolation is accomplished through
operation of the main steam line isolation valves and the Primary Containment and
Reactor Vessel Isolation Control System.

Core cooling is accomplished by the HPCIS or manual blowdown for a break in a
main steam line.  For the break of a HPCIS steam line (smaller steam line break
accident) manual initiation of the Automatic Depressurization System is required
after some time has elapsed.  After the vessel has depressurized, core cooling is
accomplished by either the Core Spray System or the LPCI mode of the RHRS in
combination with RHRS torus cooling.  Operation of the incident detection circuitry is
required for operation of the HPCI, LPCI, and Core Spray Systems.  Restricting the
loss of reactor coolant for the main steam line break is accomplished by the flow
restrictors.  Pressure relief is accomplished through the action of the Nuclear System
Pressure Relief System.

As shown on Figure G.0-44a, the most restrictive cooling requirements demand that
the HPCIS and manual blowdown satisfy the single-failure criterion as a pair.  The
Core Spray System and the LPCIS are also required to satisfy the single-failure
criterion as a pair.
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Events 42 and 43 - (Numbers Not Used)

G.5.3.5.4  Special Event 44 - Loss of Habitability of the Control Room

This event is displayed to demonstrate the ability to safely shut down the reactor and
subsequently to cool the reactor to the cold shutdown state, accomplished entirely
from outside the control room.

Figure G.0-45 shows the protection sequences for this event in each operating state.
In state A, no sequence is shown, because the reactor is already in the condition
finally required for the event.

A scram from outside the control room can be achieved by opening the AC supply
breakers for the Reactor Protection System.  If the nuclear system becomes isolated
from the turbine, decay heat is transferred from the reactor to the torus water via the
main steam relief valves.  The RCICS is used to maintain reactor vessel water level,
and the RHRS torus cooling mode is used to remove the decay heat from the torus
water.  When reactor pressure falls to 100 psig, the RHRS shutdown cooling mode
is started.

G.5.3.5.5  Special Event 45 - Inability to Shut Down Reactor with Control Rods

The inability to shut down the reactor with control rods is a special event devised to
evaluate the Standby Liquid Control System.  By definition, this event can occur only
when the reactor is not already shut down.  Therefore, this event is considered only
in operating states B, D, and F.  Only the Standby Liquid Control System must
operate to avoid unacceptable result 5-1.  The design basis for the Standby Liquid
Control System results from these operating criteria when applied under the most
severe conditions (operating state F at rated power).  As indicated on Figure G.0-46
and the matrices for states B, D, and F, the Standby Liquid Control System is
manually initiated and controlled.

G.5.4 Remainder of the Nuclear Safety Operational Analysis

With the information presented in the protection sequence block diagrams and in
Matrix 3, it is possible to determine on a system-by-system basis the functional and
hardware requirements for each system.

G.6 CONCLUSION

It is concluded that the operational nuclear safety criteria are satisfied when the
plant is operated in accordance with the operational nuclear safety requirements
determined by the method presented in this appendix.
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MATRIX 1

BWR OPERATING STATES

STATES
CONDITIONS A B C D E F

Reactor vessel head off X X

Reactor vessel head on X X X X

Shutdown X X X

Not shutdown X X X

Pressure <825 psig(2) X(1) X(1) X X

Pressure >825 psig X X

Definition

Shutdown: keff sufficiently less than 1.0 that the full withdrawal of any one control rod could not produce
criticality under the most restrictive potential conditions of temperature, pressure, core age,
and fission product concentrations.

NOTES:

(1) Because the reactor vessel head is off in States A and B, pressure is atmospheric pressure.

(2) At less than 825 psig, the main steam line isolation valves are interlocked closed when the mode switch
is in RUN.
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TYPES OF OPERATIONS AND EVENTS APPLICABLE IN EACH

BWR OPERATING STATE

TYPES OF OPERATION  BWR OPERATING STATE
AND EVENTS A B C D E F

PLANNED OPERATION

1. Refueling Outage X X

2. Achieving Criticality X X X X X X

3. Heatup X X

4. Power Operation X

5. Achieving Shutdown X X X

6. Cooldown X X X

7. (Open)

8. (Open)

9. (Open)

10. (Open)

11. (Open)

ABNORMAL OPERATIONAL TRANSIENTS

Nuclear System Pressure Increase

12. Generator trip X X

13. Turbine trip (with bypass) X X

14. Isolation of all main steam lines X X X X

15. Isolation of one main steam line X X X X

16 Loss of vacuum (turbine trip without

bypass) X X X X

Moderator Temperature Decrease

17. (Open)

18. Loss of feedwater heating X

19. Shutdown cooling (RHRS) malfunction

(temperature decrease) X X X X

20. Inadvertent Pump Start

(temperature decrease) X X X X X X

Reactivity Insertion

21. Control rod withdrawal error X X X X X X

22. Fuel assembly insertion X

23. Control rod removal X

24. (Open)

Loss of Coolant Inventory

25. Pressure regulator failure X X X X

26. Inadvertent opening of a relief or

safety valve X X X X X X
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TYPES OF OPERATION  BWR OPERATING STATE
AND EVENTS A B C D E F

27. Loss of feedwater flow X X X X

28. Total loss of off-site power X X X X X X

Core Coolant Flow Decrease

29. Recirculation flow control failure

decreasing flow X X X X

30. Trip of one recirculation pump X X X X

31. Trip of two recirculation pumps X X X X

32. Recirculation pump seizure X X X X

Core Coolant Flow Increase

33. Recirculation flow control failure

increasing flow X X X X

34. Startup of idle recirculation pump X X X X X X

Core Coolant Temperature Increase

35. Loss of shutdown cooling X X X X

Excess of Coolant Inventory

36. Feedwater Controller failure-maximum

demand X X X X

ACCIDENTS

37. (Open)

38. Control rod drop accident X X X X

39. Pipe breaks inside primary containment X X X X

40. Fuel-handling accident X X X X X X

41. Pipe breaks outside primary containment X X X X

42. (Open)

43. (Open)

SPECIAL EVENT

44. Loss of habitability of the control room X X X X X X

SPECIAL EVENT

45. Ability to shut down reactor without

control rods X X X

46. (Open)

47.  (Open)
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Table G.O-1

(Sheet 1)

INTERPRETATION OF SYMBOLS USED IN EXAMPLE MATRIX ON FIGURE G.0-2

       Event          System or Action      Symbol         Meaning

 6. Power Operation Power Level Control 1-2 It is essential that power level be
1-4 controlled during power operation to avoid

unacceptable results 1-2 and 1-4.

13. Turbine Trip Reactor Protection 17 It is essential that the reactor
System protection systems be capable of operating

to achieve safety action 17 (scram).

13. Turbine Trip Reactor Protection SF It is essential that the reactor
System protection system be in such a condition

that the single-failure criterion is met.

13. Turbine Trip Reactor Protection dark The dark frame around the matrix
System frame block indicates that this block

around represents the most significant or
block demanding condition from which at least one

operational nuclear safety requirement for
the system is derived.  This matrix block
would be referenced (using the block coordinates)
in the operational nuclear safety requirements
portion of the FSAR subsection describing the system.

 6. Power Fuel 4L There is a limit on power level
Operation based on the fuel that must be observed to satisfy

the need for safety action 4 (power level control).

13. Turbine Trip Main Steam 18 It is essential that the main steam
Relief Valves relief valves be capable of operating to achieve safety

action 18 (pressure relief).

13. Turbine Trip Main Steam SF It is essential that the main steam
Relief Valves relief valves be in such a condition

that the single failure criterion is met.

13. Turbine Trip Control Rod 17 It is essential that the control
Drive System rod drive system be capable of operating to achieve

safety action 17 (scram).

13. Turbine Trip Control Rod SF It is essential that the control
Drive System rod drive system be in such a condition that the

single-failure criterion is met.

39. Loss-of-Coolant Core Spray 22 It is essential that the core spray
Accident System system be capable of operating to achieve safety

action 22 (core cooling).

39. Loss-of-Coolant Core Spray SF(S76) It is essential that the core spray
Accident System system be in such a condition that the single-failure

criterion is met.  The (S76) indicates that the core
spray system shares the obligation to satisfy the
single-failure criterion with system 76 (LPCI).
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(Sheet 2)

INTERPRETATION OF SYMBOLS USED IN EXAMPLE MATRIX ON FIGURE G.0-2

   Event System or Action Symbol          Meaning

39. Loss-of-Coolant Core Spray dark The dark frame around the matrix
Accident System frame block indicates that this block

around represents the most significant or
block demanding condition from which at least one

operational nuclear safety requirement for
the system is derived.  This matrix block would
be referenced (using the block coordinates) in
the operational nuclear safety requirements
portion of the FSAR subsection describing the
system.

39. Loss-of-Coolant Reactor Protection 17 It is essential that the reactor
Accident System protection system be capable of operating to achieve

safety action 17 (scram).

39. Loss-of-Coolant Reactor Protection SF It is essential that the reactor
Accident System protection system be in such a condition that the

single-failure criterion is met.

39. Loss-of-Coolant Control Rod Drive 17 It is essential that the control
Accident System rod drive system be capable of operating to achieve

safety action 17 (scram.)

39. Loss-of-Coolant Control Rod Drive SF It is essential that the control
Accident System rod drive system be in such a condition that the

single-failure criterion is met.

39. Loss-of-Coolant LPCI 22 It is essential that LPCI be capable
Accident of operating to achieve safety action 22 (core

cooling).

39. Loss-of-Coolant LPCI SF(S45) It is essential that LPCI be in
Accident such a condition that the single-failure criterion is

met.  The (S45) indicates that LPCI shares the
obligation to satisfy the single-failure criterion with
system 45 (core spray system).

39. Loss-of-Coolant LPCI dark The dark frame around the matrix
Accident frame block indicates that this block

around represents the most significant or
block demanding condition from which at least one

operational nuclear safety requirement for the system
is derived.  This matrix block would be referenced
(using the block coordinates) in the operational
nuclear safety requirements portion of the FSAR
subsection describing the system.

39. Loss-of-Coolant Standby AC 45-76SF It is essential that the standby
Accident Power System AC power system be single failure proof relative to

the system pair consisting of the core spray system
(45) and LPCI (76).
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APPENDIX I

IDENTIFICATION-RESOLUTION OF CONSTRUCTION PERMIT CONCERNS

I.1 SUMMARY DESCRIPTION

The content of this appendix is identical to what appeared as Appendix I in the Final
Safety Analysis Report originally submitted as supporting information to the
application for the operating license for Browns Ferry and amended through
Amendment 66.  Consequently the wording may indicate several items of concern
on the part of the application reviewers to not be completely resolved.  However, in
view of the fact that licenses were issued authorizing full power operation of each of
the three units of the Browns Ferry Nuclear Plant it is to be understood that all such
open items of concern were subsequently resolved.  This appendix is retained in
the FSAR to provide for the preservation of historical records.  A page of references
is included at the end of Appendix I; the documents listed there are referenced by
superscript numbers appearing throughout the Appendix I text.

The design of the General Electric boiling water reactor for this station is based
upon proven technological concepts developed during the development, design,
and operation of numerous similar reactors.  The AEC regulatory staff, in reviewing
the Browns Ferry dockets at the Construction Permit stage, identified several areas
where further R&D efforts were required to more definitely assure safe operation of
this station.  Also, both the AEC Staff and Advisory Committee on Reactor
Safeguards have, in their review of more recent reactor projects, identified several
additional technical areas for which further detailed support information should be
obtained.  All of these development efforts, thus, are of three general types:  (a)
those which pertain to the broad category of water-cooled reactors, (b) those which
pertain specifically to boiling water reactors, and (c) those which have been noted
particularly for a facility during the construction permit licensing activities by the
AEC Staff and ACRS reviews.

The following discussion is a complete, comprehensive examination of each of
these concern areas indicating the planned or accomplished resolution.  The
discussion has been subdivided as follows:

a. Areas specified in the Browns Ferry AEC-ACRS construction permit reports.

b. Areas specified in the Browns Ferry AEC staff construction permit safety
evaluation reports.
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c. Areas specified in other related AEC-ACRS construction permit and operating
license reports.

d. Areas specified in other somewhat related AEC-STAFF construction and
operating license safety evaluation reports.

The scope of many of the areas of technology for items in a, b, and c above is
discussed in detail as part of an official response1 by General Electric to the various
ACRS concern subjects.

I.2 AREAS SPECIFIED IN THE BROWNS FERRY AEC-ACRS CONSTRUCTION
PERMIT REPORTS

I.2.1 Introduction

"At its eighty-third meeting, March 9-11, 1967, the Advisory Committee on Reactor
Safeguards completed its review of the application of the Tennessee Valley
Authority for authorization to construct Browns Ferry Nuclear Power Station Units
No. 1 and No. 2.  This project was previously considered at the eight-first and
eighty-second meetings of the Committee, January 12-14, 1967, and
February 9-11, 1967, respectively, at a special meeting on February 28, 1967, and
at subcommittee meetings on November 26, 1966, January 4-5, and January 28,
1967.  Representatives of the Committee visited the site on February 27, 1967.
During its review, the Committee had the benefit of discussions with representatives
of the Tennessee Valley Authority, General Electric Company, and the AEC
Regulatory Staff."  (Browns Ferry Units 1 and 2, ACRS Letter, 3/14/67, AEC Docket
No. 50-259 and 50-260)  "At its ninety-seventh meeting, May 9-11, 1968, the
Advisory Committee on Reactor Safeguards completed its review of the application
by the Tennessee Valley Authority for authorization to construct Browns Ferry
Nuclear Power Station Unit 3.  The project was previously considered at an ACRS
Subcommittee meeting on May 7, 1968.  During its review, the Committee had the
benefit of discussions with representatives of the Tennessee Valley Authority,
General Electric Company, and the AEC Regulatory Staff and its consultants."
(Browns Ferry Unit 3, ACRS Letter, 5/15/68, AEC Docket No. 50-296)

The ACRS concern findings of these meetings are tabulated below.
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I.2.2 Effects of Fuel Failure on CSCS Performance

Concern

"Analysis indicates that a large fraction of the reactor fuel elements may be
expected to fail in certain loss-of-coolant accidents.  The applicant states that the
principal mode of failure is expected to be by localized perforation of the clad, and
that damage within the fuel assembly of such nature or extent as to interfere with
heat removal sufficiently to cause clad melting would not occur.  The Committee
believes that additional evidence, both analytical and experimental, is needed and
should be obtained to demonstrate that this model is adequately conservative for
this power density and fuel burnup proposed."  (Browns Ferry, ACRS Letter,
3/14/67, AEC Docket No. 50-529 and 50-260)

Resolution

The proposed experimental investigation program of fuel failure mode is presented
in GE Topical Report submitted to the AEC April 1968.  The objective of this test
program is to demonstrate the ability of the CSCS to prevent fuel cladding melting
as a result of perforation and swelling in the cladding under the combination of
temperature and internal pressure which prevail from the preaccident fuel
performance.  The general plan of action is to simulate as closely as possible all of
the significant aspects of the problem in out-of-pile tests, starting with single-rod
tests, expanding to multirod Zircaloy-clad simulated fuel assembly tests in air and
under emergency core cooling conditions, and culminating with fullsize assembly
tests.  This general plan is supplemented by individual phenomenon tests as might
be required to corroborate specific points of the experiment or related analysis
work.

Fuel clad perforation will occur when the gas pressure within the fuel rod exceeds
the pressure the clad can withstand for that particular clad temperature.  The mode
of this failure is known.  The perforation will be local in that a given fuel rod will
perforate at a particular location, the extent of which will be random in that it will
occur at a particular, even a very slight, weak point along the fuel rod
length--probably at a point of clad flaw, pellet oversize or pellet chip, or point of
slightly increased clad oxidation.  Such weak points will be randomly distributed.
However, the location of failures will be clustered about the point where peak heat
flux is located, probably in a two- or three-foot region.

The position that the perforation will be random and local has been supported by
experiments observed on failed irradiated fuel.2  It has also been demonstrated in
test loops by placing single Zircaloy tubes containing UO2 pellets with internal
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pressurization in an electric induction heating facility and observing the failure
mode.  The observed failures in this single rod test were always localized, of the
order of one inch in the axial direction and random along the length of the heated
rod.  Furthermore, the analysis of the perforation test results showed good
agreement of clad stress at failure with ultimate stress at failure temperature.
Additional research and development testing has been performed with a nine-rod
section consisting of nine Zircaloy tubes with internal pressurization.  These rods
were heated internally by electrical means.  The observed failures were again
localized and did not block the flow passage enough to preclude effective cooling.

Since the fuel perforation will have the characteristics identified above, the overall
geometry of the 49 rod fuel bundles which are 12-feet long will essentially remain
the same and analytical investigation based upon the preceding experimental
observations indicate that the emergency core cooling function by either reactor
core spray cooling or core flooding would not be adversely affected.  A full-length,
internally-pressurized, nine-rod Zircaloy clad heater assembly was tested under
postulated design basis loss-of-coolant conditions with core spray cooling.  A
full-scale Zircaloy clad heater bundle with collars welded to the cladding to simulate
actual perforations has been tested in both spray and flooding cooling modes.
Also, a single full-scale test was conducted with internally-pressurized Zircaloy clad
heater rods to approximate as closely as possible a postulated design basis
loss-of-coolant accident in terms of heatup perforations and spray cooling.

The test program results have been submitted to the AEC as a GE Topical Report.2

I.2.3 Effects of Fuel Bundle Flow Blockage

Concern

"The applicant considers the possibility of melting and subsequent disintegration of
a portion of fuel assembly, by inlet coolant orifice blockage or by other means, to be
remote.  However, the resulting effects in terms of fission product release, local high
pressure production, and possible initiation of failure in adjacent fuel elements are
not well known.  Information should be developed to show that such an incident will
not lead to unacceptable conditions."  (Browns Ferry, ACRS Letter, 3/14/67, AEC
Docket No. 50-259 and 50-260)

Resolution

The outline for the resolution of the above concern item is presented in a GE
Topical Report1 submitted to the AEC in April 1968.
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Experience with fuel performance in operating reactors similar in design to this
station, together with appropriate core mechanical analysis, has indicated that flow
blockage during normal operation could only be local in nature and could not
propagate to the extent that the remainder of the reactor core would be affected.
Calculation of hydraulic forces under flow blockage condition had indicated that the
fuel channels would remain intact.

Analytical study of data derived from experimental work with induced melting of UO2

at Argonne National Laboratory and Oak Ridge National Laboratory has indicated
that melting of a portion of fuel assembly would not lead to unacceptable results in
terms of fission product release, local high pressure production or initiation of
failure in adjacent assemblies.

The nature of potential flow blockages is being examined and analyses are being
performed to determine possible sequence of events and consequences.  From
these analyses an experimental program will proceed with test conditions
approximating those from analysis as closely as possible.  The experimental
measurements will be used in conjunction with an analytical model to apply the
results to the reactor situation or the results will be used directly to show that a
safety concern does not exist.

The test program results have been submitted to the AEC as a GE Topical Report
NEDO-10174, "Consequences of Postulated Flow Blockage Incident in a Boiling
Water Reactor," July 1970.

I.2.4 Verification of Fuel Damage Limit Criterion

Concern

"A linear heat generation rate of 28 kW/ft is used by the applicant as a fuel element
damage limit.  Experimental verification of this criterion is incomplete, and the
applicant plans to conduct additional tests.  The Committee recommends that such
tests include heat generation rates in excess of those calculated for the worst
anticipated transient and fuel burnups comparable to the maximum expected in the
reactor."  (Browns Ferry, ACRS Letter, 3/14/67, AEC Docket No. 50-259 and
50-260)

Resolution

The resolution of the above concern item is presented in a GE Topical Report
submitted to the AEC in April 1968.
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General Electric believes that the available data are adequate to support the validity
of the 28 kW/ft damage limit for the 1965 (low power density) and 1967 (high power
density) product lines BWR fuel.  The fuel design and the associated linear heat
generation rate have been selected as a result of development programs and
experience over the past six to seven years.  These programs, combined with
extensive, large boiling-water-reactor operating experience, have demonstrated
with a high degree of confidence that fuel integrity can be maintained in 1965 and
1967 product line BWR cores even for worst anticipated transients.

General Electric has conducted fuel rod tests over a range of conditions to obtain
data applicable to the design of this plant.  Test fuel rods have been operated at
various levels, including 17.5 kW/ft, and higher ranges of 18.5 kW/ft, 21 to 22 kW/ft,
and 28 kW/ft.  These tests have verified that the calculational methods adequately
predict the clad strain associated with a particular linear heat generation rate.  In
addition to tests performed by General Electric, tests in the range of 12 to 24 kW/ft
have been performed by others.

Additional fuel tests are in progress as a development effort primarily to provide a
basis for possible extensions in fuel technology.  These data, as well as the
operational history of BWRs placed in service prior to the operation of 1965 and
1967 product-line plants, will provide additional confirmation of the present design
bases and will demonstrate operation at heat generation rates comparable to the
worst anticipated transients for both the 1965 and 1967 product lines.

A summary of the fuel test programs and their results is given in Amendment 14/15
of Dresden Nuclear Power Station, Units 2 and 3 (AEC Docket Nos. 50-237 and
50-249).

Since the Dresden 2 and 3 reactor core design is a GE low power density
Millstone-type, the maximum linear heat flux generation rate is 17.5 kW/ft.  That is,
it is less than the 18.5 kW/ft design for the GE high power density Browns
Ferry-type core.

A GE Topical Report has been submitted to the AEC on the final results of the test
programs.3

I.2.5 Quality Assurance and Inspection of the Reactor Primary System

Concern

"The Committee continues to emphasize the importance of quality assurance in
fabrication of the primary system and of inspection during service life.  Because of
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the higher power level and advanced thermal conditions in the Browns Ferry Units,
these matters assume even greater importance.  The Committee recommends that
the applicant implement those improvements in primary system quality which are
practical with current technology."  (Browns Ferry, ACRS Letter, 3/14/67, AEC
Docket No. 50-259 and 50-260)

Resolution

Design and fabrication of the reactor primary system is of the highest quality
practicable with current technology.  The reactor vessels are designed, fabricated,
and inspected in accordance with the ASME Boiler and Pressure Vessel Code,
Section III Class A for nuclear vessels as follows:

Vessel ASME Code Applicable

Unit-1 1965+Summer '65 Addenda
Unit-2 1965+Summer '65 Addenda
Unit-3 1965+Summer '66 Addenda

The following is a list of a number of specific requirements which have been applied
to these vessels which exceed the applicable ASME Code requirements.  Inclusion
of these features means that these vessels will meet many important technical
requirements of the Summer 1968 Addenda to Sections I and III of the ASME Code.

a. 100 percent volumetric UT inspection of plates after forming and heat treating
and acceptance standards equal to the ASME 1968 edition of Section III, para
N321.1.  These requirements first appeared in the Winter 1967 Addenda.

b. 100 percent UT testing of main closure stud, bushing, nut, and washer
material following heat treatment and rough machining, acceptance standards
prescribed are at least equal to N325.1 as specified in Winter 1967 Addenda
and subsequently.

c. 100 percent liquid penetrant inspection of all cladding to acceptance
standards at least equal to Winter 1967 Addenda and subsequently.  The
B&W liquid penetrant test procedure approved by GE fulfills the technical
requirements of Appendix IX, Section 360.

d. Plate Material conforms to SA-533 Grade B Class 1 per ASME Code Case
1339, para 1.  This material specification first appears in Table N421 of the
Summer 1967 Addenda and subsequently.
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e. Low alloy steel forgings to ASTM A-508 in accord with ASME Code Case
1332-2, para 5.  This material first appears in Table N421 of the Winter 1967
Addenda and subsequently.

f. Studs, nuts, bushings and washers to ASTM A540 Grade B23 or 24 and per
ASME Code Case 1335-2, para 4.  This specification appears in the Summer
1968 Addenda, Table N422.

g. Control rod drive stub tubes of nickel-chromium-iron SB166 per Code Case
1336.  This material first appears in Table N423 of the Summer 1967 Addenda
and subsequently.

h. Complete records so that each component can be related to the original
material certification and the fabrication history including the heat numbers,
chemical composition and mechanical properties.  See Section III, Appendix
IX, para 226, which first appeared in the Winter 1967 Addenda and
subsequently.

i. Submission of nondestructive testing procedures for purchaser approval.  See
Section III, Appendix IX, para 321.

j. Submission of detailed fabrication procedures for purchaser approval.  See
Appendix IX, para 222.

k. Maintenance of quality control records in at least the same detail as Appendix
IX, para 225 and provides for continued maintenance as specified in the
Summer 1968 Addenda to para 225.

l. Nozzle safe ends are considered to be a part of the reactor vessel; this
exceeds the requirements of Section III, para N150 of the 1968 edition.

m. The essential requirements listed in Appendix X, para 2, such as listing of
reference sources, identification and description of computer programs and
provision of a summary report have been incorporated.

n. Paragraph N141 of the Winter 1967 Addenda includes a requirement to
provide the authorized inspection at the manufacturing site, with a copy of the
design specification, before fabrication begins.  This requirement has been
fulfilled on the subject vessels.

o. Paragraph N143 of the Winter 1967 Addenda has likewise been fulfilled on
the subject vessels by application of the GE Quality Control Plan No. 209,
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Rev. 4, which is incorporated in the purchase requirements.  It should also be
noted that this quality control plan closely parallels the administrative
requirements of Appendix IX, Section 220, which first appeared in the Winter
1967 Addenda.

The design basis for other primary systems components incorporate a quality level
equal to that of the reactor vessel.  This is accomplished by specifying these
components to meet applicable codes (ASME Section III Class C or USAS B31.1.0)
and imposing addition special requirements, as applicable.

The inservice inspection program for the primary systems is given in FSAR
Subsection 4.12.

Refer to Appendix D for further details of the General Electric and TVA Quality
Assurance Programs.

I.2.6 Effects of Cladding Temperatures and Materials on CSCS Performance

Concern

"In a loss-of-coolant accident, the core spray systems are required to function
effectively under circumstances in which some areas of fuel clad may have attained
temperatures considerably higher than the maximum at which such sprays have
been tested experimentally to date.  The Committee understands that the applicant
is conducting additional experiments, and urges that these be extended to
temperatures as high as practicable.  Use of stainless steel in these tests for
simulation of the Zircaloy clad appears suitable, but some corroboration tests
employing Zircaloy should be included."  (Browns Ferry, ACRS Letter, 3/14/67, AEC
Docket No. 50-259 and 50-260)

Resolution

The resolution of the above concern item is presented in a GE Topical Report
submitted to the AEC in April 1968.

The General Electric Company experimental program on reactor core spray cooling
effectiveness is currently in progress and extensive data and analysis of its results
have been reported in a GE Topical Report4 submitted to the AEC August 1968.
Experimental full-scale fuel assemblies exactly like the ones being used in this
plant, as well as in all the current General Electric 1965 and 1967 product-line
boiling water reactors, are being employed in this test program.  These simulated
fuel assemblies contain Calrod units inside the fuel rod cladding instead of nuclear
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fuel, and complete simulation of the hardware (nose piece, spacers, handle,
channel box, etc.) is incorporated.  The power in the assembly is also simulated
(axial cosine heated Calrods, corner fuel rod peaking, decay heat variation in time).

Tests already conducted as of this date have encompassed fuel assembly powers
in excess of those which will occur in Browns Ferry, and flows which are lower than
those being provided for this plant.  The results of those experiments confirm that
the design basis of the reactor core spray cooling system is firmly established as
adequate.

The general approach being followed is to develop high-temperature Zircaloy-clad
electrically heated fuel rod simulators and to use these to conduct full-size
Zircaloy-clad assembly tests.  Testing conditions will be selected (1) to duplicate
cooling modes, initial temperatures, coolant flow rate, power transients, subcooling
temperatures, and time of cooling initiation representative of the multitude of tests
performed with stainless steel clad heaters, and (2) to investigate emergency core
cooling effectiveness at peak temperatures in excess of 2500 F, to the highest
temperatures the heaters will permit.  The first area of testing will be to corroborate
use of models based on the wealth of stainless steel data obtained in the past while
the latter area of testing will be to extend the knowledge to higher temperatures as
closely approaching the cladding melting temperature as possible.

A series of "low-temperature" spray tests are being conducted to provide
information on the correlation between stainless steel and Zircaloy assemblies.
"High-temperature" effects will also be investigated in the spray mode.  In a manner
similar to the spray tests, flooding-only tests will be conducted to provide correlation
information with "low-temperature" tests and to investigate high-temperature effects.
A single test was conducted early in this program to obtain scoping results under
realistic, high-temperature conditions with combined spray flooding models of
cooling.

Several core spray distribution tests have recently been performed using simulated
reactor core spray cooling system spargers and "top-of-reactors" fuel assembly
geometry which would be exposed to the spray action.  These tests, which measure
the water entering each fuel assembly, show that the design flow distribution can be
attained.  Tests also included experiments with air updraft to simulate potential
steam upflow.  The data obtained to date and the forthcoming data will make it
possible to further refine the understanding of the core spray and core flood
phenomena as well as increase the wealth of information now available to confirm
that core spray is an effective means of accomplishing core cooling.
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A GE Topical Report5 on the heated rod-core cooling aspects of this test program
has been submitted to the AEC.

I.2.7 Control Rod Block Monitor Design

Concern

"The Rod Block Monitor system should be designed so that, if bypassing is
employed for purposes other than brief testing, no single failure will impair the
safety function."  (Browns Ferry, ACRS Letter, 3/14/67, AEC Docket Nos. 50-259
and 50-260)

Resolution

The rod block monitor (RBM) system was incorporated as an operational system for
the purpose of backing up the reactor operator to prevent a single operator error or
a single equipment malfunction, from causing fuel damage.  It is felt that the level of
reliability provided by the system is consistent with this application.  The applicant
and General Electric do not consider this a safety system.

The control rod block action of the RBM system is not to be confused with the
Neutron Monitoring System APRM rod block function.  The APRM rod block is a
bulk power control system.  The RBM is a local power control system.

Refer to Section 7 for further details and description of this system.

An operational analysis performed on this system demonstrated that an improbable
event (a worst case rod pattern) plus five to seven operator and equipment
malfunctions concurrently would only lead to an improbable failure of approximately
150 fuel rods.  This would not constitute a 10 CFR 20 dose event.  The details of
this analysis are presented in Dresden Units 2 and 3 FSAR Amendment 19/20 (AEC
Docket No. 50-237 and 50-245).

Subsections 1.3, 1.4 and Appendix G justify the nonsafety status of this system.

I.2.8 Station Startup Program

Concern

"Considerable information should be available from operation of previously
reviewed large boiling water reactors prior to operation of the Browns Ferry
reactors.  However, because the Browns Ferry Units are to operate at substantially
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higher power level and power density than those on which such experience will be
obtained, an especially extensive and careful startup program will be required.  If
the startup program or the additional information on fuel behavior referred to earlier
should fail to confirm adequately the designer's expectations, system modifications
or restrictions on operation may be appropriate."  (Browns Ferry, ACRS Letter,
3/14/67, AEC Docket No. 50-259 and 50-260)

Resolution

The extent and scope of the startup program for this station will reflect
considerations appropriate for the size of the reactor and the thermal
characteristics, service or transient conditions which might affect fuel integrity,
reactor control and response characteristics, and functional performance of
safeguard features contained in the design.

A step-by-step power level approach to 3293 MWt is planned.

In particular, extensive surveys of reactor core power distribution will be performed
during the initial approach to rated power.  The startup test program is expected to
demonstrate that power distributions, as good or better than predicted, will be
realized.  Appropriate steps will be taken to ensure that safety margins are
maintained under operational conditions.

A GE Topical Report6 was submitted to the AEC on a summary of results obtained
from a typical startup and power test program for a GE-BWR in February 1969.
Refer to Section 13 for further details of the startup test program.

I.2.9 Main Steamline Isolation Valve Testing Under Simulated Accident Conditions

Concern

"Steamline isolation valves are provided which constitute an important safeguard in
the event of failure of a steamline external to the containment.  One or more valves
identical to these will be tested under simulated accident conditions prior to a
request for an operating license."  (Browns Ferry, ACRS Letter, 3/14/67, AEC
Docket Nos. 50-259 and 50-260)

Resolution

General Electric implemented a program to test a full-size main steamline isolation
valve under simulated accident conditions.  It was anticipated that this research and
development program, as applicable to this plant, would involve:  (1) testing of
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valves on a small scale to permit evaluation of hydrodynamics of the blowdown
under prototypical conditions, (2) testing of a valve essentially identical in design to
those to be used in this plant simulating as closely as feasible the accident
conditions, and (3) testing the main steamline isolation valves of this plant during
the preoperational test phase to verify that the valves as installed will meet
functional requirements.

The detailed description of the program was presented in a General Electric Topical
Report1 submitted to the AEC in April 1968.  The testing programs have been
successfully completed and reported in a GE Topical Report7 submitted to the AEC
in March 1969.  Analysis of the accident event is discussed in a GE Topical Report
submitted to the AEC in October 1969.

Refer also to Subsection 4.6 for further details of the isolation valves.

I.2.10 Performance Testing of the Station Standby Diesel Generator System

Concern

"The diesel generator sets for emergency power appear to be fully loaded with little
or no margin (on the design basis of one of three failing to start).  They are required
to start, synchronize, and carry load within less than 30 seconds.  The applicant
stated that tests will be conducted by the diesel manufacturer to demonstrate
capability of meeting these requirements.  Any previously untried features, such as
the method of synchronization, will be included in the tests.  The results should be
evaluated carefully by the AEC Regulatory Staff.  In addition, the installed
emergency generating system should be tested thoroughly under simulated
emergency conditions prior to a request for an operating license."  (Browns Ferry,
ACRS Letter, 3/14/67, AEC Docket Nos. 50-259 and 50-260)

"The emergency power system originally provided for Units 1 and 2 has been
redesigned and expanded to serve all three units.  Four diesel generators are now
incorporated instead of three.  The design as proposed appears marginally
acceptable.  Questions arise regarding the capacity of the diesel generators and
regarding the necessity for paralleling of generators at some time after an accident.
Consideration should be given to improvement of the system.  The Committee
believes that these improvements should be resolved between the applicant and the
Regulatory Staff."  (Browns Ferry, ACRS Letter, 5/15/68, AEC Docket No. 50-296)
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Resolution

Loading logic no longer requires paralleling of generators.  Tests have been
conducted at the diesel generator manufacturers plant to further confirm the
adequacy of the diesel generator unit design for this facility (Browns Ferry-General
Motors)9 with respect to starting times on simulated loading sequences.  Part of the
preoperation and startup programs for other facilities (Dresden Unit 2) has
demonstrated the ability of the diesel generators to assume their necessary
emergency loads in the prescribed time interval in a sequential manner.  Refer to
Sections 8 and 13 for further details including results of motor starting tests and
system load margins.

I.2.11 Formulation of an Inservice Inspection Program

Concern

"The Committee will wish to review the detailed inservice inspection program at the
time of request for an operating license."  (Browns Ferry, ACRS Report, 3/14/67,
AEC Docket Nos. 50-259 and 50-260)

Resolution

The inservice inspection program planned for the facility is described in Appendix B,
Technical Specifications and Subsection 4.12.

I.2.12 Diversification of the CSCS Initiation Signals

Concern

"Also, he will explore further possibilities for improvement, particularly by
diversification, of the instrumentation that initiates emergency core cooling, to
provide additional assurance against delay of this vital function."  (Browns Ferry,
ACRS Report, 3/14/67, AEC Docket Nos. 50-259 and 50-260)

Resolution

The primary design of sensors for the core standby cooling system (CSCS)
equipment consisted of a reactor vessel low water signal from either of two
independent instrumentation sources to activate the pumping equipment.  Further
studies were conducted to ascertain whether reliability could be improved by
utilizing alternate or improved sensors.  As a result of these studies, instrumentation
which detects high pressure in the drywell has been incorporated in addition to the
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reactor low water level instruments to actuate reactor core spray cooling, HPCI, and
LPCI and the standby diesel generator systems.

Diversity of the sensing mechanisms which provide signals that permit the opening
of the RHR and core spray injection valves and the actuation of the cooling pumps
has also been incorporated into the design.  Two different types of pressure
interlock sensors--bellows type and bourbon-tube type--are used in parallel to
circumvent any unknown phenomenological uncertainties associated with pressure
measurements.

I.2.13 Control Systems for Emergency Power

Concern

"The applicant stated that the control systems for emergency power will be
designed and tested in accordance with standards for reactor protection systems."
(Browns Ferry, ACRS Report, 3/14/67, AEC Docket Nos. 50-259 and 50-260)

Resolution

In common with all reactor protection features, the plant standby diesel generator
system will be designed and tested in accordance with the intent of the proposed
IEEE Standards for Nuclear Power Plant Protection Systems (IEEE-279).  The
design basis includes the requirements that no single component failure shall
prevent the system from operating with sufficient capacity to supply required
emergency loads.

Additional information is contained in Section 8.

I.2.14 Misorientation of Fuel Assemblies

Concern

Operation with a fuel assembly having an improper angular orientation could result
in local thermal conditions that exceed by a substantial margin the design thermal
operating limits.  The applicant stated that he is continuing to investigate more
positive means for precluding possible misorientation of fuel assemblies.  (Browns
Ferry, ACRS Letter, 3/14/67, AEC Docket Nos. 50-259 and 50-260)
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Resolution

Operation with a misoriented fuel assembly would be an economic rather than a
safety concern for this plant.  Analyses have shown that less than 10 fuel rods in a
misoriented assembly would experience a MCHFR less than 1.9.  Under normal
operating conditions, these 10 fuel rods would, even in the peak power position,
remain at a MCHFR greater than 1.0 and peak linear heat generation rate less than
28 kW/ft.

Studies into means of precluding possible fuel misorientation have been completed.
It is concluded that the present method of procedural controls is the most desirable
of the alternates.  Fuel-handling operations at operating GE BWRs have shown this
to be an efficient, effective method.

Various mechanical devices to prevent inserting a misoriented fuel assembly were
also studied and eventually discarded.  These devices tended to provide greater
potentials for fuel damage during loading and storage operations than the
misorientation they were designed to prevent.

Visual identification has been successfully used in all BWRs operated to date to
provide assurance of fuel location and orientation.  Photos taken of the KRB core
after the initial fuel loading clearly showed four different means of identifying a
misoriented fuel assembly:  (1) the assembly numbers point towards the center of
the cell, (2) the spring- clip assemblies all face the control rod, (3) the lugs on the
handles point towards the control rods, and (4) cell to cell symmetry.  Experience
has shown that the distinguishing features will be visible during the design lifetime
of the fuel.  In all cases, fueling procedures require that the fuel assembly number
be verified.  As a result of this study and the accumulated fuel-handling experience,
no further work with respect to providing an alternate means of preventing fuel
assembly misorientation is planned.  All changes in fuel assembly design will be
evaluated to insure that they do not degrade the present visual confirmation signals.
Refer to Section 3 for further details.

I.2.15 Concern of Dr. Stephen H. Hanauer-Emergency Power and Core Standby
Cooling Systems

Concern

The following are additional remarks by Dr. Stephen H. Hanauer:  "It is my belief
that the substantial increase in power and power density of the Browns Ferry
reactors over boiling water reactors previously approved should be accompanied by
increased safeguard system margins for the unexpected.  The emergency core
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cooling system proposed should, in my opinion, be redesigned to provide additional
time margin and to reduce the severe requirements for starting of large equipment
in a few seconds.  The dependence on immediate availability of a large amount of
emergency electrical power, using diesel generators operating fully loaded in a
previously untried starting mode, is of special concern, as are the high temperatures
and numerous fuel-element failures predicted even for successful operation of the
emergency core cooling system in a large loss-of-coolant accident."  (Browns Ferry,
ACRS Letter, 3/14/67, AEC Docket Nos. 50-259 and 50-260)

Resolution

Even though the Browns Ferry Nuclear Plant uses boiling water reactors of
increased power level and power density over past boiling water reactors, the
design criteria for the design of core standby cooling equipment remains
unchanged, thus requiring major increases in the size of core standby cooling
equipment provided.

For any potential breach of the primary cooling system, from a small leak up to the
instantaneous complete rupture of the largest coolant line, the recirculation line,
sufficient core standby cooling equipment is provided to prevent any clad
temperatures in excess of 2700 F.  This is accomplished by either one of two
independent cooling systems.  These core standby cooling systems are capable of
operating at full capacity without any dependence on the "offsite" power source.
The core standby cooling equipment incorporates cooling mechanisms which are
known to be effective by experience.  All systems are capable of being tested.

The complete satisfaction of the above criteria demands the provision of an
extensive core standby cooling network which has considerably more cooling
capability than that required for any expected coolant loss situations which might
occur at the Browns Ferry plant.

As discussed in paragraph I.2.2, fuel perforation due to high temperature might
occur, but this would not lead to failure of the cooling mechanism.  Perforation has
been observed in reactors and in test-facilities; it is a local phenomena and in no
way would preclude core standby cooling functions.

In summary, it might be stated that, although there is no disciplined manner for
designing for various unknown events which might also occur, the spectrum of
accidental events designed for, the severity of the criteria employed, as well as the
conservatism of the performance evaluations all combine to result in a core standby
cooling system which has sufficient capacity and capability to adequately cool the
core for a vast spectrum of emergency events far greater than any expected to
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occur.  Additional information is available in Sections 6 and 14 and paragraph
I.2.16.

The capability of the diesel generators and test results are presented in Section 8
and paragraph I.2.10.

I.2.16 Fuel Clad Disintegration Limitations

Concern

"In connection with postulated loss-of-coolant accidents, the applicant stated that,
using conservative assumptions and allowing appropriately for fuel element
distortion from the original core geometry, the emergency core cooling systems will
be designed to keep fuel-clad temperatures below the point at which the clad may
disintegrate upon subsequent cooling."  (Browns Ferry, ACRS Letter, 5/15/68, AEC
Docket No. 50-296)

Resolution

With respect to this overall concern of core standby cooling systems (CSCS)
effectiveness to cool overheated fuel rods, GE has selected a maximum allowable
temperature criterion of 2700 F.  This selection was based on a desire to keep the
fuel bundle geometry intact.  (Refer to a GE Topical Report1 submitted to the AEC.)

Even though this criterion has been adopted for core standby cooling system
(CSCS) equipment design, experimental effort continues at both General Electric
Company and elsewhere to further refine knowledge with respect to a proper
tolerable maximum fuel temperature during loss-of-coolant accidents.

Some preliminary data from Argonne tend to indicate that possible clad shattering
rather than clad melting might be a more conservative criteria for loss of geometry
intactness.  This shattering might occur at temperatures as much as 400 F below
the Zircaloy melt temperature.  Current testing programs at GE for out specific fuel
bundle designs are fully investigating this possibility.

The current conservative core cooling evaluation techniques used on this plant
indicate that the maximum predicted clad temperatures for the BWR reactor core
postulated design basis loss-of-coolant accidents (less than 2000 F) are sufficiently
below any temperatures of clad shattering that there is no concern that a potential
modification in the maximum allowable temperature criteria would adversely
influence the present sizes of the core standby cooling systems equipment.
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General Electric is developing high-temperature Zircaloy-clad electrically heated
fuel rod simulators for use in full-size Zircaloy-clad bundle tests.  Testing conditions
have been selected (1) to duplicate cooling modes, initial temperatures, coolant
initiation representative of the multitude of tests performed with stainless steel-clad
heaters, and (2) to investigate CSCS effectiveness at peak temperatures in excess
of 2500 F, to the highest temperatures the heaters will permit.  The results of this
program have been filed with the AEC as the answer to questions 5.1 of Dresden
Units 2 and 3 FSAR Amendment 7/8, Docket Nos. 50-237 and 50-249.  Refer to
Section 6 for further details.

I.2.17 General Concern with Regard to Reactors of High Power Density and All
Large Water-Cooled Power Reactor

Concern

"The Committee continues to call attention to matters that warrant careful
consideration with regard to reactors of high power density and other matters of
significance for all large water-cooled power reactors.  If developments in any of
these areas, particularly fuel behavior, should fail to confirm adequately the
designer's expectations, system modification or restrictions on operation of Unit 3
may be appropriate." (Browns Ferry, ACRS Letter, 5/15/68, AEC Docket No.
50-296)

Resolution

The resolution for all ACRS concerns for this and all other large water-cooled power
reactors is covered in Appendix I, Subsections 2 and 4.

I.2.18 Summary

"The Advisory Committee on Reactor Safeguards believes that the items mentioned
above can be resolved during construction of the reactors.  On the basis of the
foregoing comments, and in view of the favorable characteristics of the proposed
site, the Committee believes that the proposed reactors can be constructed at the
Browns Ferry site with reasonable assurance that they can be operated without
undue risk to the health and safety of the public."  (Browns Ferry, ACRS Letter,
3/14/67, AEC Docket No. 50-259 and 50-260)  "The Advisory Committee on Reactor
Safeguards believes that the items mentioned above can be resolved during
construction of the reactor.  On the basis of the foregoing comments, and in view of
the favorable characteristics of the site, the Committee believes that the proposed
Unit 3 can be constructed at the Browns Ferry site with reasonable assurance that it
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can be operated without undue risk to the health and safety of the public."  (Browns
Ferry, ACRS Letter, 5/15/68, AEC Docket No. 50-296)

The above 17 concern items have been or will be resolved prior to the initial
operation of this facility and have or will have demonstrated the necessary
assurance that they will have no adverse effect on the health and safety of the
public.

I.3 AREAS SPECIFIED IN THE AEC-STAFF CONSTRUCTION PERMIT-SAFETY
EVALUATION REPORTS

I.3.1 General

The AEC-STAFF-Construction Permit-Safety Evaluation Reports of 3/31/67 and
6/6/68 identified areas of specific concerns.  The concerns are discussed below.

I.3.2 Unit 1 and 2 AEC-STAFF-Construction Permit Concerns

I.3.2.1 Unit 1 and 2 ACRS Concerns

Statement (Page 15)

"The ACRS, in its March 14, 1967, report on the Browns Ferry Nuclear Power
Station, has indicated that further analytical and experimental verification of
predicted fuel damage character and thresholds should be developed.  The areas of
concern include fuel element misorientation, the mode of fuel failure under loss of
coolant accident conditions, the effects of local fuel melting in a fuel assembly, and
fuel damage limits.  It was noted, however, and we concur, that these items are of
concern for all large water-cooled power reactors.  The General Electric Company
has stated that it plans to continue its investigation in these areas on both an
analytical and experimental basis.  It is currently engaged in these programs on a
general basis and, in our opinion, will obtain the necessary information."

Resolution

All Unit 1 and 2 ACRS concerns are discussed in Section I.2 of this appendix.
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I.3.2.2 Core Spray Cooling Effectiveness

Statement (Page 20)

"The power ratings for the Dresden 2 class reactor plants resulted in modeling
parameters under assumed accident conditions that were within the envelope of
test conditions used to size the Core Spray System.  During our review of the
effects of the higher power density, it was apparent that some extrapolation
between core spray test and design conditions was required.  General Electric has
performed additional evaluation to indicate that even with the increased power
density, no threshold for a phenomenon that would preclude core cooling by spray
is evident.  In any case, additional tests are to be performed to confirm that the
design bases for the Core Spray System are applicable to the higher power density
core."

Resolution

The design and final test program of the effectiveness of the core spray cooling
system has been completed and presented in a GE Topical Report1 submitted to the
AEC.

I.3.2.3 Items That Will Be Given Close Attention

Statement (Page 22)

"The ACRS and we have, however, noted several items which will be given close
attention during the final design stage prior to completion of the operating license
review.  These are:

a. the results of reliability studies which support the design decision to provide
single closed valves which must open to allow system operation (HPCIS and
LPCIS),

b. further study for possible improvement of the instrumentation provided for
sensing loss of coolant and of the means for taking appropriate action to
provide core cooling,

c. the automatic controller which sequences the ECCS subsystems,

d. core spray test data which confirms the efficacy of spray cooling for the higher
power density core,
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e. the performance capability of the diesel generator emergency power system to
accommodate the ECCS loads in the required time,

f. the mode of fuel failure under assumed loss-of-coolant accident conditions."

Resolution

a. The injection path for the CSCS, which consists of a testable check valve
inside the containment and two motor-operated valves outside the
containment (one open and one closed) has been designed to meet the
requirements of the proposed AEC 70 General Design Criteria numbers 38
through 48.  The primary considerations are (1) testability, (2) positive
containment capability, and (3) a single failure proof core cooling capability.
These systems meet all of the AEC criteria for core standby cooling systems
with adequate reliability.  See Section 4, 6, and 7 for system details.

b. See paragraph I.2.12.

c. The core standby cooling system uses timers only for start sequencing of the
motor operated pumps.  See Section 6 and 8 for system details.

d. See paragraph I.3.2.2.

e. See paragraph I.2.10.

f. See paragraphs I.2.2, I.2.3, and I.2.6.

I.3.2.4 Control Rod Block Monitor Design

Statement (Page 25)

"We believe that the RBM system will be made to conform to current criteria relating
to functional adequacy, redundancy, and inservice testability, and that it will provide
adequate protection capability for the Browns Ferry plant.  GE has indicated that it
would also evaluate the design in regard to immunity from "single failure" during
nontest bypass conditions."

Resolution

See paragraph I.2.7.
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I.3.2.5 Core Cooling

Statement (Page 30)

"a. Core Cooling-This development effort is directed toward the determination of
core cooling requirements for the coolant loss accident.  GE has indicated that
further testing of core spray effectiveness is to be performed using both
stainless steel and Zircaloy clad elements."

Resolution

The performance of the core standby cooling systems (CSCS) used for core cooling
following a postulated design basis loss-of-coolant accident in the 1967 GE
Product-Line BWR is described and analyzed as a function of break size.4  The test
programs that have been conducted to obtain significant design parameters related
to these systems are also discussed.  It is concluded the CSCS network provides an
effective means in depth of terminating the core heatup transient over the complete
spectrum of loss-of-coolant accidents.  Refer to Section 6 for further details.

I.3.2.6 Control Rod Worth Minimizer

Statement (Page 31)

"b. Control Rod Worth Minimizer-This effort is directed toward developing an
operational computer to assist the operator in preventing excessive control
rod worth patterns."

Resolution

The design of the Control Rod Worth Minimizer (CRWM) is complete as reported in
the GE Topical Report12 submitted to the AEC in March 1967.  Refer to Section 7 for
further details.

I.3.2.7 Control Rod Velocity Limiter

Statement (Page 31)

"c. Rod Velocity Limiter-Testing is in progress to evaluate the effectiveness of a
device which is designed to limit the free-fall velocity of a control rod.  The
device is to be an integral part of the control rod drive shaft."
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Resolution

The design and final test program of the Control Rod Velocity Limiter (CRVL) is
complete as reported in a GE Topical Report13 submitted to the AEC in March 1967.
Refer to Section 3 for further details.

I.3.2.8 Incore Nuclear Instrumentation

Statement (Page 31)

"d. Incore Neutron Monitoring System-These development efforts are directed to
evaluating the operational performance of incore neutron detectors.  The tests
are being conducted at existing reactor facilities."

Resolution

The design and adequate performance demonstration of the Incore Nuclear
Instrumentation System is complete and is reported in a set of GE Topical
Reports14,15 submitted to the AEC in August 1968 and November 1968, respectively.
Refer to Section 7 for further details.

I.3.2.9 Jet Pump Development

Statement (Page 31)

"e. Jet Pumps-Development programs are in progress to determine the overall
performance of the jet pump for the proposed design application including
system stability analyses.  Tests are being conducted on single and multiple
assemblies to evaluate hydraulic characteristics."

Resolution

The design and test program of the Jet Pump Assemblies is complete and is
reported in a GE Topical Report16 submitted to the AEC in September 1968.

I.3.2.10 Other Concerns

Statement (Page 31)

"f. Others-The applicant and its designer, GE, have indicated that other areas
exist in which further analytical and experimental efforts are to be made to
improve features of system design.  These include core analytical models, fuel
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failure modes, load control using variable speed recirculation pumps,
improvement in the ECCS instrumentation sensing system including
consideration for diversification, main steamline isolation valve testing under
simulated accident conditions, and performance testing of the emergency
diesel generating system to power the ECCS in the time required for adequate
core cooling."

Resolution

I.3.2.10.1  Core Analytical Models

During accident analysis discussions on Dresden, Millstone, Quad Cities, etc., the
AEC staff identified Core Analytical Models as an area requiring additional technical
information.  This requirement has been carried through to Browns Ferry and
others.  The requirement pertains to the models used in describing the thermal and
nuclear behavior of the core under accident conditions leading to the release of
fission products.

Several GE Topical Reports17,18,19,20,21 have been written to resolve this concern,
and covers the area of nuclear transients as well as core heatup under
loss-of-coolant accidents.22  Refer to Sections 6, 7, and 14 for further details.

I.3.2.10.2  Fuel Failure Modes

See paragraph I.3.2.3f.
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I.3.2.10.3  Load Control by Variable Speed Recirculation Pumps

The objective of this program is to accurately model the performance of the reactor
coolant recirculation system pumps and the reactor response for this system.  The
modeling program is complete, with appropriate parameters modified as particular
equipment is designed or purchased.  The adequacy of the model will be
demonstrated by comparison of the prediction with the results of the . . .

a. Jersey Central Power Company
Oyster Creek Nuclear
Power Plant, Unit 1
AEC Docket No. 50-219 Nonjet

pump design
b. Niagara-Mohawk Power Corporation

Nine Mile Point
Nuclear Station, Unit 1
AEC Docket No. 50-220

c. Commonwealth Edison Company
of Chicago
Dresden Nuclear
Power Station, Unit 2
AEC Docket No. 50-237 Jet pump

design
d. Millstone Point Company

Millstone Nuclear
Power Station, Unit 1
AEC Docket No. 50-245

. . . . . startup tests, which have been completed for Oyster Creek, Nine Mile and
Dresden-2, and will be completed on Millstone late in 1970.

I.3.2.10.4  Improvement in ECCS Instrumentation Sensing System

See paragraph I.3.2.3b.

I.3.2.10.5  Main Steamline Isolation Valve Testing Under Simulated Accident
Conditions

See paragraph I.2.9.
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I.3.2.10.6  Performance Testing of the Station Standby Diesel Generator System

See paragraph I.3.2.3e.

I.3.3 Unit 3 AEC-STAFF-Construction Permit Concerns

I.3.3.1 Performance Testing of the Standby Diesel Generator System

Statement (Pages 9 & 10)

"The applicant has stated in his summary description for Units 1 and 2 that the
diesel generator will be tested to demonstrate acceptable performance for starting
and operating the ECCS loads.  We conclude that this commitment is also
necessary for Unit 3 and that the program will include suitable testing to
demonstrate the capability of the system to satisfy the starting and load
requirements for the equipment."

Resolution

See paragraph I.3.2.3e.

I.3.3.2 Reactor Building Basement Corner Room Flooding

Statement (Page 11)

"The applicant will revise his present design of the reactor building so that possible
flooding of the basement area will not affect emergency core cooling capability.
Although the details of the design change have not been developed as yet, the
applicant has stated in Amendment No. 4 that it will either seal the compartments
enclosing the emergency core cooling equipment or design another means for
preventing the flooding of the ECCS equipment.  We conclude that this approach is
acceptable at this time.  We will review the details of the revised design at the
operating license stage."

Resolution

Standby coolant supply connections and RHR crossties have been provided in
Subsection 4.8.  These connections and crossties can provide long-term reactor
core and primary containment cooling capability irrespective of the RHR system
associated with the given unit.  With these provisions, possible flooding of the
basement area will not affect emergency core cooling capability.
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I.3.3.3 Automatic Pressure Relief System-Initiation Interlock

Statement (Page 14)

"In the course of our discussions with the applicant and subsequent discussions
during the ACRS meeting, the applicant indicated that it would install an interlock to
prevent actuation of the autorelief valves unless power is available to operate the
ECCS pumps.  The addition of this interlock provides a greater margin (hours) to
melt for the small breaks in the event of actuation of the autorelief valves if
operation of the core spray or LPCI systems is delayed.  We conclude that this
approach is acceptable."

Resolution

A system has been installed to sense pressure downstream from the core spray and
the LPCIS pumps and prevent autodepressurization unless the pressure is above a
value assuring the capability of low pressure core cooling.

Refer to Sections 6 and 7 for further details.

I.3.3.4 AEC General Design Criterion 35 Intent

Statement (Page 15 and 16)

"The capability of satisfying Criterion 35, which relates to the prevention of brittle
fracture in the pressure vessel and the other parts of the primary coolant pressure
boundary, has been discussed with the applicant.  The Browns Ferry pressure
vessels meet the requirements of Criterion 35 as presently phrased, however, the
remainder of the primary system does not meet a literal interpretation of the present
phrasing of the criterion.  The applicant has stated, however, that the Browns Ferry
Station units will meet the requirement of brittle fracture prevention in all parts of the
reactor coolant pressure boundary.  Details of the design and analytical techniques
by which the applicant will assure prevention of brittle fracture in the primary system
will be resolved between the applicant and staff."

Resolution

The agreed upon interpretation of the proposed Criterion 35 with the AEC-Staff23

and the design conformance objective for Unit 3 is stated below.

The piping and pressure containing parts of the reactor coolant pressure boundary
will conform to the NDT requirements of Criterion 35 as follows:
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a. Piping and pressure containing parts with a wall thickness of one inch and
greater will have a nil-ductility transition temperature, by test, 60 F below
anticipated minimum operating temperature when the system has a potential
for being pressurized to above 20 percent of the reactor design pressure.

b. Those pipes and pressure containing parts with a wall thickness less than one
inch need not have material property tests (i.e., Charphy V-notch) if:  (1)
fabricated from austenitic stainless steel, (2) the material has been normalized
(heat treated), (3) the material has been fabricated to "fine-grain practice."

Protection against the brittle fracture or other failure modes of the reactor coolant
pressure boundary system components is provided for all potential service loading
temperatures.  Control is exercised in the selection of materials and fabrication and
design of equipment and components to meet the above criteria.  Refer to Section 4.

Units 1 and 2 conform to the intent of Criterion 35 as discussed in Appendix A.

I.3.3.5 RPV-Stub Tube Design

Statement (Pages 16 and 17)

"In order to facilitate our review of this potential problem at the earliest time, the
applicant has informed us that it will provide us with the additional information on
the stub tubes and an evaluation of the potential stub tube problems for the Browns
Ferry vessels.  As indicated in the applicant's Summary of Application, he will
incorporate any necessary corrective action, resulting from the stub tube problem
evaluation in its vessels on a reasonable and practical basis prior to completion of
fabrication.  The applicant has indicated that the design and evaluation will be
submitted to the staff as soon as information is available.  This course of action with
respect to the reactor pressure vessel design is acceptable to us."

Resolution

A GE Topical Report24 was submitted to the AEC on the stub-tube design.  The
report describes the design, analysis, fabrication and test of the control rod drive
penetration typically used in current General Electric reactor vessels.  The
penetration described consists of an Inconel internal stub nozzle welded inside the
reactor vessel bottom head and an austenitic stainless steel control rod drive
housing penetrating the reactor vessel head and welded to the top on the Inconel
stub nozzle.  This penetration is typical of the Dresden II and III, Millstone,
Monticello, Browns Ferry, Vermont Yankee, Peach Bottom and Pilgrim nuclear
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power station plants now well along in construction and on other plants to follow in
the immediate future.  Although details of design and fabrication vary slightly in this
series of plants, principally to accommodate the fabricator's manufacturing
preferences and methods, these differences are not significant and the resulting
penetrations are equivalent.  Refer to Section 4 for further details.

I.3.3.6 Requirements for Further Technical Information

Statement (Pages 18 and 19)

"A number of areas have been identified during the previous review of Units 1 and 2
that require further technical information.  The areas were identified in our safety
analysis for Units 1 and 2 (Appendix A, Section VI) and also are applicable to Unit
3.  They include the following:

a. core cooling,

b. rod worth minimizer,

c. rod velocity limiter,

d. incore neutron monitoring system,

e. jet pumps,

f. core analytical models,

g. fuel failure modes,

h. load control using variable speed recirculation pumps,

i. main steamline isolation valve testing, and

j. diesel generating testing."

Resolution

See Sections I.2 and I.3 for resolution of all the above items.
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I.3.3.7 CSCS Thermal Effects on the Reactor Vessel and Internals

Statement (Page 19)

"The effect of thermal shock on the reactor vessel and its appurtenances induced
by injection of emergency core cooling water into the higher temperature reactor
system has not yet been fully analyzed.  General Electric will perform a detailed
stress analysis in connection with the Millstone Point provisional operating license
review.  At this stage of the Browns Ferry review, we are satisfied with the
applicant's awareness of the requirement for a detailed thermal shock analysis at
the operating license stage and of its intentions to provide one."

Resolution

A detailed reactor vessel thermal shock analysis was performed on a representative
GE-BWR reactor vessel.  The thermal shock analysis simulating CSCS-LOCA
operation was performed on a reactor vessel similar in design to the Browns Ferry
vessels and is reported in a GE Topical Report25 submitted to the AEC in July 1969.

The thermal shock analysis simulating CSCS-LOCA conditions was made on the
reactor internals, including the core spray sparger and the reactor vessel shroud
and is described in Sections 3 and 4.

I.3.3.8 Depressurization Performance of HPCIS

Statement (Page 20)

"As a result of the continuing interest in the area of depressurization model and
peak clad temperatures, the General Electric Company has formulated an
experimental test program to determine HPCI mixing efficiencies.  It is planned that
the proposed tests will be completed in 1968.  After the depressurization model is
evaluated by comparison with experiments, the analytical model can be refined to
establish the calculated peak clad temperatures.  We believe that the HPCI
depressurization principle is feasible and that the experimental program can be
expected to test its applicability.  The results from this program will be available for
review prior to the proposed operating data for Unit 3."

Resolution

The resolution of the above concern item is presented in the GE Topical Report1

submitted to the AEC in April 1968.
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The primary function of the high-pressure coolant injection system (HPCIS) is to
provide coolant makeup to the reactor vessel to keep the reactor core covered and
cooled for small system breaks.  The secondary function is to depressurize the
reactor so that the low-pressure coolant injection system or the reactor core spray
cooling system in the CSCS network can become effective for somewhat larger
breaks than can be handled entirely by HPCIS inventory makeup.  An analytical
model based upon solution to the mass and energy balances for the system
assuming thermodynamic equilibrium is used to predict the depressurization
characteristics due to HPCIS operation.  Because equilibrium does not actually
exist, a calculated "mixing efficiency" is used to represent how nearly the injected
subcooled water is raised to the temperature of the reactor vessel fluids.

Engineering tests were conducted in which subcooled water was injected into a
constant-volume, high-pressure steam-water system designed to simulate reactor
conditions and geometry.

Depressurization rate, inlet and fluid temperature were measured.  An overall
mixing efficiency was evaluated.  A sufficient range of variables were included in the
tests such as to determine a mixing efficiency for each reactor primary system.
Refer to Section 6 for further details.

The results and successful completion of this test program were submitted to the
AEC in a GE Topical Report in June 1969.

I.3.3.9 Electrical Equipment Inside Containment Test Program

Statement (Page 21)

"Electrical Equipment Inside Containment-Electrical equipment that must operate
inside primary containment in an accident environment is limited to cables and
operators for isolation valves.  Where practical, the valves are designed to fail "as
is" or closed (safe failure).  A circuit failure after the valve has closed will be a safe
failure.  In addition to designing the equipment to withstand the accident
environment long enough to operate the valves, the applicant has agreed to test the
performance of this equipment.  In Amendment No. 2, the applicant outlines the
components and subsequent tests of the materials to be installed in the primary
containment.  The tests will demonstrate that the material and equipment will
survive the accident conditions of simultaneous pressure, temperature, and
humidity for a period of time essential for their operation.  Successful demonstration
by these tests will satisfy our requirements."



BFN-16

I.0-33

Resolution

Type tests of typical valves have been performed and are reported in Millstone
FSAR Amendment 18, Question A-9, Docket No. 50-245.  The quality control plan
will ensure that components identical to those which successfully passed the tests
will be installed at Browns Ferry.

I.3.3.10 Primary System Leak Detection

Statement (Pages 21 and 22)

Detection of leaks in the primary system will be accomplished by monitoring the
sump level in the containment vessel and by monitoring the containment
temperature and pressure.  Leaks as low as 1 gpm can be detected by these
methods.  Selected areas in the reactor building in the vicinity of the RCIC and RHR
equipment will also be monitored.

We will continue to review leak detection techniques to ascertain that the proposed
methods are sufficiently sensitive.  We conclude that there is reasonable assurance
that this matter will be satisfactorily resolved prior to the date proposed for initial
operation of the Browns Ferry Station.

Resolution

The primary containment leakage detection system as described in Section 4.10 is
both sensitive and reliable for its intended safety conditions.  This system is based
on the sump-pump technique approach to leakage detection phenomena.  Other
supplemental techniques as described in the FSAR are useful alternates and are
considered as supplemental offline specialty approaches versus the operational
primary online process approach, the automatic sump-pump system.

The proposed technical specifications justify the leakage rate sensitivity and
operational readiness requirements of the system.

The results of studies committed by others (Jersey Central Power and Light
Company, refer to ACRS Letter-Oyster Creek Nuclear Plant, Unit 1-12/12/68-AEC
Docket No. 50-218) will be examined for appropriate disposition in regards to this
facility when such data are made available.
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I.3.4 Summary

The above cited concerns all that have been resolved or shortly will be resolved
prior to initial operation of the facility.

I.4 AREAS SPECIFIED IN OTHER RELATED AEC-ACRS CONSTRUCTION
PERMIT AND OPERATING LICENSE REPORTS

I.4.1 General

Development, testing, and analysis programs are continuing in several other areas
of related interest.1  Other study programs which are related directly not only to the
high power density reactor core design such as Browns Ferry, and indirectly to
other low power density reactor core boiling water reactors now near completion,
but also to reactor designs which have been reviewed since the Browns Ferry
Construction Permit issuance are being pursued and results will be issued soon.
The information developed in these programs will be addressed to several of the
technical concerns which have been voiced by the AEC-Advisory Committee on
Reactor Safeguards (ACRS) recently with respect to the General Electric BWR
product lines.

The ACRS issues on the following facilities are identified and the Browns Ferry
design capabilities relative to them are discussed in this section.

a. BECO-Pilgrim, Unit 1, ACRS Letter, 4/12/68, AEC Docket No. 50-293.

b. VYNPC-Vermont Yankee, Unit 1, ACRS Letter, 6/15/67, AEC Docket No.
50-271.

c. PECO-Peach Bottom, Units 2 and 3, ACRS Letter, 10/12/67, AEC Docket Nos.
50-277 and 50-278.

d. CPPD-Cooper, Unit 1, ACRS Letter, 3/12/68, AEC Docket No. 50-298.

e. GPC-Hatch, Unit 1, ACRS Letter, 5/15/69, AEC Docket No. 50321.

f. CP&L-Brunswick, Units 2 and 3, ACRS Letter, 5/15/69, AEC Docket Nos.
50-324 and 50-325.

g. JCPLC-Oyster Creek, Unit 1, ACRS Letter, 12/12/68, AEC Docket No. 50-218.
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h. NMPC-Nine Mile Point, Unit 1, ACRS Letter, 4/17/69, AEC Docket No. 50-219.

i. CECO-Dresden, Unit 2, ACRS Letter, 9/10/69, AEC Docket No. 50-237.

Additional, water-cooled, reactor design ACRS concern items were documented in
the PG&E-Diablo Canyon, Unit 1 (AEC Docket No. 50-275), ACRS letter of
12/20/67.  These items are also identified, and the Browns Ferry design capability is
discussed.

Thus, although these items have not been addressed as requirements to this plant,
a detailed comprehensive review of each item and the Browns Ferry design
conformance to it is analyzed in the following subsections.

I.4.2 Ring Header Leakage Design

Concern

"The present design of the units includes a ring header to supply water from the
torus to the emergency core cooling systems.  The applicant discussed a possible
modification intended to simplify the piping and reduce susceptibility to single point
failure.  The Committee believes that this matter should be resolved between the
applicant and the Regulatory Staff."  (Peach Bottom-ACRS Letter, October 12,
1967, AEC Docket Nos. 50-278 and 50-279)

Resolution

The design of this facility does include a ring header to supply water from the
primary containment system-torus to the CSCS.  However, this facility is provided
with an RHRS-Service Water Intertie System capability to assure an unlimited
(alternate) supply of cooling water to the CSCS.  The service water pumps are
energized by the Standby Diesel Generator System, if required and they are
capable of delivering their cooling water directly to the reactor vessel, if desired.
Refer to Sections 4, 5, 6, and 8 for further details.

I.4.3 CSCS Thermal Effects on the Reactor Vessel and Internals

Concern

"The Regulatory Staff should review analyses of possible effects upon pressure
vessel integrity, arising from thermal shock induced by ECCS operation."  (Diablo
Canyon, ACRS Letter, 12/20/67, AEC Docket No. 50-275)
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Resolution

See paragraph I.3.3.7.

I.4.4 Effects of Blowdown Forces on Reactor Primary System Components

Concern

"The effects of blowdown forces on core and other primary system components
should be analyzed more fully as detailed design proceeds."  (Diablo Canyon ACRS
Letter, 12/20/67, AEC Docket No. 50-275)

Resolution

The reactor core structural components are designed to accommodate the loadings
applied during normal operation and maneuvering transients.  Deflections are
limited so that the normal functioning of the components under these conditions are
not impaired.  Where deflection is not the limiting factor, the ASME Boiler and
Pressure Vessel Code, Section III, was used as a guide to determine limiting stress
intensities and cyclic loadings for the core internal structure.

The loading conditions that occur during excursions or design basis loss-of-coolant
accidents were examined.  The reactor core shroud, shroud support, and jet pump
body, which comprise the inner vessel around the core within the reactor vessel,
are designed to maintain a reflooding capability following a design basis
loss-of-coolant accident.  Reflooding the reactor core to the top of the jet pump
inlets provides adequate cooling of the fuel.

The design of the jet pump parts takes into account the pressure loading both in
normal and accident conditions and the reactions at the supporting brackets due to
differential thermal expansion of the pump and reactor vessel.

The reactor internals were designed to preclude failure that would result in any part
being discharged through the main steamline, in the event of a steamline break,
which might block a main steamline isolation valve.

The structural components that guide the control rods were analyzed to determine
the loadings that would occur in a design basis loss-of-coolant accident.  The
reactor core structural components are designed so that deformations produced by
accident loadings do not prevent insertion of control rods.

Further details on this analysis are described in Sections 3, 4, and Appendix C.
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I.4.5 Separation of Control and Protection System Functions

Concern

"The applicant has proposed using signals from protection instruments for control
purposes.  The Committee believes that control and protection instrumentation
should be separated to the fullest extent practicable.  The Committee believes that
the present design is unsatisfactory in this respect but that a satisfactory protection
system can be designed during the construction of this reactor.  The Committee
wishes to review an improved design prior to installation of the protection System."
(Diablo Canyon, ACRS Report, 12/20/67, AEC Docket No. 50-275)

Resolution

The reactor protection system, independent from the station process control and
indication systems, overrides all other controls to initiate any required safety action.
The reactor protection system automatically and independently initiates appropriate
action whenever the station conditions approach preestablished operational limits.

All redundant instrumentation provided for safe reactor shutdown are powered from
separate sources.  The connections to this redundant instrumentation and controls
are routed in separate wireways (conduit, trays, etc.) via independent paths to
reduce the possibility of loss of both cables in the event of an accident condition or
fire.

Refer to Sections 6, 7, and Appendix A for further details.

I.4.6 Instrumentation for Prompt Detection of Gross Fuel Failure

Concern

"Considerations should also be given to the development and utilization of
instrumentation for prompt detection of gross failure of a fuel element."  (Diablo
Canyon, AEC Letter, 12/20/67, AEC Docket No. 50-275)

Resolution

Refer to Responses 7.5 and 9.4.2 of Supplement No. 3 and to Response 7.5 of
Supplement No. 4 of the Brunswick Steam Electric Plant, Units 1 and 2 (AEC
Docket Nos. 50-324 and 50-235).  It is shown that the GE-BWR failed fuel element
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detection capability for gross failure is conservatively responsive and well within the
design requirements of the concern.

The Brunswick submittal (referenced) discusses the design criteria for the
instrumentation for prompt detection of gross failure of a fuel element that is also
applicable for this facility as well as all other GE-BWR projects.

In essence, the GE-BWR detection system instantaneously detects and takes the
necessary corrective action for not only gross, immediate but also local minor,
long-term fuel failures.

Refer to Section 7 for further details.

I.4.7 Design of Piping Systems to Withstand Earthquake Forces

Concern

"The Committee recommends that the applicant give special attention to the design
of the critical elements of the plant piping, including the drywell torus connections,
to ensure that these elements are not overstressed under maximum earthquake
forces."  (Vermont Yankee-ACRS Letter, June 15, 1967, AEC Docket No. 50-271)

Resolution

Critical elements of the station piping, including the connections of that piping to the
drywell and torus of the primary containment, are designed to withstand, without
exceeding the requirements of the ASME Code Section III, 1968 edition, the
maximum forces resulting from the Design Basis Earthquake which is approximately
two times the Operating Basis Earthquake.  This was accomplished by the
performance of an appropriate static or dynamic analysis of the important piping in
systems critical to reactor safety or to safe shutdown of the station.  The stresses
resulting from these earthquake forces have been calculated and are within the
limits for the piping materials and other associated components involved, according
to appropriate ASA and ASME Codes.  Refer to Subsection 12.2 and Appendix C
for further information.  A detailed analysis of a typical GE-BWR, Primary
Containment Construction was given in Dresden 2/3, Amendments 13/14, (AEC
Docket No. 50-237 and 50-245).
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I.4.8 LPCIS-Logic Control System Design

Concern

"The applicant proposes to use sensing devices in the recirculation loops of the
reactor to detect the location of a pipe break.  Signals from these devices would be
used automatically to select various valve actions that are essential to the proper
operation of the emergency core cooling systems.  In view of the importance of the
proper valve actions in the unlikely event of a major pipe break, the Committee
recommends that the sensing instrumentation and valve control system be designed
to full reactor protection system standards, and that consideration be given to
providing more than one type of sensing device in the system."  (Vermont
Yankee-ACRS Letter, June 15, 1967, AEC Docket No. 50-271)

Resolution

The engineered safeguards with respect to core standby cooling systems (CSCS)
includes a low pressure coolant injection system (LPCIS) which is capable of
reflooding the reactor core following a design basis loss-of-coolant accident
(LOCA).  The system is equipped with sensing and initiating equipment that is
capable of reliably detecting which of the two reactor coolant recirculation system
loop lines is not associated with the reactor primary system rupture so that the
coolant injection can occur in the proper loop line.  The current technique for
sensing this information by means of pressure differential sensing devices and a
logic control system has been found to have sufficient reliability and sensitivity to be
an acceptable system.  Refer to such a system description in Section 6.

I.4.9 Reevaluation of Main Steamline Break Accident

Concern

"Fuel clad temperatures following a steamline break should be further evaluated
during detailed design, with due attention to using conservative assumptions and
methods in calculating these temperatures.  Steamline isolation valve closure time
as short as 3 seconds may be required to maintain acceptably low fuel clad
temperatures in this accident.  This applicant has stated that isolation valves with
closure times adjustable from 3 to 10 seconds will be obtained for the plant."
(Vermont Yankee, ACRS Letter, June 15, 1967, AEC Docket No. 59-271)
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Resolution

The resolution plan for the above concern item is presented in a GE Topical Report1

submitted to the AEC in April 1968.  Section 14 justifies a 10-second closure time
both thermal-hydraulic-wise and radiologically.

A more extensive study of this phenomena was undertaken.  The program has been
completed and a GE Topical Report27 was submitted to the AEC in October 1969.

I.4.10 Depressurization Performance of HPCIS

Concern

"The film condensation coefficient used to predict the depressurization performance
of the High Pressure Coolant Injection (HPCI) system is based on extrapolation of
available heat transfer data.  Additional experiments or other supporting studies are
needed to confirm the effectiveness of the HPCI system, and the results should be
reviewed by the Regulatory Staff."  (Peach Bottom, ACRS Letter, October 12, 1967,
AEC Docket Nos. 50-278 and 50-279)

Resolution

See paragraph I.3.3.8.

I.4.11 AEC General Design Criterion No. 35-Design Intent and Conformance

Concern

"The applicant and the Staff should resolve the manner in which the intent of
General Design Criterion Number 35 (10 CFR 50.34 proposed) will be met for the
Pilgrim plant."  (Pilgrim, ACRS Letter, 4/12/68, AEC Docket No. 50-293)
"Discussion of General Design Criterion Number 35 (10 CFR 50.34 proposed) has
occurred in connection with this review.  The manner in which the "intent of this
criterion" will be met for the Copper Nuclear Station should be resolved between the
applicant and the AEC Regulatory Staff."  (Cooper, ACRS Letter, March 12, 1968,
AEC Docket No. 50-298)

Resolution

See paragraph I.3.3.4.
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I.4.12 Automatic Pressure Relief System-Initiation Interlock

Concern

"The applicant stated that he would give further consideration to a suitable interlock
to ensure that low-pressure cooling capability would be available before the
auto-relief depressurization could be initiated." (Pilgrim, ACRS Letter, April 12,
1968, AEC Docket No. 50-293)

Resolution

See paragraph I.3.3.3.

I.4.13 Scram Reliability Study

Concern

"The Committee believes that, for transients having a high probability of occurrence,
and for which action of a protective system or other engineered safety feature is
vital to the public health and safety, an exceedingly high probability of successful
action is needed.  Common failure modes must be considered in ascertaining an
acceptable level of protection.  In the event of a turbine trip, reliance is placed on
prompt control-rod scram to prevent large rises in primary system pressure.  The
applicant and his contractors have devoted considerable effort to providing a
reliable protective system.  However, systematic failures due to improper design,
operation, or maintenance could obviate the scram reliability.  The Committee
recommends that a study be made of further means of preventing common failure
modes from negating scram action, and of design features to make tolerable the
consequences of failure to scram during anticipated transients."  (Brunswick, ACRS
Letter, 5/15/69, AEC Docket Nos. 50-324 and 50-325)

Resolution

Studies are being performed by General Electric Company (a) to evaluate common
mode failures that could negate scram action, and (b) of design features to make
tolerable the consequences of failure to scram during anticipated transients.
Complete failure of the scram system (redundant reactor protection system and the
185 individual control rods) is considered an impossibility nevertheless, the studies
will be performed.  Upon completion of the studies, the applicant plans to consider
the results, assess their appropriateness for Browns Ferry, and examine the
provisions necessary to their implementation, if required, into the Browns Ferry
facility.
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A description of the intended study program is described in Brunswick Steam
Electric Plant, Units 1 and 2,-Supplement 6, C/R 8.0, (AEC Docket Nos. 50-324 and
50-325).  Refer to Sections 3 and 7 for further details on the scram system.

The above mentioned studies have been completed and it is anticipated that the
results will be submitted on the Hatch or Vermont Yankee dockets in 1970.

I.4.14 Design Basis of Engineered Safety Features

Concern

"For purposes of design of the engineered safety features, the applicant has
proposed using a fission-product source term smaller than that suggested in
TID-14844, and a treatment of this source within the containment different from that
recommended in the same document.  The Committee believes that the
assumptions of TID-14844 should be used as a design basis for the engineered
safety features of the Brunswick plant, unless and until the use of a different set of
assumptions has been justified to the satisfaction of the Regulatory Staff and the
ACRS." (Brunswick, ACRS Letter, 5/15/69, AEC Docket Nos. 50-324 and 50-325)

Resolution

General Design Basis Philosophy

The engineered safety features for this facility are designed to perform preventive
and mitigative functions when called upon during the course of any credible design
basis accident.  These functions are related to two general objectives:  (1) protect
the fuel barrier (i.e., maintenance of fuel cladding integrity, prevention of clad melt,
minimization of extent of fuel rod perforation, etc.), and (2) minimize potential offsite
doses (i.e., mitigate the cause and consequences of accidents, containment, filter,
control elevated release, etc.).  The design philosophy is that these functions must
be maintained under all credible design basis accident conditions.

The radiological consequences-accident analysis employed in meeting the above
two objectives was based upon the following criteria:

a. liberal definitions and conservative assumptions for the initial accident event,

b. appropriate conservative proven engineering calculational methods, and

c. conservative actual or predicted system/equipment performance.
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The design philosophy is to have and assure that substantial margins exist in the
overall system, component, or equipment design.  This is achieved from a thorough
consideration of all factors, such as the fission product source terms, plateout,
partition, etc., that may be reasonably expected to occur.  Margin is applied to each
assumption and calculational method consistent with the confidence level one has
in the data and its uncertainties to achieve an overall margin.

Specific Design Basis Criteria

In the spirit of the above general design basis philosophy, the radiological
consequences-accident analysis methods and models employed in the design of
this facility are those cited in the GE Topical Report28 submitted to the AEC in
March 1969.  This document reflected the approved design described in the
construction permit D and AR documentation and the "as built" station conformance
to 10 CFR 100 limits which are described in the FSAR.

TID-14844 Capability

The TID-14844 sources are not considered possible, but in order to demonstrate
the additional margin in the design, the engineered safety features were analyzed
using the TID-14844 source terms.  An assessment of the capability of the CSCS
equipment to perform their intended functions is given in Section 14 along with the
offsite radiological effects of such postulated source assumptions.

Summary

All the necessary safety-related core cooling, containment, and/or design basis
accident mitigating systems or components are capable of operating and performing
their intended function while subject to the conservative design basis radiation
sources or the postulated ultraconservative TID-14844 (AEC) sources without
exceeding 10 CFR 100 guideline limits at the site boundaries.

I.4.15 Hydrogen Generation Study

Concern

"Studies are continuing on the possible effects of radiolysis of water in the unlikely
event of a loss-of-coolant accident.  The Committee believes the applicant should
evaluate all problems which may arise from hydrogen generation, including various
levels of Zircaloy-water reactions which could occur if the effectiveness of the
emergency core cooling system were significantly less than that predicted.  The
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matter should be resolved between the applicant and the AEC Regulatory Staff."
(Brunswick, ACRS Letter, 5/15/69, AEC Docket Nos. 50-324 and 50-325)

Resolution

GE studies are continuing on the possible effects of radiolysis of water in the
unlikely event of a loss-of-coolant accident.  The studies will evaluate all problems
that may arise from credible hydrogen generation.  The study is also intended to
show possible methods of handling postulated quantities of hydrogen generated by
radiolysis.  Details on the studies have been documented and submitted on
Supplement 4, Brunswick Steam Electric Plant, Units 1 and 2.  (AEC Docket Nos.
50-324 and 50-325)

Two General Electric topic reports were submitted to the AEC, in which it is clearly
established that very little hydrogen is evolved as the result of the design basis
LOCA event with the design minimum CSCS equipment being available for
operation under all required failure modes.  Even with further CSCS degradations,
the modeled design clad temperatures (of approximately 2000 F) would not
increase to levels (2800 F) where clad shattering or 1 percent metal water reactions
could take place.  The containment-metal/water reaction capability is 50 to 100
times greater than the maximum hydrogen level predicted based on CSCS
performance.

I.4.16 Primary Containment Inerting

Concern

"The Committee believes that, with the present state of knowledge of the ECCS and
the course of a postulated loss-of-coolant accident, the containment should be
inerted during operation of the reactor.  However, it is recognized that inerting
increases problems of inspecting for and repairing leaks in the primary system.  It is
recommended that the requirement for inerting be periodically reviewed as
operating experience and further knowledge from development work currently
underway are obtained, and as other means of eliminating the hazards from
accident generated hydrogen are found."  (Dresden 2, ACRS Letter, 9/10/69, AEC
Docket No. 50-237)

Resolution

Although a primary containment atmospheric control system incorporation capability
was originally described in the D and AR at the construction permit stage,
subsequent design information indicated that such a system was neither necessary
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nor desirable.  Before final development of the Core Standby Cooling Systems
(CSCS), accidents were postulated which could result in a significant water-metal
chemical reaction.  Drywell inerting was originally proposed to prevent possible
combustion of the hydrogen formed by the water-metal reaction.  The CSCS
provides completely redundant and independent methods of core cooling over the
entire spectrum of reactor coolant piping breaks up to the complete severance of
the largest recirculation pipe.  Therefore, because any credible rupture of the
reactor coolant boundary does not result in any core melting, only a negligible
volume of hydrogen could be formed as a result of any water-metal reaction.

Two GE Topical Reports29,30 on file with the AEC contain additional supporting
information on the deletion of the primary containment inerting system.

A review of another station (Dresden 2) is reported in an ACRS report to the
chairman of the AEC in which it appears that the Dresden Unit 2 will be required to
install inerting equipment.  Neither TVA nor General Electric considers primary
containment inerting to be desirable or necessary for the following reasons:

a. The several accident prevention and limiting systems (CSCS) being provided
are more than adequate to protect the health and safety of the public.

b. An inert atmosphere will discourage the operating crew from entering the
containment at the first opportunity in order to positively identify leaks or other
abnormal phenomena detected by remote means and would inhibit the
motivation to perform routine inspections within the containment.

c. The inerting gas is a real and present danger to anyone entering the
containment even after purging is thought to have been accomplished.

However, to avoid a potential delay if inerting is required prior to plant startup, a
Containment Inerting System will be installed and available for use at that time.  It is
not intended to operate the containments with inerted atmosphere, though, unless
review of operating experience and further knowledge from development work
currently underway indicate that inerting is required.

Refer to Sections 5 and 6 for further details of the Containment System and the
Core Standby Cooling Systems.
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I.4.17 Seismic Design and Analysis Models

Concern

"The applicant is reviewing the seismic design of Class I structural and mechanical
components of the plant and will complete his analysis before the reactor goes into
operation.  In the event that changes to the plant should be found necessary, such
changes will be made on a time scale to be agreed upon between the applicant and
the Regulatory Staff."  (Dresden 2, ACRS Letter, 9/10/69, AEC Docket 50-237)

Resolution

The method used to do the seismic (earthquake) analysis on the reactor coolant
recirculation system piping of the Dresden 2/3 Plants was the same as used on
other GE-BWR reactor coolant recirculation piping on other plants.  The
components of the Dresden 2/3 recirculation lines are very similar to the Browns
Ferry Nuclear Plant.  The size of the pump suction, risers, head and pump
discharge are smaller; however, the length and shape of the components are nearly
identical.

A reevaluation of the results (Method II) of the Dresden 2/3 recirculation lines was
made by expanding the analysis to include the following alteration to the GE
standard method referenced and described in the Monticello FSAR (Method I),
docket 50-263.

In the expanded analysis, the inertia forces for each mode were used to determine
each mode's contribution to the total internal forces, moments and stresses in the
pipe.  The total combined results were obtained by taking the square root of the
sum of the squares of each parameter, i.e., forces, moments, and stresses.  This
new analysis is identified and called Method II.

A summary of the three, highest stresses for Method I in each of the four
components in the Dresden 2/3 recirculation lines and the corresponding stresses
as calculated by Method II were submitted to the AEC31 for purposes of comparison
in order to eliminate the subject concern above.

The comparison of the stresses of corresponding points as calculated by Method I
were substantially in agreement with the stresses calculated by Method II.

From the above comparison, it may be concluded for the reactor coolant
recirculation system loop lines on Dresden 2/3 that either Method I or II gives
results reasonably close to one another.  Since the Monticello recirculation lines are
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similar in shape and size to the Dresden 2/3 recirculation lines, it can be concluded
that applying Method II analysis to Monticello would result in stress differences
similar to those obtained on Dresden 2/3 Plants.  Therefore, continued use of the
seismic results and techniques as given in the "Report on Dynamic Earthquake
Analysis of the Recirculation Lines-Appendix A" of the Monticello FSAR, Volume IV
gives a conservative design of the recirculation piping lines and their supports and
is in basic agreement with other methods suggested by others in reviewing the
station seismic design.

The Dresden 2/3 reconfirmation of seismic design justification and conservation was
submitted to the AEC-STAFF in October 1969.  The same seismic techniques used
on the above GE-BWRs have been used on this facility.  Thus, the above resolution
is applicable to the Browns Ferry Nuclear Plant.

TVA is making seismic analyses of critical piping systems using Method II described
above.  Refer to Appendix C for details of this analysis.

I.4.18 Automatic Pressure Relief System-Single Component Failure Capability-
Manual Operation

Concern

"The automatic pressure relief subsystem should be modified so that at least the
manual actuation of the subsystem would not be prevented by any single failure in
the subsystem."  (Dresden 2, ACRS Letter, 9/10/69, AEC Docket No. 50-23)

Resolution

In order to provide an additional level of single component failure capability, the
automatic pressure relief subsystem of the CSCS is designed to provide the
subsystem with the ability to sustain a DC power failure in any of its DC battery
feeds.  The subsystem is designed and installed such that any of the redundant,
independent 250-V DC battery system networks is available, automatically, for the
required subsystem action.  This modification will provide the subsystem (when
manually operated) with the single component failure criteria application capability.

Sections 6 and 8 contain design description of the details of this additional
functional capability.
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I.4.19 Matters of Current Regulatory Staff-Applicant Discussion

Concern

"Several matters are still under discussion between the applicant and the
Regulatory Staff.  These include review of the need for separation of redundant
components of the standby gas treatment system, and final revisions to the
technical specifications.  The ACRS believes these matters can be resolved by the
applicant and the Regulatory Staff."  (Dresden 2, ACRS Letter, 9/10/69, AEC
Docket 50-237)

Resolution

Standby Gas Treatment System

The standby gas treatment system design provides both electrical and physical
isolation capability to each of the two treatment trains.  This design provides a high
degree of independence, isolation, and redundancy between the two full capacity
treatment trains.  This design provides for the need for separation of redundant
components of the SGTS.  The power supplies for the Standby Gas Treatment
System meet single-failure criteria.  Fan motors and heaters on each train are
powered from separate 480-V Diesel Auxiliary Boards.  Dampers fail to the safe
position.  Refer to Sections 5, 7, and 8 for further details.

Technical Specifications

The technical specifications proposed in Appendix B reflect current AEC operational
requirements for similar facilities (Monticello, Dresden, and Pilgrim facilities).  The
technical specifications to be incorporated into the facility licenses will be resolved
with the regulatory staff.

I.4.20 Flow Reference Scram

Concern

"In the area of reactor instrumentation, the Committee believes that the flux scram
point should be automatically reduced to an appropriate level as the reactor
recirculation flow is reduced below the normal full-power flow."  (Brunswick, ACRS
Letter, 5/15/69, AEC Docket Nos. 50-324 and 50-325)
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Resolution

Although it is felt that a flow reference scram is not required for safety purposes, the
flow reference scram system is being designed and installed such that the flux
scram point will be automatically reduced to an appropriate level as the reactor
coolant recirculation flow is reduced below the normal full-power flow.

The flow reference scram system will sum the flow sensed in each of the reactor
coolant recirculation loops and provide a flow reference signal to vary the neutron
flux scram setpoint.  Flow will be sensed from one flow measurement venturi in each
of the two reactor coolant recirculation loops.

The station transient analyses (Section 14) demonstrate that, for all transient
considered, the core is adequately protected with a fixed APRM scram trip setting at
120 percent of rated neutron flux and the high-pressure scram setting of 1070 psig.
Therefore, it is intended to ultimately replace the automatic flow referenced scram
with a fixed 120 percent scram setting, providing that initial power operation
confirms the nuclear behavior characteristics used in these transient analyses.

Refer to Section 7 for further details.

I.4.21 Future Items of Considerations for Incorporation

Concern

"Continuing research is expected to enhance safety of water-cooled reactors in
other areas than those mentioned, for example, by the determination of the extent of
radiolytic decomposition of cooling water in the unlikely event of a loss-of-coolant
accident, development of instrumentation for in-service monitoring of the pressure
vessel and other parts of the primary system for vibration and detection of loose
parts in the system, and evaluation of the consequences of water contamination by
structural materials and coatings in a loss-of-coolant accident.  As solutions to the
problems develop and are evaluated by the Regulatory Staff, appropriate action
should be taken by the applicant on a reasonable time scale."  (Dresden 2, ACRS
Letter, 9/10/69, AEC Docket No. 50-237)

Resolution

Radiolytic Decomposition of Cooling Water

Refer to Appendix I, Subsection I.4.15.
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Development of Instrumentation-Vibration and Loose Parts Detection Studies

Refer to Appendix I, Subsection I.4.24.

Consequences of Water Containment-Structural Materials-LOCA

Coatings and materials of insulation in the primary containments have been
selected to minimize the possibility of contaminating cooling water circulated during
the design basis loss-of-coolant accident.  In addition, the sizing of the strainers in
the torus and the pipes connecting the torus and suction header was conservatively
based on the assumption that at least one of the four strainers was completely
plugged during the postulated accident.

I.4.22 Diesel Generator Synchronization Considerations

Concern

"The Committee recommends that the applicant give further consideration to the
design of the emergency onsite power system to avoid the need for synchronization
of the diesel-driven generators."  (Cooper, ACRS Letter, 3/12/68, AEC Docket No.
50-298)

Resolution

The plant standby diesel generator system, although composed of four diesel
generator units, is designed so that each unit is completely separated both
physically and electrically from the other unit.  Each unit feeds sufficient and diverse
CSCS loads (components) that the necessary core cooling function is completely
satisfied by each unit without any synchronization or transfer of loads between
units.

The design is such as to conform with the total CSCS requirement of not negating
the required CSCS action even when subjected to the single component failure
analysis.

Therefore, for normal operation and safety (CSCS) action the synchronization of
diesel generators is not required.

Refer to Sections 6, 7, and 8 for further design details.
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I.4.23 Development of Instrumentation-Primary Containment Leakage Detection
System-Increased Sensitivity Studies

Concerns

"It is recommended that supplemental and potentially more sensitive methods of
primary system leak detection be studied, evaluated, and implemented if they
provide significant improvements in measurement of leak rate, in the time needed to
measure leak rate, or in distinguishing the nature of the leak.  The study and
evaluation should be completed within a year."  (Oyster Creek, ACRS Letter,
12/12/68, AEC Docket No. 50-218)

Resolution

See paragraph I.3.3.10.

I.4.24 Development of Instrumentation-Vibration and Loose Parts Detection
Studies

Concern

"The applicant has stated that he plans to study possible means of instrumenting
and monitoring for vibration or for the presence of loose parts in the reactor
pressure vessel as well as in other portions of the primary system and, by the time
of the first refueling outage, to implement such means as are found practical and
appropriate."  (Nine Mile Point, ACRS Letter, 4/17/69, AEC Docket No. 50-219)

Resolution

It is not planned to provide instrumentation for monitoring for vibration or for the
presence of loose parts in the reactor primary system.  The results of studies
committed by others (Niagara-Mohawk Power Corporation-Refer to ACRS Letter-
Nine Mile Point Nuclear Station, Unit 1, 4/17/69, AEC Docket No. 50-219) will be
examined for appropriate disposition in regards to this facility when such data are
made available.  Refer to Sections 3, 4, and Appendix C for further details.

I.4.25 CSCS Leakage Detection, Protection, and Isolation Capability

Concern

Engineered safety systems that are required to recirculate water after a
loss-of-coolant accident should be designed so that a gross system leak will not
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result in critical loss of recirculation or in loss of isolation capability.  The Committee
believes that exception to this general rule may be made in respect to a very short
pipe from the torus to the first valve, if extremely conservative design of the pipe
(and its connection to the torus) is used and suitably remote operability of the valve
is provided.  The design of these systems also should provide adequate leak
detection and surveillance capability.  (Brunswick, ACRS Letter, 5/15/69, AEC
Docket Nos. 50-324 and 50-325)

Resolution

The design of the Browns Ferry Nuclear Plant conforms to the intent of the recently
proposed AEC 70 General Design Criteria (refer to FSAR, Appendix A).  As shown
in Appendix A (Group Discussion-Criterion 37 through 65), the plant design meets
the intent of all AEC Design Criteria with regards to CSCS and the station
containment systems.  Examination of each of the AEC Design Criterion
requirements individually establish that

a. No AEC Design Criterion requires a Class I passive component  failure(s)
protection.  That is, failure of pipes, valve bodies, pump casings, etc., is not
required.

b. It does require the design

(1) to provide safety function assuming a failure of a single active
component (Criterion 41),

(2) to provide safety systems that shall not share active components and
shall not share other features or components unless it can be
demonstrated that (a) the capability of the shared feature or component
to perform its required function can be readily ascertained during
reactor operation, (b) failure of the shared feature or component does
not initiate a LOCA, and (c) capability of the shared feature or
component to perform its required function is not impaired by the effects
of a LOCA and is not lost during the entire period this function is
required following the accident (Criterion 44),

(3) to perform its required function and not be impaired by the effects of a
LOCA (Criterion 42), and finally

(4) to provide heat removal systems which prevent the containment from
exceeding its design pressure (Criterion 52).
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The Browns Ferry design meets all the above (b.1 through b.4), but only under the
single active component failure criteria.  Attention to failures of Class I passive
components is not necessary by requirement.  Although provisions for mitigating the
consequences on non-Class I structure, system, component, etc., equipment from
having any adverse effect on the Class I equipment required for safety function.

With this in mind, the ACRS concern is interpreted to require the following:

"Provide the capability to mitigate the consequences (in terms of radiological dose
and core cooling continuity effects) of normal or credible accident induced
equipment leakage."

In response to this concern, the Browns Ferry design includes a nuclear system
leakage detection, isolation, processing, and makeup system.  This system
(comprising many normal station operational subsystems) provides for leakage
control capability.  This capability includes:

a. identifying the reactor building (or reactor primary system) leakage sources,

b. efficiently isolating and controlling the sources,

c. effectively removing the residual leakage water (before and after isolation),
and

d. conveniently replacing the leakage liquid and/or restoring the source system
function.

The above is done under normal operation or postaccident conditions in a manner
in which normal (10 CFR 20) or accident (10 CFR 100) offsite reference values are
not exceeded and in a manner in which the core and the containment cooling
continuity is not impaired or negated.

Refer to Sections 4, 9, and 10 for additional details on this system.  The normal or
credible accident induced leakage cited above is the leakage from active
components in the CSCS.  These sources represent a maximum value of from 10 to
50 gpm in leakage rates.

The thorough examination of the AEC 70 General Design Criteria referenced and
cited above appears in Brunswick Steam Electric Plan, Units 1 and 2-Supplement 4,
C/R 6.4 (AEC Docket Nos. 50-324 and 50-325).  The analysis of the events applied
to the Browns Ferry facility provide similar results.
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I.4.26 Main Steamlines-Standards for Fabrication, QC, and Inspection

Concern

The Committee has reviewed the applicant's proposal concerning standards of
design, fabrication, and inspection of the steamlines downstream of the second
isolation valve.  The Committee concurs with the approach used in analyzing the
stresses in the piping during an Operating Basis Earthquake.  The Committee
recommends that a program of spot radiography of the field butt welds be employed
by the applicant as a quality control measure.  Consideration should be given to an
appropriate program of inservice inspection.  (Brunswick, ACRS Letter, 5/15/69,
AEC Docket Nos. 50-324 and 50-325)

Resolution

The main steamlines downstream of the second isolation valve to the turbine stop
valve are designed, fabricated, and inspected in accordance with USAS B31.1.0
with the following supplementary examinations:

a. All shop and field butt welds are 100 percent examined by radiography and
accessible surfaces of the weld and adjacent base metal are examined by
either liquid penetrant or magnetic particle methods.

b. Special steamline headers made from plate are 100 percent ultrasonic tested
and all welds are examined as in (a) above.

c. Special fittings made from forgings are examined on all accessible surfaces by
either liquid penetrant or magnetic particle methods.

I.4.27 Summary

The Browns Ferry facility has been designed with sufficient flexibility and capability
to accommodate the ACRS concern items above, as stated and resolved, although
the original construction permit approvals did not include or identify them as being
required for safe operation.



BFN-16

I.0-55

I.5 AREAS SPECIFIED IN OTHER RELATED AEC-STAFF CONSTRUCTION
PERMIT OR OPERATING LICENSE SAFETY EVALUATION REPORTS

I.5.1 General

The following areas of concern, attention, or further study have been noted in
AEC-Staff Safety evaluation reports on recent GE-BWR construction and operating
permit applications.  Although these have not been addressed to this facility directly
as required, a detailed, comprehensive review of each item and the Browns Ferry
design conformance to it is analyzed.

I.5.2 Tornado and Missile Protection-GE-BWR-Spent Fuel Storage Pool

Resolution

The objective of a GE Topical Report was to investigate the potential effects of a
tornado striking the fuel storage pool of a Boiling Water Reactor (BWR).  A brief
discussion of the tornado phenomena is provided and two key concerns were
examined to determine (a) whether sufficient water could be removed from the pool
to prevent cooling of the fuel, and (b) whether missiles could potentially enter the
pool and damage the stored fuel.

The fuel pool in a General Electric BWR reactor building is designed with
substantial capability for withstanding the effects of a tornado, as this document
shows.  The design of the fuel pool makes the removal of more than 5 feet of water
due to tornado action highly improbable.  With 25 feet of water covering the fuel
racks, the removal of 5 feet of water is of no concern.  Protection against a wide
spectrum of tornado-generated missiles is provided by the water which covers the
fuel racks.  It is shown that protection is provided against all tornado-generated
missiles having a probability of hitting the pool greater than 1 per 1.4 billion reactor
lifetimes.  Typical potential missiles in this category include a spectrum ranging up
to a 3-inch-diameter steel cylinder 7-feet long or a 14-inch-diameter wooden pole
12-feet long.

The General Electric Company concludes, therefore, that adequate protection for
the fuel pool against the effects of a tornado has been provided for and no
additional protection is required.

Refer to Sections 2, 10, and 12 for further details.
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I.5.3 BWR System Stability Analysis

Resolution

The development of a BWR Stability Model which would predict the onset of
instabilities in the reactor core in this station has been completed and the excellent
agreement between model predictions and experimental data that has been
reported in the following GE Topical Reports 33,34 submitted to the AEC and in GE
Memorandum,35 submitted on Peach Bottom Atomic Power Station, Units 2 and 3,
AEC Docket Nos. 50-277 and 50-278.  Refer to Section 7 for further details.

I.5.4 Summary

The Browns Ferry facility has been designed with sufficient flexibility and capability
to accommodate the AEC-STAFF concern items above although the original
construction permit approvals did not include or identify them as being required for
safe operation.

I.6 SUMMARY CONCLUSIONS

The necessary research and development programs, additional information, or
special analysis to support the application for a provisional operating permit for this
station is discussed and justified in the above sections.  Resolution of Browns Ferry
AEC-ACRS and AEC-Staff concern items at the construction permit phases have
been examined and ample support for their complete satisfaction is presented.

Thus, it is concluded that no further research and development or related activities
are necessary for this facility in order to comply with the construction permit cited
concerns and requirements.
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APPENDIX J

REACTOR PRESSURE VESSEL DESIGN SUMMARY REPORT - UNIT 1

J.1 INTRODUCTION

During the general update of the FSAR in 1984, the original Appendices J, K,
and L were deleted and replaced with short summaries.  These appendices
were redocketed June 23, 1989 by the reference letter.  Section J.2 is an
abbreviated summary of the Unit 1 design and fabrication requirement
presented in the redocketed Appendix J.

J.2 DESIGN AND FABRICATION REQUIREMENTS - SUMMARY

The Browns Ferry reactor vessel, Unit No. 1, was designed, fabricated,
inspected and tested in accordance with the American Society of Mechanical
Engineers Boiler and Pressure Vessel Code, Section III Nuclear Vessels,
1965 Edition and Addenda to and including Summer 1965 Addenda, and the
following additions:

a. Low alloy steel forgings for pressure parts in accordance with ASTM
A-508 C1. 2 material, Code Case 1332-2.

b. Inconel nozzles in accordance with SB-166 material, Code Case 1336,
paragraph 1.

c. Nozzle ends for austenitic pipe and flange ends for low alloy steel
nozzles in accordance with SA-105 GR-II material, Code Case
1332-1.

d. Studs, nuts, bushings, and washers in accordance with ASTM A-540,
GR. B23 or 24 material, Code Case 1335-2, paragraph 4, Class 3 or
5.

e. Shroud support legs, baffle plate, and ring in accordance with SB-168
annealed material, Code Case 1336.

f. Core spray brackets in accordance with ASTM A-276 TP 304 material,
Code Case 1334.

The date of the contract between the Buyer, General Electric Company, Atomic
Power Equipment Department, San Jose, California, and the Seller, Babcock and
Wilcox Company, Barberton, Ohio, was May 5, 1966.  There were no deviations
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from the Code throughout the design, fabrication, inspection, and testing of the
reactor vessels.

REFERENCE

TVA Letter from M. J. Ray to U. S. Nuclear Regulatory Commission, Brown's
Ferry Nuclear Plant, Unit 1, 2, 3, Original Final Safety Analysis Report
(FSAR) Appendix J, K, and L submittals, June 23, 1989.
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*Exhibits I, II, and III are part of the redocketed Appendix K.
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APPENDIX K

REACTOR PRESSURE VESSEL DESIGN SUMMARY REPORT - UNIT 2

K.1 INTRODUCTION

During the general update of the FSAR in 1984, the original Appendices J, K,
and L were deleted and replaced with short summaries.  These appendices
were redocketed June 23, 1989 by the reference letter.  Section K.2 is an
abbreviated summary of the Unit 2 design and fabrication requirements from
the redocketed Appendix K.

K.2 DESIGN AND FABRICATION REQUIREMENTS - SUMMARY

The Browns Ferry reactor vessel, Unit No. 2, was designed, fabricated,
inspected and tested in accordance with the American Society of Mechanical
Engineers Boiler and Pressure Vessel Code, Section III Nuclear Vessels,
1965 Edition and Addenda to and including Summer 1965 Addenda, and the
following additions:

a. Low alloy steel forgings for pressure parts in accordance with ASTM
A-508 Cl. 2 material, Code Case 1332-2.

b. Inconel nozzles in accordance with SB-166 material, Code Case 1336,
paragraph 1.

c. Nozzle ends for austenitic pipe and flange ends for low alloy steel
nozzles in accordance with SA-105 GR. II material, Code Case 1332-1.

d. Studs, nuts, bushings, and washers in accordance with ASTM A-540,
GR. B23 or 24 material, Code Case 1335-2, paragraph 4, Class 3 or 5.

e. Shroud support legs, baffle plate, and ring in accordance with SB-168
annealed material, Code Case 1336.

f. Core spray brackets in accordance with ASTM A-276 TP 304 material,
Code Case 1334.
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The date of the contract between the Buyer, General Electric Company,
Atomic Power Equipment Department, San Jose, California, and the Seller,
Babcock and Wilcox Company, Barberton, Ohio, was May 5, 1966.  There
were no deviations from the Code throughout the design, fabrication,
inspection, and testing of the reactor vessels.

REFERENCE

TVA Letter from M. J. Ray to U. S. Nuclear Regulatory Commission, Browns
Ferry Nuclear Plant, Units 1, 2, 3, Original Final Safety Analysis Report
(FSAR) Appendix J, K, and L submittals, June 23, 1989.
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APPENDIX L

REACTOR PRESSURE VESSEL DESIGN SUMMARY REPORT - UNIT 3

L.1 INTRODUCTION

During the general update of the FSAR in 1984, the original Appendices J,
K, and L were deleted and replaced with short summaries.  At the request of
NRC, these appendices were redocketed June 23, 1989 by the reference
letter.  Section L.2 is an abbreviated summary of the Unit 3 design and
fabrication requirement presented in the redocketed Appendix L.

L.2 DESIGN AND FABRICATION REQUIREMENTS - SUMMARY

The Browns Ferry reactor vessel, Unit No. 3, was designed, fabricated,
inspected and tested in accordance with the American Society of
Mechanical Engineers Boiler and Pressure Vessel Code, Section III Nuclear
Vessels, 1965 Edition and Addenda to and including Summer 1966
Addenda, and the following additions:

a. Low alloy steel forgings for pressure parts in accordance with ASTM
A-508 C1. 2 material, Code Case 1332-2.

b. Inconel nozzles in accordance with SB-166 material, Code Case
1336, paragraph 1.

c. Nozzle ends for austenitic pipe and flange ends for low alloy steel
nozzles in accordance with SA-105 GR-II material, Code Case
1332-1.

d. Studs, nuts, bushings, and washers in accordance with ASTM A-540,
GR. B23 or 24 material, Code Case 1335-2, paragraph 4, Class 3 or
5.

e. Shroud support legs, baffle plate, and ring in accordance with
SB-168 annealed material, Code Case 1336.

f. Core spray brackets in accordance with ASTM A-276 TP 304
material, Code Case 1334.

The date of the contract between the Buyer, General Electric Company,
Atomic Power Equipment Department, San Jose, California, and the Seller,
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Babcock and Wilcox Company, Barberton, Ohio, was January 20, 1967.
There are no deviations from the Code throughout the design, fabrication,
inspection, and testing of the reactor vessels.

REFERENCE

TVA Letter from M. J. Ray to U. S. Nuclear Regulatory Commission, Browns
Ferry Nuclear Plant, Units 1, 2, 3, Original Final Safety Analysis Report
(FSAR) Appendix J, K, and L submittals, June 23, 1989.
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Appendix M

REPORT ON PIPE FAILURES OUTSIDE CONTAINMENT IN THE BROWNS
FERRY NUCLEAR PLANT

M.1 INTRODUCTION

The Browns Ferry Nuclear Plant was reanalyzed for the consequences of
postulated pipe failures in the main steam and feedwater lines located outside the
containment structure.  This reevaluation was performed in accordance with the
information guide forwarded by AEC to TVA in a letter dated December 18, 1972.
The objective of the reanalyses was to show that the plant had been designed so
that the reactors could be shut down and maintained in a safe shutdown condition
following a postulated rupture in the main steam and feedwater systems.  The plant
structures, systems, and components important to safety were examined to assure
that they could accommodate such a postulated rupture without compromising the
ability of the plant to be put into a safe shutdown condition assuming a concurrent
and unrelated single active failure of protected equipment.

This appendix provides the documentation to support TVA's position that Browns
Ferry complies with Criterion No. 4 of the AEC's General Design Criteria, listed in
Appendix A of 10 CFR 50, as far as the main steam and feedwater systems are
concerned.  The information and analyses contained in Appendix M have been
further supplemented by two separate reports.  The title of each of the reports and
the date of its submittal to the Atomic Energy Commission are given below.

"Concluding Report on the Effects of Postulated Pipe Failure Outside of
Containment for Unit 1 of the Browns Ferry Nuclear Plant," DED-TM-PF1,
November 2, 1973.

"Concluding Report on the Effects of Postulated Pipe Failure Outside of
Containment for Units 2 and 3 of the Browns Ferry Nuclear Plant," DED-TM-PF2,
March 29, 1974.

In addition to these supplemental reports, Reference 4 documents the Browns Ferry
Unit 2 cycle 5 and Unit 3 cycle 6  restart evaluation conducted to assure compliance
with the original pipe rupture licensing commitments and to assure that the original
pipe rupture design basis for the plant has not been invalidated by design changes
subsequent to the original evaluation.  Reference 7 contains the provisions of
Generic Letter 87-11 (Reference 8) for the selection of required pipe break sizes
and locations.

In conjunction with the 5% uprate in core thermal power, additional analyses were
performed to evaluate the effects of high energy line breaks outside containment
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during operation at a core thermal power of 3458 MWt with a nominal steam dome
pressure of 1050 psia.  Plant structures, systems, and components were evaluated
to assure that the plant could be shutdown and maintained in a safe shutdown
condition following the postulated pipe failures.

Furthermore, documentation has been previously supplied that describes how
flooding from ruptures in low-pressure fluid systems is accommodated.  This
information provides additional confirmation and substantiation that the Browns
Ferry Nuclear Plant is in compliance with Criterion No. 4 of Appendix A, 10 CFR 50,
as well as Criteria Nos. 40 and 42 of the previous (1967) issue of AEC's General
Design Criteria, which reflected similar requirements as Criterion No. 4.

The steam vault, shown in Figure M.0-1, contains all major steam and feedwater
piping components running between the drywell penetrations and the Turbine
Building.  This part of the vault in the Reactor Building is maintained at a slightly
negative pressure during normal reactor operation via the duct connection to the
normal ventilation system.  The blowout panel, which seals the vault in the Reactor
Building from the Turbine Building, is designed to be blown out when a pressure  of
90 psf exists.  (This feature assures the vault in the Reactor Building does not
become uniformly pressurized in excess of the design value of 10 psi.)

M.2 PRESSURE ANALYSES

Most of any major blowdown into the steam vault (inside the Reactor Building or
Turbine Building) is discharged via the Turbine Building to the atmosphere,
whereas a small portion will be discharged to the Reactor Building via the
ventilation duct and labyrinth passageway.  The analyses account for the parallel
paths and evaluate the pressure transient and consequential effects of the
blowdown fluid for both paths.

The main steam valve vault pressure analysis was originally performed in 1967 and
updated as described below at the time of initial startup.  The analysis was updated
again in 1988 prior to unit restart to include increased blowout panel and hollow
metal door blowout pressures.  The analysis was conducted using the MONSTER
computer program.  The discussion below has been supplemented to reflect the
differences between the MONSTER analysis and the previous analysis.  The
analyses are consistent except where noted.

Break locations were considered for the piping arrangement shown in Figure M.0-1.
Both circumferential and longitudinal breaks were considered; however, only the
worst-case pressure transient was analyzed.  That is, the double-ended break of a
main steam line near the outboard isolation valve on the drywell penetration results
in the maximum pressure the structural enclosure will experience.  This maximum
pressure included blowdown from a consequential break of the 4-inch RCIC steam
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line located in the steam vault as part of the worst-case analysis.  The updated
MONSTER analysis does not include the effects of the four-inch RCIC steam line
rupture since, in accordance with References 4 and 7, the rupture of the 26-inch
main steam line does not result in the consequential RCIC break.  The efflux
passing through the steam vault was assumed to travel over the anchor wall and on
through the vault in the Turbine Building, where it must make a right angle upward,
turn, and pass into the room housing the stop valves, bypass valves, and control
valves.  From there it exits through some additional blowout panels and the opening
at the front of the turbine pedestal into the Turbine Building.  Then it passes from
the Turbine Building to the atmosphere.

The efflux, passing through the ventilation duct and labyrinth passageway,
discharges into the Reactor Building.  The Reactor Building was treated as a large
enclosed volume without leakage or condensation of the efflux in determining the
consequential effects of flow into the Reactor Building.

The blowdown flow rates from the PSAR (D and A report) and FSAR were
compared at the time of initial startup to assure that we had a common starting
point.  The original design calculations were made in January 1967, using flow rates
from the PSAR to establish the 10-psi design value for the steam vault pressure
loading.  The idealized flow in Figure M.0-2 was used in both the initial startup
evaluation and the MONSTER evaluation for a 5-second closure of the isolation
valves and a time of 0.5 second to sense and initiate closure (total of 5.5 seconds to
close valve).  Chapter 14 of the FSAR gives the idealized flow for a 10-second
isolation valve closure and 0.5 second to sense and initiate closure.  The total mass
losses for these times and the corresponding total mass losses given in the PSAR
were as follows:

    Time FSAR PSAR

5.5 seconds  61,200 pounds 58,000 pounds
10.5 seconds 185,000 pounds 185,000 pounds

The flow, averaged over the 2-phase region of Figure M.0-2, was approximately
14,400 lb/sec which matches the value quoted in the PSAR.  Thus, we conclude
that we had a common basis for our analysis of the maximum pressure transient in
the steam vault.

The maximum pressure transient was calculated at initial startup for the 2-phase
blowdown period shown in Figure M.0-2 with the following set of assumptions:

a. A steady state flow model,
b. An average flow over the 2-phase region of 14,400 lb/sec,
c. A RCIC steam flow of 100 lb/sec, and
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d. A moisture entrainment of 50 percent.

The MONSTER analysis was performed with the following assumptions:

a. A transient steam/water/air flow model based on UFSAR Figure M.0-2,
b.  Valve vault blowout panel differential pressure of 90 psf,
c.  Valve vault door blowout differential pressure of 1.5 psi.

The calculations were made with the anchor wall, the blowout panel area, the
ventilation duct entrance, and the passageway entrance as square-edged orifices.
The right angle turn was treated as a 90-degree miter bend, and the flow into the
room that houses the valves was treated as a sudden expansion.  The results of
applying this model gave the maximum pressures along the steam vault flow path
as follows.

Location                       Pressure

Reactor Building Vault                 8.1 psig
Turbine Building Vault                 2.6 psig
Turbine Valve Room                     0.7 psig

The calculated maximum pressure was 4.9 psig (compared to 8.1 psig) in the 1967
evaluation.  However, the original calculation did not include the anchor wall (added
later) or moisture entrainment.  The 1967 design value for pressure loading in the
steam vault was taken as 10 psi to provide margin to take care of model
improvements as well as physical layout changes.  Some of the margin was used up
in the initial startup calculation, but the design value of 10 psig for the steam vault
pressure loading is still adequate.  The MONSTER pressure transient analysis was
performed which resulted in a maximum pressure of 9.98 psig.  Thus, the original
design basis of 10 psi for the pressure loading in the steam vault was a sound
decision and will continue to be used as the design basis.

In conjunction with the 5% power uprate, additional analyses were performed to
evaluate the effects of a double-ended main steam line break in the steam vault
during operation at a core thermal power of 3458 MWt with a nominal reactor steam
dome pressure of 1050 psia.  The mass and energy release data was calculated
using the LAMB computer code.  The pressure response for the main steam valve
vault was calculated using the GOTHIC computer code.  The maximum steam vault
pressure calculated using the GOTHIC computer code was less than 8 psig.

The initial startup calculational model predicted that a flow of 1000 lb/sec was
discharged into the Reactor Building during the 2-phase blowdown period and 620
lb/sec during the steam blowdown period.  The total mass released in the reactor
zone was less than 4600 pounds, and it was assumed to mix only with the building



BFN-19

M.0-5

air in the reactor zone of the ventilation system.  By assuming no leakage or
condensation on the walls, the maximum pressure rise will be less than 1.4 psi.
This pressure rise was analogous to the pressure changes in the Reactor Building
during a tornado.  The effect of tornadoes on the Reactor Building is discussed in
paragraph 12.2.2.3.1 of the FSAR.  The transient pressure calculation for a tornado
reached a maximum of 1.44 psi, which is higher than the upper limit (1.4 psig) given
above.  The design value used for the Reactor Building was 1.75 psig.  Thus, by
analogy, the Reactor Building was designed to accept this steam release into the
Reactor Building by virtue of the tornado design considerations.

Pressure transients in the steam vault were less severe for other break locations
than that discussed above.  Also, smaller breaks resulted in lower pressures.  Since
neither of these pressure transients was controlling, no further analyses were
necessary.

A negative pressure transient could occur at the end of the blowdown, since the
steam vault contained essentially a steam atmosphere that would begin
condensing.  Only a small negative pressure transient would be anticipated from
condensation on the vault surfaces and water on the floor.  Air would be drawn from
the Reactor Building and the Turbine Building.  Outside air would be drawn into the
Reactor Building through the ventilation system and any relief panels that had been
opened.

The Turbine Building volume, ventilation system, and inleakage were sufficient to
prevent large negative pressures in the Turbine Building.  (The Turbine Building
was not designed as a low-leakage building; that is, it has huge unsealed doors as
well as a large number of smaller unsealed doors.)

The magnitude of the slightly negative pressure in the steam vault was immaterial,
since the structural enclosure had been designed with symmetrical reinforcing on
each face of the walls and slabs.  It was assumed that the vault could take a
negative pressure loading that approaches the internal design pressure loading of
10 psi.  Also, a slightly negative pressure would not be a problem for the Reactor
Building, because it had been designed for an equivalent external pressure loading
of 3.3 psi.  However, the Turbine Building was not designed for negative pressures;
but the volume and inleakage are such that large negative pressures cannot be
developed.  Thus, any negative pressure transient would be small and, therefore, of
little consequence to the design of the Browns Ferry Nuclear Plant.



BFN-19

M.0-6

M.3 PIPING DESIGN PHILOSOPHY

M.3.1 Piping From Reactor Vessel Through the Anchor Outside the Drywell

Steam-feedwater piping components from the reactor vessel nozzles, through the
isolation valves outside the drywell, are critical from the pressure-integrity point of
view, since they serve as part of the reactor coolant pressure boundary.  Therefore,
these components are designed, fabricated, installed, tested, and inspected to
quality requirements that are consistent with their importance to safety.  These
considerations and requirements were extended to piping beyond the isolation
valves through the anchor.  A summary of the considerations given to the various
phases of designing, manufacturing, and installation of the steam-feedwater piping
components is provided below.

Analysis

a. A detailed stress analysis was made by the General Electric MASS computer
program of all significant temperature conditions.  (Refer to Appendix C for
analysis methods used subsequent to the original design and construction.)

b. The forces, moments, and stresses due to earthquake were calculated from a
detailed dynamic analysis of the system.

c. The stress conditions for all credible emergency and faulted conditions were
analyzed and compared with established limits.

d. All critical points through the system were evaluated completely to the stress
limits of USAS B31.1.0, Power Piping Code.

Materials and Fabrication

a. All butt welds used in fabricating pipe and fittings were completely examined
by radiographic and liquid penetrant methods.

b. The weld processes used were limited to those which provide the highest
quality level achievable by the industry.

 
c. All materials were per ASTM specification, and the supplemental requirements

on tension and bending tests were invoked.

d. Quality control programs and quality control records were established to
ensure that all materials and fabrication were in accordance with
specifications.
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Erection and Tests

a. All field welds were completely examined by radiographic and liquid penetrant
methods.

b. Erection procedures were carefully worked out in advance, and the installation
of the system was performed in a manner to minimize erection stresses.

c. The weld processes used were limited to those which provide the highest
quality level achievable by the industry.

M.3.2 Piping from the Anchor Through Turbine Inset or Feedwater Pump
Discharge

Piping components running between the anchor outside the drywell and the turbine
stop valves (steam lines) or feedwater pump discharge (feedwater lines) have been
fabricated, erected, inspected, and tested to high quality-assurance requirements.
Deadweight supports have been located to within limits established in USAS
B3l.1.0, 1967 edition which assures the deadweight loading does not produce
stresses in excess of 1500 psi.  The wall thickness, including an additional
thickness for corrosion allowance of 0.120 inch, assures the operating pressure
stresses will not exceed the code allowable during the 40-year life of the plant.
Thermal flexibility has been provided for in the design, and stresses have been
limited to the extent that the sum of the stresses resulting from the combined
loading of deadweight, pressure, and thermal does not exceed the code allowable
(USAS B31.1.0, 1967 edition).  Piping components in this area were not seismically
designed.

M.4   BREAKS POSTULATED AND LOADING EFFECTS CONSIDERED

Circumferential and longitudinal breaks were postulated to occur in accordance with
guidelines provided in the general information request.  Breaks were postulated in
piping components in the two main regions of the steam vault as follows.

a. Between drywell penetration and the anchor.

(1) Circumferential and longitudinal at the anchor, and

(2) Critical crack size postulated to occur at locations considered to have
potential for producing adverse effects on the surroundings.

b. From the anchor through the Turbine Building region of the steam vault to the
steam chest header:
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(1) Circumferential and longitudinal breaks at the anchor and at large
changes in flexibility, such as at elbows and tees.

Loading effects considered at all break locations for the circumferential and
longitudinal breaks are as follows:

a. Jet thrust acting at the point of break,

b. Jet impingement loading on surrounding structural walls and components, and

c.  Pipe whip impact loading when applicable.

M.5 PIPE RUPTURE LOADS

Theoretical techniques for evaluating dynamic effects such as thrust or blowdown
loads, jet impingement loads, and jet expansion considerations are developed in
References 1 through 3.  It is considered beyond the scope of this report to
redevelop those methods here.  Where the methods had a direct application, they
became the tools for evaluating the effects considered and have been referenced
as such.

NOTE:  See Section M.5.3.3 for current methodology regarding evaluation of jet
impingement loads for source pipes containing steam or flashing subcooled liquids.

Piping components were assumed to sever instantaneously.  At the instant the pipe
ruptures, the force (Fi) acting perpendicular to the plane of break is given as:

    Fi = Po AB

where Po is the operating pressure in the line and AB is the break area.  This load is
considered to be altered immediately after rupture occurs since, during the highly
transient situation, the opening to atmospheric conditions causes a decompression
wave to form (References 1 and 2).  The wave moves along the axis of the pipe and
away from the break, leaving at the break opening.  However, the thrust load (FT)
that develops is given by the impulse function (Reference 3) as:

F PA M VT B= +
•

where P, M
•

, and V  are the pressure, mass flow rate, and velocity of the fluid at the
point of break.
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Many simplifying assumptions must be made to evaluate the dynamic effects at the
break.  For example, the geometrical character of a split for a longitudinal break is
very uncertain.  Therefore, a model such as a short nozzle type was selected rather
than a sharp-edged orifice which would reduce the computed reaction thrust.
Steady thrust, considering friction effects in piping ducts, is developed in
References 1 and 2 for reactor vessel conditions similar to the Browns Ferry
Nuclear Plant (see Figure 2, Reference 1).  For piping systems that have friction
parameters (fL/D) of less than approximately 7, the opportunity for error in
determining the steady thrust load is considerably greater than for larger friction
parameters.  Since the steam-feedwater piping is compact in design, the friction
parameter (fL/D) was within the range for which considerable uncertainty exists.
Therefore, pressure losses due to friction were conservatively ignored in evaluating
thrust loading effects at the break points assumed.

Flow limiting devices were considered in evaluating steady thrust effects at break
locations in the steam piping components. Procedures for evaluating the thrust
loads for isentropic flow of a compressible fluid are well established and have been
experimentally verified (Reference 3).  Jet thrust loading at the break was
determined by considering steam as a perfect gas with a polytropic gas constant of
1.28 expanding through an ideal nozzle.

For circumferential breaks in the steam piping components, a double-ended break
results since flow from each leg will result. On the reactor side of the break, the
steady thrust load is directly obtainable knowing the break area (AB) to throat
(upstream restrictor) area (AT) ratio.  The remaining three lines were conservatively
assumed to blow down through the broken leg opposite the reactor side of the
break.  The sum of the flow restrictor areas for the three lines was set equal to the
throat area (AT) in defining the area ratio (AB/AT) to establish the blowdown loading
assumed to act on this piping leg.

For longitudinal breaks, blowdown flow may come from either the upstream or
downstream, or both, directions at a break.  For sufficiently small breaks, flow rate
is limited by the break itself.  If there are restrictions either upstream or downstream
of the break, or both, the sum of the restriction areas is set equal to AT.  Note that
maximum thrust is obtained when AB/AT = 1.0.  For area ratios less than 1.0, a ratio
of 1.0 was used to establish the thrust load.

M.5.1 Critical Crack Size Loading

The critical crack size assumed to occur in piping components was taken to be
one-half of the pipe diameter in length and one-half of the wall thickness in width.
The thrust is defined at the break by the impulse function (Reference 3) as:
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F PA M Vc= +
•

.

For a compressible fluid such as steam, and assuming choked flow at the cracked
opening, thrust will be maximized.  Therefore, the thrust load at the point of break
may be expressed as:

    F = PAc  (1  +  kM2)

where:

    P = Pressure at the break opening

    Ac = Crack area

    k = 1.28

    M = Mach number = 1.

Therefore, the thrust loading assumed to act at the break point for a steam crack is:

    Fg = 2.28PAc

The maximum operating pressure was used for evaluating thrust loads for the
critical crack size.

For incompressible fluids such as feedwater, the thrust loading assumed at the
point of break is given as:

    FL = 2 PAc

where P is the operating pressure.

M.5.2 Jet Expansion Considerations

The jet was assumed to expand symmetrically at an angle of 20 degrees and was
considered to be fully expanded or asymptotic at a distance equal to five pipe
diameters.  These assumptions are conservatively based upon the jet expansion
considerations developed in References 1 and 2.  An example of an application of
the assumptions for jet expansion is shown in Figure M.0-3.
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M.5.3 Jet Impingement Loads

M.5.3.1 Flow Around Circular Targets

The reaction loading on a circular target is given as:

    Fj = CDPjAi

where CD is the drag coefficient, Pj is the pressure of the jet, and Ai is the area of
the target exposed to the jet.  The jet pressure (Pj) used in the evaluation is
obtained from the following relationship:

P
F

Aj
t

j

=

where FT is the thrust force and Aj is the area of the expanded jet at the location of
concern.  For breaks in steam-feedwater components, the local Reynolds numbers
along an expanding jet range from 3 x 107 to approximately 9 x 107 assuming the
velocity of jet remains constant.  Published experimentally determined drag
coefficients for Reynolds numbers in this range for cylinders in crossflow range from
0.30 to 0.36.  Therefore, 0.36 was used for impingement loading evaluation on
circular objects.

M.5.3.2  Jet Impingement on a Flat or Concave Surface

The jet impingement loading assumed to act on a flat or concave surface was
assumed to be equal to the thrust load acting at the point of break.  The area over
which the load was assumed to act was determined using the jet expansion
considerations discussed above.

M.5.3.3  Jet Impingement Loading -- Steam/Flashing Liquid Sources

NUREG/CR-2913, "Two-Phase Jet Loads," (Reference 6), evaluated jet pressures
for axisymmetric target geometries for loadings associated with jet sources of
steam/flashing subcooled liquids.  Based on findings in this report, it has generally
been concluded that jet impingement loading from steam or flashing subcooled
liquid sources is not significant for targets whose separation distance from the
break source is greater than ten times the inside diameter of the source pipe.
Therefore, for evaluating pipe rupture sources containing steam or flashing
subcooled liquids, the following conclusion shall be utilized:
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When the jet consists of steam or flashing subcooled liquid, unprotected
equipment/components located at a distance greater than ten diameters* from the
break shall be assumed to be undamaged without further analysis provided that the
environmental qualification of the target is not exceeded.

M.5.4 Break Size

Break size for circumferential breaks was taken to be the flow area for the pipe.
Longitudinal breaks were assumed to have a flow area equal to that of the pipe and
a split length equal to twice the pipe diameter.  The longitudinal break orientation
was assumed to be aligned with the longitudinal axis of the pipe and may occur at
any location around the circumference of the pipe.

The critical crack size, defined per the AEC general information guide for
considering breaks, was assumed to have any orientation.

M.6 PIPE BREAK ASSUMPTIONS, ANALYSIS, AND BREAK LOCATIONS

General assumptions that were applicable to the evaluation of dynamic effects of a
postulated rupture have previously been summarized in Chapter 14 of the FSAR.
Additional assumptions that were applied are as follows.

a. Blowdown loads acting perpendicular to the plane of break were assumed to
cause unrestrained motion of the piping component about the nearest restraint
point, provided a plastic hinge moment was capable of developing.

b.  Piping components impacted by another piping component were assumed to
remain functional if they were of equal or greater schedule and of equal or
greater diameter.  The reverse condition was assumed to cause a
loss-of-function of the impacted component.

M.6.1 Pipe Rupture Analysis

Figures M.0-4 and M.0-5 show locations for which design basis pipe breaks were
considered in steam and feedwater-piping components.  The types of breaks
(circumferential or longitudinal) and the analyses made are discussed individually
on a case basis.  Critical cracks were assumed to occur at random locations
between the drywell penetration and the anchor for both systems.  Their location
                                           
* For this application, "diameter" is defined to be the inside  diameter of the broken
pipe for a circumferential/longitudinal rupture and the equivalent circular diameter
for  a critical crack.
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(not shown in the figures) was postulated to occur where the most adverse
reactions could result.  For all high energy piping greater than 1 inch nominal
diameter, critical cracks were assumed to occur everywhere except in high energy
piping that was seismically analyzed in accordance with USAS B31.1 (1967) where
the primary plus secondary stress intensity is below 0.4(Sh+SA) as defined in
Section 6.3.2.3 of Reference 4.

M.6.2 Case I - Circumferential Break Postulated at Point 1

A break postulated in a steam line constitutes a double-ended break.  Jet thrust
loads were assumed to act along the axis of each broken element.  The reactor
blows down directly through the leg on the reactor side of the break and by a
reverse of the flow from the steam chest from the three remaining steam lines.

Jet thrust reaction on the reactor side of the break for an AB/AT ratio of 2.78 is 0.54
Po AB.  This loading is transmitted to the anchor via tie rods (see Figure M.0-1)
connecting the flued head at the drywell penetration with the anchor.  The tie rods
may permit a very slight opening to form in the event of a circumferential break.
Steam effluent from this type of break is assumed to jet radially outward from the
crack opening separating the legs of the broken component.  The resulting
impingement loading will be no greater per unit length than will be shown for the
critical crack size, which for the steam lines is 15.0-kips per foot.  Since a 15.0-kip
load offers no serious loading effects in general, circumferential breaks at point 1 in
the steam line are not expected to jeopardize the ability to shut down and maintain
the plant in a safe condition.

For the feedwater components, the break postulated at point 1 constitutes a
single-ended break.  A break in the feedwater line is not considered to be as
serious as the steam line, since the maximum load cannot exceed Po AB and rapidly
decays immediately after the break occurs.

M.6.3 Case II - Circumferential Break Postulated at Points 2 and 3

The circumferential break can essentially be postulated at any point along the
horizontal axis between the anchor at one end and the elbow at the other.  The net
effect is essentially the same for either location.  Axial thrust loads for the
double-ended break, identical to those in case I, will be imparted to each broken
element.  The anchor is designed to resist the loading associated with the leg
connected to it.  A plastic hinge would be expected to occur at the steam chest-pipe
connection at point 5, and the leg would be expected to move away from the anchor
until the north wall of the steam vault in the Turbine Building is struck.  While an
analysis for a more severe break considered in case VI, below, will show that the
wall can be expected to contain the whipping pipe, consequential failure of the wall
would not cause a failure of the Turbine Building structure that could jeopardize the
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reactor or Control Building structure or necessary equipment needed to mitigate the
effects of the postulated break.

In general, the comments above are equally applicable to the feedwater piping.
Since a single-ended break results, the net loading effect will be lower than that
assumed for the steam components.

M.6.4 Case III - Circumferential Break Postulated at Points 4 and 5

A circumferential break assumed to occur either at the nozzle joining the pipe to the
steam chest at point 5 or the pipe to the elbow at point 4 results in a similar
situation.  The effect of the jet thrust load will be to cause a plastic hinge to occur at
the anchor (point 2).  The pipe will strike the floor of the Turbine Building.  Since the
floor is founded on soil and fill, no damage to the Turbine Building structure is
expected that would potentially jeopardize the reactor or Control Buildings or
equipment necessary to effect a safe shutdown of the reactor.

M.6.5 Case IV - Longitudinal Break Postulated at Point 1

A longitudinal break on the valve side of the anchor provides a more serious
interaction with the surroundings than the circumferential break.  The rupture
opening was assumed to be twice the pipe diameter in length (48 inches) for both
the steam and feedwater piping components and a flow area equal to the pipe flow
area.

Jet thrust loads resulting from breaks in the steam lines were based on flow from
both directions to the break with an area ratio AB/AT = 1.0.  The loading that results
is:

      FT = 1.26 PoAB

where Po is the maximum operating pressure (1000 psi) for the design power rating
and AB is the break flow area.  Steam-feedwater piping in this area is 24.0-inch OD,
Schedule 80, ASTM A 106, Grade B piping.  The steam line thrust load resulting
from this evaluation is 460 kips.

The feedwater-line-break thrust load was defined as PoAB, where Po is the maximum
operating pressure (1250 psi).  The feedwater lines do not have upstream
restrictions, and the pressure is assumed to decay rapidly to the saturation pressure
for the temperature of the water.  The maximum thrust at the instant the break
occurs is 456.5 kips.  Since both the steam and feedwater lines are located in close
proximity throughout the steam vault, the steam line break thrust was considered as
the limiting load for evaluating dynamic effects.
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The RCIC piping connecting the discharge pump to feedwater pipe B outside the
drywell is routed between steam lines C and D.  A longitudinal break was postulated
to occur at the location around the circumference of either steam lines C or D, and
the resulting impingement loads were calculated using the model shown in Figure
M.0-6.

For a break in steam line D oriented such that blowdown impinges on the RCIC line,
the area of the jet, Aj, at the plane where impingement occurs is 1635 square inches
while the intercepted area of the RCIC line is 260 square inches.  The resulting
impingement load is:

Torsional and bending stresses at the nozzle of the tee connecting the RCIC water
line to the feedwater line for the loading exceeded the code allowable stresses for
the material. Consequently, the RCIC line will be postulated to fail in the event of a
longitudinal break of either steam line B, C, or D.

A direct impingement is not possible from steam line A because of the shielding
effects from steam lines B and C.  The reduced pressure effects in the jet profile
due to greater expansion in the distance traveled from line A will produce less
severe loading on the RCIC line.  Therefore, the RCIC line will not be damaged to
the extent that its capability to function will be jeopardized from breaks in steam line
A.

A similar analysis was performed for the RCIC steam supply line that is located
between steam lines B and C in this area of the steam vault.  The 4-inch steam
supply line will not resist the loading from the jet impingement; therefore, it is
assumed that it could fail as a consequential effect of longitudinal breaks in either
steam line A, B, C, or D in this location.

Jet impingement loading evaluations on adjacent main steam and feedwater piping
in the steam vault resulted in pipe stresses within the code allowable stress.  These
results are consistent with the current industry approach that piping will not be
damaged from pipe rupture loads originating in adjacent piping of equal nominal
size and schedule.

1 T
i

j
F  =  0.36 F  

A

A
 =  26.4 kips
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M.6.6 Case V - Longitudinal Breaks Postulated at and Between Points 2 and 3

Longitudinal breaks postulated in piping components in this region of the steam
vault will impart jet loads on surrounding piping components.  Also, plastic hinges
may be developed which will permit the ruptured component to strike surrounding
components and/or structures.

The break considered as the most severe from the standpoint of assuring structural
integrity is considered in case VI.  There are no mechanical or electrical systems in
this region that must be relied upon to mitigate the effects of the break.  Since these
breaks are postulated to occur downstream of the anchor separating the isolation
valves from the failure locations, the integrity and the operability of the valves can
be maintained.

M.6.7 Case VI - Longitudinal Break Postulated at the Elbow in Main Steam Lines 
(Turbine Building)

This break was assumed to occur along the longitudinal axis of the elbow such that
the resulting thrust loading would tend to drive the pipe against the steam vault wall.
The purpose of this postulated break was to evaluate loading in the wall caused by
the pipe impact and to determine the design margin for failure of the wall.  A sketch
of the steam piping component considered, along with pertinent analytical detail, is
shown in Figure M.0-7.

At the instant the break occurs, a thrust load (FT) of 460 kips was assumed to act
along the opening.  The magnitude of the thrust load was such that elastic
resistance in the piping components at points A and C that counteracted the thrust
load was overcome.  Therefore, plastic moments were shown to develop at those
hinge points.

When the pipe impacts against the wall, three separate loads will be considered to
act simultaneously during the time the pipe is brought to rest.  They are:

a. Uniform pressure in the steam vault of 2.6 psi,

b. Jet thrust load assumed to continue to be applied for a finite time after impact,
and

c. Loading associated with the deceleration of the whipping pipe.

The pipe was assumed to be brought to rest, provided the structure could be shown
to be capable of withstanding the loading assumed.  The analysis of the wall
supporting these loads will demonstrate the assumptions are justified.
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A plastic hinge was assumed to develop in the piping component when the fully
plastic bending moment is exceeded.  The bending moment for a plastic hinge to be
developed in piping components is given as follows:

where Ro and Ri are the outer and inner radii and m is defined for a carbon steel
material to be the minimum yield stress for the operating environment considered.
The material used in the fabrication of the piping is assumed to behave elastically
until the fully plastic bending moment is exceeded, after which the material is
assumed to behave in a perfectly plastic manner.

Since the horizontal and vertical piping lengths are long (56.26 and 36.28 feet)
compared to the deflection required to cause the pipe to strike the wall (2 feet
9 inches), it is conservative to assume the two legs A-B and B-C are connected by
an idealized joint that permits only bending to occur.  The torsional component may
be ignored and pure bending will be assumed to exist in each leg.  The total load to
produce a plastic hinge can be assumed to be made up of two components, one
being the force required to cause a plastic hinge at A and the other to cause a
hinge at C.  The sum of these forces, being less than the jet thrust loading at the
break, will demonstrate that a plastic hinge will be developed at the hinge points (A
and C).

 For A 106, Grade B, at 545F,

     y  =  Yield stress = 27,000 psi

Ro =  12.0 in., Ri = 10.78 in., L(A-B) = 56.26 ft
FA = 25,328 lb.

Similarly, for the force required to cause a plastic hinge at C,
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                 FA + FC = 64.6 kips < 460.0 kips.

Consequently, a plastic hinge will be formed at points A and C.

The jet thrust loading at the elbow was assumed to accelerate the pipe until the wall
was struck, at which time the pipe was assumed to deform while decelerating, until
brought to rest with no rebound from the wall.  The loading at the wall during
deceleration was considered from an energy point of view by equating the kinetic
energy at the instant of contact with the energy required to deform the pipe in
bringing it to rest.

The wall is constructed of reinforced concrete that is 4-feet 6-inches thick.  The pipe
was considered to be structurally weaker than the wall and was assumed to locally
deform to the extent that the kinetic energy of the whipping pipe could be absorbed
by the deformation in the pipe.  The pipe-crushing load per linear foot of contact
with the wall, during the decelerating stages, was calculated to be 33.2 kips.  It will
be demonstrated in the wall analyses below that the pipe-crushing load is low
compared with the load-carrying capability of the reinforced concrete wall.
Therefore, it is reasonable to assume that pipe deformation can be considered as a
means of dissipating the kinetic energy of the whipping pipe.

The loading assumed to act simultaneously on the steam vault wall during the
deceleration stages of impact, and for a sufficiently long period that is greater than
the natural period of the structure, is:

a. A uniform pressure of 2.6 psi,

b. A uniform load of 33.2 kips/feet applied along the length of the wall calculated
for each leg of the piping sections, and

c.  A concentrated jet thrust load (460 kips) assumed to be distributed along the
assumed longitudinal break in the elbow.

M.6.8 Case VII - Critical Crack Loading

The critical crack was applied at those locations considered to be capable of
producing the most adverse effects.  The resulting jet was assumed to expand in
the same manner as for the large breaks.  The magnitude of the load was

c
p

(B-C)
F  =  

M

L
 =  39,277lb.
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determined using the expressions developed in Subsection M.5.1.  A summary of
the loads for the steam and the feedwater systems is given below.

     Maximum Break Thrust
Operating Pressure Area,  Load

  System        psi         in2   kips

Main steam       1000 6.57 14.98
Feedwater       1250 6.57 16.43

The layout of the piping is such that no significant loading effects from the critical
crack will be imparted to mechanical components.  The most adverse location for
the crack was considered to be in steam line A in the vicinity of the free-standing
block wall in the Reactor Building part of the steam vault.  A steel plate, sized to
resist the jet impingement loading, has been attached to the wall to protect the
isolation capabilities of the wall and to assure excessive steam is not dumped into
the Reactor Building.

M.6.9 Additional High Energy Line Break Analysis

1. Reactor Building

In addition to the main steam lines and main feedwater lines, the following high
energy lines are located in the Reactor Building:

(1) High Pressure Coolant Injection (HPCI) steam supply to the pump
turbine (design pressure and temperature of 1146 psig and 562 F,
respectively - saturated steam)

(2) Reactor Core Isolation Cooling (RCIC) steam supply to the pump turbine
(design pressure and temperature of 1146 psig and 562 F, respectively -
saturated steam)

(3) Reactor Water Cleanup (RWCU) System (maximum design pressure
and temperature of 1300 psig and 564 F, respectively - subcooled
liquid).

The above listed systems were evaluated for the purposes of 10 CFR 50.49
environmental qualification of electrical equipment for a spectrum of break
locations and sizes as described below.
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Break locations were chosen based on pipe stress and routing (Reference 7)
within the Reactor Building such that all required double-ended breaks,
longitudinal breaks, and critical cracks were analyzed.

The mass and energy (M&E) releases for these breaks were generated using
the RELAP5 computer code.  The steam supply lines isolate automatically on
high flow following a double-ended break or large longitudinal break.  The
steam supply line critical cracks and all RWCU breaks are detected by
temperature switches located in the vicinity of the high energy piping which
assures rapid detection and isolation.  In addition, M&E releases for
intermediate sized breaks were calculated for the steam supply lines.  An
intermediate sized break (which is a subset of the longitudinal breaks) is
defined as the largest break not detectable by the high flow sensors.  The
intermediate sized breaks rely on the temperature switches for break
detection.  Isolation times for each break include break detection time and
valve stroke time.  The signal process time is negligible when compared with
the detection and valve stroke times.  The sensors used are redundant, Class
1E, and electrically trained.

A multi-node model of the Reactor Building was developed for input into the
MONSTER computer code.  The Reactor Building was divided such that each
room was a separate compartment.  The general floor areas (i.e., elevations
519.0', 565.0', 593.0', 621.0', and 639.0') were further subdivided into
quadrants to better represent the flow paths around the centrally located
containment.  The model includes flow paths (e.g., doorways, stairwells,
blowout panels, and ductwork) between various compartments, and concrete
and metal heat sinks.  The Uchida heat transfer coefficient was used on all
heat structures with a revaporization fraction of .08.  A deentrainment rate
(rate at which liquid water in the atmosphere region of each compartment is
removed and deposited in the pool region) was set so that all liquid is removed
each time step.

The M&E releases and Reactor Building model were input to the MONSTER
computer code to determine the environmental response of the Reactor
Building to the high energy line breaks.  The bounding breaks for individual
systems within each break compartment were determined based on the total
M&E releases.  Temperature, pressure, and relative humidity peak values and
bounding profiles were generated for each room within the Reactor Building.
In conjunction with the 5% power uprate, a multi-node model of the Reactor
Building was developed for input into the GOTHIC computer code.  The M&E
releases and Reactor Building model were input to the GOTHIC computer
code to determine the environmental response of the Reactor Building to the
high energy line breaks at uprated conditions.  Temperature, pressure, and
relative humidity bounding profiles were generated for each room within the
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Reactor Building.  The high energy line break analyses results are reflected in
the environmental data drawings (2-47E225-series-Unit 2 and 3-47E225-
series - Unit 3).

2. Radiation Environment

The radiation environments inside the drywell and in the Reactor Building after
a design basis LOCA were calculated consistent with the requirements of IE
Bulletin 79-01B and NUREG-0588.

Initial airborne sources in the drywell were calculated assuming an
instantaneous release of 50 percent of the core inventory of iodine and 100
percent of the core noble gases.  Transfer of iodine from the drywell free
volume to the water in the torus was conservatively calculated as a function of
time until the airborne concentration was reduced by a factor of 200
(considered to be at equilibrium).  Sources in the water in the torus were
calculated assuming an instantaneous release of 1 percent of the core
inventory of the solid fission products and 50 percent of the core inventory of
iodine.  Airborne activity in the Reactor Building was calculated based on a
design basis leak rate from the primary containment and design flow of the
SGTS.

Source terms were calculated at various times after an accident allowing for
decay and dose rates were calculated with a point-kernel-with-buildup
computer code.  Radiation exposures in the Reactor Building due to
recirculation of the torus water through the RHR and containment spray
systems were also calculated.  These dose rates were then integrated over the
duration of the accident.

3. Main Steam Valve Vaults

The high energy lines in the valve vaults are the main steam lines and the
main feedwater lines, RWCU return line, and the RCIC steam supply line.
Breaks in the main steam line are controlling from an environmental standpoint
due to the large line size and the high energy associated with the steam.
Conditions of the main steam are 550 F, 1050 psia, quality - 1.

A double-ended rupture of the main steam was evaluated.  Mass and energy
releases are as described in Section M.2 for the 5.5 second closure.  Break
flow was terminated by isolation of the main steam lines based on signals from
safety-related sensors.
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4. Operation Environmental Conditions

A listing of environmental service conditions is tabulated on the environmental
data drawings (2-47E225-series - Unit 2 and 3-47E225-series - Unit 3).  The
service conditions considered were pressure, temperature, humidity, flooding,
and radiation.  Normal and abnormal space ambient temperatures for
nonaccident conditions were obtained from information used in the initial
design phase of the plant in conjunction with data accumulated at the plant site
in various spaces, for all units, under extreme outside temperature conditions
(100 F outside atmosphere).  Pressures and temperatures for accident
conditions were obtained from transient curves and analysis which studied the
effects of a LOCA/HELB on reactor zone spaces.  Environmental service and
conditions were considered only in the reactor zone, refueling zone, and
primary containment.  The control bay and electrical board room were not
considered, since their atmospheres did not interface with the reactor zone
environment.  The environmental table of service conditions was developed for
various plant conditions including the following:  normal average day,
abnormal conditions (outside temperature 96 -100 F maximum river water
temperature) LOCA/HELB inside containment, HELB outside primary
containment, and tornado (sudden pressure drop by 3 pounds per square
inch).

M.7 STRUCTURAL ANALYSIS

The structural investigation showed that failure of the walls and slabs enclosing the
vault will occur via shear if failure loading is applied, with the possible exception of
the west- and east-side walls in the Turbine Building.  The potential shear failures
are of the diagonal tension type, as distinguished from peripheral shears closely
surrounding load concentrations, or shears between a compressive type support
and a "critical section" for shear located "d" distance away.  All of these members
were constructed of concrete for which 3000-psi compressive strength at 28 days
was specified on the drawings and in the design.  At age 1 year, a 75-percent
increase above 28-day strength is indicated by TVA tests on fly-ash concrete.  This
additional strength was not generally applied in these calculations.  On cross
sections with shear reinforcement

110 psi is considered to be the point of failure in diagonal tension.

Each loading case consisted of the 460-k jet load applied to an area which varies
with distance from pipe break location plus uniform pressure loading outside the jet

(2 f  =  2 3000 ),c
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area.  Concrete dead load was included.  A dynamic load factor of 2.0 was applied
to all loads and the calculations were conducted to determine the particular value of
the uniform load which resulted in a failure condition.

All walls and slabs involve flexure in two or more directions.  Determination of
flexural failures was by yield line analysis, which rests largely on the work of
Hognestad (Reference 5).  Except for the east and west walls in the Turbine
Building, all flexural failure mechanisms are shown to be weaker in shear than in
bending.  Shear failure calculations were repeated for shear distributions without
consideration of shear redistribution due to the development of all yield lines.

In the Reactor Building, with the 2.0 dynamic load factor, all members will carry the
460-k jet load, plus at least 15-psi steam pressure, without exceeding the failure
load.

In the Turbine Building, no member will fail under the application of the stated
loads, with a 2.0 dynamic load factor, with the possible exception of the closure
panel in the north wall of the chamber.  This panel, with a 2.0 dynamic load factor,
will carry the 460-k jet load at midpanel, plus 1.1-psi pressure.  For eccentric
application of the jet load, it becomes necessary to rely on the extra strength
provided by the age of the concrete.  Generally, any increase in additional strength
greater than the 28-day strength is an added safety factor.

M.8 EFFECTS ON SAFETY-RELATED COMPONENTS AND STRUCTURES

When originally submitted, the information in Appendix M was valid.  TVA's
responses to IEB 79-01B, "Environmental Qualification of Class 1E Equipment,"
dated October 31, 1980, and supplements thereto, and the revised Order for
Modification of Licenses dated September 19, 1980, provide updated information.
This later information is reflected in Subsection 6.9 of Appendix M.

The safety-related components inside the Units 2 and 3 Reactor Buildings were
examined for the environmental effects of the steam issuing from a postulated
failure in a main steam line or feedwater line in the steam vault.  Of most concern
were electrical components, such as pump motors, valve motors, electrical
distribution boards, instrumentation power cables, and control cables.  These
components had to be evaluated for operability in a high-humidity environment
resulting from the steam that entered the Reactor Building.  The reactor building
room temperatures increase for a short duration and the relative humidity
approaches 100 percent.  Unit 1 equipment will not experience a harsh environment
prior to Unit 1 restart; and thus, the equipment is not required to be evaluated prior
to Unit 1 restart.
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All of these electrical components were examined and found to be essentially
unaffected by the temperature and humidity.  A type test of the motors has been
conducted in a steam environment, and they have been shown to work during and
after the test.  All of the safety-related motor operated isolation valves use
Limitorque operators.  Those with type H insulation have been type-tested for
service inside the drywell at >300 F and a steam environment.  Those with type B
insulation have also been tested.  All of the power and control cabling would survive
these environmental conditions.  The MOV board components have been evaluated
for humidity or temperature.  For the required operating time(s), all of the essential
functions would be available for the operator to establish normal shutdown cooling
after the reactor is depressurized.  Thus, components of most concern were judged
to be acceptable for service in the environment created when steam entered the
Reactor Building from the steam vault or an alternate method of coping with failures
was available.  Therefore, the reactor could be put into a safe condition and
maintained indefinitely.

The drywell, torus, and all equipment they contain would not be adversely affected
by the pressure, temperature, and humidity in the Reactor Building.  The maximum
calculated pressure (<1.4 psi in Section M.2) would be less than the external design
pressure (2.0 psi) for the drywell and torus.  However, the drywell and torus vacuum
breakers would open and admit sufficient reactor zone mixture to equalize the
pressure.  All of the safety-related components inside the drywell have been
designed to function in such an environment and tested for the service conditions.
The temperature would be much less than the primary containment design
temperature of 281 F.  The humidity would not cause any short-term damage.
Therefore, the primary containment and equipment inside would continue to perform
without any degradation to their normal function.

Another safety-related component that could be affected is the SGTS.  The
temperature and humidity would be below its acceptable range (<140 F and
100-percent relative humidity).  The performance of the SGTS would be degraded
with the blowout panel removed from the steam vault.  That is, the amount of
negative pressure the SGTS could establish in the Reactor Buildings would be
reduced.  However, the steam line-break offsite radiological dose calculations
reported in FSAR Chapter 14 do not depend on the functioning of SGTS.  Thus, the
reduction in effectiveness of the SGTS would not result in any higher offsite doses
and, therefore, was acceptable for a high-pressure pipe failure in the steam vault.

Other safety-related components, such as the diesel generators, RHRSW pumps,
EECW pumps, and selected essential air-conditioning equipment, are located
where they cannot be influenced by either the dynamic effects or the environmental
effects of a high-pressure pipe failure in the steam vault.  Essential air conditioning
equipment located where it could be influenced by a high energy line break has
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been environmentally qualified to perform its design function under the resulting
environmental conditions.  Therefore, they would be available to mitigate the
consequences of a postulated pipe failure in the main steam and feedwater systems
outside the containment.

None of the safety-related structures, such as the intake pumping station, Diesel
Generator Buildings, Control Building, and the two remaining reactor zones, would
be jeopardized by the failure of a steam line or feedwater line in the steam vault.
There are no direct passageways that would admit any of the steam to the pumping
station or the diesel buildings.  The Control Building and the other reactor zones are
connected together via personnel access locks.  Additionally, the reactor zones are
connected to the refuel floor through large open equipment hatches.  The high
temperature and high humidity in one reactor zone resulting from a postulated
steam vault pipe failure could possibly spread, but not very likely, through these
access locks and hatches.  Any inleakage of these environmental effects into the
Control Building would be quickly dissipated in the air-conditioning systems in the
Control Building.  The perturbation on the temperature and humidity would probably
not be noticed by the operators or the equipment in the Control Building.  Any
crossflow to the other reactor zones would be of much less concern than the
environmental effects discussed above for the Reactor Building, with the postulated
failure in its steam vault.

Any environmentally-induced temperature and humidity effects that would migrate to
the common refueling floor would be felt in all three units.

In addition to the evaluations performed for environmental effects of the main steam
line and main feedwater line breaks, the safety-related components inside the
Reactor Building were examined for the environments resulting from high energy
line breaks discussed in section 6.9.  These evaluations are documented in the
BFN Equipment Qualification Data Packages (EQDPs).

M.9 ADDITIONAL WORK

As a result of the evaluation of both the dynamic and environmental effects of a
postulated failure in the main steam and feedwater systems inside the steam vault,
a decision was made to increase the stiffness of the steel plate covering the
stacked block wall (see Subsection M.6.8).  The stiffness was added to assure that
the plate does not fail and result in additional steam release into the Reactor
Building during a postulated steam vault pipe failure.  The stiffened plate was
designed for a 10-psi uniform pressure and a 17-kip concentrated load at the worst
location.  A working stress analysis was used, and the maximum stress was limited
to 90 percent of the yield stress.  In addition, an ultimate analysis was performed
with at least a 15-psi uniform pressure, a 17-kip concentrated load, and a dynamic
factor of 2 applied to both loads.  This additional analysis was performed to
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demonstrate the amount of margin available in the strength of the stiffened plate
and to provide assurance that the stacked block wall does not fail.  The stiffened
plate was installed on Unit 1 at the first refueling outage.  Stiffened plates for Units
2 and 3 were installed before those units exceeded 1 percent power.

M.10 SUMMARY AND CONCLUSIONS

This report provides partial documentation for the dynamic effects and
environmental conditions resulting from a postulated failure in the main steam and
feedwater systems outside the containment.  The reanalysis of the consequences of
the postulated event are complete, and this report supports TVA's position that the
Browns Ferry Nuclear Plant complies with Criterion No. 4 of the AEC General
Design Criteria as listed in Appendix A, 10 CFR 50.  That is to say, all of the
postulated break locations, dynamic loads, environmental conditions, structural
analyses, and safety-related component evaluations reported herein would not
prevent Browns Ferry from being shut down and maintained in a safe shutdown
condition for the accident considered.

The qualification of safety-related electrical equipment is further addressed in TVA's
responses to IEB-79-01B and supplements thereto, and the revised Order for
Modification of Licenses, dated September 19, 1980.
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Important Notice Regarding Contents of This Report 

 

Please Read Carefully 

This report was prepared by Global Nuclear Fuel - Americas, LLC (GNF-A) solely for use by Tennesee 

Valley Authority ("Recipient") in support of the operating license for Browns Ferry 1 (the "Nuclear 

Plant").  The information contained in this report (the "Information") is believed by GNF-A to be an 

accurate and true representation of the facts known by, obtained by or provided to GNF-A at the time this 

report was prepared. 

The only undertakings of GNF-A respecting the Information are contained in the contract between 

Recipient and GNF-A for nuclear fuel and related services for the Nuclear Plant (the "Fuel Contract") and 

nothing contained in this document shall be construed as amending or modifying the Fuel Contract.  The 

use of the Information for any purpose other than that for which it was intended under the Fuel Contract, 

is not authorized by GNF-A.  In the event of any such unauthorized use, GNF-A neither (a) makes any 

representation or warranty (either expressed or implied) as to the completeness, accuracy or usefulness of 

the Information or that such unauthorized use may not infringe privately owned rights, nor (b) assumes 

any responsibility for liability or damage of any kind which may result from such use of such 

information. 
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The basis for this report is General Electric Standard Application for Reactor Fuel, NEDE-24011-P-A-

16, October 2007; and the U.S. Supplement, NEDE-24011-P-A-16-US, October 2007. 

1. Plant-unique Items 

Appendix A:  Analysis Conditions 

Appendix B:  Decrease in Core Coolant Temperature Events 

Appendix C:  SLO Pump Seizure 

Appendix D:  Expanded Operating Domain and EOOS 

Appendix E:  Off-rated Limits 

Appendix F:  Thermal-Mechanical Compliance 

Appendix G:  Additional Stability Information and Analysis 

Appendix H:  List of Acronyms 

2. Reload Fuel Bundles 

Fuel Type 
Cycle 

Loaded 
Number 

Irradiated:    

  GE13-P9DTB156-NOG-100T-146-T6-2887 (GE13)   7    56  

  GE14-P10DNAB157-NOG-100T-150-T6-2889 (GE14C)   7     9  

  GE14-P10DNAB377-16GZ-100T-150-T6-2890 (GE14C)   7    95  

  GE14-P10DNAB402-16GZ-100T-150-T6-2891 (GE14C)   7    32  

  GE14-P10DNAB350-16GZ-100T-150-T6-2892 (GE14C)   7    32  

  GE14-P10DNAB419-16GZ-100T-150-T6-2894 (GE14C)   7    32  

  GE14-P10DNAB368-15GZ-100T-150-T6-2895 (GE14C)   7    72  

  GE14-P10DNAB402-19GZ-100T-150-T6-2896 (GE14C)   7    24  

  GE13-P9DTB163-NOG-100T-146-T6-2888 (GE13)   7    52  

  GE14-P10DNAB377-17GZ-100T-150-T6-2897 (GE14C)   7    32  

New:    

  GE14-P10DNAB418-16GZ-100T-150-T6-3080 (GE14C)   8    72  

  GE14-P10DNAB417-16GZ-100T-150-T6-3082 (GE14C)   8    48  

  GE14-P10DNAB406-15GZ-100T-150-T6-3079 (GE14C)   8    64  

  GE14-P10DNAB400-17GZ-100T-150-T6-3081 (GE14C)   8    96  

  GE14-P10DNAB406-16GZ-100T-150-T6-3078 (GE14C)   8    48  

Total:     764 
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3. Reference Core Loading Pattern 

 
Core Average 

Exposure 

Cycle Exposure 

Nominal previous end-of-cycle exposure: 
 15772 MWd/MT 

(14308 MWd/ST) 

 11811 MWd/MT 

(10715 MWd/ST) 

Minimum previous end-of-cycle exposure (for cold 

shutdown considerations): 

 15429 MWd/MT 

(13997 MWd/ST) 

 11468 MWd/MT 

(10404 MWd/ST) 

Assumed reload beginning-of-cycle exposure: 
  7290 MWd/MT 

(6613 MWd/ST) 

0 MWd/MT 

(0 MWd/ST) 

Assumed reload end-of-cycle exposure (rated 

conditions): 

 27729 MWd/MT 

(25155 MWd/ST) 

 20439 MWd/MT 

(18542 MWd/ST) 

Reference core loading pattern: Figure 1 
 

4. Calculated Core Effective Multiplication and Control System Worth - No Voids, 20°C 

Beginning of Cycle, keffective  

   Uncontrolled 1.118 

   Fully controlled 0.951 

   Strongest control rod out 0.984 

R, Maximum increase in strongest rod out reactivity during the cycle (∆k) 0.000 

Cycle exposure at which R occurs 
0 MWd/MT 

(0 MWd/ST) 
 

5. Standby Liquid Control System Shutdown Capability 

Shutdown Margin (∆∆∆∆k) 

(at 160°C, Xenon Free) 
Boron (ppm) 

(at 21°C) 
Analytical Requirement Achieved 

 720 ≥0.014 0.026 
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6. Reload Unique GETAB Anticipated Operational Occurrences (AOO) Analysis 

 Initial Condition Parameters 
1
 

Operating domain:  ICF (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.52 1.35 1.040 6.707 110.1 1.40 

GE13 1.45 1.52 1.35 1.020 6.682 103.9 1.33 
 
 
 

Operating domain:  ICF (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.48 1.38 1.040 6.549 112.7 1.38 

GE13 1.45 1.47 1.38 1.020 6.479 106.4 1.33 
 
 
 

Operating domain:  MELLLA (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.41 1.31 1.040 6.199  85.3 1.39 

GE13 1.45 1.42 1.31 1.020 6.249  80.0 1.31 
 
 
 

                                                
1 Exposure range designation is defined in Table 7-1.  Application condition number is defined in Section 11. 
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Operating domain:  MELLLA (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.38 1.35 1.040 6.079  86.8 1.39 

GE13 1.45 1.39 1.35 1.020 6.114  81.4 1.32 
 
 
 

Operating domain:  ICF (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.58 1.37 1.040 6.983 107.5 1.37 

GE13 1.45 1.58 1.37 1.020 6.956 101.6 1.31 
 
 
 

Operating domain:  MELLLA (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.52 1.35 1.040 6.689  81.3 1.31 

GE13 1.45 1.52 1.35 1.020 6.698  76.7 1.25 
 
 
 

Operating domain:  ICF & FWTR (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.55 1.38 1.040 6.834 109.4 1.40 

GE13 1.45 1.54 1.38 1.020 6.775 103.3 1.33 
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Operating domain:  ICF & FWTR (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.51 1.39 1.040 6.659 112.5 1.38 

GE13 1.45 1.50 1.39 1.020 6.623 105.9 1.32 
 
 
 

Operating domain:  MELLLA & FWTR (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.43 1.32 1.040 6.297  84.7 1.39 

GE13 1.45 1.44 1.32 1.020 6.333  79.4 1.32 
 
 
 

Operating domain:  MELLLA & FWTR (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.41 1.35 1.040 6.203  86.4 1.38 

GE13 1.45 1.41 1.35 1.020 6.200  81.1 1.32 
 
 
 

Operating domain:  ICF & FWTR (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.61 1.39 1.040 7.073 107.3 1.37 

GE13 1.45 1.58 1.39 1.020 6.965 101.7 1.32 
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Operating domain:  MELLLA & FWTR (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.51 1.34 1.040 6.640  81.8 1.34 

GE13 1.45 1.51 1.34 1.020 6.637  77.1 1.28 
 
 
 

Operating domain:  ICF with RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  2, 6, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.50 1.35 1.040 6.625 110.6 1.42 

GE13 1.45 1.48 1.35 1.020 6.534 104.8 1.37 
 
 
 

Operating domain:  ICF with RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  2, 6, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.46 1.38 1.040 6.436 113.4 1.41 

GE13 1.45 1.44 1.38 1.020 6.341 107.3 1.36 
 
 
 

Operating domain:  MELLLA with RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  2, 6, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.41 1.31 1.040 6.201  85.2 1.39 

GE13 1.45 1.42 1.31 1.020 6.249  80.0 1.31 
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Operating domain:  MELLLA with RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  2, 6, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.38 1.35 1.040 6.077  86.8 1.39 

GE13 1.45 1.39 1.35 1.020 6.110  81.4 1.32 
 
 
 

Operating domain:  MELLLA with RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  2, 6, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.52 1.35 1.040 6.684  81.3 1.31 

GE13 1.45 1.53 1.35 1.020 6.730  76.5 1.24 
 
 
 

Operating domain:  ICF with RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  2, 6, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.56 1.37 1.040 6.883 108.1 1.40 

GE13 1.45 1.55 1.37 1.020 6.843 102.3 1.33 
 
 
 

Operating domain:  ICF & FWTR with RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  6, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.54 1.38 1.040 6.761 109.8 1.42 

GE13 1.45 1.51 1.38 1.020 6.651 104.1 1.36 
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Operating domain:  ICF & FWTR with RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  6, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.49 1.39 1.040 6.580 113.0 1.40 

GE13 1.45 1.47 1.39 1.020 6.476 106.8 1.35 
 
 
 

Operating domain:  MELLLA & FWTR with RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  6, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.43 1.32 1.040 6.289  84.8 1.40 

GE13 1.45 1.44 1.32 1.020 6.329  79.5 1.32 
 
 
 

Operating domain:  MELLLA & FWTR with RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  6, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.41 1.35 1.040 6.200  86.4 1.38 

GE13 1.45 1.41 1.35 1.020 6.198  81.1 1.32 
 
 
 

Operating domain:  ICF & FWTR with RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  6, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.58 1.39 1.040 6.964 107.9 1.40 

GE13 1.45 1.56 1.39 1.020 6.842 102.5 1.35 
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Operating domain:  MELLLA & FWTR with RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  6, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.51 1.34 1.040 6.624  81.9 1.34 

GE13 1.45 1.51 1.34 1.020 6.633  77.1 1.28 
 
 
 

Operating domain:  ICF with TBVOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  3, 7, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.48 1.35 1.040 6.504 111.3 1.45 

GE13 1.45 1.47 1.35 1.020 6.476 105.2 1.38 
 
 
 

Operating domain:  ICF with TBVOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  3, 7, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.44 1.38 1.040 6.355 113.8 1.43 

GE13 1.45 1.43 1.38 1.020 6.294 107.6 1.38 
 
 
 

Operating domain:  MELLLA with TBVOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  3, 7, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.36 1.31 1.040 5.990  86.4 1.44 

GE13 1.45 1.38 1.31 1.020 6.070  81.0 1.36 
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Operating domain:  MELLLA with TBVOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  3, 7, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.33 1.35 1.040 5.866  88.0 1.45 

GE13 1.45 1.35 1.35 1.020 5.923  82.4 1.37 
 
 
 

Operating domain:  ICF with TBVOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  3, 7, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.53 1.37 1.040 6.758 108.9 1.43 

GE13 1.45 1.53 1.37 1.020 6.760 102.8 1.35 
 
 
 

Operating domain:  MELLLA with TBVOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  3, 7, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.47 1.35 1.040 6.459  82.5 1.37 

GE13 1.45 1.49 1.35 1.020 6.546  77.5 1.28 
 
 
 

Operating domain:  ICF & FWTR with TBVOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  7, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.52 1.38 1.040 6.669 110.4 1.44 

GE13 1.45 1.51 1.38 1.020 6.633 104.2 1.37 
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Operating domain:  ICF & FWTR with TBVOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  7, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.48 1.39 1.040 6.503 113.4 1.42 

GE13 1.45 1.46 1.39 1.020 6.433 107.1 1.36 
 
 
 

Operating domain:  MELLLA & FWTR with TBVOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  7, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.39 1.32 1.040 6.097  85.9 1.45 

GE13 1.45 1.40 1.32 1.020 6.170  80.4 1.36 
 
 
 

Operating domain:  MELLLA & FWTR with TBVOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  7, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.36 1.35 1.040 5.995  87.6 1.44 

GE13 1.45 1.37 1.35 1.020 6.034  82.0 1.37 
 
 
 

Operating domain:  ICF & FWTR with TBVOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  7, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.56 1.39 1.040 6.850 108.6 1.43 

GE13 1.45 1.54 1.39 1.020 6.789 102.8 1.36 
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Operating domain:  MELLLA & FWTR with TBVOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  7, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.46 1.34 1.040 6.404  83.1 1.40 

GE13 1.45 1.47 1.34 1.020 6.472  78.0 1.32 
 
 
 

Operating domain:  ICF with PLUOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  4, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.52 1.35 1.040 6.710 110.1 1.40 

GE13 1.45 1.51 1.35 1.020 6.679 103.9 1.33 
 
 
 

Operating domain:  ICF with PLUOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  4, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.48 1.38 1.040 6.547 112.7 1.38 

GE13 1.45 1.46 1.38 1.020 6.460 106.5 1.34 
 
 
 

Operating domain:  MELLLA with PLUOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  4, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.41 1.31 1.040 6.219  85.1 1.38 

GE13 1.45 1.43 1.31 1.020 6.284  79.8 1.31 
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Operating domain:  MELLLA with PLUOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  4, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.39 1.35 1.040 6.099  86.7 1.38 

GE13 1.45 1.39 1.35 1.020 6.133  81.3 1.32 
 
 
 

Operating domain:  ICF with PLUOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  4, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.58 1.37 1.040 6.959 107.6 1.38 

GE13 1.45 1.58 1.37 1.020 6.943 101.6 1.31 
 
 
 

Operating domain:  MELLLA with PLUOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  4, 8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.51 1.35 1.040 6.642  81.6 1.32 

GE13 1.45 1.52 1.35 1.020 6.696  76.7 1.25 
 
 
 

Operating domain:  ICF & FWTR with PLUOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.58 1.38 1.040 6.957 108.6 1.37 

GE13 1.45 1.56 1.38 1.020 6.864 102.7 1.31 
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Operating domain:  ICF & FWTR with PLUOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.53 1.39 1.040 6.747 112.0 1.36 

GE13 1.45 1.51 1.39 1.020 6.659 105.7 1.31 
 
 
 

Operating domain:  MELLLA & FWTR with PLUOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.45 1.32 1.040 6.383  84.2 1.37 

GE13 1.45 1.46 1.32 1.020 6.411  79.0 1.30 
 
 
 

Operating domain:  MELLLA & FWTR with PLUOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.43 1.35 1.040 6.270  86.1 1.37 

GE13 1.45 1.43 1.35 1.020 6.280  80.6 1.30 
 
 
 

Operating domain:  ICF & FWTR with PLUOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.62 1.39 1.040 7.113 107.0 1.36 

GE13 1.45 1.60 1.39 1.020 7.047 101.2 1.30 
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Operating domain:  MELLLA & FWTR with PLUOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  8, 9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.52 1.34 1.040 6.651  81.7 1.34 

GE13 1.45 1.53 1.34 1.020 6.702  76.7 1.26 
 
 
 

Operating domain:  ICF with TBVOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.45 1.35 1.040 6.387 112.0 1.48 

GE13 1.45 1.44 1.35 1.020 6.340 106.0 1.41 
 
 
 

Operating domain:  ICF with TBVOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.42 1.38 1.040 6.256 114.4 1.45 

GE13 1.45 1.40 1.38 1.020 6.177 108.3 1.41 
 
 
 

Operating domain:  MELLLA with TBVOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.37 1.31 1.040 6.013  86.3 1.44 

GE13 1.45 1.38 1.31 1.020 6.089  80.9 1.36 
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Operating domain:  MELLLA with TBVOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.34 1.35 1.040 5.879  87.9 1.44 

GE13 1.45 1.35 1.35 1.020 5.954  82.2 1.36 
 
 
 

Operating domain:  ICF with TBVOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.51 1.37 1.040 6.651 109.5 1.45 

GE13 1.45 1.50 1.37 1.020 6.607 103.7 1.39 
 
 
 

Operating domain:  MELLLA with TBVOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.46 1.35 1.040 6.416  82.8 1.38 

GE13 1.45 1.48 1.35 1.020 6.521  77.6 1.29 
 
 
 

Operating domain:  ICF & FWTR with TBVOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.50 1.38 1.040 6.585 110.9 1.46 

GE13 1.45 1.48 1.38 1.020 6.493 105.1 1.40 
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Operating domain:  ICF & FWTR with TBVOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.45 1.39 1.040 6.394 114.1 1.45 

GE13 1.45 1.43 1.39 1.020 6.313 107.8 1.39 
 
 
 

Operating domain:  MELLLA & FWTR with TBVOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.39 1.32 1.040 6.114  85.8 1.44 

GE13 1.45 1.41 1.32 1.020 6.183  80.3 1.36 
 
 
 

Operating domain:  MELLLA & FWTR with TBVOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.36 1.35 1.040 5.994  87.6 1.44 

GE13 1.45 1.37 1.35 1.020 6.039  82.0 1.36 
 
 
 

Operating domain:  ICF & FWTR with TBVOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.53 1.39 1.040 6.733 109.4 1.46 

GE13 1.45 1.52 1.39 1.020 6.668 103.6 1.39 
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Operating domain:  MELLLA & FWTR with TBVOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Peaking Factors     

Fuel 

Design 

 

Local 

 

Radial 

 

Axial 

 

R-Factor 

Bundle 

Power 

(MWt) 

Bundle 

Flow 

(1000 lb/hr) 

Initial 

MCPR 

GE14C 1.45 1.45 1.34 1.040 6.364  83.3 1.41 

GE13 1.45 1.47 1.34 1.020 6.436  78.2 1.33 
 
 

7. Selected Margin Improvement Options 
2
 

Recirculation pump trip: Yes 

Rod withdrawal limiter: No 

Thermal power monitor: Yes 

Improved scram time: Yes 

   (ODYN Option B) 

Measured scram time: No 

Exposure dependent limits: Yes 

Exposure points analyzed:  2 

Table 7-1  Cycle Exposure Range Designation 

Name Exposure Range 
3
 

BOC to MOC BOC8 to EOR8-2725 MWd/MT (2472 MWd/ST) 

MOC to EOC EOR8-2725 MWd/MT (2472 MWd/ST) to EOC8 

BOC to EOC BOC8 to EOC8 
 
 

                                                
2 Refer to the GESTAR basis document identified at the beginning of this report for the margin improvement 

options currently supported therein. 
3 End of Rated (EOR) is defined as the cycle exposure corresponding to all rods out, 100% power/100% flow, and 

normal feedwater temperature. For plants without mid-cycle OLMCPR points, EOR is not applicable.  
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8. Operating Flexibility Options 
4
 

The following information presents the operational domains and flexibility options which are supported 

by the reload licensing analysis. 

Extended Operating Domain (EOD): Yes 

   EOD type:  Maximum Extended Load Line Limit (MELLLA) 

   Minimum core flow at rated power:  81.0 % 

Increased Core Flow: Yes 

   Flow point analyzed throughout cycle: 105.0 % 

Feedwater Temperature Reduction: Yes 

   Feedwater temperature reduction during cycle:  54.7°F 

   Final feedwater temperature reduction:  54.7°F 

ARTS Program: Yes 

Single Loop Operation: Yes 

Equipment Out of Service:  

   Safety/relief valves Out of Service: Yes 

   (credit taken for 12 valves) 

   RPT OOS Yes 

   TBV OOS Yes 

   PLU OOS (including RPT OOS) Yes 

   Combined RPT OOS and TBV OOS Yes 

   Combined RPT OOS, PLU OOS, and TBV POOS Yes 

9. Core-wide AOO Analysis Results 
5
 

Methods used: GEMINI, GEXL-PLUS 

 

                                                
4 Refer to the GESTAR basis document identified at the beginning of this report for the operating flexibility options 

currently supported therein. 
5 Exposure range designation is defined in Table 7-1.  Application condition number is defined in Section 11. 
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Operating domain:  ICF (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          644 138 0.31 0.25 2 

Load Rejection w/o Bypass      663 131 0.29 0.23 3 

Turbine Trip w/o Bypass        619 128 0.29 0.22 4 

Inadvertent HPCI /L8           528 134 0.28 0.23 5 
 
 

Operating domain:  ICF (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          624 138 0.29 0.24 6 

Load Rejection w/o Bypass      627 131 0.27 0.22 7 

Turbine Trip w/o Bypass        602 129 0.27 0.22 8 

Inadvertent HPCI /L8           515 135 0.27 0.23 9 
 
 

Operating domain:  MELLLA (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          545 132 0.30 0.23 10 

Load Rejection w/o Bypass      525 126 0.29 0.22 11 

Turbine Trip w/o Bypass        493 123 0.28 0.21 12 

Inadvertent HPCI /L8           440 129 0.28 0.22 13 
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Operating domain:  MELLLA (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          581 134 0.30 0.23 14 

Load Rejection w/o Bypass      552 128 0.29 0.23 15 

Turbine Trip w/o Bypass        525 126 0.28 0.23 16 

Inadvertent HPCI /L8           471 131 0.28 0.23 17 
 
 

Operating domain:  ICF (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          482 131 0.28 0.21 18 

Load Rejection w/o Bypass      486 124 0.26 0.19 19 

Turbine Trip w/o Bypass        467 121 0.25 0.18 20 

Inadvertent HPCI /L8           391 128 0.26 0.20 21 
 
 

Operating domain:  MELLLA (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          304 120 0.22 0.16 22 

Load Rejection w/o Bypass      300 115 0.21 0.15 23 

Turbine Trip w/o Bypass        294 112 0.19 0.12 24 

Inadvertent HPCI /L8           254 118 0.21 0.15 25 
 
 

Operating domain:  ICF & FWTR (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          616 138 0.30 0.24 26 

Inadvertent HPCI /L8           479 131 0.26 0.21 27 
 
 

BFN-23

N.1-24



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 25 

Operating domain:  ICF & FWTR (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          579 138 0.29 0.23 28 

Inadvertent HPCI /L8           460 131 0.26 0.20 29 
 
 

Operating domain:  MELLLA & FWTR (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          549 134 0.30 0.23 30 

Inadvertent HPCI /L8           425 128 0.27 0.21 31 
 
 

Operating domain:  MELLLA & FWTR (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          562 135 0.29 0.23 32 

Inadvertent HPCI /L8           448 130 0.27 0.22 33 
 
 

Operating domain:  ICF & FWTR (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          486 133 0.28 0.23 34 

Inadvertent HPCI /L8           381 127 0.25 0.20 35 
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Operating domain:  MELLLA & FWTR (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          376 125 0.25 0.19 36 

Inadvertent HPCI /L8           294 120 0.22 0.17 37 
 
 

Operating domain:  ICF with RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  2, 6, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          755 142 0.33 0.28 38 

Turbine Trip w/o Bypass        749 134 0.32 0.26 39 

Load Rejection w/o Bypass      770 135 0.32 0.26 40 

Inadvertent HPCI /L8           666 141 0.31 0.27 41 
 
 

Operating domain:  ICF with RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  2, 6, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          723 142 0.32 0.27 42 

Turbine Trip w/o Bypass        734 135 0.30 0.26 43 

Load Rejection w/o Bypass      736 136 0.30 0.26 44 

Inadvertent HPCI /L8           620 141 0.30 0.26 45 
 
 

Operating domain:  MELLLA with RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  2, 6, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          594 135 0.30 0.23 46 

Load Rejection w/o Bypass      572 129 0.29 0.22 47 

Turbine Trip w/o Bypass        561 127 0.28 0.21 48 

Inadvertent HPCI /L8           493 132 0.28 0.22 49 
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Operating domain:  MELLLA with RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  2, 6, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          631 137 0.30 0.24 50 

Load Rejection w/o Bypass      609 131 0.29 0.23 51 

Turbine Trip w/o Bypass        589 129 0.29 0.23 52 

Inadvertent HPCI /L8           527 135 0.29 0.23 53 
 
 

Operating domain:  MELLLA with RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  2, 6, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          328 122 0.22 0.16 54 

Load Rejection w/o Bypass      329 118 0.22 0.15 55 

Turbine Trip w/o Bypass        337 115 0.20 0.14 56 

Inadvertent HPCI /L8           280 121 0.21 0.16 57 
 
 

Operating domain:  ICF with RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  2, 6, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          567 135 0.30 0.24 58 

Turbine Trip w/o Bypass        593 127 0.29 0.22 59 

Load Rejection w/o Bypass      580 129 0.29 0.22 60 

Inadvertent HPCI /L8           487 134 0.29 0.24 61 
 
 

Operating domain:  ICF & FWTR with RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  6, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          714 143 0.33 0.28 62 

Inadvertent HPCI /L8           592 137 0.29 0.25 63 
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Operating domain:  ICF & FWTR with RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  6, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          670 142 0.31 0.26 64 

Inadvertent HPCI /L8           570 138 0.28 0.24 65 
 
 

Operating domain:  MELLLA & FWTR with RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  6, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          607 136 0.30 0.23 66 

Inadvertent HPCI /L8           476 131 0.27 0.21 67 
 
 

Operating domain:  MELLLA & FWTR with RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  6, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          606 137 0.30 0.23 68 

Inadvertent HPCI /L8           496 132 0.27 0.22 69 
 
 

Operating domain:  ICF & FWTR with RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  6, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          569 137 0.31 0.26 70 

Inadvertent HPCI /L8           471 132 0.27 0.23 71 
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Operating domain:  MELLLA & FWTR with RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  6, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          409 127 0.25 0.19 72 

Inadvertent HPCI /L8           327 123 0.23 0.17 73 
 
 

Operating domain:  ICF with TBVOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  3, 7, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          793 143 0.36 0.29 74 

Inadvertent HPCI /L8           654 140 0.34 0.28 75 
 
 

Operating domain:  ICF with TBVOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  3, 7, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          767 143 0.34 0.28 76 

Inadvertent HPCI /L8           624 140 0.32 0.27 77 
 
 

Operating domain:  MELLLA with TBVOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  3, 7, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          681 138 0.35 0.27 78 

Inadvertent HPCI /L8           543 134 0.34 0.26 79 
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Operating domain:  MELLLA with TBVOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  3, 7, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          730 140 0.36 0.28 80 

Inadvertent HPCI /L8           579 137 0.34 0.27 81 
 
 

Operating domain:  ICF with TBVOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  3, 7, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          605 136 0.33 0.26 82 

Inadvertent HPCI /L8           476 133 0.31 0.24 83 
 
 

Operating domain:  MELLLA with TBVOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  3, 7, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          378 125 0.28 0.20 84 

Inadvertent HPCI /L8           309 122 0.26 0.19 85 
 
 

Operating domain:  ICF & FWTR with TBVOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  7, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          727 143 0.35 0.28 86 

Inadvertent HPCI /L8           577 136 0.31 0.25 87 
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Operating domain:  ICF & FWTR with TBVOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  7, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          697 143 0.33 0.27 88 

Inadvertent HPCI /L8           555 136 0.30 0.24 89 
 
 

Operating domain:  MELLLA & FWTR with TBVOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  7, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          717 140 0.36 0.27 90 

Inadvertent HPCI /L8           518 133 0.32 0.25 91 
 
 

Operating domain:  MELLLA & FWTR with TBVOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  7, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          696 141 0.35 0.27 92 

Inadvertent HPCI /L8           544 135 0.32 0.26 93 
 
 

Operating domain:  ICF & FWTR with TBVOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  7, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          589 138 0.33 0.27 94 

Inadvertent HPCI /L8           463 131 0.30 0.24 95 
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Operating domain:  MELLLA & FWTR with TBVOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  7, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          462 130 0.31 0.23 96 

Inadvertent HPCI /L8           359 124 0.27 0.21 97 
 
 

Operating domain:  ICF with PLUOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  4, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

Load Rejection w/o Bypass      577 133 0.31 0.25 98 
 
 

Operating domain:  ICF with PLUOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  4, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

Load Rejection w/o Bypass      574 133 0.29 0.25 99 
 
 

Operating domain:  MELLLA with PLUOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  4, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

Load Rejection w/o Bypass      480 128 0.29 0.22 100 
 
 

Operating domain:  MELLLA with PLUOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  4, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

Load Rejection w/o Bypass      506 130 0.29 0.23 101 
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Operating domain:  ICF with PLUOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  4, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

Load Rejection w/o Bypass      466 127 0.29 0.22 102 
 
 

Operating domain:  MELLLA with PLUOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  4, 8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

Load Rejection w/o Bypass      297 117 0.23 0.16 103 
 
 

Operating domain:  ICF & FWTR with PLUOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

Load Rejection w/o Bypass      488 129 0.28 0.22 104 
 
 

Operating domain:  ICF & FWTR with PLUOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

Load Rejection w/o Bypass      487 130 0.27 0.22 105 
 
 

Operating domain:  MELLLA & FWTR with PLUOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

Load Rejection w/o Bypass      424 126 0.28 0.21 106 
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Operating domain:  MELLLA & FWTR with PLUOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

Load Rejection w/o Bypass      447 128 0.28 0.21 107 
 
 

Operating domain:  ICF & FWTR with PLUOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

Load Rejection w/o Bypass      418 126 0.27 0.21 108 
 
 

Operating domain:  MELLLA & FWTR with PLUOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  8, 9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

Load Rejection w/o Bypass      317 119 0.25 0.17 109 
 
 

Operating domain:  ICF with TBVOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          911 148 0.39 0.32 110 

Inadvertent HPCI /L8           808 147 0.37 0.31 111 
 
 

Operating domain:  ICF with TBVOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          877 148 0.37 0.31 112 

Inadvertent HPCI /L8           746 146 0.35 0.30 113 
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Operating domain:  MELLLA with TBVOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          748 141 0.35 0.27 114 

Inadvertent HPCI /L8           613 138 0.34 0.26 115 
 
 

Operating domain:  MELLLA with TBVOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          768 142 0.35 0.27 116 

Inadvertent HPCI /L8           648 140 0.34 0.27 117 
 
 

Operating domain:  ICF with TBVOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          717 141 0.37 0.30 118 

Inadvertent HPCI /L8           602 139 0.35 0.29 119 
 
 

Operating domain:  MELLLA with TBVOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          413 128 0.29 0.20 120 

Inadvertent HPCI /L8           349 126 0.28 0.20 121 
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Operating domain:  ICF & FWTR with TBVOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          837 148 0.37 0.31 122 

Inadvertent HPCI /L8           710 142 0.34 0.29 123 
 
 

Operating domain:  ICF & FWTR with TBVOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          804 148 0.36 0.30 124 

Inadvertent HPCI /L8           672 142 0.33 0.28 125 
 
 

Operating domain:  MELLLA & FWTR with TBVOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          740 142 0.36 0.27 126 

Inadvertent HPCI /L8           585 136 0.33 0.25 127 
 
 

Operating domain:  MELLLA & FWTR with TBVOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          760 143 0.35 0.27 128 

Inadvertent HPCI /L8           609 138 0.32 0.26 129 
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Operating domain:  ICF & FWTR with TBVOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          689 142 0.36 0.30 130 

Inadvertent HPCI /L8           575 137 0.33 0.27 131 
 
 

Operating domain:  MELLLA & FWTR with TBVOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

 Uncorrected ∆∆∆∆CPR  

Event 
Flux 

(% rated) 

Q/A 

(% rated) 
GE14C       GE13       Fig. 

FW Controller Failure          505 133 0.32 0.24 132 

Inadvertent HPCI /L8           406 128 0.29 0.22 133 
 
 

10. Local Rod Withdrawal Error (With Limiting Instrument Failure) AOO Summary 

The rod withdrawal error (RWE) event was originally analyzed in the GE BWR Licensing Report, 

Maximum Extended Load Line Limit and ARTS Improvement Program Analyses for Browns Ferry 

Nuclear Plant Units 1, 2 and 3, NEDC-32433P, April 1995.   

A cycle specific analysis was performed for Browns Ferry 1 Cycle 8 CLTP with four RBM high trip 

setpoints (HTSPs), 107%, 111%, 114% and 117% (unfiltered).  For the exposure range from BOC8 to 

EOR8, it is concluded that the ARTS generic analysis ∆CPR values shown in Table 10-5(b) and Table 

10-5(c) of NEDC-32433P for Browns Ferry Unit 1 bound or equal the cycle specific analysis values for 

all HTSPs.   

The RBM operability requirements specified in Section 10.5 of NEDC-32433P have been evaluated and 

shown to be sufficient to ensure that the Safety Limit MCPR and cladding 1% plastic strain criteria will 

not be exceeded in the event of an unblocked RWE event. 
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11. Cycle MCPR Values 
6
 
7
  

 Two loop operation safety limit:  1.09  

 Single loop operation safety limit:  1.11  

 Stability MCPR Design Basis:  See Section 15 

 ECCS MCPR Design Basis:  See Section 16 (Initial MCPR) 

 

 

Non-pressurization Events: 

 

Exposure range:  BOC to EOC 

 All Fuel Types 

Loss of Feedwater Heating (See Appendix B) 1.22 

Rod Withdrawal Error (RBM setpoint at 107%) 1.22 

Rod Withdrawal Error (RBM setpoint at 111%) 1.27 

Rod Withdrawal Error (RBM setpoint at 114%) 1.32 

Rod Withdrawal Error (RBM setpoint at 117%) 1.38 

Fuel Load Error (mislocated) Non-Limiting 

 
 
 

                                                
6 Exposure range designation is defined in Table 7-1. 
7 For single loop operation, the MCPR operating limit is 0.02 greater than the two loop value. 
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Limiting Pressurization Events OLMCPR Summary Table: 8
 

Appl. 

Cond. 
Exposure Range Option A Option B 

   GE14C  GE13  GE14C  GE13 

 1 Equipment In Service with 1 SRV OOS  

 BOC to MOC     1.44   1.38     1.41   1.35  

 MOC to EOC     1.47   1.40     1.44   1.37  

  2 RPT OOS with 1 SRV OOS  

 BOC to MOC     1.55   1.45     1.44   1.38  

 MOC to EOC     1.63   1.52     1.46   1.41  

  3 TBV OOS with 1 SRV OOS  

 BOC to MOC     1.50   1.43     1.47   1.40  

 MOC to EOC     1.54   1.45     1.51   1.42  

  4 PLU OOS with 1 SRV OOS  

 BOC to MOC     1.52   1.42     1.41   1.35  

 MOC to EOC     1.61   1.49     1.44   1.38  

  5 Equipment In Service with 1 SRV OOS + FWHOOS  

 BOC to MOC     1.44   1.38     1.41   1.35  

 MOC to EOC     1.47   1.40     1.44   1.37  

  6 RPT OOS with 1 SRV OOS + FWHOOS  

 BOC to MOC     1.55   1.45     1.44   1.38  

 MOC to EOC     1.63   1.52     1.46   1.41  

  7 TBV OOS with 1 SRV OOS + FWHOOS  

 BOC to MOC     1.50   1.43     1.47   1.40  

 MOC to EOC     1.54   1.45     1.51   1.42  

  8 PLU OOS with 1 SRV OOS + FWHOOS  

 BOC to MOC     1.52   1.42     1.41   1.35  

 MOC to EOC     1.61   1.49     1.44   1.38  

  9 Combined RPT OOS and TBV OOS with 1 SRV OOS + FWHOOS  

 BOC to MOC     1.60   1.50     1.49   1.43  

 MOC to EOC     1.69   1.57     1.52   1.46  

 10 Combined RPTOOS, PLUOOS, and TBVOOS with 1 SRVOOS+FWHOOS  

 BOC to MOC     1.60   1.50     1.49   1.43  

 MOC to EOC     1.69   1.57     1.52   1.46  

                                                
8 Each application condition (Appl. Cond.) covers the entire range of licensed flow and feedwater temperature 

unless specified otherwise.  The OLMCPR values presented apply to rated power operation based on the two loop 

operation safety limit MCPR. 

BFN-23

N.1-39



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 40 

  
 
 

 

Pressurization Events: 9 

Operating domain:  ICF (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.44 1.38 1.41 1.35 

Load Rejection w/o Bypass      1.43 1.36 1.40 1.33 

Turbine Trip w/o Bypass        1.42 1.36 1.39 1.33 

Inadvertent HPCI /L8           1.42 1.37 1.39 1.34 
 
 

Operating domain:  ICF (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.46 1.40 1.43 1.37 

Load Rejection w/o Bypass      1.44 1.38 1.41 1.35 

Turbine Trip w/o Bypass        1.43 1.38 1.40 1.35 

Inadvertent HPCI /L8           1.44 1.39 1.41 1.36 
 
 

Operating domain:  MELLLA (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.44 1.36 1.41 1.33 

Load Rejection w/o Bypass      1.43 1.35 1.40 1.32 

Turbine Trip w/o Bypass        1.42 1.34 1.39 1.31 

Inadvertent HPCI /L8           1.42 1.36 1.39 1.33 
 
 

                                                
9 Application condition numbers shown for each of the following pressurization events represent the application 

conditions for which this event contributed in the determination of the limiting OLMCPR value. 
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Operating domain:  MELLLA (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.47 1.40 1.44 1.37 

Load Rejection w/o Bypass      1.46 1.39 1.43 1.36 

Turbine Trip w/o Bypass        1.45 1.39 1.42 1.36 

Inadvertent HPCI /L8           1.45 1.39 1.42 1.36 
 
 

Operating domain:  ICF (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.45 1.37 1.42 1.34 

Load Rejection w/o Bypass      1.43 1.35 1.40 1.32 

Turbine Trip w/o Bypass        1.42 1.34 1.39 1.31 

Inadvertent HPCI /L8           1.42 1.36 1.39 1.33 
 
 

Operating domain:  MELLLA (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  1, 2, 3, 4, 5, 6, 7, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.38 1.31 1.35 1.28 

Load Rejection w/o Bypass      1.38 1.30 1.35 1.27 

Turbine Trip w/o Bypass        1.35 1.28 1.32 1.25 

Inadvertent HPCI /L8           1.37 1.31 1.34 1.28 
 
 

Operating domain:  ICF & FWTR (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.44 1.38 1.41 1.35 

Inadvertent HPCI /L8           1.40 1.35 1.37 1.32 
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Operating domain:  ICF & FWTR (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.46 1.39 1.43 1.36 

Inadvertent HPCI /L8           1.42 1.36 1.39 1.33 
 
 

Operating domain:  MELLLA & FWTR (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.44 1.37 1.41 1.34 

Inadvertent HPCI /L8           1.40 1.35 1.37 1.32 
 
 

Operating domain:  MELLLA & FWTR (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.46 1.40 1.43 1.37 

Inadvertent HPCI /L8           1.44 1.38 1.41 1.35 
 
 

Operating domain:  ICF & FWTR (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.45 1.39 1.42 1.36 

Inadvertent HPCI /L8           1.41 1.36 1.38 1.33 
 
 

Operating domain:  MELLLA & FWTR (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  5, 6, 7, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.42 1.34 1.39 1.31 

Inadvertent HPCI /L8           1.38 1.32 1.35 1.29 
 
 

BFN-23

N.1-42



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 43 

Operating domain:  ICF with RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  2, 6, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.55 1.45 1.44 1.38 

Turbine Trip w/o Bypass        1.54 1.44 1.43 1.37 

Load Rejection w/o Bypass      1.54 1.43 1.43 1.36 

Inadvertent HPCI /L8           1.53 1.45 1.42 1.38 
 
 

Operating domain:  ICF with RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  2, 6, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.63 1.52 1.46 1.41 

Turbine Trip w/o Bypass        1.62 1.51 1.45 1.40 

Load Rejection w/o Bypass      1.62 1.51 1.45 1.40 

Inadvertent HPCI /L8           1.62 1.51 1.45 1.40 
 
 

Operating domain:  MELLLA with RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  2, 6, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.51 1.40 1.40 1.33 

Load Rejection w/o Bypass      1.51 1.39 1.40 1.32 

Turbine Trip w/o Bypass        1.50 1.39 1.39 1.32 

Inadvertent HPCI /L8           1.50 1.40 1.39 1.33 
 
 

Operating domain:  MELLLA with RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  2, 6, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.62 1.48 1.45 1.37 

Load Rejection w/o Bypass      1.61 1.48 1.44 1.37 

Turbine Trip w/o Bypass        1.60 1.48 1.43 1.37 

Inadvertent HPCI /L8           1.60 1.48 1.43 1.37 
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Operating domain:  MELLLA with RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  2, 6, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.53 1.40 1.36 1.29 

Load Rejection w/o Bypass      1.53 1.39 1.36 1.28 

Turbine Trip w/o Bypass        1.51 1.38 1.34 1.27 

Inadvertent HPCI /L8           1.52 1.40 1.35 1.29 
 
 

Operating domain:  ICF with RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  2, 6, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.62 1.49 1.45 1.38 

Turbine Trip w/o Bypass        1.61 1.47 1.44 1.36 

Load Rejection w/o Bypass      1.61 1.47 1.44 1.36 

Inadvertent HPCI /L8           1.60 1.49 1.43 1.38 
 
 

Operating domain:  ICF & FWTR with RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  6, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.54 1.45 1.43 1.38 

Inadvertent HPCI /L8           1.51 1.42 1.40 1.35 
 
 

Operating domain:  ICF & FWTR with RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  6, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.63 1.51 1.46 1.40 

Inadvertent HPCI /L8           1.60 1.49 1.43 1.38 
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Operating domain:  MELLLA & FWTR with RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  6, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.52 1.41 1.41 1.34 

Inadvertent HPCI /L8           1.49 1.39 1.38 1.32 
 
 

Operating domain:  MELLLA & FWTR with RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  6, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.61 1.48 1.44 1.37 

Inadvertent HPCI /L8           1.59 1.47 1.42 1.36 
 
 

Operating domain:  ICF & FWTR with RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  6, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.62 1.51 1.45 1.40 

Inadvertent HPCI /L8           1.59 1.48 1.42 1.37 
 
 

Operating domain:  MELLLA & FWTR with RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  6, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.57 1.43 1.40 1.32 

Inadvertent HPCI /L8           1.54 1.41 1.37 1.30 
 
 

Operating domain:  ICF with TBVOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  3, 7, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.50 1.43 1.47 1.40 

Inadvertent HPCI /L8           1.47 1.41 1.44 1.38 
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Operating domain:  ICF with TBVOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  3, 7, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.51 1.45 1.48 1.42 

Inadvertent HPCI /L8           1.49 1.43 1.46 1.40 
 
 

Operating domain:  MELLLA with TBVOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  3, 7, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.49 1.41 1.46 1.38 

Inadvertent HPCI /L8           1.47 1.40 1.44 1.37 
 
 

Operating domain:  MELLLA with TBVOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  3, 7, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.54 1.45 1.51 1.42 

Inadvertent HPCI /L8           1.51 1.43 1.48 1.40 
 
 

Operating domain:  ICF with TBVOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  3, 7, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.50 1.42 1.47 1.39 

Inadvertent HPCI /L8           1.48 1.41 1.45 1.38 
 
 

Operating domain:  MELLLA with TBVOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  3, 7, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.44 1.35 1.41 1.32 

Inadvertent HPCI /L8           1.43 1.35 1.40 1.32 
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Operating domain:  ICF & FWTR with TBVOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  7, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.49 1.42 1.46 1.39 

Inadvertent HPCI /L8           1.45 1.39 1.42 1.36 
 
 

Operating domain:  ICF & FWTR with TBVOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  7, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.51 1.44 1.48 1.41 

Inadvertent HPCI /L8           1.47 1.40 1.44 1.37 
 
 

Operating domain:  MELLLA & FWTR with TBVOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  7, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.50 1.41 1.47 1.38 

Inadvertent HPCI /L8           1.46 1.39 1.43 1.36 
 
 

Operating domain:  MELLLA & FWTR with TBVOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  7, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.52 1.44 1.49 1.41 

Inadvertent HPCI /L8           1.49 1.42 1.46 1.39 
 
 

Operating domain:  ICF & FWTR with TBVOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  7, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.51 1.43 1.48 1.40 

Inadvertent HPCI /L8           1.47 1.40 1.44 1.37 
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Operating domain:  MELLLA & FWTR with TBVOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  7, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.48 1.39 1.45 1.36 

Inadvertent HPCI /L8           1.44 1.37 1.41 1.34 
 
 

Operating domain:  ICF with PLUOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  4, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

Load Rejection w/o Bypass      1.52 1.42 1.41 1.35 
 
 

Operating domain:  ICF with PLUOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  4, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

Load Rejection w/o Bypass      1.61 1.49 1.44 1.38 
 
 

Operating domain:  MELLLA with PLUOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  4, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

Load Rejection w/o Bypass      1.51 1.39 1.40 1.32 
 
 

Operating domain:  MELLLA with PLUOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  4, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

Load Rejection w/o Bypass      1.61 1.48 1.44 1.37 
 
 

Operating domain:  ICF with PLUOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  4, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

Load Rejection w/o Bypass      1.60 1.46 1.43 1.35 
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Operating domain:  MELLLA with PLUOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  4, 8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

Load Rejection w/o Bypass      1.54 1.40 1.37 1.29 
 
 

Operating domain:  ICF & FWTR with PLUOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

Load Rejection w/o Bypass      1.49 1.40 1.38 1.33 
 
 

Operating domain:  ICF & FWTR with PLUOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

Load Rejection w/o Bypass      1.59 1.47 1.42 1.36 
 
 

Operating domain:  MELLLA & FWTR with PLUOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

Load Rejection w/o Bypass      1.50 1.38 1.39 1.31 
 
 

Operating domain:  MELLLA & FWTR with PLUOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

Load Rejection w/o Bypass      1.59 1.46 1.42 1.35 
 
 

Operating domain:  ICF & FWTR with PLUOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

Load Rejection w/o Bypass      1.59 1.46 1.42 1.35 
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Operating domain:  MELLLA & FWTR with PLUOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  8, 9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

Load Rejection w/o Bypass      1.56 1.41 1.39 1.30 
 
 

Operating domain:  ICF with TBVOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.60 1.50 1.49 1.43 

Inadvertent HPCI /L8           1.59 1.49 1.48 1.42 
 
 

Operating domain:  ICF with TBVOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.69 1.57 1.52 1.46 

Inadvertent HPCI /L8           1.67 1.56 1.50 1.45 
 
 

Operating domain:  MELLLA with TBVOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.57 1.45 1.46 1.38 

Inadvertent HPCI /L8           1.56 1.44 1.45 1.37 
 
 

Operating domain:  MELLLA with TBVOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.67 1.52 1.50 1.41 

Inadvertent HPCI /L8           1.66 1.52 1.49 1.41 
 
 

BFN-23

N.1-50



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 51 

Operating domain:  ICF with TBVOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.69 1.55 1.52 1.44 

Inadvertent HPCI /L8           1.67 1.54 1.50 1.43 
 
 

Operating domain:  MELLLA with TBVOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.61 1.45 1.44 1.34 

Inadvertent HPCI /L8           1.59 1.45 1.42 1.34 
 
 

Operating domain:  ICF & FWTR with TBVOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.59 1.49 1.48 1.42 

Inadvertent HPCI /L8           1.56 1.46 1.45 1.39 
 
 

Operating domain:  ICF & FWTR with TBVOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.68 1.55 1.51 1.44 

Inadvertent HPCI /L8           1.65 1.53 1.48 1.42 
 
 

Operating domain:  MELLLA & FWTR with TBVOOS & RPTOOS (HBB) 

Exposure range :  BOC to MOC  ( Application Condition:  9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.58 1.45 1.47 1.38 

Inadvertent HPCI /L8           1.55 1.43 1.44 1.36 
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Operating domain:  MELLLA & FWTR with TBVOOS & RPTOOS (HBB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.67 1.52 1.50 1.41 

Inadvertent HPCI /L8           1.64 1.51 1.47 1.40 
 
 

Operating domain:  ICF & FWTR with TBVOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.69 1.56 1.52 1.45 

Inadvertent HPCI /L8           1.65 1.53 1.48 1.42 
 
 

Operating domain:  MELLLA & FWTR with TBVOOS & RPTOOS (UB) 

Exposure range :  MOC to EOC  ( Application Condition:  9,10 )  

Option A Option B 
 

GE14C GE13 GE14C GE13 

FW Controller Failure          1.64 1.49 1.47 1.38 

Inadvertent HPCI /L8           1.60 1.46 1.43 1.35 
 
 

12. Overpressurization Analysis Summary  

Event 
Psl 

(psig) 

Pdome 

(psig) 

Pv 

(psig) 

Plant 

Response 

MSIV Closure (Flux Scram) - ICF (HBB)  1267 1269 1300 Figure 134 

MSIV Closure (Flux Scram) - MELLLA 

(HBB) 
 1268 1271 1295 Figure 135 
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13. Loading Error Results  

 Variable water gap misoriented bundle analysis: Yes 
10

 

 

Misoriented Fuel Bundle ∆∆∆∆CPR 

GE13-P9DTB156-NOG-100T-146-T6-2887 (GE13) 0.05 

GE14-P10DNAB157-NOG-100T-150-T6-2889 (GE14C) 0.19 

GE14-P10DNAB377-16GZ-100T-150-T6-2890 (GE14C) 0.24 

GE14-P10DNAB402-16GZ-100T-150-T6-2891 (GE14C) 0.06 

GE14-P10DNAB350-16GZ-100T-150-T6-2892 (GE14C) 0.15 

GE14-P10DNAB419-16GZ-100T-150-T6-2894 (GE14C) 0.07 

GE14-P10DNAB368-15GZ-100T-150-T6-2895 (GE14C) 0.11 

GE14-P10DNAB402-19GZ-100T-150-T6-2896 (GE14C) 0.16 

GE13-P9DTB163-NOG-100T-146-T6-2888 (GE13) 0.12 

GE14-P10DNAB377-17GZ-100T-150-T6-2897 (GE14C) 0.14 

GE14-P10DNAB406-16GZ-100T-150-T6-3078 (GE14C) 0.06 

GE14-P10DNAB400-17GZ-100T-150-T6-3081 (GE14C) 0.23 

GE14-P10DNAB406-15GZ-100T-150-T6-3079 (GE14C) 0.14 

GE14-P10DNAB417-16GZ-100T-150-T6-3082 (GE14C) 0.17 

GE14-P10DNAB418-16GZ-100T-150-T6-3080 (GE14C) 0.17 
 

 

14. Control Rod Drop Analysis Results  

This is a banked position withdrawal sequence plant, therefore, the control rod drop accident analysis is 

not required.  NRC approval is documented in NEDE-24011-P-A-US. 

15. Stability Analysis Results 

15.1 Stability Option III Solution  

Browns Ferry 1 has implemented BWROG Long Term Stability Solution Option III using the Oscillation 

Power Range Monitor (OPRM) as described in Reference 1 in Section 15.4.  The plant specific Hot 

Channel Oscillation Magnitude (HCOM) (Reference 2 in Section 15.4) and other cycle specific stability 

                                                
10 Includes a 0.02 penalty due to variable water gap R-factor uncertainty. 
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parameters are used in the Cycle 8 Option III stability evaluation.  A Backup Stability Protection (BSP) 

evaluation is provided in the event that the Option III OPRM system is declared inoperable. 

The following Option III OPRM stability setpoint determination described in Section 15.2 and the 

implementation of the associated BSP Regions described in Section 15.3 provide the stability licensing 

bases for Browns Ferry 1 Cycle 8. 

15.2 Detect and Suppress Evaluation  

A reload Option III evaluation has been performed in accordance with the licensing methodology 

described in Reference 3 in Section 15.4.  The stability based Operating Limit Minimum Critical Power 

Ratio (OLMCPR) is determined for two conditions as a function of OPRM amplitude setpoint.  The two 

conditions evaluated are: (1) a postulated oscillation at 45% rated core flow quasi steady-state operation 

(SS), and (2) a postulated oscillation following a two recirculation pump trip (2PT) from the limiting 

rated power operation state point. 

The OPRM-setpoint-dependent OLMCPR(SS) and OLMCPR(2PT) values are calculated for Cycle 8 in 

accordance with the BWROG regional mode DIVOM guidelines described in Reference 4 in Section 

15.4.  The Cycle 8 Option III evaluation provides adequate protection against violation of the Safety 

Limit MCPR (SLMCPR) for the two postulated reactor instability events as long as the plant OLMCPR is 

equal to or greater than OLMCPR(SS) and OLMCPR(2PT) for the selected OPRM setpoint in Table 15-

2. 

The relationship between the OPRM Successive Confirmation Count Setpoint and the OPRM Amplitude 

Setpoint is provided in Reference 3 in Section 15.4 and Table 15-1.  For intermediate OPRM Amplitude 

Setpoints, the corresponding OPRM Successive Confirmation Count Setpoints have been obtained by 

using linear interpolation. 

The OPRM setpoints for Two Loop Operation (TLO) are conservative relative to Single Loop Operation 

(SLO) and are, therefore, bounding. 

Additional information and analysis regarding the DIVOM slope and ICA point 5 is provided in the 

Stability Appendix.  
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Table 15-1  Relationship between OPRM Successive Confirmation Count Setpoint and 

OPRM Amplitude Setpoint 

Successive 

Confirmation 

Count Setpoint 

OPRM 

Amplitude 

Setpoint 

 6  ≥1.04 

 8  ≥1.05 

 9  ≥1.06 

10  ≥1.07 

11  ≥1.08 

12  ≥1.09 

13  ≥1.10 

14  ≥1.11 

15  ≥1.13 

16  ≥1.14 

17  ≥1.16 

18  ≥1.18 

19  ≥1.21 

20  ≥1.24 
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Table 15-2  OPRM Setpoint Versus OLMCPR 

OPRM 

Amplitude 

Setpoint 

OLMCPR(SS) OLMCPR(2PT) 

1.05 1.177 1.115 

1.06 1.195 1.139 

1.07 1.214 1.163 

1.08 1.233 1.190 

1.09 1.253 1.217 

1.10 1.273 1.245 

1.11 1.294 1.274 

1.12 1.315 1.304 

1.13 1.336 1.335 

1.14 1.358 1.368 

1.15 1.382 1.402 

OLMCPR 

Acceptance 

Criteria 

Off-rated 

OLMCPR 

@45% flow 

Rated Power 

OLMCPR (see 

Section 11) 

 

15.3 Backup Stability Protection  

The BSP region boundaries were calculated for Browns Ferry 1 Cycle 8 for normal and reduced 

feedwater temperature operation.  The endpoints of the regions are defined in Tables 15-3 and 15-4.  The 

region boundaries, shown in Figures 136 and 137, are defined using the Generic Shape Function (GSF).  

See Reference 5 in Section 15.4.  
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Table 15-3  BSP Region Intercepts for Normal Feedwater Temperature 

Region Boundary 

Intercept 

Power 

(%) 

Flow 

(%) 

Core 

DR 

Highest 

Channel 

DR 

A1 72.8 49.1 0.794 0.218 

B1 40.0 31.1 0.799 0.220 

A2 76.4 53.2 0.799 0.232 

B2 32.6 31.1 < 0.786 < 0.075 

 

Table 15-4  BSP Region Intercepts for Reduced Feedwater Temperature  

 

Region Boundary 

Intercept 

Power 

(%) 

Flow 

(%) 

Core 

DR 

Highest 

Channel 

DR 

A1' 79.3 56.4 0.791 0.215 

B1' 36.6 31.1 0.796 0.034 

A2' 79.7 56.9 0.799 0.208 

B2' 32.6 31.1 < 0.800 < 0.259 

 

15.4 References  

1. BWR Owners' Group Long-term Stability Solutions Licensing Methodology, NEDO-31960-A, 

November 1995 (including Supplement 1).  

2. Licensing Basis Hot Channel Oscillation Magnitude for Browns Ferry 2 and 3, GE-NE-0000-

0025-9630-R0, February 2004 as confirmed by Option III Stability Evaluation for Browns Ferry 

1 Cycle 7, GE-NE-0000-0051-8595-R0, April 2006.  

3. Reactor Stability Detect and Suppress Solutions Licensing Basis Methodology for Reload 

Applications, Licensing Topical Report, NEDO-32465-A, August 1996.  

4. Plant-Specific Regional Mode DIVOM Procedure Guideline, GE-NE-0000-0028-9714-R1, June 

2005.  

5. Backup Stability Protection (BSP) for Inoperable Option III Solution, OG-02-0119-260, July 

2002. 
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16. Loss-of-Coolant Accident Results 
11

 

16.1 10CFR50.46 Licensing Results  

The ECCS-LOCA analysis is based on the SAFER/GESTR methodology. The licensing results applicable 

to each fuel type in the new cycle are summarized in the following table. 

Table 16.1-1  Licensing Results  

Fuel Type 

Licensing 

Basis PCT 

(°F) 

Local 

Oxidation 

(%) 

Core-Wide 

Metal-Water 

Reaction 

(%) 

GE13  1810 < 2.00 < 0.10 

GE14C  1760 < 2.00 < 0.10 

 

The SAFER/GESTR ECCS-LOCA analysis results are documented in Reference 1 for GE13 in Section 

16.4. 

The SAFER/GESTR ECCS-LOCA analysis results are documented in Reference 1 for GE14C in Section 

16.4. 

16.2 10CFR50.46 Error Evaluation 

The 10CFR50.46 errors applicable to the Licensing Basis PCT are shown in the following table(s). 

Table 16.2-1  Impact on Licensing Basis Peak 

Cladding Temperature for GE13 

10CFR50.46 Error Notifications 

Number Subject 
PCT Impact 

(°F) 

2006-01 
Impact of Top Peaked Power Shape for Small Break 

LOCA Analysis  
   +35 

Total PCT Adder (°F)    +35 

 

                                                
11 The referenced reports do not include consideration of the Acoustic Side Branch modification. 
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The GE13 Licensing Basis PCT remains below the 10CFR50.46 limit of 2200 °F. 

Table 16.2-2  Impact on Licensing Basis Peak 

Cladding Temperature for GE14C 

10CFR50.46 Error Notifications 

Number Subject 
PCT Impact 

(°F) 

2006-01 
Impact of Top Peaked Power Shape for Small Break 

LOCA Analysis  
       0 

Total PCT Adder (°F)        0 

 

The GE14C Licensing Basis PCT remains below the 10CFR50.46 limit of 2200 °F. 

16.3 ECCS-LOCA Operating Limits 

The ECCS-LOCA MAPLHGR limits for the fresh fuel in this cycle are shown in the following table(s).  

The ECCS-LOCA MAPLHGR limits for the exposed fuel in this cycle are found in Reference 2 for GE13 

and GE14C in Section 16.4  

Table 16.3-1  MAPLHGR Limits 

Bundle Type(s):   GE14-P10DNAB406-16GZ-100T-150-T6-3078 (GE14C) 

   GE14-P10DNAB400-17GZ-100T-150-T6-3081 (GE14C) 

   GE14-P10DNAB406-15GZ-100T-150-T6-3079 (GE14C) 

   GE14-P10DNAB417-16GZ-100T-150-T6-3082 (GE14C) 

   GE14-P10DNAB418-16GZ-100T-150-T6-3080 (GE14C) 

 

Average Planar Exposure MAPLHGR Limit 

GWd/MT GWd/ST kW/ft 

 0.00  0.00 12.82 

21.09 19.13 12.82 

63.50 57.61  8.00 

70.00 63.50  5.00 
 
 

The single loop operation multiplier(s) on LHGR and MAPLHGR, and the ECCS-LOCA analytical initial 

MCPR value(s), applicable to each fuel type in the new cycle core are shown in the following table. 
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Table 16.3-2  Initial MCPR and Single Loop Operation Multiplier on LHGR and 

MAPLHGR  

Fuel Type Initial MCPR 

Single Loop Operation 

Multiplier on LHGR and 

MAPLHGR 

GE13   1.250  0.87 

GE14C   1.300  0.93 

 

16.4 References  

The SAFER/GESTR ECCS-LOCA analysis base report(s) applicable to the new cycle core are: 

References for GE13  

1. Browns Ferry Nuclear Plant Units 1, 2 and 3 SAFER/GESTR-LOCA Loss-of-Coolant 

Accident Analysis, NEDC-32484P, Revision 6, February 2005.  

2. Supplemental Reload Licensing Report for Browns Ferry 1 Reload 6 Cycle 7, 0000-0043-

8325-SRLR, Revision 1, May 2006.  

References for GE14C  

1. Browns Ferry Nuclear Plant Units 1, 2 and 3 SAFER/GESTR-LOCA Loss-of-Coolant 

Accident Analysis, NEDC-32484P, Revision 6, February 2005.  

2. Supplemental Reload Licensing Report for Browns Ferry 1 Reload 6 Cycle 7, 0000-0043-

8325-SRLR, Revision 1, May 2006.  

BFN-23

N.1-60



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 61 

 

60 I A I I I A A A A I I I A I

58 A I F F F F G G G G F F F F I A

56 A A C G N D N C N H H N C N D N G C A A

54 I H N N O M O O O O O O O O M O N N H I
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26 I F C O C K G L J L J M E K E E K E M J L J L G K C O C F I

24 I F N O O J L C L H L E M B K K B M E L H L C L J O O N F I
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10 I A D M C K C O C M C C M C O C K C M D A I

8 I H N N O M O O O O O O O O M O N N H I

6 A A C G N D N C N H H N C N D N G C A A

4 A I F F F F G G G G F F F F I A

2 I A I I I A A A A I I I A I

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 57 5949 51 53 55

 

Fuel Type 

A=GE13-P9DTB156-NOG-100T-146-T6-2887 (Cycle  7) 

B=GE14-P10DNAB157-NOG-100T-150-T6-2889 (Cycle  7) 

C=GE14-P10DNAB377-16GZ-100T-150-T6-2890 (Cycle  7) 

D=GE14-P10DNAB402-16GZ-100T-150-T6-2891 (Cycle  7) 

E=GE14-P10DNAB350-16GZ-100T-150-T6-2892 (Cycle  7) 

F=GE14-P10DNAB419-16GZ-100T-150-T6-2894 (Cycle  7) 

G=GE14-P10DNAB368-15GZ-100T-150-T6-2895 (Cycle  7) 

H=GE14-P10DNAB402-19GZ-100T-150-T6-2896 (Cycle  7) 
 

I=GE13-P9DTB163-NOG-100T-146-T6-2888 (Cycle  7) 

J=GE14-P10DNAB377-17GZ-100T-150-T6-2897 (Cycle  7) 

K=GE14-P10DNAB406-16GZ-100T-150-T6-3078 (Cycle  8) 

L=GE14-P10DNAB400-17GZ-100T-150-T6-3081 (Cycle  8) 

M=GE14-P10DNAB406-15GZ-100T-150-T6-3079 (Cycle  8) 

N=GE14-P10DNAB417-16GZ-100T-150-T6-3082 (Cycle  8) 

O=GE14-P10DNAB418-16GZ-100T-150-T6-3080 (Cycle  8) 
 

 

Figure 1  Reference Core Loading Pattern 
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Figure 2  Plant Response to FW Controller Failure 

( MOC ICF (HBB) ) 
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Figure 3  Plant Response to Load Rejection w/o Bypass 

( MOC ICF (HBB) ) 
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Figure 4  Plant Response to Turbine Trip w/o Bypass 

( MOC ICF (HBB) ) 
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Figure 5  Plant Response to Inadvertent HPCI /L8 

( MOC ICF (HBB) ) 
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Figure 6  Plant Response to FW Controller Failure 

( EOC ICF (HBB) ) 
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Figure 7  Plant Response to Load Rejection w/o Bypass 

( EOC ICF (HBB) ) 
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Figure 8  Plant Response to Turbine Trip w/o Bypass 

( EOC ICF (HBB) ) 
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Figure 9  Plant Response to Inadvertent HPCI /L8 

( EOC ICF (HBB) ) 
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Figure 10  Plant Response to FW Controller Failure 

( MOC MELLLA (HBB) ) 
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Figure 11  Plant Response to Load Rejection w/o Bypass 

( MOC MELLLA (HBB) ) 
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Figure 12  Plant Response to Turbine Trip w/o Bypass 

( MOC MELLLA (HBB) ) 
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Figure 13  Plant Response to Inadvertent HPCI /L8 

( MOC MELLLA (HBB) ) 
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Figure 14  Plant Response to FW Controller Failure 

( EOC MELLLA (HBB) ) 
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Figure 15  Plant Response to Load Rejection w/o Bypass 

( EOC MELLLA (HBB) ) 
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Figure 16  Plant Response to Turbine Trip w/o Bypass 

( EOC MELLLA (HBB) ) 
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Figure 17  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA (HBB) ) 

BFN-23

N.1-77



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 78 

0.0

50.0

100.0

150.0

200.0

0.0 5.0 10.0 15.0

Time (sec)

%
 R
a
te
d

Dome Press Rise (psi)
Safety Valve Flow
Relief Valve Flow
Bypass Valve Flow

0.0

50.0

100.0

150.0

0.0 5.0 10.0 15.0

Time (sec)

%
 R
a
te
d

Level(inch-REF-SEP-SKRT)
Vessel Steam Flow
Turbine Steam Flow
Feedwater Flow

-2.0

-1.0

0.0

1.0

0.0 5.0 10.0 15.0

Time (sec)

R
e
a
c
ti
v
it
y
 C
o
m
p
o
n
e
n
ts
 (
$
).

Void Reactivity
Doppler Reactivity
Scram Reactivity
Total Reactivity

0.0

50.0

100.0

150.0

200.0

250.0

0.0 5.0 10.0 15.0

Time (sec)

%
 R
a
te
d

Neutron Flux / 10
Avg Surface Heat Flux
Core Inlet Flow
Core Inlet Subcooling

  
 

Figure 18  Plant Response to FW Controller Failure 

( EOC ICF (UB) ) 
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Figure 19  Plant Response to Load Rejection w/o Bypass 

( EOC ICF (UB) ) 
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Figure 20  Plant Response to Turbine Trip w/o Bypass 

( EOC ICF (UB) ) 
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Figure 21  Plant Response to Inadvertent HPCI /L8 

( EOC ICF (UB) ) 
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Figure 22  Plant Response to FW Controller Failure 

( EOC MELLLA (UB) ) 
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Figure 23  Plant Response to Load Rejection w/o Bypass 

( EOC MELLLA (UB) ) 
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Figure 24  Plant Response to Turbine Trip w/o Bypass 

( EOC MELLLA (UB) ) 
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Figure 25  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA (UB) ) 
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Figure 26  Plant Response to FW Controller Failure 

( MOC ICF & FWTR (HBB) ) 
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Figure 27  Plant Response to Inadvertent HPCI /L8 

( MOC ICF & FWTR (HBB) ) 
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Figure 28  Plant Response to FW Controller Failure 

( EOC ICF & FWTR (HBB) ) 
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Figure 29  Plant Response to Inadvertent HPCI /L8 

( EOC ICF & FWTR (HBB) ) 
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Figure 30  Plant Response to FW Controller Failure 

( MOC MELLLA & FWTR (HBB) ) 
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Figure 31  Plant Response to Inadvertent HPCI /L8 

( MOC MELLLA & FWTR (HBB) ) 
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Figure 32  Plant Response to FW Controller Failure 

( EOC MELLLA & FWTR (HBB) ) 
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Figure 33  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA & FWTR (HBB) ) 
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Figure 34  Plant Response to FW Controller Failure 

( EOC ICF & FWTR (UB) ) 
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Figure 35  Plant Response to Inadvertent HPCI /L8 

( EOC ICF & FWTR (UB) ) 
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Figure 36  Plant Response to FW Controller Failure 

( EOC MELLLA & FWTR (UB) ) 
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Figure 37  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA & FWTR (UB) ) 
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Figure 38  Plant Response to FW Controller Failure 

( MOC ICF with RPTOOS (HBB) ) 
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Figure 39  Plant Response to Turbine Trip w/o Bypass 

( MOC ICF with RPTOOS (HBB) ) 
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Figure 40  Plant Response to Load Rejection w/o Bypass 

( MOC ICF with RPTOOS (HBB) ) 
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Figure 41  Plant Response to Inadvertent HPCI /L8 

( MOC ICF with RPTOOS (HBB) ) 
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Figure 42  Plant Response to FW Controller Failure 

( EOC ICF with RPTOOS (HBB) ) 

BFN-23

N.1-102



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 103 

0.0

100.0

200.0

0.0 3.0 6.0

Time (sec)

%
 R
a
te
d

Dome Press Rise (psi)
Safety Valve Flow
Relief Valve Flow
Bypass Valve Flow

-100.0

0.0

100.0

200.0

0.0 3.0 6.0

Time (sec)

%
 R
a
te
d

Level(inch-REF-SEP-SKRT)
Vessel Steam Flow
Turbine Steam Flow
Feedwater Flow

-2.0

-1.0

0.0

1.0

0.0 3.0 6.0

Time (sec)

R
e
a
c
ti
v
it
y
 C
o
m
p
o
n
e
n
ts
 (
$
).

Void Reactivity
Doppler Reactivity
Scram Reactivity
Total Reactivity

0.0

50.0

100.0

150.0

0.0 3.0 6.0

Time (sec)

%
 R
a
te
d

Neutron Flux / 10
Avg Surface Heat Flux
Core Inlet Flow

  
 

Figure 43  Plant Response to Turbine Trip w/o Bypass 

( EOC ICF with RPTOOS (HBB) ) 
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Figure 44  Plant Response to Load Rejection w/o Bypass 

( EOC ICF with RPTOOS (HBB) ) 
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Figure 45  Plant Response to Inadvertent HPCI /L8 

( EOC ICF with RPTOOS (HBB) ) 
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Figure 46  Plant Response to FW Controller Failure 

( MOC MELLLA with RPTOOS (HBB) ) 
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Figure 47  Plant Response to Load Rejection w/o Bypass 

( MOC MELLLA with RPTOOS (HBB) ) 
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Figure 48  Plant Response to Turbine Trip w/o Bypass 

( MOC MELLLA with RPTOOS (HBB) ) 
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Figure 49  Plant Response to Inadvertent HPCI /L8 

( MOC MELLLA with RPTOOS (HBB) ) 

BFN-23

N.1-109



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 110 

0.0

50.0

100.0

150.0

200.0

0.0 5.0 10.0 15.0

Time (sec)

%
 R
a
te
d

Dome Press Rise (psi)
Safety Valve Flow
Relief Valve Flow
Bypass Valve Flow

0.0

50.0

100.0

150.0

0.0 5.0 10.0 15.0

Time (sec)

%
 R
a
te
d

Level(inch-REF-SEP-SKRT)
Vessel Steam Flow
Turbine Steam Flow
Feedwater Flow

-2.0

-1.0

0.0

1.0

0.0 5.0 10.0 15.0

Time (sec)

R
e
a
c
ti
v
it
y
 C
o
m
p
o
n
e
n
ts
 (
$
).

Void Reactivity
Doppler Reactivity
Scram Reactivity
Total Reactivity

0.0

50.0

100.0

150.0

200.0

250.0

0.0 5.0 10.0 15.0

Time (sec)

%
 R
a
te
d

Neutron Flux / 10
Avg Surface Heat Flux
Core Inlet Flow
Core Inlet Subcooling

  
 

Figure 50  Plant Response to FW Controller Failure 

( EOC MELLLA with RPTOOS (HBB) ) 

BFN-23

N.1-110



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 111 

0.0

100.0

200.0

300.0

0.0 3.0 6.0

Time (sec)

%
 R
a
te
d

Dome Press Rise (psi)
Safety Valve Flow
Relief Valve Flow
Bypass Valve Flow

-100.0

0.0

100.0

200.0

0.0 3.0 6.0

Time (sec)

%
 R
a
te
d

Level(inch-REF-SEP-SKRT)
Vessel Steam Flow
Turbine Steam Flow
Feedwater Flow

-2.0

-1.0

0.0

1.0

0.0 3.0 6.0

Time (sec)

R
e
a
c
ti
v
it
y
 C
o
m
p
o
n
e
n
ts
 (
$
).

Void Reactivity
Doppler Reactivity
Scram Reactivity
Total Reactivity

0.0

50.0

100.0

150.0

0.0 3.0 6.0

Time (sec)

%
 R
a
te
d

Neutron Flux / 10
Avg Surface Heat Flux
Core Inlet Flow

  
 

Figure 51  Plant Response to Load Rejection w/o Bypass 

( EOC MELLLA with RPTOOS (HBB) ) 
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Figure 52  Plant Response to Turbine Trip w/o Bypass 

( EOC MELLLA with RPTOOS (HBB) ) 
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Figure 53  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA with RPTOOS (HBB) ) 
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Figure 54  Plant Response to FW Controller Failure 

( EOC MELLLA with RPTOOS (UB) ) 
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Figure 55  Plant Response to Load Rejection w/o Bypass 

( EOC MELLLA with RPTOOS (UB) ) 
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Figure 56  Plant Response to Turbine Trip w/o Bypass 

( EOC MELLLA with RPTOOS (UB) ) 
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Figure 57  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA with RPTOOS (UB) ) 
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Figure 58  Plant Response to FW Controller Failure 

( EOC ICF with RPTOOS (UB) ) 
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Figure 59  Plant Response to Turbine Trip w/o Bypass 

( EOC ICF with RPTOOS (UB) ) 
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Figure 60  Plant Response to Load Rejection w/o Bypass 

( EOC ICF with RPTOOS (UB) ) 
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Figure 61  Plant Response to Inadvertent HPCI /L8 

( EOC ICF with RPTOOS (UB) ) 
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Figure 62  Plant Response to FW Controller Failure 

( MOC ICF & FWTR with RPTOOS (HBB) ) 
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Figure 63  Plant Response to Inadvertent HPCI /L8 

( MOC ICF & FWTR with RPTOOS (HBB) ) 
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Figure 64  Plant Response to FW Controller Failure 

( EOC ICF & FWTR with RPTOOS (HBB) ) 
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Figure 65  Plant Response to Inadvertent HPCI /L8 

( EOC ICF & FWTR with RPTOOS (HBB) ) 
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Figure 66  Plant Response to FW Controller Failure 

( MOC MELLLA & FWTR with RPTOOS (HBB) ) 
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Figure 67  Plant Response to Inadvertent HPCI /L8 

( MOC MELLLA & FWTR with RPTOOS (HBB) ) 
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Figure 68  Plant Response to FW Controller Failure 

( EOC MELLLA & FWTR with RPTOOS (HBB) ) 
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Figure 69  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA & FWTR with RPTOOS (HBB) ) 

BFN-23

N.1-129



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 130 

0.0

50.0

100.0

150.0

200.0

0.0 5.0 10.0

Time (sec)

%
 R
a
te
d

Dome Press Rise (psi)
Safety Valve Flow
Relief Valve Flow
Bypass Valve Flow

0.0

50.0

100.0

150.0

0.0 5.0 10.0

Time (sec)

%
 R
a
te
d

Level(inch-REF-SEP-SKRT)
Vessel Steam Flow
Turbine Steam Flow
Feedwater Flow

-2.0

-1.0

0.0

1.0

0.0 5.0 10.0

Time (sec)

R
e
a
c
ti
v
it
y
 C
o
m
p
o
n
e
n
ts
 (
$
).

Void Reactivity
Doppler Reactivity
Scram Reactivity
Total Reactivity

0.0

50.0

100.0

150.0

200.0

250.0

0.0 5.0 10.0

Time (sec)

%
 R
a
te
d

Neutron Flux / 10
Avg Surface Heat Flux
Core Inlet Flow
Core Inlet Subcooling

  
 

Figure 70  Plant Response to FW Controller Failure 

( EOC ICF & FWTR with RPTOOS (UB) ) 
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Figure 71  Plant Response to Inadvertent HPCI /L8 

( EOC ICF & FWTR with RPTOOS (UB) ) 
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Figure 72  Plant Response to FW Controller Failure 

( EOC MELLLA & FWTR with RPTOOS (UB) ) 
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Figure 73  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA & FWTR with RPTOOS (UB) ) 
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Figure 74  Plant Response to FW Controller Failure 

( MOC ICF with TBVOOS (HBB) ) 
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Figure 75  Plant Response to Inadvertent HPCI /L8 

( MOC ICF with TBVOOS (HBB) ) 
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Figure 76  Plant Response to FW Controller Failure 

( EOC ICF with TBVOOS (HBB) ) 
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Figure 77  Plant Response to Inadvertent HPCI /L8 

( EOC ICF with TBVOOS (HBB) ) 
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Figure 78  Plant Response to FW Controller Failure 

( MOC MELLLA with TBVOOS (HBB) ) 
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Figure 79  Plant Response to Inadvertent HPCI /L8 

( MOC MELLLA with TBVOOS (HBB) ) 
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Figure 80  Plant Response to FW Controller Failure 

( EOC MELLLA with TBVOOS (HBB) ) 
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Figure 81  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA with TBVOOS (HBB) ) 
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Figure 82  Plant Response to FW Controller Failure 

( EOC ICF with TBVOOS (UB) ) 
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Figure 83  Plant Response to Inadvertent HPCI /L8 

( EOC ICF with TBVOOS (UB) ) 
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Figure 84  Plant Response to FW Controller Failure 

( EOC MELLLA with TBVOOS (UB) ) 
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Figure 85  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA with TBVOOS (UB) ) 
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Figure 86  Plant Response to FW Controller Failure 

( MOC ICF & FWTR with TBVOOS (HBB) ) 
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Figure 87  Plant Response to Inadvertent HPCI /L8 

( MOC ICF & FWTR with TBVOOS (HBB) ) 
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Figure 88  Plant Response to FW Controller Failure 

( EOC ICF & FWTR with TBVOOS (HBB) ) 
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Figure 89  Plant Response to Inadvertent HPCI /L8 

( EOC ICF & FWTR with TBVOOS (HBB) ) 

BFN-23

N.1-149



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 150 

0.0

50.0

100.0

150.0

200.0

250.0

0.0 5.0 10.0

Time (sec)

%
 R
a
te
d

Dome Press Rise (psi)
Safety Valve Flow
Relief Valve Flow
Bypass Valve Flow

0.0

50.0

100.0

150.0

0.0 5.0 10.0

Time (sec)

%
 R
a
te
d

Level(inch-REF-SEP-SKRT)
Vessel Steam Flow
Turbine Steam Flow
Feedwater Flow

-2.0

-1.0

0.0

1.0

0.0 5.0 10.0

Time (sec)

R
e
a
c
ti
v
it
y
 C
o
m
p
o
n
e
n
ts
 (
$
).

Void Reactivity
Doppler Reactivity
Scram Reactivity
Total Reactivity

0.0

50.0

100.0

150.0

200.0

250.0

300.0

0.0 5.0 10.0

Time (sec)

%
 R
a
te
d

Neutron Flux / 10
Avg Surface Heat Flux
Core Inlet Flow
Core Inlet Subcooling

  
 

Figure 90  Plant Response to FW Controller Failure 

( MOC MELLLA & FWTR with TBVOOS (HBB) ) 
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Figure 91  Plant Response to Inadvertent HPCI /L8 

( MOC MELLLA & FWTR with TBVOOS (HBB) ) 
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Figure 92  Plant Response to FW Controller Failure 

( EOC MELLLA & FWTR with TBVOOS (HBB) ) 
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Figure 93  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA & FWTR with TBVOOS (HBB) ) 
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Figure 94  Plant Response to FW Controller Failure 

( EOC ICF & FWTR with TBVOOS (UB) ) 

BFN-23

N.1-154



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 155 

0.0

50.0

100.0

150.0

200.0

250.0

0.0 10.0 20.0

Time (sec)

%
 R
a
te
d

Dome Press Rise (psi)
Safety Valve Flow
Relief Valve Flow
Bypass Valve Flow
HPCI Flow (% FW)

0.0

50.0

100.0

150.0

0.0 10.0 20.0

Time (sec)

%
 R
a
te
d

Level(inch-REF-SEP-SKRT)
Vessel Steam Flow
Turbine Steam Flow
Feedwater Flow

-2.0

-1.0

0.0

1.0

0.0 10.0 20.0

Time (sec)

R
e
a
c
ti
v
it
y
 C
o
m
p
o
n
e
n
ts
 (
$
) 
 

Void Reactivity
Doppler Reactivity
Scram Reactivity
Total Reactivity

0.0

50.0

100.0

150.0

200.0

250.0

0.0 10.0 20.0

Time (sec)

%
 R
a
te
d

Neutron Flux / 10
Avg Surface Heat Flux
Core Inlet Flow
Core Inlet Subcooling

  
 

Figure 95  Plant Response to Inadvertent HPCI /L8 

( EOC ICF & FWTR with TBVOOS (UB) ) 

BFN-23

N.1-155



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 156 

0.0

50.0

100.0

150.0

200.0

250.0

0.0 5.0 10.0

Time (sec)

%
 R
a
te
d

Dome Press Rise (psi)
Safety Valve Flow
Relief Valve Flow
Bypass Valve Flow

0.0

50.0

100.0

150.0

0.0 5.0 10.0

Time (sec)

%
 R
a
te
d

Level(inch-REF-SEP-SKRT)
Vessel Steam Flow
Turbine Steam Flow
Feedwater Flow

-2.0

-1.0

0.0

1.0

0.0 5.0 10.0

Time (sec)

R
e
a
c
ti
v
it
y
 C
o
m
p
o
n
e
n
ts
 (
$
).

Void Reactivity
Doppler Reactivity
Scram Reactivity
Total Reactivity

0.0

50.0

100.0

150.0

200.0

250.0

300.0

0.0 5.0 10.0

Time (sec)

%
 R
a
te
d

Neutron Flux / 10
Avg Surface Heat Flux
Core Inlet Flow
Core Inlet Subcooling

  
 

Figure 96  Plant Response to FW Controller Failure 

( EOC MELLLA & FWTR with TBVOOS (UB) ) 
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Figure 97  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA & FWTR with TBVOOS (UB) ) 
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Figure 98  Plant Response to Load Rejection w/o Bypass 

( MOC ICF with PLUOOS & RPTOOS (HBB) ) 
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Figure 99  Plant Response to Load Rejection w/o Bypass 

( EOC ICF with PLUOOS & RPTOOS (HBB) ) 
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Figure 100  Plant Response to Load Rejection w/o Bypass 

( MOC MELLLA with PLUOOS & RPTOOS (HBB) ) 
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Figure 101  Plant Response to Load Rejection w/o Bypass 

( EOC MELLLA with PLUOOS & RPTOOS (HBB) ) 
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Figure 102  Plant Response to Load Rejection w/o Bypass 

( EOC ICF with PLUOOS & RPTOOS (UB) ) 
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Figure 103  Plant Response to Load Rejection w/o Bypass 

( EOC MELLLA with PLUOOS & RPTOOS (UB) ) 
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Figure 104  Plant Response to Load Rejection w/o Bypass 

( MOC ICF & FWTR with PLUOOS & RPTOOS (HBB) ) 
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Figure 105  Plant Response to Load Rejection w/o Bypass 

( EOC ICF & FWTR with PLUOOS & RPTOOS (HBB) ) 
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Figure 106  Plant Response to Load Rejection w/o Bypass 

( MOC MELLLA & FWTR with PLUOOS & RPTOOS (HBB) ) 
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Figure 107  Plant Response to Load Rejection w/o Bypass 

( EOC MELLLA & FWTR with PLUOOS & RPTOOS (HBB) ) 
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Figure 108  Plant Response to Load Rejection w/o Bypass 

( EOC ICF & FWTR with PLUOOS & RPTOOS (UB) ) 
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Figure 109  Plant Response to Load Rejection w/o Bypass 

( EOC MELLLA & FWTR with PLUOOS & RPTOOS (UB) ) 
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Figure 110  Plant Response to FW Controller Failure 

( MOC ICF with TBVOOS & RPTOOS (HBB) ) 
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Figure 111  Plant Response to Inadvertent HPCI /L8 

( MOC ICF with TBVOOS & RPTOOS (HBB) ) 
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Figure 112  Plant Response to FW Controller Failure 

( EOC ICF with TBVOOS & RPTOOS (HBB) ) 
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Figure 113  Plant Response to Inadvertent HPCI /L8 

( EOC ICF with TBVOOS & RPTOOS (HBB) ) 
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Figure 114  Plant Response to FW Controller Failure 

( MOC MELLLA with TBVOOS & RPTOOS (HBB) ) 
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Figure 115  Plant Response to Inadvertent HPCI /L8 

( MOC MELLLA with TBVOOS & RPTOOS (HBB) ) 
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Figure 116  Plant Response to FW Controller Failure 

( EOC MELLLA with TBVOOS & RPTOOS (HBB) ) 

BFN-23

N.1-176



Browns Ferry 1           0000-0077-8380-SRLR 

Reload  7 Revision  0 

Page 177 

0.0

50.0

100.0

150.0

200.0

250.0

0.0 10.0 20.0

Time (sec)

%
 R
a
te
d

Dome Press Rise (psi)
Safety Valve Flow
Relief Valve Flow
Bypass Valve Flow
HPCI Flow (% FW)

0.0

50.0

100.0

150.0

0.0 10.0 20.0

Time (sec)

%
 R
a
te
d

Level(inch-REF-SEP-SKRT)
Vessel Steam Flow
Turbine Steam Flow
Feedwater Flow

-2.0

-1.0

0.0

1.0

0.0 10.0 20.0

Time (sec)

R
e
a
c
ti
v
it
y
 C
o
m
p
o
n
e
n
ts
 (
$
) 
 

Void Reactivity
Doppler Reactivity
Scram Reactivity
Total Reactivity

0.0

50.0

100.0

150.0

200.0

250.0

0.0 10.0 20.0

Time (sec)

%
 R
a
te
d

Neutron Flux / 10
Avg Surface Heat Flux
Core Inlet Flow
Core Inlet Subcooling

  
 

Figure 117  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA with TBVOOS & RPTOOS (HBB) ) 
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Figure 118  Plant Response to FW Controller Failure 

( EOC ICF with TBVOOS & RPTOOS (UB) ) 
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Figure 119  Plant Response to Inadvertent HPCI /L8 

( EOC ICF with TBVOOS & RPTOOS (UB) ) 
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Figure 120  Plant Response to FW Controller Failure 

( EOC MELLLA with TBVOOS & RPTOOS (UB) ) 
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Figure 121  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA with TBVOOS & RPTOOS (UB) ) 
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Figure 122  Plant Response to FW Controller Failure 

( MOC ICF & FWTR with TBVOOS & RPTOOS (HBB) ) 
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Figure 123  Plant Response to Inadvertent HPCI /L8 

( MOC ICF & FWTR with TBVOOS & RPTOOS (HBB) ) 
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Figure 124  Plant Response to FW Controller Failure 

( EOC ICF & FWTR with TBVOOS & RPTOOS (HBB) ) 
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Figure 125  Plant Response to Inadvertent HPCI /L8 

( EOC ICF & FWTR with TBVOOS & RPTOOS (HBB) ) 
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Figure 126  Plant Response to FW Controller Failure 

( MOC MELLLA & FWTR with TBVOOS & RPTOOS (HBB) ) 
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Figure 127  Plant Response to Inadvertent HPCI /L8 

( MOC MELLLA & FWTR with TBVOOS & RPTOOS (HBB) ) 
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Figure 128  Plant Response to FW Controller Failure 

( EOC MELLLA & FWTR with TBVOOS & RPTOOS (HBB) ) 
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Figure 129  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA & FWTR with TBVOOS & RPTOOS (HBB) ) 
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Figure 130  Plant Response to FW Controller Failure 

( EOC ICF & FWTR with TBVOOS & RPTOOS (UB) ) 
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Figure 131  Plant Response to Inadvertent HPCI /L8 

( EOC ICF & FWTR with TBVOOS & RPTOOS (UB) ) 
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Figure 132  Plant Response to FW Controller Failure 

( EOC MELLLA & FWTR with TBVOOS & RPTOOS (UB) ) 
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Figure 133  Plant Response to Inadvertent HPCI /L8 

( EOC MELLLA & FWTR with TBVOOS & RPTOOS (UB) ) 
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Figure 134  Plant Response to MSIV Closure (Flux Scram) - ICF (HBB) 
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Figure 135  Plant Response to MSIV Closure (Flux Scram) - MELLLA (HBB) 
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Figure 136  BSP Region Boundaries for Normal Feedwater Temperature Operation  
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Figure 137  BSP Region Boundaries for Reduced Feedwater Temperature Operation  
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Appendix A 

Analysis Conditions 

The reactor operating conditions used in the reload licensing analysis for this plant and cycle are 

presented in Table A-1. The pressure relief and safety valve configuration for this plant are presented in 

Table A-2. Additionally, the operating flexibility options listed in Section 8 are supported by the reload 

licensing analysis.  

Table A-1  Reactor Operating Conditions 

 Analysis Value 

Parameter 
ICF 

NFWT 

LCF 

NFWT 

ICF 

RFWT 

LCF 

RFWT 

 Thermal power, MWt  3458.0  3458.0  3458.0  3458.0 

 Core flow, Mlb/hr   107.6    83.0   107.6    83.0 

 Reactor pressure (core mid-plane), psia  1066.0  1061.5  1057.7  1053.4 

 Inlet enthalpy, Btu/lb   526.8   518.9   519.7   510.3 

 Non-fuel power fraction   0.036   0.036   0.036   0.036 

 Steam flow, Mlb/hr   14.17   14.14   13.26   13.23 

 Dome pressure, psig  1035.0  1035.0  1027.4  1027.4 

 Turbine pressure, psig   990.9   991.1   988.6   988.8 
 
 

 

Table A-2  Pressure Relief and Safety Valve Configuration 

Valve Type 
Number of 

Valves 

Lowest Setpoint 

(psig) 

 Safety/Relief Valve 13  1169.1 
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Appendix B 

Decrease in Core Coolant Temperature Events 

The Loss-of-Feedwater Heating event was analyzed at 100% rated power using the BWR Simulator 

Code.  The use of this code is permitted in GESTAR II.  The transient plots, neutron flux and heat flux 

values normally reported in Section 9 are not an output of the BWR Simulator Code; therefore, those 

items are not included in this document.  The OLMCPR result is shown in Section 11. 

The Inadvertent HPCI with a Turbine Trip event was analyzed and results are provided in Sections 9 and 

have been confirmed to be bounded by other pressurization events for Browns Ferry Unit 1 Cycle 8 

CLTP. 
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Appendix C 

SLO Pump Seizure 

The SLO OLMCPR required so that the GE14 MCPR remains greater than a reference SLO SLMCPR of 

1.11, considering a seizure of the recirculation pump in the active loop, is 1.51 (Reference C-1).   

The rated power OLMCPR must be set to 1.35 or greater, such that the K(P) curve bounds operation in 

SLO.  

References 

C-1   Browns Ferry 1 Cycle 7 Reactor Recirculation Pump Seizure, GE-NE-0000-0051-9870-R0, 

April 2006. 
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Appendix D 

Expanded Operating Domain and EOOS 

To provide Browns Ferry Nuclear Plant Unit 1 with operating improvements, expanded operating domain 

analyses were performed for maximum extended load line limit (MELLL) operation (81% flow), 

increased core flow (ICF) operation up to 105% of rated flow, final feedwater temperature reduction 

(FFWTR) and feedwater heaters out-of-service (FWHOOS) were performed at a temperature of 327.0°F 

(-54.7°F at rated power), turbine bypass valves out-of-service (TBVOOS), and recirculation pump trip 

out-of-service (RPTOOS).  In addition, in the event of power load unbalance failure (PLUOOS), limits 

have also been provided.  All analyses are performed with 1 SRV OOS. 

Coastdown operation beyond full power operation to 40% power is conservatively bounded by the MCPR 

operating limits given in Section 11 of this document at the applicable core flow and feedwater 

temperature conditions in the expanded operating domain (Reference D-1). 

The operating domains and EOOS defined in Table D-1 have been analyzed or validated for Cycle 8 

CLTP. 

Table D-1 

Extended Operating Domains and Equipment-Out-Of-Service Conditions 

EOD / EOOS Reference 

MELLL D-2 

ICF D-3 

FFWTR/FWHOOS D-3 

Power Uprate (105% and 120% OTLP) D-3, D-8 

ARTS D-6 

SLO D-4 

TBVOOS D-3, D-5, D-7 

EOC-RPTOOS D-3, D-5, D-7 

TBVOOS & RPTOOS D-7 
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References 

D-1 General Electric Standard Application for Reactor Fuel, GESTAR II, NEDC-24011-P-A-16, 

October 2007 and GESTAR II U.S. Supplement, NEDC-24011-P-A-16-US, October 2007. 
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D-6 Tennessee Valley Authority Browns Ferry Nuclear Plant Unit 1 Reload 7/Cycle 8 Off-Rated 

Limits Validation at a Rated Thermal Power of 3458 MWt, 0000-0079-8898-R0, July 2008.   

D-7  Safety Analysis for Browns Ferry Nuclear Plant Units 1, 2 and 3 Turbine Bypass and End-of-

Cycle Recirculation Pump Trip Out-of-Service Combination Mode Out-of-Service, NEDC-

32774P, Supplement 1, February 2001. 

D-8 Power Uprate Safety Analysis Report for the Browns Ferry Nuclear Plant Units 2&3, NEDC-

32751P, Revision 0, September 1997. 
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Appendix E 

Off-rated Limits 

The off-rated limits for normal operation have been confirmed for Browns Ferry 1 Cycle 8 CLTP.  The 

ARTS power and flow dependent operating limits for all operating flexibility options are provided in 

Reference E-1. 

References 

E-1  Tennessee Valley Authority Browns Ferry Nuclear Plant Unit 1 Reload 7/Cycle 8 Off-Rated 

Limits Validation at a Rated Thermal Power of 3458 MWt, 0000-0079-8898-R0, July 2008. 
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Appendix F 

Thermal-Mechanical Compliance 

A thermal-mechanical compliance check is performed for the fast pressurization transients as well as for 

the loss-of-feedwater heating and rod withdrawal error events to assure that the fuel can operate without 

violating the thermal-mechanical design limits.  These limits are designed such that reactor operation 

within these limits provides assurance that the fuel will not exceed any thermal-mechanical design or 

licensing limits during all modes of operation.  All thermal-mechanical limits are met for Browns Ferry 1 

Cycle 8. 
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Appendix G 

Additional Stability Information and Analysis 

The ∆CPR/Initial CPR and Oscillation Magnitude points used to determine the DIVOM Slope using a 

radial peaking factor (RPF) of 1.05 and 1.10 are shown in Table G-1.  The DIVOM slope is the slope of a 

line passing through the origin, which bounds all data points.  The DIVOM slope as a function of RPF is 

shown in Figure G-1.  The line was drawn such that it bounds all DIVOM slopes calculated between 

nominal (RPF = 1.0) and the most limiting case analyzed (RPF = 1.13). 

 

Table G-1.  DIVOM Data Points 

 

RPF = 1.05  RPF = 1.10
1 

Oscillation 

Magnitude ∆∆∆∆CPR/ICPR 

 Oscillation 

Magnitude ∆∆∆∆CPR/ICPR 

0.19 0.097  0.19 0.111 

0.23 0.112  0.22 0.127 

0.27 0.131  0.25 0.147 

0.31 0.151  0.29 0.168 

0.36 0.173  0.33 0.193 

0.41 0.198  0.38 0.217 

0.46 0.227  0.42 0.246 

1. RPF used to determine the OPRM Amplitude Setpoints. 

 

Figure G-1.  DIVOM as a Function of RPF 
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Supporting Decay Ratio (DR) analyses were performed based on the ICA-5 point as 45.0% flow on the 

108% Original Licensed Thermal Power (OLTP) Rod Line, see Table G-2.  Since the Reduced Feedwater 

Temperature (RFWT) ICA-5 core DR was greater than 0.80, another DR calculation was performed at the 

intersection of the 108% OLTP Rod Line and the Cycle 8 proposed RFWT Controlled Entry boundary 

(ICA-S), see Figure G-2. 

Table G-2.  Additional ICA Analyses 

Case 

Name 

Power 

[% Rated] 

Flow 

[% Rated] 

Exposure 

[
MWD

/ST] 

Core 

Decay Ratio 

Highest 

Channel DR 

45% Flow on the 108% OLTP Rod Line 

NOM_ICA-5 61.9 45.0 19,563 0.775 0.250 

MIN_ICA-5 61.9 45.0 19,563 0.855 0.233 

Region II BSP Region & 108% OLTP Rod Line Intersection 

MIN_ICA-S 69.2 54.1 19,563 0.718 0.219 

 

Figure G-2. RFWT ICA-5 Points 
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Appendix H 

List of Acronyms 

Acronym Description 

∆CPR Delta Critical Power Ratio 

∆k Delta k-effective 

2RPT Two Recirculation Pump Trip 

ADS Automatic Depressurization System 

ADSOOS Automatic Depressurization System Out of Service 

AOO Anticipated Operational Occurrence 

APRM Average Power Range Monitor 

ARTS APRM, Rod Block and Technical Specification Improvement Program 

BOC Beginning of Cycle 

BSP Backup Stability Protection 

Btu British thermal unit 

BWROG Boiling Water Reactor Owners Group 

COLR Core Operating Limits Report 

CPR Critical Power Ratio 

DIVOM Delta CPR over Initial MCPR vs. Oscillation Magnitude 

DR Decay Ratio 

DS/RV Dual Mode Safety/Relief Valve 

ECCS Emergency Core Cooling System 

ELLLA Extended Load Line Limit Analysis 

EOC End of Cycle (including all planned cycle extensions) 

EOR End of Rated (All Rods Out 100%Power / 100%Flow / NFWT) 

EPU Extended Power Uprate 

ER Exclusion Region 

FFWTR Final Feedwater Temperature Reduction 

FMCPR Final MCPR 

FOM Figure of Merit 

FWCF Feedwater Controller Failure 

FWHOOS Feedwater Heaters Out of Service 

FWTR Feedwater Temperature Reduction 

GDC General Design Criterion 

GESTAR General Electric Standard Application for Reactor Fuel 

GETAB General Electric Thermal Analysis Basis 

GSF Generic Shape Function 

HAL Haling Burn 

HBB Hard Bottom Burn 

HBOM Hot Bundle Oscillation Magnitude 

HCOM Hot Channel Oscillation Magnitude 

HFCL High Flow Control Line 

HPCI High Pressure Coolant Injection 

ICA Interim Corrective Action 
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Acronym Description 

ICF Increased Core Flow 

IMCPR Initial MCPR 

IVM Initial Validation Matrix 

Kf Off-rated flow dependent OLMCPR multiplier 

Kp Off-rated power dependent OLMCPR multiplier 

L8 Turbine Trip on high water level (Level 8) 

LCF Low Core Flow 

LHGR Linear Heat Generation Rate 

LHGRFACf Off-rated flow dependent LHGR multiplier 

LHGRFACp Off-rated power dependent LHGR multiplier 

LOCA Loss of Coolant Accident 

LPRM Local Power Range Monitor 

LRHBP Load Rejection with Half Bypass 

LRNBP Load Rejection without Bypass 

LTR Licensing Topical Report 

MAPFACf Off-rated flow dependent MAPLHGR multiplier 

MAPFACp Off-rated power dependent MAPLHGR multiplier 

MAPLHGR Maximum Average Planar Linear Heat Generation Rate 

MCPR Minimum Critical Power Ratio 

MCPRf Off-rated flow dependent OLMCPR 

MCPRp Off-rated power dependent OLMCPR 

MELLLA Maximum Extended Load Line Limit Analysis 

MELLLA+ MELLLA Plus 

MOC Middle of Cycle 

MRB Maximal Region Boundaries 

MSIV Main Steam Isolation Valve 

MSIVOOS Main Steam Isolation Valve Out of Service 

MSR Moisture Separator Reheater 

MSROOS Moisture Separator Reheater Out of Service 

MTU Metric Ton Uranium 

MWd Megawatt day 

MWd/ST Megawatt days per Standard Ton 

MWd/MT Megawatt days per Metric Ton 

MWt Megawatt Thermal 

N/A Not Applicable 

NBP No Bypass 

NCL Natural Circulation Line 

NFWT Normal Feedwater Temperature 

NOM Nominal Burn 

NTR Normal Trip Reference 

OLMCPR Operating Limit MCPR 

OOS Out of Service 

OPRM Oscillation Power Range Monitor 

Pbypass Reactor power level below which the TSV position and the TCV fast 

closure scrams are bypassed 
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Acronym Description 

Pdome Peak Dome Pressure 

Psl Peak Steam Line Pressure 

Pv Peak Vessel Pressure 

PCT Peak Clad Temperature 

PHE Peak Hot Excess 

PLHGR Peak Linear Heat Generation Rate 

PLU Power Load Unbalance 

PLUOOS Power Load Unbalance Out of Service 

PRFDS Pressure Regulator Failure Downscale 

PROOS Pressure Regulator Out of Service 

Q/A Heat Flux 

RBM Rod Block Monitor 

RC Reference Cycle 

RCF Rated Core Flow 

RFWT Reduced Feedwater Temperature 

RPS Reactor Protection System 

RPT Recirculation Pump Trip 

RPTOOS Recirculation Pump Trip Out of Service 

RV Relief Valve 

RVM Reload Validation Matrix 

RWE Rod Withdrawal Error 

SC Standard Cycle 

SL Safety Limit 

SLMCPR Safety Limit Minimum Critical Power Ratio 

SLO Single Loop Operation 

SRLR Supplemental Reload Licensing Report 

S/RV Safety/Relief Valve 

SRVOOS Safety/Relief Valve(s) Out of Service 

SS Steady State 

SSV Spring Safety Valve 

STU Short Tons (or Standard Tons) of Uranium 

TBV Turbine Bypass Valve 

TBVOOS Turbine Bypass Valves Out of Service 

TCV Turbine Control Valve 

TCVOOS Turbine Control Valve Out of Service 

TCVSC Turbine Control Valve Slow Closure 

TLO Two Loop Operation 

TRF Trip Reference Function 

TSIP Technical Specifications Improvement Program 

TSV Turbine Stop Valve 

TSVOOS Turbine Stop Valve Out of Service 

TT Turbine Trip 

TTHBP Turbine Trip with Half Bypass 

TTNBP Turbine Trip without Bypass 

UB Under Burn 
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Nomenclature 
 
 
AOT  abnormal operational transient 
ARO  all rods out 
ASME  American Society of Mechanical Engineers 
AST  alternative source term 
 
BOC  beginning of cycle 
BPWS  banked position withdrawal sequence 
 
CGU  commercial grade uranium 
CPR  critical power ratio 
CRDA  control rod drop accident 
CRWE  control rod withdrawal error 
 
EFPD  effective full-power days 
EOC  end of cycle 
EOC-RPT-OOS end of cycle recirculation pump trip out-of-service 
EOD  extended operating domain 
EOFPL  end of full power life (100%P/100%F normal FW temperature) 
EOOS  equipment out-of-service 
 
FFTR  final feedwater temperature reduction 
FHOOS  feedwater heaters out-of-service 
FWCF  feedwater controller failure 
 
ICF  increased core flow 
 
LFWH  loss of feedwater heating 
LHGR  linear heat generation rate 
LHGRFACf  flow-dependent linear heat generation rate factors 
LHGRFACp  power-dependent linear heat generation rate factors 
LOCA  loss-of-coolant accident 
LPRM  local power range monitor 
LRNB  load rejection no bypass 
 
MAPFACf  flow-dependent maximum average planar heat generation rate factors 
MAPFACp  power-dependent maximum average planar heat generation rate factors 
MAPLHGR  maximum average planar linear heat generation rate 
MCPR  minimum critical power ratio 
MCPRf  flow-dependent minimum critical power ratio 
MCPRp  power-dependent minimum critical power ratio 
MELLLA  maximum extended load line limit analysis 
MSIV  main steam isolation valve 
MSRVOOS  main steam relief valves out-of-service 
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Nomenclature  (Continued) 
 
 
NEOC  near end of cycle 
NRC  Nuclear Regulatory Commission, U.S. 
NSS  nominal scram speed 
 
OLMCPR  operating limit minimum critical power ratio 
OOS  out of service 
OPRM  oscillation power range monitor 
 
PAPT  protection against power transient 
PCT  peak clad temperature 
PLUOOS  power load unbalance out-of-service 
 
RBM  rod block monitor 
RNW  reduced notch worth 
RPT  recirculation pump trip 
 
SER  safety evaluation report 
SLC  standby liquid control (boron) 
SLCSDM  standby liquid control shutdown margin (boron) 
SLMCPR  safety limit minimum critical power ratio 
SLO  single-loop operation 
 
TBVOOS  turbine bypass valves out-of-service 
TIP  traversing in-core probe 
TIPOOS  traversing in-core probe out-of-service 
TLO  two-loop operation 
TSSS  technical specification scram speed 
 
UFSAR  updated final safety analysis report 
 
ΔCPR  change in critical power ratio 
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1.0 Introduction 

This report provides results of analyses performed by AREVA NP Inc.* as part of the reload 

analysis.  This report is intended to be used in conjunction with the AREVA topical Report 

XN-NF-80-19(P)(A) Volume 4 Revision 1, Exxon Nuclear Methodology for Boiling Water 

Reactors: Application of the ENC Methodology to BWR Reloads, which describes the analyses 

performed in support of this reload, identifies the methodology used for those analyses, and 

provides a generic reference list.  Section numbers in this report are the same as corresponding 

section numbers in XN-NF-80-19(P)(A) Volume 4 Revision 1.  Methodology used in this report 

which supersedes XN-NF-80-19(P)(A) Volume 4 Revision 1 is referenced in Section 8.0.  The 

application of the methodology used in the computer codes that were utilized in performing the 

analyses presented in this report were applied in accordance with the NRC technical limitations 

(safety evaluation report (SER) restrictions) as stated in the methodology. 

The core consists of a total of 764 fuel assemblies, including 284 unirradiated ATRIUM™-10† 

assemblies and 480 irradiated ATRIUM-10 assemblies.  The reference core configuration is 

described in Section 4.2. 

The effects of channel bow are explicitly accounted for in the safety limit analysis.  The 

Extended Operating Domain (EOD) and Equipment Out-Of-Service (EOOS) conditions 

presented in Table 1.1 are supported. 

 

                                                 
* AREVA NP Inc. is an AREVA and Siemens company. 
† ATRIUM is a trademark of AREVA NP. 
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Table 1.1  EOD and EOOS 
Operating Conditions 

 

Extended Operating Domain  
(EOD) Conditions 

Increased core flow (ICF) 

Maximum extended load line limit analysis (MELLLA) 

Equipment Out-of-Service  
(EOOS) Conditions* 

Turbine bypass valves out-of-service (TBVOOS) 

EOC recirculation pump trip out-of-service (EOC-RPT-OOS) 

Feedwater heaters out-of-service (FHOOS) 

Power load unbalance out-of-service (PLUOOS) 

Combined EOC-RPT-OOS and TBVOOS 

Combined EOC-RPT-OOS and FHOOS 

Combined EOC-RPT-OOS and PLUOOS 

Combined TBVOOS and FHOOS 

Combined TBVOOS and PLUOOS 

Combined FHOOS and PLUOOS 

Combined EOC-RPT-OOS, TBVOOS, and FHOOS 

Combined EOC-RPT-OOS, TBVOOS, and PLUOOS 

Combined EOC-RPT-OOS, FHOOS, and PLUOOS  

Combined TBVOOS, FHOOS, and PLUOOS 

Combined EOC-RPT-OOS, TBVOOS, FHOOS, and PLUOOS 

Single-loop operation (SLO)  

 

                                                 
* SLO may be combined with all of the other EOOS conditions.  Base case and each EOOS condition 

is supported in combination with 1 MSRVOOS, up to 2 TIPOOS or the equivalent number of channels 
(per operating requirements defined in Reference 9.6 Section 3.2), and/or up to 50% of the LPRMs 
out-of-service. 
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2.0 Fuel Mechanical Design Analysis 

 Applicable AREVA Fuel Design Reports References 9.11, 9.12, 9.16, and 9.21 

To assure the power history for the ATRIUM-10 fuel is bounded by the assumed power history 

in the fuel mechanical design analyses, LHGR operating limits have been specified in Section 

7.2.3.  In addition, ATRIUM-10 LHGR limits for Abnormal Operational Transients (AOTs) have 

been specified in References 9.11, 9.12, 9.16, and 9.21 (AOT is equivalent to anticipated 

operational occurrences used in References 9.11, 9.12, 9.16, and 9.21).  The exposure limits for 

the ATRIUM-10 bundles are specified in References 9.11, 9.12, 9.16, and 9.21. 
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3.0 Thermal-Hydraulic Design Analysis 

3.2 Hydraulic Characterization 

3.2.1 Hydraulic Compatibility 

Hydraulic demand curves for the ATRIUM-10 fuel are provided in Reference 9.1, Figures 3.2, 

3.3, and 3.4.  All thermal-hydraulic compatibility criteria have been met. 

3.2.3 Fuel Centerline Temperature 

Applicable Reports 

ATRIUM-10    References 9.11, 9.12, 9.16, and 9.21 Figure 3.2 

3.2.5 Bypass Flow 

Calculated Bypass Flow Fraction    14.0 %  

at 100%P/100%F 

(includes water channel flow) 

3.3 MCPR Fuel Cladding Integrity Safety Limit (SLMCPR) 

 Two-Loop Operation*      1.08  Reference 9.6 

 Single-Loop Operation*     1.10 

3.3.1 Coolant Thermodynamic Condition 

Thermal Power (at SLMCPR)†    4751.26 MWt 

Feedwater Flow Rate (at SLMCPR)    19.42 Mlbm/hr 

Steam Dome Pressure (at rated conditions)   1050 psia 

Feedwater Temperature     382.2°F 

                                                 
* Includes the effects of channel bow, 2 TIPOOS or the equivalent number of TIP channels (per 

operating requirements defined in Reference 9.6 Section 3.2), a 2500 EFPH LPRM calibration 
interval, and up to 50% of the LPRMs out of service. 

† Thermal power at SLMCPR is specific to SLMCPR methodology (Reference 8.2).  The methodology 
increases (“pushes”) the core power to reach the SLMCPR. 
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3.4 Licensing Power and Exposure Shape 

The licensing axial power profile used by AREVA for the plant transient analyses bounds the 

projected end of full power (EOFP) axial power profile.  The conservative licensing axial power 

profile as well as the corresponding axial exposure ratio are given in Table 3.1.  Future 

projected cycle power profiles are considered to be in compliance when the EOFP normalized 

power generated in the core is greater than the licensing axial power profile at the given state 

conditions when the comparison is made over the bottom third of the core height. 
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Table 3.1  Licensing Basis Core Average Axial Power Profile 
and Licensing Axial Exposure Ratio 

 

State Conditions for  
Power Shape Evaluation 

Power, MWt 3458.0 

Core pressure, psia 1062.2 

Inlet subcooling, Btu/lbm -26.01 

Flow, Mlb/hr 107.62 

Control state ARO 

Core average exposure 
(EOC), MWd/MTU 

31,102 

 

Licensing Axial Power Profile (Normalized) 

Node Power 
Top  25 0.215 

24 0.668 
23 0.872 
22 0.994 
21 1.079 
20 1.136 
19 1.179 
18 1.221 
17 1.258 
16 1.349 
15 1.379 
14 1.393 
13 1.383 
12 1.352 
11 1.301 
10 1.233 

9 1.153 
8 1.065 
7 0.973 
6 0.883 
5 0.804 
4 0.744 
3 0.681 
2 0.539 

Bottom  1 0.146 
 

Licensing Axial Exposure Ratio (EOFP + 21 EFPD, ARO) 
Average Bottom 8 ft / 12 ft = 0.9913 
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4.0 Nuclear Design Analysis 

4.1 Fuel Bundle Nuclear Design Analysis 

The fuel cycle design used as the basis for the reload analysis is described in Reference 9.3.  

The core composition is presented in Table 4.1 and Figure 4.1.  The detailed fuel bundle design 

information for the fresh ATRIUM-10 fuel is provided in References 9.2 and 9.22.  The following 

summary provides the appropriate cross-reference. 

Assembly Average Enrichment (ATRIUM-10 fuel) 

 A10-4218B-13GV80-FCC (FT6)*  4.22 wt% 
 A10-3757B-10GV80-FCC (FT7)   3.76 wt% 
 A10-4019B-14GV80-FBC  (FT8)   4.02 wt% 
 A10-3841B-14GV80-FBC  (FT9)   3.84 wt% 
 

Radial Enrichment Distribution (enriched lattices only) 

 A10B-4543L-13G80-FCC Reference 9.22, Figure D.8 
 A10T-4399L-11G80-FCC Reference 9.22, Figure D.9 
 A10T-4399L-11G50-FCC Reference 9.22, Figure D.10 
 A10B-3997L-10G80-FCC Reference 9.22, Figure D.13 
 A10T-3997L-8G80-FCC Reference 9.22, Figure D.14 
 A10T-3997L-8G50-FCC Reference 9.22, Figure D.15 
 A10B-4306L-14G80-FBC Reference 9.2, Figure D.2 
 A10B-4318L-12G80-FBC Reference 9.2, Figure D.3 
 A10T-4214L-12G75-FBC Reference 9.2, Figure D.4 
 A10T-4213L-12G50-FBC Reference 9.2, Figure D.5 
 A10B-4115L-14G80-FBC Reference 9.2, Figure D.8 
 A10B-4121L-13G80-FBC Reference 9.2, Figure D.9 
 A10T-4029L-13G75-FBC Reference 9.2, Figure D.10 
 A10T-4024L-13G50-FBC Reference 9.2, Figure D.11 
  

Axial Enrichment Distribution (FT6, FT7) Reference 9.22, Figures 2.2-2.3 

Burnable Absorber Distribution (FT6, FT7) Reference 9.22, Figures 2.5-2.6 

Non-Fueled Rods (FT6, FT7) Reference 9.22, Figures 2.5-2.6 

Axial Enrichment Distribution (FT8, FT9) Reference 9.2, Figures 2.1-2.2 

Burnable Absorber Distribution (FT8, FT9) Reference 9.2, Figures 2.3-2.4 

Non-Fueled Rods (FT8, FT9) Reference 9.2, Figures 2.3-2.4 

                                                 
* See Figure 4.1 for fuel type definitions. 
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Neutronic Design Parameters Table 4.3 

 

Fuel Storage 

 Spent Fuel Storage Pool Reference 9.4 

The BFE2-16 reload batch fuel design meets the criticality safety limitations defined in 

Table 2.1 of Reference 9.4 and therefore can be safely stored in the pool. 

 

New Fuel Storage Vault Reference 9.14 

The BFE2-16 reload batch can be safely stored in the new fuel storage vault per the 

criticality safety limits defined in Table 2.1 of Reference 9.14. 

Shipping Container References 9.19 and 9.20 

The BFE2-16 reload assemblies conform to the nuclear criticality requirements 

established for the RAJ-II shipping container in Reference 9.19.  Satisfying the 

Reference 9.19 requirements ensures that the BFE2-16 fuel design may be stacked 

according to the constraints of the RAJ-II shipping container stacking analysis provided 

in Reference 9.20. 
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4.2 Core Nuclear Design Analysis 

4.2.1 Core Configuration               Figure 4.1 

Core Exposure at EOC 15, MWd/MTU*       30,370 
(nominal value) 

Core Exposure at EOC 15, MWd/MTU       29,780 
(short window) 

Core Exposure at EOC 15, MWd/MTU       30,903 
(long window) 

Core Exposure at BOC 16, MWd/MTU      14,994 
(from nominal EOC 15) 

Core Exposure at NEOC,† MWd/MTU   
(from nominal EOC 15)        28,344 

Core Exposure at EOC (EOFPL + 21 EFPD),‡ 
MWd/MTU (from nominal EOC 15)       31,102 

Maximum Core Exposure,§ MWd/MTU      31,102 

4.2.2 Core Reactivity Characteristics**, ††  

BOC 16 cold k-eff, all rods out       1.1268 

BOC 16 cold k-eff, all rods in        0.9668 

BOC 16 cold k-eff, strongest rod out       0.9899 

BOC 16 cold shutdown margin 1.01% Δk/k 

Reactivity defect/R-value 0.00% Δk/k 
(minimum CSDM at 0.0 MWd/MTU cycle exposure) 

 

                                                 
*  The thermal limits provided in this report are applicable for an EOC 15 exposure between the long 

and short windows. 
† NEOC analyses and limits are applicable up to this core exposure. 
‡ EOC analyses and limits are applicable up to this core exposure. 
§ No FFTR/coastdown cycle extension. 

** k-eff data are bias corrected.  Bias corrected k=1+[k(MCB2)-k(target)]. 
†† Evaluated based on short window. 
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Standby liquid control (SLC)* system reactivity, 748 ppm at 366°F  
(equivalent to 660 ppm boron at 68°F)† 

• Maximum k-eff 0.98835 

• Minimum SLCSDM 1.17% Δk/k 

                                                 

* A minimum SLCSDM of 0.88% Δk/k is required to protect manufacturing and calculational 
uncertainties when analyzed at temperature of RHR initialization. 

†  TVA Browns Ferry SLC licensing basis documents indicate a minimum of 660 ppm boron at a 
temperature of 70°F.  The AREVA cold analysis basis of 68°F represents a negligible difference and 
the results are adequate to protect the 70°F licensing basis for the plant. 
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4.2.4 Core Hydrodynamic Stability 

Browns Ferry has implemented BWROG Long Term Stability Solution Option III (Oscillation 

Power Range Monitor-OPRM).  Reload validation has been performed in accordance with 

Reference 9.9.  The stability based Operating Limit MCPR (OLMCPR) is provided for two 

conditions as a function of OPRM amplitude setpoint in Table 4.2.  The two conditions evaluated 

are for a postulated oscillation at 45% core flow steady state operation (SS) and following a two 

recirculation pump trip (2PT) from the limiting full power operation state point.  Current power 

and flow dependent limits provide adequate protection against violation of the Safety Limit 

MCPR for postulated reactor instability as long as the operating limit is greater than or equal to 

the specified value for the selected OPRM setpoint. 

Evaluations by General Electric have shown that the generic DIVOM curves specified in 

NEDO-32465-A, may not be conservative for current plant operating conditions for plants which 

have implemented Stability Option III.  Specifically, a non-conservative deficiency has been 

identified for high peak bundle power-to-flow ratios in the generic regional mode DIVOM curve.  

The deficiency results in a non-conservative slope of the associated DIVOM curve so that the 

Option III trip setpoint is too high.  GE issued a Part 21 Notification in GE 10 CFR Part 21 

Notification, Stability Reload Licensing Calculations Using Generic DIVOM Curve, MFN 01-046, 

August 31, 2001. 

To address this issue related to the generic DIVOM slope, AREVA has performed calculations 

for the relative change in ΔMCPR as a function of the calculated hot channel oscillation 

magnitude (HCOM).  These calculations have been performed with the RAMONA5-FA code.  

This code is a coupled neutronic-thermal hydraulic three-dimensional transient model for the 

purpose of determining relationship between the relative change in ΔMCPR and the HCOM on a 

plant specific basis.  This model has been developed consistent with the recommendations of 

the BWROG in OG04-0153-260, Plant-Specific Regional Mode DIVOM Procedure Guideline, 

June 15, 2004.  The generation of the plant-specific DIVOM data with this model is consistent 

with the BWROG resolution of the above Part 21 notification as provided in BWROG-03047, 

Resolution of Reportable Condition for Stability Reload Licensing Calculations Using Generic 

Regional Mode DIVOM Curve, September 30, 2003. 
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The stability-based OLMCPRs were calculated using the most limiting calculated change in 

relative ΔMCPR for a given oscillation magnitude.  The reload validation calculation 

demonstrated that reactor stability does not produce the limiting OLMCPR as long as the 

selected OPRM setpoint produces values for OLMCPR(SS) and OLMCPR(2PT) that are less 

than the corresponding acceptance criteria.  The setpoints provided in Table 4.2 support the 

EOOS operating conditions provided in Table 1.1. 
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Table 4.1  Core Composition  
 
 

 

Fuel Description 
Cycle 

Loaded 
Number of 
Assemblies 

ATRIUM-10        A10-3920B-14GV70 14 107 

ATRIUM-10        A10-4227B-15GV80-FBB 15 206 

ATRIUM-10        A10-4239B-15GV80-FBB 15 111 

ATRIUM-10        A10-3552B-10GV80-FBB 15 56 

ATRIUM-10        A10-4218B-13GV80-FCC 16 16 

ATRIUM-10        A10-3757B-10GV80-FCC 16 24 

ATRIUM-10        A10-4019B-14GV80-FBC 16 168 

ATRIUM-10        A10-3841B-14GV80-FBC 16 76 
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Table 4.2  OPRM Setpoint Versus 
Stability-Based MCPR Operating Limits 

 

BOC to EOC 

OPRM 
Setpoint 
Δ(SP) 

OLMCPR 
(SS) 

OLMCPR 
(2PT) 

1.05 1.17 1.09 

1.06 1.19 1.11 

1.07 1.21 1.12 

1.08 1.23 1.14 

1.09 1.25 1.16 

1.10 1.27 1.18 

1.11 1.29 1.20 

1.12 1.31 1.22 

1.13 1.33 1.24 

1.14 1.35 1.26 

1.15 1.37 1.28 

Acceptance 
Criteria 

Off-rated 
OLMCPR 

@45% Flow 

Rated Power 
OLMCPR as 
described in 

Section 5 
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Table 4.3  Neutronic Design Values 
 

Number of fuel assemblies   764 

Rated thermal power,* MWt   3458 

Rated core flow,* Mlbm/hr   102.5 

Fuel channel dimensions  

 Corner thickness, inch   0.100 
 Reduced thickness, inch   0.075 

Fuel assembly pitch, inch   6.0 

Wide water gap thickness, inch  0.630 

Narrow water gap thickness, inch  0.414 
 

Control Blades† 

Total span, inch    9.810 

Total support span, inch   1.580 

Total thickness, inch    0.312 

Total face-to-face internal dimension, inch 0.200 

B4C rod absorber 

 Number of rods    21 
 Rod diameter ID/OD, inch     0.138 / 0.188 
 Theoretical density of B4C, %  70 

 

                                                 
* Statepoint parameters for individual solutions are based on consistent heat balance calculations for 

the core power and flow prescribed for the condition being modeled. 
† The control rod data represent the Duralife-100D/BWR-4 blade type. 
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        31    33    35    37    39    41    43    45    47    49    51    53    55    57    59 
 
 30      4     9     2     8     2     8     2     9     3     8     2     8     4     3     1 
      19.6   0.0  20.4   0.0  22.1   0.0  21.2   0.0  21.9   0.0  22.8   0.0  21.9  15.7  31.2 
 
 28      9     2     4     2     9     2     6     2     7     3     8     3     8     3     1 
       0.0  21.0  19.0  21.4   0.0  21.5   0.0  20.5   0.0  22.6   0.0  22.7   0.0  15.7  32.4 
 
 26      2     4     9     6     2     9     2     9     4     8     2     8     2     3     1 
      20.2  18.8   0.0   0.0  21.7   0.0  21.8   0.0  21.6   0.0  22.0   0.0  20.5  19.2  31.8 
 
 24      8     2     6     4     8     2     8     2     8     2     9     4     9     3     1 
       0.0  21.2   0.0  19.9   0.0  21.6   0.0  22.0   0.0  21.4   0.0  17.8   0.0  18.4  30.6 
 
 22      2     9     2     8     2     8     2     8     4     8     2     8     3     2     1 
      21.9   0.0  21.7   0.0  21.4   0.0  20.8   0.0  18.8   0.0  21.6   0.0  19.6  22.0  38.1 
 
 20      8     2     9     2     8     2     8     3     8     2     8     2     7     3     1 
       0.0  21.9   0.0  21.7   0.0  22.1   0.0  21.9   0.0  22.9   0.0  21.1   0.0  18.9  32.9 
 
 18      2     6     2     8     2     8     4     8     2     8     3     9     3     4     1 
      20.7   0.0  21.5   0.0  21.4   0.0  22.4   0.0  22.2   0.0  23.1   0.0  16.5  21.5  38.8 
 
 16      9     2     9     2     8     3     8     2     8     2     7     2     3     1 
       0.0  20.9   0.0  21.7   0.0  21.6   0.0  23.3   0.0  21.7   0.0  20.2  23.3  35.1 
 
 14      3     7     4     8     4     8     2     8     2     9     2     3     1 
      21.6   0.0  21.5   0.0  19.1   0.0  22.5   0.0  21.8   0.0  22.2  17.7  38.1 
 
 12      8     3     8     2     8     2     8     2     9     2     1     1     1 
       0.0  22.6   0.0  21.2   0.0  22.9   0.0  22.1   0.0  20.6  29.3  38.2  38.0 
 
 10      2     8     2     9     2     8     3     7     2     1     1 
      23.0   0.0  22.0   0.0  22.5   0.0  22.3   0.0  22.5  29.1  39.0 
 
  8      8     3     8     4     8     2     9     2     3     1 
       0.0  22.4   0.0  17.4   0.0  21.0   0.0  19.7  17.4  35.2 
 
  6      4     8     2     9     3     7     3     3     1     1 
      21.7   0.0  19.8   0.0  19.8   0.0  16.2  22.9  37.6  39.0 
 
  4      3     3     3     3     2     3     1     1                Nuclear Fuel Type 
      15.4  15.8  18.8  18.2  18.3  19.0  28.9  38.6                BOC Exposure (GWd/MTU) 
 
  2      1     1     1     1     1     1     1 
      31.3  31.8  32.2  30.1  33.1  38.1  34.4 
 
 
                                                                               No. Per   
     Fuel Type               Description              Cycle Loaded          Quarter core 
     _________               ___________              ____________          ____________ 
      
         1                A10-3920B-14GV70                 14                    26 
         2              A10-4227B-15GV80-FBB               15                    52 
         3              A10-4239B-15GV80-FBB               15                    28 
         4              A10-3552B-10GV80-FBB               15                    14 
         6              A10-4218B-13GV80-FCC               16                     4 
         7              A10-3757B-10GV80-FCC               16                     6 
         8              A10-4019B-14GV80-FBC               16                    42 
         9              A10-3841B-14GV80-FBC               16                    19 
 
 
 

Figure 4.1   Lower Right Quarter Core Layout By Fuel Type 
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5.0 Abnormal Operational Transients 

 Applicable Disposition of Events Reference 9.5 

5.1 Analysis of Plant Transients at Rated Power Conditions  Reference 9.6 
 Limiting Transients:  Load Rejection No Bypass (LRNB) 
     Feedwater Controller Failure (FWCF) 
     Loss of Feedwater Heating (LFWH)† 
     Control Rod Withdrawal Error (CRWE), see Section 5.5 

5.1.1 NEOC Licensing Exposure 

 
 
 
 

Transient 

 
 

Scram 
Speed 

Peak 
Neutron 

Flux 
(% Rated) 

Peak 
Heat 
Flux 

(% Rated) 

 
 
 

ΔCPR 

LRNB* TSSS 261 112 .29 

FWCF* TSSS 265 121 .35 

LRNB* NSS 247 111 .27 

FWCF* NSS 259 120 .33 

LFWH† -- -- .09 

5.1.2 EOC Licensing Exposure 

 
 
 
 

Transient 

 
 

Scram 
Speed 

Peak 
Neutron 

Flux 
(% Rated)

Peak 
Heat 
Flux 

(% Rated) 

 
 
 

ΔCPR 

LRNB* TSSS 310 117 .31 

FWCF* TSSS 312 125 .36 

LRNB* NSS 296 116 .30 

FWCF* NSS 307 124 .34 

LFWH† -- -- .09 

                                                 
*  The results presented are based on base case operation at 100%P/105%F and are the most limiting 

considering earlier exposures. 
†  The inadvertent HPCI pump startup event (including asymmetric injection effects) has been analyzed 

generically for Browns Ferry and has been determined to be nonlimiting (Reference 9.5).  The EPU 
inadvertent HPCI pump startup analysis demonstrated that the event did not reach the level 8 trip 
setpoint (with sufficient margin); therefore, the event does not result in a turbine trip and the resulting 
pressurization transient.  
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5.2 Analysis for Reduced Flow Operation     Reference 9.6 

 Limiting Transient:  Slow Flow Excursion 

 MCPRf                  Table 5.1 
                Reference 9.6 Figure 2.1 

 LHGRFACf                 Table 5.2 
                Reference 9.6 Figure 2.2 

MCPRf and LHGRFACf results are applicable at all cycle exposures and in all EOD and 
EOOS scenarios presented in Table 1.1.  Since the Cycle 16 core is composed of only 
ATRIUM-10 fuel, MAPFACf multipliers are not required. 

5.3 Analysis for Reduced Power Operation     Reference 9.6 

 Limiting Transients: Load Rejection No Bypass (LRNB) 
    Feedwater Controller Failure (FWCF) 

 MCPRp Base Case and EOOS Operation       Tables 5.3 and 5.4 
         Reference 9.6 Sections 3.0 and 4.0 

 LHGRFACp All Conditions              Table 5.5 
         Reference 9.6 Sections 3.0 and 4.0 

 Since the Cycle 16 core is composed of only ATRIUM-10 fuel, MAPFACp multipliers are 
 not required. 

5.4 ASME Overpressurization Analysis     Reference 9.6 

 Limiting Event       MSIV Closure 

 Worst Single Failure     Valve Position Scram 

 Maximum Vessel Pressure (Lower Plenum)         1320 psig 

 Maximum Steam Dome Pressure          1287 psig 

5.5 Control Rod Withdrawal Error 

The CRWE event was analyzed assuming no xenon and credible instrumentation out-of-service 

in the rod block monitor (RBM) system.  The analysis further assumes that the plant could be 

operating in either an A or B sequence control rod pattern. 

The rated power CRWE results are shown in Table 5.6.  For the analytical RBM high power 

setpoint values of 107% to 117% and all intermediate and lower power setpoint values, the 

MCPRp values bound the CRWE MCPR values.  The MCPR values are based on an SLMCPR 

of 1.08.  For other values of SLMCPR the CRWE MCPR can be adjusted by the difference in 
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the SLMCPR and 1.08.  AREVA analyses show that the filtered RBM setpoint reductions given 

in Reference 9.15 are supported. 

The ATRIUM-10 fuel design meets the 1% plastic strain and centerline melt criteria by not 

exceeding the protection against power transient (PAPT) LHGR limit during the event 

(References 9.11, 9.12, 9.16 and 9.21).   

The recommended operability requirements based on the generic unblocked CRWE results are 

shown in Table 5.7 based upon the SLMCPR values of Section 3.3.  For other values of 

SLMCPR, the MCPR in Table 5.7 can be adjusted by the ratio of the SLMCPR values.  For 

Cycle 16, the CRWE results at all power levels are bounded by the MCPRp values given in 

Tables 5.3 - 5.4.   

5.6 Fuel Loading Error (Infrequent Event) 

As described in the AREVA topical report XN-NF-80-19(P)(A) Volume 4 Revision 1, the Fuel 

Loading error is characterized as an Infrequent Event and the acceptance criteria is that the 

offsite dose consequences due to the event shall not exceed a small fraction of the 

10 CFR 50.67 limits. 

5.6.1 Mislocated Fuel Assembly 

AREVA has performed a bounding fuel mislocation error analysis and has demonstrated 

continued applicability of the bounding results.  This analysis evaluated the impact of a 

mislocated assembly against potential fuel rod failure mechanisms due to increased LHGR and 

reduced CPR.  Based on these analyses, the offsite dose criteria (a small fraction of 

10 CFR 50.67) is conservatively satisfied.  Since no rod LHGR would exceed the transient 

LHGR limit, and since less than 0.1% of the fuel rods are expected to experience boiling 

transition which could result in a dryout induced failure, a dose consequence evaluation is not 

necessary. 

5.6.2 Misoriented Fuel Bundle 

AREVA has performed a bounding fuel assembly misorientation analysis.  The analysis was 

performed assuming that the limiting assembly was loaded in the worst orientation (rotated 

180o) while producing sufficient power to be on the MCPR limit if it had been oriented correctly. 

The analyses demonstrate that the small fraction of 10 CFR 50.67 offsite dose criteria is 

conservatively satisfied.  A dose consequence evaluation is not necessary since less than 0.1% 
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of the fuel rods are expected to experience boiling transition and the change in LHGR for the 

misoriented assembly remains below the transient LHGR limit. 

5.7 Determination of Thermal Margins 

The results of the analyses presented in Sections 5.1–5.3 and 5.5 are used for the 

determination of the MCPR and LHGR operating limits.  Section 5.1 provides the results of 

analyses at rated conditions.  Section 5.2 provides for the determination of the MCPRf and 

LHGRf limits at reduced flow (MCPRf, Table 5.1, LHGRFACf, Table 5.2).  Section 5.3 provides 

for the determination of the MCPRp limits and LHGRFACp at conditions of reduced power 

(Tables 5.3–5.5).  Exposure dependent limits are presented for base case operation and the 

EOOS conditions presented in Table 1.1.  MCPRp limits for single-loop operation (SLO) will be 

0.02 higher than those for two-loop because the SLO SLMCPR is 0.02 higher. 

TLO MCPRf limits and LHGRFACf multipliers are applicable for SLO without any adjustment.  

The flow-dependent limits are based on a slow flow excursion of two recirculation loops for TLO, 

which is conservative relative to a single recirculation loop excursion that could occur in SLO. 

For SLO operation, the MAPLHGR multiplier listed in Section 7.2.1 is applied.   
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Table 5.1  Flow-Dependent MCPR Limits for 
Maximum Flow of 107% of Rated Flow 

 
 

Core Flow 
(% of rated) 

MCPRf 
ATRIUM-10 

30 1.61 

78 1.28 

107 1.28 

 
 

Table 5.2  Flow-Dependent 
LHGRFACf Multipliers for Maximum Flow of 

102.5% and 107% of Rated Flow 
 
 

Maximum Core Flow of  
102.5% Rated 

Maximum Core Flow of  
107% Rated 

Core Flow 
(% of rated) LHGRFACf 

Core Flow 
(% of rated) LHGRFACf 

30 0.91 30 0.89 

49.6 1.00 54 1.00 

102.5 1.00 107 1.00 
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Table 5.3  MCPRp Limits for 
NSS Insertion Times* 

 

Operating 
Condition 

Power 
(% of rated) 

BOC 
to 

NEOC 

BOC 
to 

EOC 

100 1.41  1.42  
75 1.54 1.54 
65 1.60  1.60  
60 1.64  1.64  
50 1.76  1.76  
50 1.91  1.91  
30 2.18  2.18  

30 at > 50%F 2.67  2.67  
25 at > 50%F 2.93  2.93  
30 at ≤ 50%F 2.54  2.54  

Base case 

25 at ≤ 50%F 2.75  2.75  
100 1.45  1.47  

75 1.58 1.58 
65 1.64  1.64  
60 1.67  1.67  
50 1.79  1.79  
50 1.91  1.91  
30 2.21  2.21  

30 at > 50%F 3.21  3.21  
25 at > 50%F 3.63  3.63  
30 at ≤ 50%F 2.74  2.74  

TBVOOS 

25 at ≤ 50%F 3.12  3.12  
100 1.41  1.42  

75 1.54 1.54 
65 1.60  1.60  
60 1.64  1.64  
50 1.76  1.76  
50 1.91  1.91  
30 2.18  2.18  

30 at > 50%F 2.67  2.67  
25 at > 50%F 2.93  2.93  
30 at ≤ 50%F 2.54  2.54  

EOC-RPT-OOS 

25 at ≤ 50%F 2.75  2.75  
100 1.44  1.44  

75 1.58 1.58 
65 1.65  1.65  
60 1.70  1.70  
50 1.83  1.83  
50 1.91  1.91  
30 2.29  2.29  

30 at > 50%F 2.77  2.77  
25 at > 50%F 3.06  3.06  
30 at ≤ 50%F 2.63  2.63  

FHOOS 

25 at ≤ 50%F 2.87  2.87  

                                                 
*  Limits support operation with any combination of 1 MSRVOOS, up to 2 TIPOOS (or the equivalent 

number of TIP channels), and up to 50% of the LPRMs out-of-service. For single-loop operation, 
MCPRp limits will be 0.02 higher. 

 A step change in PLUOOS limits at 50% power is not supported since at 50% and below the LRNB 
with or without PLUOOS is the same event. 
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Table 5.3  MCPRp Limits for 
NSS Insertion Times  (Continued) 

Operating 
Condition 

Power  
(% of rated) 

BOC 
to 

NEOC 

BOC 
to 

EOC 

100 1.41  1.42  
75 1.54 1.54 
65 1.82 1.82  
60 1.84  1.84  
50 --- --- 
50 1.91  1.91  
30 2.18  2.18  

30 at > 50%F 2.67  2.67  
25 at > 50%F 2.93  2.93  
30 at ≤ 50%F 2.54  2.54  

PLUOOS 

25 at ≤ 50%F 2.75  2.75  
100 1.45  1.47  

75 1.58 1.58 
65 1.64  1.64  
60 1.67  1.67  
50 1.79  1.79  
50 1.91  1.91  
30 2.21  2.21  

30 at > 50%F 3.21  3.21  
25 at > 50%F 3.63  3.63  
30 at ≤ 50%F 2.74  2.74  

EOC-RPT-OOS 
TBVOOS 

25 at ≤ 50%F 3.12  3.12  
100 1.44  1.44  

75 1.58 1.58 
65 1.65  1.65  
60 1.70  1.70  
50 1.83  1.83  
50 1.91  1.91  
30 2.29  2.29  

30 at > 50%F 2.77  2.77  
25 at > 50%F 3.06  3.06  
30 at ≤ 50%F 2.63  2.63  

EOC-RPT-OOS 
FHOOS 

25 at ≤ 50%F 2.87  2.87  
100 1.41  1.42  

75 1.54 1.54 
65 1.82 1.82  
60 1.84  1.84  
50 --- --- 
50 1.91  1.91  
30 2.18  2.18  

30 at > 50%F 2.67  2.67  
25 at > 50%F 2.93  2.93  
30 at ≤ 50%F 2.54  2.54  

EOC-RPT-OOS 
PLUOOS 

25 at ≤ 50%F 2.75  2.75  
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Table 5.3  MCPRp Limits for 
NSS Insertion Times  (Continued) 

Operating 
Condition 

Power  
(% of rated) 

BOC 
to 

NEOC 

BOC 
to 

EOC 

100 1.47  1.48  
75 1.62 1.62 
65 1.68  1.68  
60 1.73  1.73  
50 1.86  1.86  
50 1.91  1.91  
30 2.32  2.32  

30 at > 50%F 3.33  3.33  
25 at > 50%F 3.77  3.77  
30 at ≤ 50%F 2.86  2.86  

TBVOOS 
FHOOS 

25 at ≤ 50%F 3.28  3.28  
100 1.45  1.47  

75 1.58 1.58 
65 1.82 1.82  
60 1.84  1.84  
50 --- --- 
50 1.91  1.91  
30 2.21  2.21  

30 at > 50%F 3.21  3.21  
25 at > 50%F 3.63  3.63  
30 at ≤ 50%F 2.74  2.74  

TBVOOS 
PLUOOS 

25 at ≤ 50%F 3.12  3.12  
100 1.44  1.44  

75 1.58 1.58 
65 1.82 1.82  
60 1.84  1.84  
50 --- --- 
50 1.91  1.91  
30 2.29  2.29  

30 at > 50%F 2.77  2.77  
25 at > 50%F 3.06  3.06  
30 at ≤ 50%F 2.63  2.63  

FHOOS 
PLUOOS 

25 at ≤ 50%F 2.87  2.87  
100 1.47  1.48  

75 1.62 1.62 
65 1.68  1.68  
60 1.73  1.73  
50 1.86  1.86  
50 1.91  1.91  
30 2.32  2.32  

30 at > 50%F 3.33  3.33  
25 at > 50%F 3.77  3.77  
30 at ≤ 50%F 2.86  2.86  

EOC-RPT-OOS 
TBVOOS 
FHOOS 

25 at ≤ 50%F 3.28  3.28  
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Table 5.3  MCPRp Limits for 
NSS Insertion Times  (Continued) 

Operating 
Condition 

Power  
(% of rated) 

BOC 
to 

NEOC 

BOC 
to 

EOC 

100 1.45  1.47  
75 1.58 1.58 
65 1.82 1.82  
60 1.84  1.84  
50 --- --- 
50 1.91  1.91  
30 2.21  2.21  

30 at > 50%F 3.21  3.21  
25 at > 50%F 3.63  3.63  
30 at ≤ 50%F 2.74  2.74  

EOC-RPT-OOS 
TBVOOS 
PLUOOS 

25 at ≤ 50%F 3.12  3.12  
100 1.44  1.44  

75 1.58 1.58 
65 1.82 1.82  
60 1.84  1.84  
50 --- --- 
50 1.91  1.91  
30 2.29  2.29  

30 at > 50%F 2.77  2.77  
25 at > 50%F 3.06  3.06  
30 at ≤ 50%F 2.63  2.63  

EOC-RPT-OOS 
FHOOS 
PLUOOS 

25 at ≤ 50%F 2.87  2.87  
100 1.47  1.48  

75 1.62 1.62 
65 1.82 1.82  
60 1.84  1.84  
50 --- --- 
50 1.91  1.91  
30 2.32  2.32  

30 at > 50%F 3.33  3.33  
25 at > 50%F 3.77  3.77  
30 at ≤ 50%F 2.86  2.86  

TBVOOS 
FHOOS 
PLUOOS 

25 at ≤ 50%F 3.28  3.28  
100 1.47  1.48  

75 1.62 1.62 
65 1.82 1.82  
60 1.84  1.84  
50 --- --- 
50 1.91  1.91  
30 2.32  2.32  

30 at > 50%F 3.33  3.33  
25 at > 50%F 3.77  3.77  
30 at ≤ 50%F 2.86  2.86  

EOC-RPT-OOS 
TBVOOS 
FHOOS 
PLUOOS 

25 at ≤ 50%F 3.28  3.28  
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Table 5.4  MCPRp Limits for 
TSSS Insertion Times* 

 

Operating  
Condition 

Power  
(% of rated) 

BOC  
to  

NEOC 

BOC 
 to 

 EOC 

100 1.43  1.44  
75 1.56 1.56 
65 1.62  1.62  
60 1.66  1.66  
50 1.77  1.77  
50 1.92  1.92  
30 2.20  2.20  

30 at > 50%F 2.67  2.67  
25 at > 50%F 2.93  2.93  
30 at ≤ 50%F 2.54  2.54  

Base case 

25 at ≤ 50%F 2.75  2.75  
100 1.47  1.48  

75 1.62 1.62 
65 1.66  1.66  
60 1.70  1.70  
50 1.81  1.81  
50 1.92  1.92  
30 2.23  2.23  

30 at > 50%F 3.21  3.21  
25 at > 50%F 3.63  3.63  
30 at ≤ 50%F 2.74  2.74  

TBVOOS 

25 at ≤ 50%F 3.12  3.12  
100 1.43  1.44  

75 1.56 1.56 
65 1.62  1.62  
60 1.66  1.66  
50 1.77  1.77  
50 1.92  1.92  
30 2.20  2.20  

30 at > 50%F 2.67  2.67  
25 at > 50%F 2.93  2.93  
30 at ≤ 50%F 2.54  2.54  

EOC-RPT-OOS 

25 at ≤ 50%F 2.75  2.75  
100 1.46  1.46  

75 1.59 1.59 
65 1.67  1.67  
60 1.72  1.72  
50 1.84  1.84  
50 1.92  1.92  
30 2.30  2.30  

30 at > 50%F 2.77  2.77  
25 at > 50%F 3.06  3.06  
30 at ≤ 50%F 2.63  2.63  

FHOOS 

25 at ≤ 50%F 2.87  2.87   

                                                 
*  Limits support operation with any combination of 1 MSRVOOS, up to 2 TIPOOS (or the equivalent 

number of TIP channels), and up to 50% of the LPRMs out-of-service. For single-loop operation, 
MCPRp limits will be 0.02 higher. 

 A step change in PLUOOS limits at 50% power is not supported since at 50% and below the LRNB 
with or without PLUOOS is the same event. 
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Table 5.4  MCPRp Limits for 
TSSS Insertion Times  (Continued) 

Operating  
Condition 

Power  
(% of rated) 

BOC  
to  

NEOC 

BOC 
to 

EOC 
100 1.43  1.44  

75 1.56 1.56 
65 1.83 1.83  
60 1.85  1.85  
50 --- --- 
50 1.92  1.92  
30 2.20  2.20  

30 at > 50%F 2.67  2.67  
25 at > 50%F 2.93  2.93  
30 at ≤ 50%F 2.54  2.54  

PLUOOS 

25 at ≤ 50%F 2.75  2.75  
100 1.47  1.48  

75 1.62 1.62 
65 1.66  1.66  
60 1.70  1.70  
50 1.81  1.81  
50 1.92  1.92  
30 2.23  2.23  

30 at > 50%F 3.21  3.21  
25 at > 50%F 3.63  3.63  
30 at ≤ 50%F 2.74  2.74  

EOC-RPT-OOS 
TBVOOS 

25 at ≤ 50%F 3.12  3.12  
100 1.46  1.46  

75 1.59 1.59 
65 1.67  1.67  
60 1.72  1.72  
50 1.84  1.84  
50 1.92  1.92  
30 2.30  2.30  

30 at > 50%F 2.77  2.77  
25 at > 50%F 3.06  3.06  
30 at ≤ 50%F 2.63  2.63  

EOC-RPT-OOS 
FHOOS 

25 at ≤ 50%F 2.87  2.87  
100 1.43  1.44  

75 1.56 1.56 
65 1.83 1.83  
60 1.85  1.85  
50 --- --- 
50 1.92  1.92  
30 2.20  2.20  

30 at > 50%F 2.67  2.67  
25 at > 50%F 2.93  2.93  
30 at ≤ 50%F 2.54  2.54  

EOC-RPT-OOS 
PLUOOS 

25 at ≤ 50%F 2.75  2.75  
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Table 5.4  MCPRp Limits for 
TSSS Insertion Times  (Continued) 

Operating  
Condition 

Power  
(% of rated) 

BOC  
to  

NEOC 

BOC 
to 

EOC 
100 1.50  1.50  

75 1.63 1.63 
65 1.70  1.70  
60 1.75  1.75  
50 1.88  1.88  
50 1.92  1.92  
30 2.34  2.34  

30 at > 50%F 3.33  3.33  
25 at > 50%F 3.77  3.77  
30 at ≤ 50%F 2.86  2.86  

TBVOOS  
FHOOS 

25 at ≤ 50%F 3.28  3.28  
100 1.47  1.48  

75 1.62 1.62 
65 1.83 1.83  
60 1.85  1.85  
50 --- --- 
50 1.92  1.92  
30 2.23  2.23  

30 at > 50%F 3.21  3.21  
25 at > 50%F 3.63  3.63  
30 at ≤ 50%F 2.74  2.74  

TBVOOS  
PLUOOS 

25 at ≤ 50%F 3.12  3.12  
100 1.46  1.46  

75 1.59 1.59 
65 1.83  1.83  
60 1.85  1.85  
50 --- --- 
50 1.92  1.92  
30 2.30  2.30  

30 at > 50%F 2.77  2.77  
25 at > 50%F 3.06  3.06  
30 at ≤ 50%F 2.63  2.63  

FHOOS  
PLUOOS 

25 at ≤ 50%F 2.87  2.87  
100 1.50  1.50  

75 1.63 1.63 
65 1.70  1.70  
60 1.75  1.75  
50 1.88  1.88  
50 1.92  1.92  
30 2.34  2.34  

30 at > 50%F 3.33  3.33  
25 at > 50%F 3.77  3.77  
30 at ≤ 50%F 2.86  2.86  

EOC-RPT-OOS 
TBVOOS  
FHOOS 

25 at ≤ 50%F 3.28  3.28  
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Table 5.4  MCPRp Limits for 
TSSS Insertion Times  (Continued) 

Operating  
Condition 

Power  
(% of rated) 

BOC  
to  

NEOC 

BOC 
to 

EOC 
100 1.47  1.48  

75 1.62 1.62 
65 1.83  1.83  
60 1.85  1.85  
50 --- --- 
50 1.92  1.92  
30 2.23  2.23  

30 at > 50%F 3.21  3.21  
25 at > 50%F 3.63  3.63  
30 at ≤ 50%F 2.74  2.74  

EOC-RPT-OOS 
TBVOOS  
PLUOOS 

25 at ≤ 50%F 3.12  3.12  
100 1.46  1.46  

75 1.59 1.59 
65 1.83  1.83  
60 1.85  1.85  
50 --- --- 
50 1.92  1.92  
30 2.30  2.30  

30 at > 50%F 2.77  2.77  
25 at > 50%F 3.06  3.06  
30 at ≤ 50%F 2.63  2.63  

EOC-RPT-OOS 
FHOOS  
PLUOOS 

25 at ≤ 50%F 2.87  2.87  
100 1.50  1.50  

75 1.63 1.63 
65 1.83  1.83  
60 1.85  1.85  
50 --- --- 
50 1.92  1.92  
30 2.34  2.34  

30 at > 50%F 3.33  3.33  
25 at > 50%F 3.77  3.77  
30 at ≤ 50%F 2.86  2.86  

TBVOOS  
FHOOS  
PLUOOS 

25 at ≤ 50%F 3.28  3.28  
100 1.50  1.50  

75 1.63 1.63 
65 1.83  1.83  
60 1.85  1.85  
50 --- --- 
50 1.92  1.92  
30 2.34  2.34  

30 at > 50%F 3.33  3.33  
25 at > 50%F 3.77  3.77  
30 at ≤ 50%F 2.86  2.86  

EOC-RPT-OOS 
TBVOOS  
FHOOS  
PLUOOS 

25 at ≤ 50%F 3.28  3.28  
 

 

N.2-37

BFN-23

N.2-37



 
 
Browns Ferry Unit 2 Cycle 16 
Reload Analysis 

ANP-2799
Revision 0
Page 5-14

 

AREVA NP Inc. 

Table 5.5  LHGRFACp Multipliers 
NSS/TSSS Insertion Times 

All Exposures* 
 

Operating 
Condition 

Power 
(% of rated) 

ATRIUM-10 
LHGRFACp 

Base case 
operation† 

100 
30 

30 at > 50%F 
25 at > 50%F 
30 at ≤ 50%F 
25 at ≤ 50%F 

1.00 
0.63 
0.52 
0.48 
0.57 
0.55 

EOOS with 
TBV in-service† 

100 
30 

30 at > 50%F 
25 at > 50%F 
30 at ≤ 50%F 
25 at ≤ 50%F 

1.00 
0.63 
0.52 
0.48 
0.57 
0.55 

EOOS with 
TBVOOS‡ 

100 
30 

30 at > 50%F 
25 at > 50%F 
30 at ≤ 50%F 
25 at ≤ 50%F 

0.88 
0.63 
0.43 
0.39 
0.53 
0.47 

                                                 
* Limits support operation with any combination of 1 MSRVOOS, up to 2 TIPOOS (or the equivalent 

number of TIP channels), and up to 50% of the LPRMs out-of-service. Base case supports 
single-loop operation. 

†  Limits are applicable for all the EOOS scenarios presented in Table 1.1 except those that include 
TBVOOS. 

‡  Limits are applicable for all the EOOS scenarios presented in Table 1.1 including those with 
TBVOOS. 
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Table 5.6  Control Rod Withdrawal Error 
MCPR versus RBM Setpoint Results 
(for Rated Power and 1.08 SLMCPR) 

 
 

Analytical 
RBM  

Setpoint 
(w/o filter) 

(%) 

CRWE 
MCPR 

107 1.32 

111 1.35 

114 1.39 

117 1.39 

 
 
 
 
 

Table 5.7  RBM Setpoint Applicability 
 
 

Thermal Power  
(% of rated) 

Applicable 
MCPR* 

< 1.72 TLO 
≥ 27% and < 90% 

< 1.75 SLO 

≥ 90% < 1.42 TLO† 

 
 

                                                 
*  The MCPR values shown correspond to an SLMCPR of 1.08 for TLO and 1.10 for SLO. 
†  Greater than 90% rated power is not attainable in SLO. 
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6.0 Postulated Accidents 

6.1 Loss-of-Coolant Accident 

6.1.1 Break Location Spectrum       Reference 9.7 

6.1.2 Break Size Spectrum        Reference 9.7 

6.1.3 MAPLHGR Analyses 

The MAPLHGR limits presented in Reference 9.8 remain valid for ATRIUM-10 fuel. 

 Limiting Break: 0.5 ft2 split 
    Recirculation Pump Discharge Line 
    Battery (DC) power 

Based on the PCT results in Reference 9.8 and subsequent evaluations to provide 

10 CFR 50.46 reporting estimates (Reference 9.10), the current licensing PCT is provided 

below.  The MCPR value used in the LOCA analyses is less than the rated power MCPR limits 

presented in Section 5.0. 

  

Initial PCT (°F) 
    (Reference 9.8) 

2007 

10 CFR 50.46 Estimates 
net cumulative value (°F) 
    (Reference 9.10)  

     - 5     

Current Licensing PCT (°F) 2002 

The peak local metal-water reaction for the limiting PCT lattice design is 1.71%.  The maximum 

core wide metal-water reaction (for hydrogen generation) for a full ATRIUM-10 core is <1.0%. 

The PCT for Cycle 16 ATRIUM-10 reload fuel was calculated to be 2004°F; therefore, in terms 

of PCT, the limiting neutronic design used in Reference 9.8 remains bounding.  The peak local 

metal-water reaction and total core wide metal-water reaction were calculated to be 2.21% and 

<1%, respectively.  When compared to the acceptance criteria of less than 17% local cladding 

oxidation thickness, the local metal-water reaction result remains acceptable.   

The plant parameters for the LOCA analysis (Reference 9.7) bound the cycle-specific plant 

parameters documented in Reference 9.13.  The LOCA analysis and results support the EOD 

and EOOS conditions listed in Table 1.1.  Note that the following EOOS conditions have no 
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direct influence on the LOCA events: TBVOOS, EOC-RPT-OOS, PLUOOS, and TIPOOS/LPRM 

out-of-service. 

6.2 Control Rod Drop Accident 

Browns Ferry Unit 2 uses a banked position withdrawal sequence (BPWS) including reduced 

notch worth (RNW) rod pulls to limit high worth control rod movements.  A CRDA evaluation 

was performed for both A and B sequence startups consistent with the withdrawal sequence 

specified by TVA. 

The CRDA analysis demonstrates that the maximum deposited fuel rod enthalpy is less than the 

NRC limit of 280 cal/g (fuel dispersal) and that the estimated number of fuel rods that exceed 

the fuel damage threshold of 170 cal/g is less than the number of failed rods (850 rods) 

assumed in the Browns Ferry UFSAR radiological assessment.  The inputs to the deposited 

enthalpy calculation are determined on a cycle specific basis using the methods described in 

Reference 8.5.  Key results from the CRDA analysis are summarized below: 

Maximum dropped control rod worth, mk  9.56 

Core average Doppler coefficient, Δk/k/°F  -10.0 x 10-6 

Effective delayed neutron fraction   0.0053 

Four-bundle local peaking factor   1.353 

Maximum deposited fuel rod enthalpy, cal/g  161.0 

Maximum number of rods exceeding 170 cal/g 0 

6.4 Fuel and Equipment Handling Accident 

The fuel handling accident radiological analysis implementing the alternative source term (AST) 

as approved in Reference 9.17 was performed with consideration of ATRIUM-10 core source 

terms.  The number of failed fuel rods for the ATRIUM-10 fuel as previously provided to TVA in 

Reference 9.18 for use in the AST analysis is unchanged.  No other aspect of utilizing the 

ATRIUM-10 fuel affects the current analysis; therefore, the AST analysis remains bounding for 

the AREVA ATRIUM-10 fuel. 
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7.0 Technical Specifications 

7.1 Limiting Safety System Settings 

7.1.1 MCPR Fuel Cladding Integrity Safety Limit 

MCPR Safety Limit (all fuel) - two-loop operation  1.08* 

MCPR Safety Limit (all fuel) - single-loop operation  1.10* 

7.1.2 Steam Dome Pressure Safety Limit 

Pressure Safety Limit     1325 psig 

7.2 Limiting Conditions for Operation 

7.2.1 Average Planar Linear Heat Generation Rate†    Reference 9.8 
 

MAPLHGR Limits 

Average Planar 
Exposure  

(GWd/MTU) 

 
MAPLHGR  

(kW/ft) 

 0.0 12.5 

15.0 12.5 

67.0‡ 7.3 

Single-Loop Operation MAPLHGR Multiplier     Reference 9.8 
for ATRIUM-10 Fuel is 0.85. 

7.2.2 Minimum Critical Power Ratio 

Flow-Dependent MCPR Limits: Table 5.1 

Exposure-Dependent MCPRp Limits  Tables 5.3 and 5.4 

 

 

 

* Includes the effects of channel bow, 2 TIPOOS or the equivalent number of TIP channels (per 
operating requirements defined in Reference 9.6 Section 3.2), a 2500 EFPH LPRM calibration 
interval, and up to 50% of the LPRMs out-of-service. 

† Limits are applicable for all of the EOOS scenarios presented in Table 1.1. For SLO operation, the 
MAPLHGR multiplier listed in Section 7.2.1 is applied.  

‡ Refer to References 9.11, 9.12, 9.16, and 9.21 for the maximum licensing exposures. 
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7.2.3 Linear Heat Generation Rate References 9.11, 9.12, 9.16, and 9.21 

 
 

 

The PAPT LHGR curves are identified in References 9.11, 9.12, 9.16, and 9.21.  The 

LHGRFACf and LHGRFACp multipliers are applied directly to the steady-state LHGR limits at 

reduced power and reduced flow to ensure the PAPT LHGR limits are not violated during an 

AOT. 

LHGRFAC Multipliers for Off-Rated Conditions: 

LHGRFACf                 Table 5.2 

LHGRFACp                 Table 5.5 

                                                 

* Refer to References 9.11, 9.12, 9.16 and 9.21 for the maximum licensing exposures. 

 
Steady-State LHGR Limits 

Pellet 
 Exposure  

(GWd/MTU) 

 
LHGR  
(kW/ft) 

0.0 13.4 

18.9 13.4 

74.4* 7.1 
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8.0 Methodology References 

 See XN-NF-80-19(P)(A) Volume 4 Revision 1 for a complete bibliography. 

8.1 ANF-913(P)(A) Volume 1 Revision 1 and Volume 1 Supplements 2, 3 and 4, 
COTRANSA2: A Computer Program for Boiling Water Reactor Transient Analysis, 
Advanced Nuclear Fuels Corporation, August 1990. 

8.2 ANF-524(P)(A) Revision 2 and Supplements 1 and 2, ANF Critical Power Methodology 
for Boiling Water Reactors, Advanced Nuclear Fuels Corporation, November 1990. 

8.3 EMF-2209(P)(A) Revision 2, SPCB Critical Power Correlation, Framatome ANP, 
September 2003. 

8.4 EMF-2245(P)(A) Revision 0, Application of Siemens Power Corporation’s Critical Power 
Correlations to Co-Resident Fuel, Siemens Power Corporation, August 2000. 

8.5 EMF-2158(P)(A) Revision 0, Siemens Power Corporation Methodology for Boiling Water 
Reactors: Evaluation and Validation of CASMO-4/MICROBURN-B2, Siemens Power 
Corporation, October 1999.  

8.6 EMF-CC-074(P)(A) Volume 4 Revision 0, BWR Stability Analysis - Assessment of STAIF 
with Input from MICROBURN-B2, Siemens Power Corporation, August 2000. 

8.7 ANF-89-98(P)(A) Revision 1 and Supplement 1, Generic Mechanical Design Criteria for 
BWR Fuel Designs, Advanced Nuclear Fuels Corporation, May 1995. 
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9.2 ANP-2758(P) Revision 0, Nuclear Fuel Design Report Browns Ferry Unit 2 Fabrication 
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January 2009. 
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Safety Analysis for ATRIUM™-10 Fuel, Framatome ANP, August 2003. 

9.5 Letter, T.A. Galioto (AREVA) to J.F. Lemons (TVA), “Licensing Basis Issues and 
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1.0 Introduction

Reload licensing analyses results generated by AREVA NP Inc.* are presented in support of 

cycle operation. The analyses reported in this document were performed using methodologies 

previously approved for generic application to boiling water reactors. The Nuclear Regulatory 

Commission, U.S. (NRC) technical limitations associated with the application of the approved 

methodologies have been satisfied by these analyses. 

The Browns Ferry Unit 3 Cycle 15 (BFE3-15) core consists of a total of 764 fuel assemblies, 

including 302 fresh ATRIUM™-10† assemblies and 462 irradiated ATRIUM-10 assemblies. 

Licensing analyses support the core design presented in Reference 1. 

Reload licensing analyses were performed for potentially limiting events and analyses identified 

in Section 2. Results of analyses are used to establish the Technical Specifications/COLR limits 

and ensure design and licensing criteria are met. Design and safety analyses are based on both 

operational assumptions and plant parameters provided by the utility. The results of the reload 

licensing analysis support operation for the power/flow map presented in Figure 1.1 and also 

support operation with the equipment out-of-service (EOOS) scenarios presented in Table 1.1. 

                                                
*  AREVA NP Inc. is an AREVA and Siemens company. 
†  ATRIUM is a trademark of AREVA NP. 
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Table 1.1  EOD and EOOS 
Operating Conditions 

Extended Operating Domain
(EOD) Conditions 

Increased core flow (ICF) 

Maximum extended load line limit analysis (MELLLA) 

Combined final feedwater temperature reduction (FFTR) / 
coastdown

Equipment Out-of-Service  
(EOOS) Conditions�

Turbine bypass valves out-of-service (TBVOOS) 

Feedwater heaters out-of-service (FHOOS) 

Power load unbalance out-of-service (PLUOOS) 

Combined TBVOOS and FHOOS 

Combined TBVOOS and PLUOOS 

Combined FHOOS and PLUOOS 

Combined TBVOOS, FHOOS, and PLUOOS 

Single-loop operation (SLO) 

� SLO may be combined with all of the other EOOS conditions.  Base case and each EOOS condition 
is supported in combination with 1 MSRVOOS, EOC-RPT-OOS, up to 2 traversing incore probe (TIP) 
machines out-of-service (TIPOOS) or the equivalent number of TIP channels (per operating 
requirements defined in Section 4.2), and/or up to 50% of the LPRMs out-of-service.
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2.0 Disposition of Events 

A review of FSAR events was previously performed to support introduction of ATRIUM-10 fuel. 

Events and analyses identified as potentially limiting were evaluated generically for ATRIUM-10 

fuel or are performed on a cycle-specific basis. The disposition of events is documented in 

Reference 2. Inadvertent HPCI pump start (IHPS) was reported in References 3 and 4.  

Analysis results showed the event was non-limiting; the analysis and disposition remain 

applicable to BFE3-15.  

All ATRIUM-10 fuel assemblies contain blended low-enriched uranium (BLEU). BLEU fuel was 

previously addressed in Reference 5. Reference 5 remains applicable for BFE3-15. The 

calculation plan for BFE3-15 reload licensing analyses was based on these dispositions. 

Parameter differences between the initial Browns Ferry ATRIUM-10 licensing analyses and the 

BFE3-15 reload were reviewed to determine if the conclusions remain applicable. The review 

concluded that affected analyses were included in Reference 6. 
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3.0 Mechanical Design Analysis 

Mechanical design exposure limits for ATRIUM-10 fuel are presented in Reference 7. The 

maximum exposure limits for the ATRIUM-10 reload fuel are: 

 54.0 GWd/MTU average assembly exposure 
 62.0 GWd/MTU rod average exposure (full-length fuel rods) 

The fuel cycle design analyses (Reference 1) verified all fuel assemblies remain within licensed 

burnup limits.

The ATRIUM-10 LHGR limits are presented in Section 8.0.   
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4.0 Thermal-Hydraulic Design Analysis 

4.1 Thermal-Hydraulic Design and Compatibility 

Results of thermal-hydraulic characterization and compatibility analyses are presented in 

Reference 8. Analysis results demonstrate the thermal-hydraulic design and compatibility 

criteria are satisfied.

4.2 Safety Limit MCPR Analysis 

The safety limit MCPR (SLMCPR) is defined as the minimum value of the critical power ratio 

ensuring less than 0.1% of the fuel rods are expected to experience boiling transition during 

normal operation, or an abnormal operational transient (AOT). The SLMCPR for all fuel was 

determined using the methodology described in Reference 9. The analysis was performed with 

a power distribution conservatively representing expected reactor operation throughout the 

cycle. 

SLMCPR analysis used the SPCB critical power correlation additive constants and additive 

constant uncertainty for ATRIUM-10 fuel described in Reference 10.  

Determination of the SLMCPR explicitly includes the effects of channel bow relying on the 

following assumptions: no fuel channels used for more than one fuel bundle lifetime, and 

assembly average burnup remains less than 55 GWd/MTU for central ATRIUM-10 fuel. The 

channel bow local peaking uncertainty is a function of the nominal and bowed local peaking 

factors and the standard deviation of the channel bow. 

Plant-related uncertainties used in the SLMCPR analysis are presented in Table 4.1. The radial 

power uncertainty used in the analysis includes the effects of up to 40% of the TIP channels 

out-of-service, up to 50% of the LPRMs out-of-service, and a 2500 EFPH LPRM calibration 

interval.

Analysis results support two-loop operation (TLO) SLMCPR of 1.09 and single-loop operation 

(SLO) SLMCPR of 1.11. Analysis results including the SLMCPR and the percentage of rods 

expected to experience boiling transition are summarized in Table 4.2. 
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4.3 Core Hydrodynamic Stability 

Browns Ferry has implemented BWROG Long Term Stability Solution Option III (Oscillation 

Power Range Monitor-OPRM). Reload validation has been performed in accordance with 

Reference 11. The stability based Operating Limit MCPR (OLMCPR) is provided for two 

conditions as a function of OPRM amplitude setpoint in Table 4.3. The two conditions evaluated 

are for a postulated oscillation at 45% core flow steady state operation (SS) and following a two 

recirculation pump trip (2PT) from the limiting full power operation state point. Power- and Flow-

dependent limits provide adequate protection against violation of the SLMCPR for postulated 

reactor instability as long as the operating limit is greater than or equal to the specified value for 

the selected OPRM setpoint. Setpoints supporting EOOS operating conditions are provided in 

Table 4.3.

DIVOM calculations are performed to obtain the relative change in CPR as a function of the 

calculated hot channel oscillation magnitude (HCOM). Analyses were performed with the 

RAMONA5-FA code in accordance with Reference 12. The code is a coupled neutronic-

thermal-hydraulic three-dimensional transient model for the purpose of determining the 

relationship between the relative change in �CPR and the HCOM on a plant specific basis. The 

method was developed consistent with the recommendations of the BWROG in Reference 13. 

Generation of plant-specific DIVOM data is consistent with Reference 14. The stability-based 

OLMCPRs were calculated using the most limiting calculated change in relative �CPR for a 

given oscillation magnitude.  

In cases where the OPRM system is declared inoperable, Backup Stability Protection (BSP) is 

provided in accordance with Reference 15. BSP curves have been evaluated using STAIF 

(Reference 16) to determine endpoints meeting decay ratio criteria for the BSP Base Minimal 

Region I (scram region) and Base Minimal Region II (controlled entry region). Stability 

boundaries based on these endpoints can then be determined using the generic shape 

generating function from Reference 15. Analyses have been performed to support operation for 

both nominal, and reduced feedwater temperature conditions (both FFTR and FHOOS). 

The STAIF acceptance criteria for the BSP endpoints are global decay ratios ��0.85, and 

regional and channel decay ratios ���0.80. Endpoints for the BSP regions provided in Table 4.4 

have global decay ratios ��0.85, and regional and channel decay ratios ��0.80.
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Table 4.1  Plant-Related Uncertainties for 
Safety Limit MCPR Analyses 

Parameter Uncertainty 

    Feedwater flow rate 1.8%

    Feedwater temperature 0.8%

    Core pressure 0.7%

    Total core flow rate 

         TLO 
         SLO 

2.5%
6.0%
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Table 4.2  Results Summary for 
Safety Limit MCPR Analyses 

SLMCPR
Percentage

of Rods in Boiling 
Transition

TLO – 1.09 0.080 

SLO – 1.11 0.059 
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Table 4.3  OPRM Setpoints 

OPRM 
Setpoint

OLMCPR
(SS)

OLMCPR
(2PT)

1.05 1.18 1.18 

1.06 1.20 1.20 

1.07 1.22 1.22 

1.08 1.24 1.24 

1.09 1.26 1.26 

1.10 1.28 1.28 

1.11 1.30 1.30 

1.12 1.32 1.32 

1.13 1.34 1.34 

1.14 1.36 1.36 

1.15 1.39 1.39 

Acceptance 
Criteria

Off-Rated
OLMCPR

at 45% Flow 

Rated Power 
OLMCPR as
described in 
Section 8.0 
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Table 4.4  BSP Endpoints* 

Feedwater
Temperature

Operation
Mode Region

End Point 
Designation 

Power
(% rated) 

Flow
(% rated) 

Nominal Scram IA 63.72 40.00 

Nominal Scram IB 42.00 29.00

Nominal Controlled 
entry

IIA 73.46 50.00 

Nominal Controlled 
entry

IIB 30.72 29.00 

FFTR/
FHOOS

Scram IA 71.08 47.50

FFTR/
FHOOS

Scram IB 39.00 29.00

FFTR/
FHOOS

Controlled
entry

IIA 73.46 50.00 

FFTR/
FHOOS

Controlled
entry

IIB 30.72 29.00 

                                                
*  The shaded entries indicate that the nominal BSP regions (Figure 7.5 of Reference 34) were 

extended in order to meet decay ratio limits. 
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5.0 Anticipated Operational Occurrences 

This section describes the analyses performed to determine the power- and flow-dependent 

MCPR operating limits for base case operation. 

COTRANSA2 (Reference 17), XCOBRA-T (Reference 18), XCOBRA (Reference 19), and 

CASMO-4/MICROBURN-B2 (Reference 20) are the major codes used in the thermal limits 

analyses as described in the AREVA THERMEX methodology report (Reference 19) and 

neutronics methodology report (Reference 20). COTRANSA2 is a system transient simulation 

code, which includes an axial one-dimensional neutronics model that captures the effects of axial 

power shifts associated with the system transients. XCOBRA-T is a transient thermal-hydraulics 

code used in the analysis of thermal margins for the limiting fuel assembly. XCOBRA is used in 

steady-state analyses. The SPCB critical power correlation (Reference 10) is used to evaluate the 

thermal margin of the ATRIUM-10 fuel. Fuel pellet-to-cladding gap conductance values are based 

on RODEX2 (Reference 21) calculations for the BFE3-15 core. 

5.1 System Transients 

The reactor plant parameters for the system transient analyses were provided by the utility. 

Analyses have been performed to determine power-dependent MCPR limits that protect operation 

throughout the power/flow domain depicted in Figure 1.1.  

At Browns Ferry, direct scram on turbine stop valve (TSV) position and turbine control valve 

(TCV) fast closure are bypassed at power levels less than 30% of rated (Pbypass). Scram will occur 

when the high pressure or high neutron flux scram setpoint is reached. Reference 22 indicates 

that MCPR limits only need to be monitored at power levels greater than or equal to 25% of rated, 

which is the lowest power analyzed for this report.  

The limiting exposure for rated power pressurization transients is typically at end of full power 

(EOFP) when the control rods are fully withdrawn. To provide additional margin to the operating 

limits earlier in the cycle, analyses were also performed to establish operating limits at a near end-

of-cycle (NEOC) core average exposure of 29,395 MWd/MTU. Analyses were performed at cycle 

exposures prior to NEOC to ensure that the operating limits provide the necessary protection. The 

end-of-cycle licensing basis (EOCLB) analysis was performed at EOFP + 15 EFPD (core average 

exposure of 32,712 MWd/MTU). Analyses were also performed to support extended cycle 
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operation with FFTR and power coastdown. The licensing basis exposures used to develop the 

neutronics inputs to the transient analyses are presented in Table 5.1. 

All pressurization transients assumed that one of the lowest setpoint main steam relief valves 

(MSRV) was inoperable. The basis supports operation with 1 MSRV out-of-service. 

Reductions in feedwater temperature of less than 10�F from the nominal feedwater temperature 

and variation of ±10 psi in dome pressure are considered base case operation, not an EOOS 

condition.  Analyses were performed to determine the limiting conditions in the allowable ranges. 

FFTR is used to extend rated power operation by decreasing the feedwater temperature. The 

amount of feedwater temperature reduction is a function of power with the maximum decrease of 

65°F (55°F + 10°F bias) at rated power. Analyses were performed to support combined 

FFTR/Coastdown operation to a core average exposure of 34,082 MWd/MTU. The analyses were 

performed with the limiting feedwater and dome pressure conditions in the allowable ranges.  

System pressurization transient results are sensitive to scram speed assumptions. To take 

advantage of average scram speeds faster than those associated with the Technical 

Specifications requirements, scram speed-dependent MCPRp limits are provided. The nominal 

scram speed (NSS) insertion times and the Technical Specifications scram speed (TSSS) 

insertion times used in the analyses are presented in Table 5.2. The NSS MCPRp limits can only 

be applied if the scram speed test results meet the NSS insertion times. System transient 

analyses were performed to establish MCPRp limits for both NSS and TSSS insertion times. 

Technical Specifications (Reference 22) allow for operation with up to 13 “slow” and 1 stuck 

control rod. One additional control rod is assumed to fail to scram. Conservative adjustments to 

the NSS and TSSS scram speeds were made to the analysis inputs to appropriately account for 

these effects on scram reactivity. For cases below 30% power, the results are relatively 

insensitive to scram speed, and only TSSS analyses are performed. At 30% power (Pbypass),

analyses were performed, both with and without bypass of the direct scram function, resulting in 

an operating limits step change. 

5.1.1 Load Rejection No Bypass (LRNB)

Load rejection causes a fast closure of the turbine control valves. The resulting compression wave 

travels through the steam lines into the vessel and creates a rapid pressurization. The increase in 
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pressure causes a decrease in core voids, which in turn causes a rapid increase in power. Fast 

closure of the turbine control valves also causes a reactor scram and recirculation pump trip 

(RPT). Turbine bypass system operation, which also mitigates the consequences of the event, is 

not credited. The excursion of the core power due to the void collapse is terminated primarily by 

the reactor scram and revoiding of the core.

 LRNB analyses assume the power load unbalance (PLU) is inoperable for power levels less than 

50% of rated. The LRNB sequence of events is different than the standard event when the PLU is 

inoperable. Instead of a fast closure, the TCVs close in servo mode and there is no direct scram 

on TCV closure. The power and pressure excursion continues until the high pressure scram 

occurs.

LRNB analyses were performed for a range of power/flow conditions to support generation of the 

thermal limits. Base case limiting LRNB transient analysis results used to generate the NEOC and 

EOCLB operating limits, for both TSSS and NSS insertion times, are shown in Tables 5.3 and 5.4. 

Responses of various reactor and plant parameters during the LRNB event initiated at 100% of 

rated power and 105% of rated core flow with TSSS insertion times are shown in Figures 5.1-5.3.   

5.1.2 Turbine Trip No Bypass (TTNB)

A turbine trip event can be initiated as a result of several different signals.  The initiating signal 

causes the TSV to close in order to prevent damage to the turbine.  The TSV closure creates a 

compression wave traveling through the steam lines into the vessel causing a rapid 

pressurization.  The increase in pressure results in a decrease in core voids, which in turn causes 

a rapid increase in power.  Closure of the TSV also causes a reactor scram and an RPT which 

helps mitigate the pressurization effects.  Turbine bypass system operation, which also mitigates 

the consequences of the event, is not credited.  The excursion of the core power due to the void 

collapse is terminated primarily by the reactor scram and revoiding of the core. 

In addition to closing the TSV, a signal is also sent to close the TCV in fast mode.  The 

consequences of a fast closure of the TCV are very similar to those resulting from a TSV closure.  

The main difference is the time required to close the valves.  While the TCV full stroke closure time 

is greater than that of the TSV (0.150 sec compared to 0.100 sec), the initial position of the TCV is 

dependent on the initial steam flow.  At rated power and lower, the initial position of the TCV is 

such that the closure time is less than that of the TSV.  However, the TCV closure characteristics 
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are nonlinear such that the resulting core pressurization and �CPR may not always bound those of 

the slower TSV closure.  

Analyses were performed demonstrating that the TTNB event is equivalent to or bound by the 

LRNB event; therefore, the thermal limits established for the LRNB will also protect against the 

TTNB event. 

5.1.3 Feedwater Controller Failure (FWCF)

The increase in feedwater flow due to a failure of the feedwater control system to maximum 

demand results in an increase in the water level and a decrease in the coolant temperature at the 

core inlet. The increase in core inlet subcooling causes an increase in core power. As the 

feedwater flow continues at maximum demand, the water level continues to rise and eventually 

reaches the high water level trip setpoint. The initial water level is conservatively assumed to be at 

the low level normal operating range to delay the high-level trip and maximize the core inlet 

subcooling resulting from the FWCF. The high water level trip causes the TSVs to close in order 

to prevent damage to the turbine from excessive liquid inventory in the steam line. Valve closure 

creates a compression wave traveling back to the core, causing void collapse and subsequent 

rapid power excursion. The closure of the TSVs also initiates a reactor scram and an RPT. In 

addition to the TSV closure, the TCVs also close in the fast closure mode.  Because of the 

partially closed initial position of the control valves, they will typically close faster than the stop 

valves and control the pressurization portion of the event.  However, TCV closure characteristics 

are nonlinear so that the resulting core pressurization and �CPR results may not always bound 

those of the slower TSV closure at rated power (steam flow increases above rated before fast 

TCV closure). The limiting of TCV or TSV closure, for the initial operating conditions, was used in 

the FWCF analyses based on sensitivity analyses.  The turbine bypass valves are assumed 

operable and provide some pressure relief. The core power excursion is mitigated in part by 

pressure relief, but the primary mechanisms for termination of the event are reactor scram and 

revoiding of the core.

FWCF analyses were performed for a range of power/flow conditions to support generation of the 

thermal limits. Tables 5.5 and 5.6 present the base case limiting FWCF transient analysis results 

used to generate the NEOC and EOCLB operating limits for both TSSS and NSS insertion times. 
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Figures 5.4 – 5.6 show the responses of various reactor and plant parameters during the FWCF 

event initiated at 100% of rated power and 105% of rated core flow with TSSS insertion times.  

5.1.4 Loss of Feedwater Heating

The loss of feedwater heating (LFWH) event analysis supports an assumed 100�F decrease in 

the feedwater temperature. The result is an increase in core inlet subcooling, which reduces 

voids, thereby increasing core power and shifting axial power distribution toward the bottom of the 

core. As a result of the axial power shift and increased core power, voids begin to build up in the 

bottom region of the core, acting as negative feedback to the increased subcooling effect. The 

negative feedback moderates the core power increase. Although there is a substantial increase in 

core thermal power during the event, the increase in steam flow is much less because a large part 

of the added power is used to overcome the increase in inlet subcooling. The increase in steam 

flow is accommodated by the pressure control system via the TCVs or the turbine bypass valves, 

so no pressurization occurs. A cycle-specific analysis was performed in accordance with the 

Reference 23 methodology to determine the change in MCPR for the event. The LFWH results 

are presented in Table 5.7.   

5.1.5 Control Rod Withdrawal Error

The control rod withdrawal error (CRWE) transient is an inadvertent reactor operator initiated 

withdrawal of a control rod. This withdrawal increases local power and core thermal power, 

lowering the core MCPR. The CRWE transient is typically terminated by control rod blocks 

initiated by the rod block monitor (RBM). The CRWE event was analyzed assuming no xenon and 

allowing credible instrumentation out-of-service in the RBM system. The analysis further assumes 

that the plant could be operating in either an A or B sequence control rod pattern. The rated 

power CRWE results are shown in Table 5.8 for the analytical unfiltered RBM high power setpoint 

values of 107% to 117%. At all intermediate and lower power setpoint values, the MCPRp values 

for ATRIUM-10 bound or are equal to the CRWE MCPR values. Analysis results indicate standard 

filtered RBM setpoint reductions are supported. Analyses demonstrate that the 1% strain and 

centerline melt criteria are met for the ATRIUM-10 fuel, for the LHGR limits and the associated 

multipliers presented in Sections 8.2 and 8.3. Recommended operability requirements supporting 

unblocked CRWE operation are shown in Table 5.9, based on the SLMCPR values presented in 

Section 4.2. 
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5.2 Slow Flow Runup Analysis 

Flow-dependent MCPR limits (MCPRf) and LHGR multipliers (LHGRFACf) are established to 

support operation at off-rated core flow conditions. Limits are based on the CPR and heat flux 

changes experienced by the fuel during slow flow excursions. The slow flow excursion event 

assumes recirculation flow control system failure such that core flow increases slowly to the 

maximum flow physically attainable by the equipment (107% of rated core flow). An uncontrolled 

increase in flow creates the potential for a significant increase in core power and heat flux. A 

conservatively steep flow runup path was used in the analysis. Analyses were performed to 

support operation in all the EOOS scenarios.  

XCOBRA is used to calculate the change in critical power ratio during a two-loop flow runup to the 

maximum flow rate. The MCPRf limit is set so an increase in core power, resulting from the 

maximum increase in core flow, assures the TLO safety limit MCPR is not violated. Calculations 

were performed over a range of initial flow rates to determine the corresponding MCPR values 

causing the limiting assembly to be at the safety limit MCPR for the high flow condition at the end 

of the flow excursion.

Analysis results are presented in Table 5.10. MCPRf limits providing the required protection are 

presented in Table 8.3. MCPRf limits are applicable for all exposures. 

Flow runup analyses were performed with CASMO-4/MICROBURN-B2 to determine LHGRFACf

multipliers for the ATRIUM-10 fuel. The analysis assumes recirculation flow increases slowly 

along the limiting rod line to the maximum flow physically attainable by the equipment. A series of 

flow excursion analyses were performed at several exposures throughout the cycle, starting from 

different initial power/flow conditions. Xenon is assumed to remain constant during the event. 

LHGRFACf multipliers, presented in Table 8.6, are established to provide protection against fuel 

centerline melt and overstraining of the cladding during a flow runup.  

The maximum flow during a flow excursion in SLO is much less than the maximum flow during 

TLO. Therefore, the flow-dependent MCPR limits and LHGR multipliers for TLO are applicable for 

SLO.
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5.3 Equipment Out-of-Service Scenarios 

The EOOS scenarios supported are shown in Table 1.1. As noted in Table 1.1, base case and 

each EOOS condition is supported in combination with 1 MSRVOOS, EOC-RPT-OOS, up to 2 

TIP machines out-of-service or the equivalent number of TIP channels (per operating 

requirements defined in Section 4.2), and/or up to 50% of the LPRMs out-of-service. 

When EOC-RPT is inoperable, no credit is assumed for RPT on TSV position or TCV fast closure.  

The function of the EOC-RPT feature is to reduce the severity of the core power excursion caused 

by the pressurization transient.  The RPT accomplishes this by helping revoid the core, thereby 

reducing the magnitude of the reactivity insertion resulting from the pressurization transient.  

Failure of the RPT feature can result in higher operating limits. Analyses were performed for LRNB 

and FWCF events assuming EOC-RPT-OOS. 

The analyses presented in this section also include these EOOS conditions protected by the base 

case limits.  No further discussion for these EOOS conditions is presented in this section. Thermal 

limits presented in Section 8.0 are developed with or without EOC-RPT-OOS. 

5.3.1 TBVOOS

The effect of operation with TBVOOS is a reduction in the system pressure relief capacity, which 

makes the pressurization events more severe.  While the base case LRNB and TTNB events are 

analyzed assuming the turbine bypass valves out-of-service, operation with TBVOOS has an 

adverse effect on the FWCF event. Analyses of the FWCF event with TBVOOS were performed 

to establish the TBVOOS operating limits. 

5.3.2 FHOOS

The FHOOS scenario assumes a feedwater temperature reduction of 65°F (55°F + 10°F bias) at 

rated power and steam flow. The effect of reduced feedwater temperature is an increase in core 

inlet subcooling, changing axial power shape and core void fraction. Additionally, steam flow for a 

given power level decreases because more power is required to increase coolant enthalpy to 

saturated conditions. Generally, LRNB and TTNB events are less severe with FHOOS conditions 

due to the decrease in steam flow relative to nominal conditions.  FWCF events with FHOOS 

conditions are generally worse due to a larger change in inlet subcooling and core power prior to 

the pressurization phase of the event. 
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Separate FHOOS limits are not needed for operation beyond the EOCLB exposure since a 

feedwater (FW) temperature reduction is included to attain the additional cycle extension to the 

FFTR/coastdown exposure, i.e., FFTR is equivalent to FHOOS since both are based on the same 

feedwater temperature reduction. 

5.3.3 PLUOOS

The PLU device in normal operation is assumed to not function below 50% power. PLUOOS is 

assumed to mean the PLU device does not function for any power level, and does not initiate fast 

TCV closure.  The following PLUOOS scenario was assumed for the load reject event. 

� Initially, the TCVs remain in pressure/speed control mode.  There is no direct scram or 
EOC-RPT on valve motion. 

� Loss of load results in increasing turbine speed.  Depending on initial power, a turbine 
overspeed condition may be reached to initiate a turbine trip resulting in scram and 
EOC-RPT. 

� Without a turbine trip signal, scram occurs on either high flux or high dome pressure to 
terminate the event. 

Analyses were performed for LRNB events assuming PLUOOS. 

5.3.4 Combined TBVOOS and FHOOS

FWCF analyses with both TBVOOS and FHOOS were performed. Operating limits for this 

combined EOOS scenario were established using these FWCF results and results previously 

discussed. Separate TBVOOS and FHOOS combined limits are not needed for operation beyond 

the EOCLB exposure since a FW temperature reduction is included to attain the additional cycle 

extension to the FFTR/coastdown exposure. 

5.3.5 Combined TBVOOS and PLUOOS

Limits were established to support operation with both TBVOOS and PLUOOS.  No additional 

analyses are required to construct MCPRp operating limits for TBVOOS and PLUOOS since 

TBVOOS and PLUOOS are independent EOOS conditions (TBVOOS only impacts FWCF events; 

PLUOOS only impacts LRNB events). 

5.3.6 Combined FHOOS and PLUOOS

LRNB analyses with both FHOOS and PLUOOS were performed. Operating limits for this 

combined EOOS scenario were established using these LRNB results and results previously 
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discussed. Separate FHOOS and PLUOOS combined limits are not needed for operation beyond 

the EOCLB exposure since a FW temperature reduction is included to attain the additional cycle 

extension to the FFTR/coastdown exposure. 

5.3.7 Combined TBVOOS, FHOOS, and PLUOOS

Limits were established to support operation with TBVOOS, FHOOS, and PLUOOS.  No 

additional analyses are required to construct MCPRp operating limits for TBVOOS, FHOOS, and 

PLUOOS since TBVOOS and PLUOOS are independent EOOS conditions (TBVOOS only 

impacts FWCF events; PLUOOS only impacts LRNB events). Separate TBVOOS, FHOOS, and 

PLUOOS combined limits are not needed for operation beyond the EOCLB exposure since a FW 

temperature reduction is included to attain the additional cycle extension to the FFTR/coastdown 

exposure.

5.3.8 Single-Loop Operation

In SLO, the TLO �CPRs and LHGRFAC multipliers remain applicable. The only impacts on the 

MCPR, LHGR, and MAPLHGR limits for SLO are an increase of 0.02 in the SLMCPR as 

discussed in Section 4.2, and the application of an SLO MAPLHGR multiplier discussed in 

Section 8.3. The net result is a 0.02 increase in the base case MCPRp limits and a decrease in 

the MAPLHGR limit. The same situation is true for the EOOS scenarios. Adding 0.02 to the 

corresponding TLO EOOS MCPRp limits results in SLO MCPRp limits for the EOOS conditions. 

The TLO EOOS LHGRFAC multipliers remain applicable in SLO.  

5.4 Licensing Power Shape 

The licensing axial power profile used by AREVA for the plant transient analyses bounds the 

projected end of full power axial power profile. The conservative licensing axial power profile 

generated at the EOCLB core average exposure of 32,712 MWd/MTU is given in Table 5.11. 

Cycle 15 operation is considered to be in compliance when: 

� The normalized power generated in the bottom 7 nodes from the projected EOFP solution 
at the state conditions provided in Table 5.11 is greater than the normalized power 
generated in the bottom 7 nodes in the licensing basis axial power profile.  

� The projected EOFP condition occurs at a core average exposure less than or equal to 
EOCLB. 
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If the criteria cannot be fully met (i.e., not all 7 nodes are at a higher power than the licensing 

profile), the licensing basis may nevertheless remain valid but further assessment will be required.  

The licensing basis power profile in Table 5.11 was calculated using the MICROBURN-B2 code. 

Compliance analyses must also be performed using MICROBURN-B2 or POWERPLEX�-III*. 

Note that the power profile comparison should be done without incorporating instrument updates 

to the axial profile because the updated power is not used in the core monitoring system to 

accumulate assembly burnups. 

                                                
*  POWERPLEX is a trademark of AREVA NP registered in the United States and various other countries. 
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Table 5.1  Exposure Basis for 
Transient Analysis 

Core
Average Exposure 

(MWd/MTU) Comments

15,895 Beginning of cycle 

29,395 Break point for exposure-
dependent MCPRp limits 
(NEOC)

32,712 Design basis rod patterns to  
EOFP + 15 EFPD (EOCLB) 

34,082 Maximum licensing core 
exposure - including FFTR 
/Coastdown

33,294 (15,937)* Cycle 14 EOC (nominal value) 

32,759 (15,402)* Cycle 14 EOC (short window) 

33,651 (16,294)* Cycle 14 EOC (long window) 

                                                
*  Corresponding Cycle 14 cycle exposure. 

L32 100218 803



Browns Ferry Unit 3 Cycle 15  
Reload Safety Analysis 

ANP-2895
Revision 0

AREVA NP Inc.

Page 5-12

Table 5.2  Scram Speed
Insertion Times 

Control Rod 
Position
(notch)

TSSS
Analytical

Time
(sec)

NSS
Analytical

Time
(sec)

 48 (full-out) 0.00 0.00 

 48 0.20 0.20 

 46 0.46 0.421 

 36 1.09 0.991 

 26 1.86 1.62 

   6 3.50 3.04 

   0 (full-in) 4.0 3.5 
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Table 5.3  NEOC Base Case LRNB 
Transient Results 

Power
(% rated)

ATRIUM-10  
�CPR

ATRIUM-10  
HFR

TSSS Insertion Times 

100 0.34 1.36 

90 0.35 1.33 

75 0.34 1.31 

50 0.83 1.70 

40 0.93 1.79 

30 1.00 1.88 

NSS Insertion Times 

100 0.32 1.31 

90 0.33 1.31 

75 0.32 1.30 

50 0.82 1.70 

40 0.92 1.79 

30 0.99 1.87 
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Table 5.4  EOCLB Base Case LRNB 
Transient Results 

Power
(% rated)

ATRIUM-10  
�CPR

ATRIUM-10  
HFR

TSSS Insertion Times 

100 0.38 1.47 

90 0.36 1.43 

75 0.34 1.36 

50 0.83 1.70 

40 0.93 1.79 

30 1.00 1.88 

NSS Insertion Times 

100 0.32 1.35 

90 0.34 1.35 

75 0.33 1.35 

50 0.82 1.70 

40 0.92 1.79 

30 0.99 1.87 
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Table 5.5  NEOC Base Case FWCF 
Transient Results 

Power
(% rated)

ATRIUM-10  
�CPR

ATRIUM-10  
HFR

TSSS Insertion Times 

100 0.34 1.35 

90 0.39 1.39 

75 0.44 1.46 

65 0.50 1.51 

60 0.55 1.52 

50 0.68 1.62 

40 0.87 1.79 

30 1.16 2.00 

30 at > 50%F below Pbypass 1.44 2.41 

30 at � 50%F below Pbypass 1.38 2.23 

25 at > 50%F below Pbypass 1.68 2.62 

25 at � 50%F below Pbypass 1.59 2.38 

NSS Insertion Times 

100 0.33 1.33 

90 0.37 1.38 

75 0.43 1.45 

65 0.48 1.50 

60 0.53 1.51 

50 0.66 1.61 

40 0.85 1.78 

30 1.14 1.99 
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Table 5.6  EOCLB Base Case FWCF 
Transient Results 

Power
(% rated)

ATRIUM-10  
�CPR

ATRIUM-10  
HFR

TSSS Insertion Times 

100 0.34 1.37 

90 0.39 1.39 

75 0.44 1.46 

65 0.50 1.51 

60 0.55 1.52 

50 0.68 1.62 

40 0.87 1.79 

30 1.16 2.00 

30 at > 50%F below Pbypass 1.44 2.41 

30 at � 50%F below Pbypass 1.38 2.23 

25 at > 50%F below Pbypass 1.68 2.62 

25 at � 50%F below Pbypass 1.59 2.38 

NSS Insertion Times 

100 0.33 1.34 

90 0.37 1.38 

75 0.43 1.45 

65 0.48 1.50 

60 0.53 1.51 

50 0.66 1.61 

40 0.85 1.78 

30 1.14 1.99 
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Table 5.7  Loss of Feedwater Heating 
Transient Analysis Results 

Power
(% rated) 

ATRIUM-10
�CPR

100 0.10 

90 0.10 

80 0.11 

70 0.12 

60 0.13 

50 0.15 

40 0.18 

30 0.22 

25 0.26 

Table 5.8  Control Rod Withdrawal Error 
�CPR Results 

Analytical RBM
Setpoint

(without filter) 
(%) �CPR 

CRWE
MCPR* 

107 0.20 1.29 

111 0.23 1.32 

114 0.26 1.35 

117 0.26 1.35 

                                                
*  For rated power and a 1.09 SLMCPR. 
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Table 5.9  RBM Operability Requirements 

Thermal Power 
(% rated) 

Applicable
MCPR 

	�27% and < 90% 1.74 TLO 
1.77 SLO 

	�90% 1.43 TLO 

Table 5.10  Flow-Dependent  
MCPR Results 

Core
Flow

(% rated) 

ATRIUM-10 
Limiting
MCPR 

30 1.61 

40 1.51 

50 1.44 

60 1.39 

70 1.32 

80 1.27 

90 1.22 

100 1.18 

107 1.09 
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Table 5.11  Licensing Basis Core Average  
Axial Power Profile  

State Conditions for
Power Shape Evaluation 

Power, MWt 3458.0

Core pressure, psia 1050.1

Inlet subcooling, Btu/lbm 24.4

Flow, Mlb/hr 106.6

Control state ARO

Core average exposure 
(EOCLB), MWd/MTU 

32,712

Licensing Axial Power Profile  
(Normalized)

Node Power 
Top  25 0.258

24 0.795
23 1.029
22 1.169
21 1.258
20 1.310
19 1.339
18 1.359
17 1.373
16 1.453
15 1.452
14 1.432
13 1.389
12 1.326
11 1.247
10 1.153

9 1.045
8 0.929
7 0.815
6 0.706
5 0.615
4 0.550
3 0.495
2 0.394

Bottom  1 0.108
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Figure 5.1  EOCLB LRNB at 100P/105F – TSSS 
Key Parameters 
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Figure 5.2 EOCLB LRNB at 100P/105F – TSSS 
Sensed Water Level 

L32 100218 803



Browns Ferry Unit 3 Cycle 15  
Reload Safety Analysis 

ANP-2895
Revision 0

AREVA NP Inc.

Page 5-22

Figure 5.3 EOCLB LRNB at 100P/105F – TSSS 
Vessel Pressures

L32 100218 803



Browns Ferry Unit 3 Cycle 15  
Reload Safety Analysis 

ANP-2895
Revision 0

AREVA NP Inc.

Page 5-23

Figure 5.4 EOCLB FWCF at 100P/105F – TSSS 
Key Parameters
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Figure 5.5 EOCLB FWCF at 100P/105F – TSSS 
Sensed Water Level 
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Figure 5.6 EOCLB FWCF at 100P/105F – TSSS  
Vessel Pressures 
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6.0 Postulated Accidents 

6.1 Loss-of-Coolant-Accident (LOCA) 

The results of the ATRIUM-10 LOCA analysis are presented in References 24 and 25. The 

MAPLHGR limits presented in Reference 25 remain valid for ATRIUM-10 fuel. 

 Limiting Break: 0.5 ft2 split 
    Recirculation Pump Discharge Line 
    Battery (DC) power 

Based on the peak cladding temperature (PCT) results in Reference 25 and subsequent 

evaluations to provide 10 CFR 50.46 reporting estimates, the current licensing PCT is provided 

below.  The MCPR value used in the LOCA analyses is less than the rated power MCPR limits. 

Initial PCT (°F) 
    (Reference 25) 

2007

10 CFR 50.46 Estimates 
net cumulative value (°F) 
    (Reference 26)

     - 5

Current Licensing PCT (°F) 2002

The peak local metal-water reaction for the limiting PCT lattice design is 1.71%.  The maximum 

core wide metal-water reaction (for hydrogen generation) for a full ATRIUM-10 core is <1.0%. 

The cycle specific ATRIUM-10 reload fuel PCT was calculated to be 1972°F (1977°F - 5°F); 

therefore, in terms of PCT, the limiting neutronic design used in Reference 25 remains 

bounding.  The peak local metal-water reaction and total core wide metal-water reaction were 

calculated to be 1.63% and < 1.0%, respectively.  When compared to the acceptance criteria of 

less than 17% local cladding oxidation thickness, the local metal-water reaction result remains 

acceptable.   

Analyses and results support the EOD and EOOS conditions listed in Table 1.1.  Note:  

TBVOOS, EOC-RPT-OOS, PLUOOS, and TIPOOS/LPRM out-of-service have no direct 

influence on the LOCA events. 
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6.2 Control Rod Drop Accident (CRDA) 

Plant startup utilizes a bank position withdrawal sequence (BPWS) including rod worth 

minimization strategies. CRDA evaluation was performed for both A and B sequence startups 

consistent with the withdrawal sequences specified by TVA. Approved AREVA generic CRDA 

methodology is described in Reference 27. Subsequent calculations have shown the 

methodology is applicable to fuel modeled with the CASMO4/MICROBURN-B2 code system.  

Analysis results demonstrate the maximum deposited fuel rod enthalpy is less than 280 cal/g; 

the estimated number of fuel rods that exceed the fuel damage threshold of 170 cal/g is less 

than the number of failed rods assumed in FSAR (850 rods).  

Maximum dropped control rod worth, mk  10.62 

Core average Doppler coefficient, �k/k/oF -10.0 x 10-6

Effective delayed neutron fraction 0.0052

Four-bundle local peaking factor 1.372

Maximum deposited fuel rod enthalpy, cal/g 188.8 

Maximum number of rods exceeding 170 cal/g 273 

6.3 Fuel and Equipment Handling Accident 

The fuel handling accident radiological analysis implementing the alternate source term (AST) 

as approved in Reference 28 was performed with consideration of ATRIUM-10 core source 

terms.  The number of failed fuel rods for the ATRIUM-10 fuel as previously provided to TVA in 

Reference 29 for use in the AST analysis is unchanged. No other aspect of utilizing the 

ATRIUM-10 fuel affects the current analysis; therefore, the AST analysis remains bounding for 

the ATRIUM-10 fuel.

6.4 Fuel Loading Error (Infrequent Event) 

There are two types of fuel loading errors possible in a BWR – the mislocation of a fuel 

assembly in a core position prescribed to be loaded with another fuel assembly, and the 

misorientation of a fuel assembly with respect to the control blade. As described in Reference 

30, the fuel loading error is characterized as an infrequent event. The acceptance criteria is that 

the offsite dose consequences due to the event shall not exceed a small fraction of the 10 CFR 

50.67 limits. 
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6.4.1 Mislocated Fuel Bundle

AREVA has performed a bounding fuel mislocation error analysis and has demonstrated 

continued applicability of the bounding results. The analysis considered the impact of a 

mislocated assembly against potential fuel rod failure mechanisms due to increased LHGR and 

reduced CPR. Based on the analyses, the offsite dose criteria (a small fraction of 10 CFR 

50.67) is conservatively satisfied. A dose consequence evaluation is not necessary since no rod 

approaches the fuel centerline melt or 1% strain limits, and less than 0.1% of the fuel rods are 

expected to experience boiling transition. 

6.4.2 Misoriented Fuel Bundle

AREVA has performed a bounding fuel assembly misorientation analysis. The analysis was 

performed assuming that the limiting assembly was loaded in the worst orientation (rotated 

180°), while simultaneously producing sufficient power to be on the MCPR operating limit as if it 

were oriented correctly. The analysis demonstrates the small fraction of 10 CFR 50.67 offsite 

dose criteria is conservatively satisfied. A dose consequence evaluation is not necessary since 

no rod approaches fuel centerline melt or 1% strain limits, and less than 0.1% of the fuel rods 

are expected to experience boiling transition. 
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7.0 Special Analyses 

7.1 ASME Overpressurization Analysis 

This section describes the maximum overpressurization analyses performed to demonstrate 

compliance with the ASME Boiler and Pressure Vessel Code. The analysis shows that the 

safety/relief valves have sufficient capacity and performance to prevent the reactor vessel 

pressure from reaching the safety limit of 110% of the design pressure. 

Main steam isolation valve (MSIV) closure, TSV closure, and TCV closure (without bypass) 

analyses were performed with the AREVA plant simulator code COTRANSA2 (Reference 17) for 

102% power and both 81% and 105% flow at the highest cycle exposure. The MSIV closure event 

is similar to the other steam line valve closure events in that the valve closure results in a rapid 

pressurization of the core. The increase in pressure causes a decrease in void which in turn 

causes a rapid increase in power. The turbine bypass valves do not impact the system response 

and are not modeled in the analysis. The following assumptions were made in the analysis. 

� The most critical active component (direct scram on valve position) was assumed to fail. 
However, scram on high neutron flux and high dome pressure is available. 

� To support operation with 1 MSRVOOS, the plant configuration analyzed assumed that 
one of the lowest setpoint MSRVs was inoperable. 

� TSSS insertion times were used. 

� The initial dome pressure was set at the maximum allowed by the Technical Specifications 
plus an additional 5 psi bias, 1070 psia (1055 psig). 

� A fast MSIV closure time of 3.0 seconds was used. 

� The analytical limit ATWS-RPT setpoint and function were assumed. 

Results of the MSIV closure, TCV closure, and TSV closure overpressurization analyses are 

presented in Table 7.1. Various reactor plant parameters during the limiting MSIV closure event 

are presented in Figures 7.1—7.4. The maximum pressure of 1335 psig occurs in the lower 

plenum. The maximum dome pressure for the same event is 1301 psig. Results demonstrate the 

maximum vessel pressure limit of 1375 psig and dome pressure limit of 1325 psig are not 

exceeded for any analyses. 

Pressure results include a 7-psi increase to bound a bias in the void-quality correlations.  The 

void-quality bias is further discussed in Reference 31. 
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7.2 ATWS Event Evaluation 

7.2.1 ATWS Overpressurization Analysis

This section describes analyses performed to demonstrate that the peak vessel pressure for the 

limiting anticipated transient without scram (ATWS) event is less than the ASME Service Level C 

limit of 120% of the design pressure (1500 psig). Overpressurization analyses were performed at 

100% power at both 81% and 105% flow over the cycle exposure range for both the MSIV closure 

event and the pressure regulator failure open (PRFO) events. The PRFO event assumes a step 

decrease in pressure demand such that the pressure control system opens the turbine control and 

turbine bypass valves. Steam flow demand is assumed to increase to 125% demand (equivalent 

to 132.6% of rated steam flow) allowing a maximum TCV flow of 106.1% and a maximum bypass 

system flow of 25.2%. The system pressure decreases until the low pressure setpoint is reached 

resulting in the closure of the MSIVs. The subsequent pressurization wave collapses core voids, 

thereby increasing core power.  

The following assumptions were made in the analyses. 

� The analytical limit ATWS-RPT setpoint and function were assumed.  

� To support operation with 1 MSRVOOS, the plant configuration analyzed assumed that 
one of the lowest setpoint MSRVs was inoperable. 

� All scram functions were disabled.  

� The initial dome pressure was set to the nominal pressure of 1050 psia. 

� A nominal MSIV closure time of 4.0 seconds was used for both events.  

Analyses results are presented in Table 7.2. The response of various reactor plant parameters 

during the limiting PRFO event are shown in Figures 7.5—7.8. The maximum lower plenum 

pressure is 1404 psig and the maximum dome pressure is 1384 psig. The results demonstrate 

that the ATWS maximum vessel pressure limit of 1500 psig is not exceeded. 

Pressure results include a 10-psi increase to bound a bias in the void-quality correlations.  The 

void-quality bias is further discussed in Reference 31. 

7.2.2 Long-Term Evaluation

Fuel design differences may impact the power and pressure excursion experienced during the 
ATWS event. This in turn may impact the amount of steam discharged to the suppression pool 
and containment. 
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An evaluation performed for Browns Ferry Unit 3, provided in Reference 31 Sections 8.1 and 8.3, 

concluded that the introduction of ATRIUM-10 fuel will not significantly impact the long term 

ATWS response (suppression pool temperature and containment pressure) and the current 

analysis remains applicable.  This conclusion is applicable for BFE3-15.

Relative to the 10 CFR 50.46 acceptance criteria (i.e., PCT and cladding oxidation), the 

consequences of an ATWS event are bound by those of the limiting LOCA event.  

7.3 Standby Liquid Control System 

In the event that the control rod scram function becomes incapable of rendering the core in a 

shutdown state, the standby liquid control (SLC) system is required to be capable of bringing the 

reactor from full power to a cold shutdown condition at any time in the core life. The Browns Ferry 

Unit 3 SLC system is required to be able to inject 660 ppm natural boron equivalent at 70�F into 

the reactor coolant. AREVA has performed an analysis demonstrating the SLC system meets the 

required shutdown capability for the cycle. The analysis was performed at a coolant temperature 

of 366�F, with a boron concentration equivalent to 660 ppm at 68�F*. The temperature of 366�F

corresponds to the low pressure permissive for the RHR shutdown cooling suction valves, and 

represents the maximum reactivity condition with soluble boron in the coolant. The analysis shows 

the core to be subcritical throughout the cycle by at least 1.80% �k/k based on the Cycle 14 EOC 

short window, which is the limiting exposure bound by the short and long Cycle 14 exposure 

window.

7.4 Fuel Criticality 
The new fuel storage vault criticality analysis for ATRIUM-10 fuel is presented in Reference 32. 

The spent fuel pool criticality analysis for ATRIUM-10 fuel is presented in Reference 33. The 

ATRIUM-10 fuel assemblies identified for the cycle meet both the new and spent fuel storage 

requirements.

                                                
*  TVA Browns Ferry SLC licensing basis documents indicate a minimum of 660 ppm boron at a 

temperature of 70°F.  The AREVA cold analysis basis of 68°F represents a negligible difference and the 
results are adequate to protect the 70°F licensing basis for the plant. 

L32 100218 803



Browns Ferry Unit 3 Cycle 15  
Reload Safety Analysis 

ANP-2895
Revision 0

AREVA NP Inc.

Page 7-4 

Table 7.1  ASME Overpressurization 
Analysis Results*  

Event 

Peak
Neutron

Flux
(% rated) 

Peak
Heat
Flux

(% rated) 

Maximum  
Vessel  

Pressure 
Lower-Plenum

(psig)

Maximum  
Dome

Pressure 
(psig)

MSIV closure 
(102P/105F) 285 129 1335 1301 

TSV closure 
without bypass 
(102P/105F) 

429 138 1332 1297 

TCV closure 
without bypass 
(102P/105F) 

425 138 1333 1297 

Pressure 
Limit --- --- 1375 1325 

                                                
*  Pressure results include a 7-psi increase to bound a bias in the void-quality correlations (Reference 31). 
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Table 7.2  ATWS Overpressurization 
Analysis Results*  

Event 

Peak
Neutron

Flux
(% rated) 

Peak
Heat
Flux

(% rated) 

Maximum  
Vessel  

Pressure 
Lower-Plenum

(psig)

Maximum  
Dome

Pressure 
(psig)

MSIV closure 
(100P/81F) 

284 136 1398 1378 

PRFO 
(100P/81F) 

249 144 1404 1384 

Pressure 
Limit --- --- 1500 1500 

                                                
*  Pressure results include a 10-psi increase to bound a bias in the void-quality correlations 

(Reference 31). 
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Figure 7.1  MSIV Closure Overpressurization Event at 
102P/105F – Key Parameters 
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Figure 7.2  MSIV Closure Overpressurization Event at 
102P/105F – Sensed Water Level
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Figure 7.3  MSIV Closure Overpressurization Event at 
102P/105F – Vessel Pressures
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Figure 7.4  MSIV Closure Overpressurization Event at 
102P/105F – Safety/Relief Valve Flow Rates 
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Figure 7.5  PRFO ATWS Overpressurization Event at 
100P/81F – Key Parameters 
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Figure 7.6  PRFO ATWS Overpressurization Event at 
100P/81F – Sensed Water Level 
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Figure 7.7  PRFO ATWS Overpressurization Event at 
100P/81F – Vessel Pressures 
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Figure 7.8  PRFO ATWS Overpressurization Event at 
100P/81F – Safety/Relief Valve Flow Rates 
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8.0 Operating Limits and COLR Input 

8.1 MCPR Limits 

Determination of MCPR limits are based on analyses of the limiting AOTs. The MCPR operating 

limits are established so that less than 0.1% of the fuel rods in the core are expected to 

experience boiling transition during an AOT initiated from rated or off-rated conditions and are 

based on the Technical Specifications TLO SLMCPR of 1.09 and a SLO SLMCPR of 1.11. 

Exposure-dependent MCPR limits were established to support operation from BOC to NEOC, 

BOC to EOCLB, and BOC to end of combined FFTR/Coastdown (COAST). MCPR limits are 

established to support base case operation and the EOOS scenarios presented in Table 1.1.   

TLO MCPRp limits for ATRIUM-10 fuel are presented for base case operation and the EOOS 

conditions in Tables 8.1 and 8.2. Limits are presented for NSS (Table 8.1) and TSSS (Table 

8.2) insertion times for the exposure ranges considered. MCPRp limits for SLO are 0.02 higher 

for all cases. 

MCPRf limits protect against fuel failures during a postulated slow flow excursion. ATRIUM-10 

fuel limits are presented in Table 8.3 and are applicable for all cycle exposures and EOOS 

conditions identified in Table 1.1. 

8.2 LHGR Limits 

The LHGR limits for ATRIUM-10 are presented in Table 8.4. Power- and flow-dependent 

multipliers (LHGRFACp and LHGRFACf) are applied directly to the LHGR limits to protect 

against fuel melting and overstraining of the cladding during an AOT.  

ATRIUM-10 LHGRFACp multipliers, determined using the heat flux ratio results from the 

transient analyses, were established to support operation at all cycle exposures for both NSS 

and TSSS insertion times and for the EOOS conditions identified in Table 1.1 with and without 

TBVOOS. LHGRFACp limits are presented in Table 8.5 for ATRIUM-10 fuel. 

LHGRFACf multipliers are established to provide protection against fuel centerline melt and 

overstraining of the cladding during a postulated slow flow excursion. LHGRFACf limits are 

presented in Table 8.6 for ATRIUM-10 fuel.  LHGRFACf multipliers are applicable for all cycle 

exposures and EOOS conditions identified in Table 1.1. 
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8.3 MAPLHGR Limits 

ATRIUM-10 MAPLHGR limits are discussed in Reference 25. The TLO limits are presented in 

Table 8.7. For SLO, a multiplier of 0.85 must be applied to the TLO MAPLHGR limits.  Power 

and flow dependent MAPFAC setdowns are not required; therefore, MAPFAC=1.0. 
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Table 8.1  MCPRp Limits for 
NSS Insertion Times* 

Operating
Condition

Power 
(% of rated) 

BOC to 
NEOC

BOC to 
EOC

BOC to
End of COAST

Base case 
operation

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.42
1.52
1.57
1.75
1.91
2.01
2.23
2.53
2.77
2.47
2.68

1.42
1.52
1.57
1.75
1.91
2.01
2.23
2.53
2.77
2.47
2.68

1.44
1.55
1.62
1.81
1.91
2.03
2.33
2.62
2.89
2.55
2.79

TBVOOS 

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.46
1.59
1.62
1.77
1.91
2.01
2.25
3.11
3.50
2.76
3.15

1.46
1.59
1.62
1.77
1.91
2.01
2.25
3.11
3.50
2.76
3.15

1.47
1.61
1.64
1.83
1.91
2.05
2.35
3.23
3.62
2.88
3.29

FHOOS

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.44
1.55
1.62
1.81
1.91
2.03
2.33
2.62
2.89
2.55
2.79

1.44
1.55
1.62
1.81
1.91
2.03
2.33
2.62
2.89
2.55
2.79

---
---
---
---
---
---
---
---
---
---
---

PLUOOS 

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.42
1.52
1.81
---

1.91
2.01
2.23
2.53
2.77
2.47
2.68

1.43
1.52
1.81
---

1.91
2.01
2.23
2.53
2.77
2.47
2.68

1.44
1.55
1.81
---

1.91
2.03
2.33
2.62
2.89
2.55
2.79

                                                
*  Limits support operation with or without EOC-RPT-OOS and any combination of 1 MSRVOOS, up to 

2 TIPOOS (or the equivalent number of TIP channels), and up to 50% of the LPRMs out-of-service. 
Limits also support operation with FFTR/FHOOS which bounds operation with feedwater heaters in-
service. SLO MCPRp limits will be 0.02 higher. 

L32 100218 803



Browns Ferry Unit 3 Cycle 15  
Reload Safety Analysis 

ANP-2895
Revision 0

AREVA NP Inc.

Page 8-4 

Table 8.1  MCPRp Limits for 
NSS Insertion Times 

(Continued) 

Operating
Condition

Power 
(% of rated) 

BOC to 
NEOC

BOC to 
EOC

BOC to
End of COAST

TBVOOS 
and FHOOS 

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.47
1.60
1.64
1.83
1.91
2.05
2.35
3.23
3.62
2.88
3.29

1.47
1.60
1.64
1.83
1.91
2.05
2.35
3.23
3.62
2.88
3.29

---
---
---
---
---
---
---
---
---
---
---

TBVOOS 
and PLUOOS 

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.46
1.59
1.81
---

1.91
2.01
2.25
3.11
3.50
2.76
3.15

1.46
1.59
1.81
---

1.91
2.01
2.25
3.11
3.50
2.76
3.15

1.47
1.61
1.81
---

1.91
2.05
2.35
3.23
3.62
2.88
3.29

FHOOS
and PLUOOS 

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.44
1.55
1.81
---

1.91
2.03
2.33
2.62
2.89
2.55
2.79

1.44
1.55
1.81
---

1.91
2.03
2.33
2.62
2.89
2.55
2.79

---
---
---
---
---
---
---
---
---
---
---

TBVOOS, 
FHOOS,
and PLUOOS 

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.47
1.60
1.81
---

1.91
2.05
2.35
3.23
3.62
2.88
3.29

1.47
1.60
1.81
---

1.91
2.05
2.35
3.23
3.62
2.88
3.29

---
---
---
---
---
---
---
---
---
---
---
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Table 8.2  MCPRp Limits for 
TSSS Insertion Times* 

Operating
Condition

Power 
(% of rated) 

BOC to 
NEOC

BOC to 
EOC

BOC to
End of COAST

Base case 
operation

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.43
1.56
1.59
1.77
1.92
2.02
2.25
2.53
2.77
2.47
2.68

1.47
1.56
1.59
1.77
1.92
2.02
2.25
2.53
2.77
2.47
2.68

1.52
1.58
1.64
1.83
1.92
2.05
2.35
2.62
2.89
2.55
2.79

TBVOOS 

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.48
1.61
1.63
1.79
1.92
2.02
2.27
3.11
3.50
2.76
3.15

1.52
1.61
1.63
1.79
1.92
2.02
2.27
3.11
3.50
2.76
3.15

1.55
1.63
1.67
1.85
1.92
2.07
2.37
3.23
3.62
2.88
3.29

FHOOS

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.45
1.58
1.64
1.83
1.92
2.05
2.35
2.62
2.89
2.55
2.79

1.47
1.58
1.64
1.83
1.92
2.05
2.35
2.62
2.89
2.55
2.79

---
---
---
---
---
---
---
---
---
---
---

PLUOOS 

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.44
1.56
1.82
---

1.92
2.02
2.25
2.53
2.77
2.47
2.68

1.48
1.56
1.82
---

1.92
2.02
2.25
2.53
2.77
2.47
2.68

1.53
1.58
1.82
---

1.92
2.05
2.35
2.62
2.89
2.55
2.79

                                                
*  Limits support operation with or without EOC-RPT-OOS and any combination of 1 MSRVOOS, up to 

2 TIPOOS (or the equivalent number of TIP channels), and up to 50% of the LPRMs out-of-service. 
Limits also support operation with FFTR/FHOOS which bounds operation with feedwater heaters in-
service. SLO MCPRp limits will be 0.02 higher. 
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Table 8.2  MCPRp Limits for 
TSSS Insertion Times 

(Continued) 

Operating
Condition

Power 
(% of rated) 

BOC to 
NEOC

BOC to 
EOC

BOC to
End of COAST

TBVOOS 
and FHOOS 

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.49
1.62
1.67
1.85
1.92
2.07
2.37
3.23
3.62
2.88
3.29

1.52
1.62
1.67
1.85
1.92
2.07
2.37
3.23
3.62
2.88
3.29

---
---
---
---
---
---
---
---
---
---
---

TBVOOS 
and PLUOOS 

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.48
1.61
1.82
---

1.92
2.02
2.27
3.11
3.50
2.76
3.15

1.52
1.61
1.82
---

1.92
2.02
2.27
3.11
3.50
2.76
3.15

1.55
1.63
1.82
---

1.92
2.07
2.37
3.23
3.62
2.88
3.29

FHOOS
and PLUOOS 

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.45
1.58
1.82
---

1.92
2.05
2.35
2.62
2.89
2.55
2.79

1.48
1.58
1.82
---

1.92
2.05
2.35
2.62
2.89
2.55
2.79

---
---
---
---
---
---
---
---
---
---
---

TBVOOS, 
FHOOS,
and PLUOOS 

100.0
75.0
65.0
50.0
50.0
40.0
30.0

30.0 at > 50%F 
25.0 at > 50%F 
30.0 at � 50%F 
25.0 at � 50%F 

1.49
1.62
1.82
---

1.92
2.07
2.37
3.23
3.62
2.88
3.29

1.52
1.62
1.82
---

1.92
2.07
2.37
3.23
3.62
2.88
3.29

---
---
---
---
---
---
---
---
---
---
---
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Table 8.3  MCPRf Limits 

Core Flow 
(% of rated) MCPRf

30.0 1.61 

 78.0 1.28

107.0 1.28 

Table 8.4  Steady-State LHGR Limits 

Peak
Pellet Exposure

(GWd/MTU) 
LHGR
(kW/ft)

  0.0 13.4

18.9 13.4 

74.4 7.1 
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Table 8.5  LHGRFACp Multipliers* 

EOOS
Condition

Power
(% rated) 

ATRIUM-10 
LHGRFACp

100.0 1.00 
30.0 0.63 

30.0 at > 50%F 0.54 
25.0 at > 50%F 0.49 
30.0 at � 50%F 0.58 

Base 
case 
operation
(TBVIS) †

25.0 at � 50%F 0.54 
100.0 0.90 

30.0 0.63 
30.0 at > 50%F 0.44 
25.0 at > 50%F 0.40 
30.0 at � 50%F 0.52 

TBVOOS‡

25.0 at � 50%F 0.46 

                                                
*  Limits support operation with or without EPC-RPT-OOS and any combination of 1 MSRVOOS, up to 

2 TIPOOS (or the equivalent number of TIP channels), and up to 50% of the LPRMs out-of-service. 
Base case supports single-loop operation. 

†  Limits are applicable for all the EOOS scenarios presented in Table 1.1 except those that include 
TBVOOS.

‡  Limits are applicable for all the EOOS scenarios presented in Table 1.1 including those with 
TBVOOS.
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Table 8.6  LHGRFACf Multipliers 

Core Flow 
(% of rated) LHGRFACf

  0.0 0.91

30.0 0.91 

47.8 1.00 

107.0 1.00 

Table 8.7  MAPLHGR Limits 

Average Planar 
Exposure

(GWd/MTU) 
MAPLHGR  

(kW/ft)

0.0 12.5 

15.0 12.5 

67.0 7.3 
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O.0 INTRODUCTION

This appendix contains a summary description of the Aging Management Program
activities and the Time-Limited Aging Analyses (TLAAs) required for license
renewal.  These summary descriptions are being incorporated into the Updated
Final Safety Analysis Report for the Browns Ferry Nuclear Plant in preparation for
the period of extended operation.

O.1 AGING MANAGEMENT PROGRAMS

O.1.1 Accessible Non-Environmental Qualification Cables and Connections
Inspection Program

The Accessible Non-Environmental Qualification (EQ) Cables and Connections
Inspection Program is a new program that will manage the aging effects of insulated
cables and connections within the scope of license renewal exposed to adverse
localized environments.  The Accessible Non-EQ Cables and Connections
Inspection Program is a condition monitoring program.  A sample of non-EQ
insulated cables and connections will be inspected.  The sample will include power,
instrumentation, control, and communication applications located in accessible
adverse localized environments.

The scope of the program will include a review of operating experience.  As a
minimum the sample will include a representative sample of accessible cable and
connections that are not coated with Flamemastic.  The sample will include cables
in the Drywell and Turbine Building.

If an unacceptable condition or situation is identified for a cable or connection in the
inspection sample, an evaluation will determine if the same condition or situation is
applicable to other accessible or inaccessible cables or connections.

O.1.2 Electrical Cables Not Subject To 10 CFR 50.49 Environmental
Qualification Requirements Used In Instrumentation Circuits Program

The Electrical Cables Not Subject to 10 CFR 50.49 Environmental Qualification
(EQ) Requirements Used in Instrumentation Circuits Program manages the aging
effects of sensitive, low level signal circuits exposed to adverse localized
environments.  The scope of this program is limited to the cables of the Intermediate
Range Monitors and Local Power Range Monitors.

The Intermediate Range Monitor cable system portion of this program will be a
condition monitoring program using routine calibration tests performed as part of the
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plant surveillance test program.  When an intermediate range monitor is found to be
out of calibration, evaluations that consider the possibility of cable degradation will
be performed and appropriate corrective actions will be taken if cable degradation is
determined to exist.

The Local Power Range Monitor cable system portion of this program is a condition
monitoring program using the calibration test of the local power range monitors
mandated by Technical Specifications.  When a local power range monitor is found
to be out of calibration, evaluations that consider the possibility of cable
degradation will be performed and appropriate corrective actions will be taken if
cable degradation is determined to exist.

O.1.3 Inaccessible Medium Voltage Cables, Not Subject To 10 CFR 50.49
Environmental Qualification Requirements Program

The Inaccessible Medium Voltage Cables Not Subject to 10 CFR 50.49
Environmental Qualification Requirements Program will manage the aging effects of
medium voltage cables that are not subject to the environmental qualification
requirements of 10 CFR 50.49 and are exposed to adverse localized environments
caused by moisture while energized.  The program for Inaccessible Medium Voltage
Cables, Not Subject to 10 CFR 50.49 Environmental Qualification Requirements
Program, is a condition monitoring program.  Medium voltage cables that are
installed in underground conduit duct banks and that perform an intended function
within the scope of license renewal (such as the medium voltage cables to the
Residual Heat Removal Service Water pumps) will be tested to provide an
indication of the condition of the conductor insulation.  The specific type of test
performed will be determined prior to the initial test and will be a proven test for
detecting deterioration of cable insulation due to wetting.  Additionally, handholes
and manholes associated with in-scope cables will be visually inspected for signs of
moisture.

O.1.4 ASME SECTION XI INSERVICE INSPECTION SUBSECTIONS IWB, IWC,
AND IWD PROGRAM

10 CFR 50.55(a) imposes the inservice inspection requirements of the American
Society of Mechanical Engineers Boiler and Pressure Vessel Code Section XI for
Class 1, 2, and 3 pressure retaining components and their integral attachments.
The ASME Section XI Subsections IWB, IWC, and IWD Inservice Inspection
Program includes periodic visual, surface, and/or volumetric examination of Class 1,
2, and 3 pressure retaining components and their integral attachments.
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O.1.5 Chemistry Control Program

The Chemistry Control Program consists of monitoring and control of water
chemistry to keep peak levels of various contaminants below system specific limits
based on the applicable revision of EPRI BWR Water Chemistry Guidelines as
referenced in associated plant procedures.

O.1.6 Reactor Head Closure Studs Program

The BFN Reactor Head Closure Studs Program includes:

(a) Inservice inspection in conformance with the requirements of the American
Society of Mechanical Engineers B&PV Code Section XI, Subsection IWB,
Table IWB 2500-1.

(b) Preventive measures to mitigate cracking.  The preventive measures of
Regulatory Guide 1.65, “Materials and Inspections for Reactor Vessel Closure
Studs,” are implemented.  Approved lubricants minimize the potential of
cracking of the non-metal-plated reactor head closure studs.

O.1.7 Boiling Water Reactor Vessel Inside Diameter Attachment Welds Program

The Boiling Water Reactor (BWR) Vessel Inside Diameter (ID) Attachment Welds
Program includes:

(a) Inspection and flaw evaluation in conformance with the guidelines of staff
approved Boiling Water Reactor Vessel and Internals Project (BWRVIP)-48,
“Vessel ID Attachment Weld Inspection and Evaluation Guidelines.”
Inspections and flaw evaluations are performed by the ASME B&PV Code
Section XI, Subsections IWB, IWC, and IWD aging management program.

(b) Monitoring and control of reactor coolant water chemistry by the Chemistry
Control Program.

O.1.8 Boiling Water Reactor Feedwater Nozzle Program

The BWR Feedwater Nozzle Program includes:

(a) Inservice inspection in accordance with the requirements of the ASME B&PV
Code Section XI, Subsection IWB, Table IWB 2500-1 and the
recommendations of General Electric NE-523-A71-0594-A, Rev. 1 “Alternate
BWR Feedwater Nozzle Inspection Requirements."
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(b) System modifications to mitigate cracking.  The program addressed BWR
feedwater nozzle cracking by implementation of NUREG-0619, “BWR
Feedwater Nozzle and Control Rod Drive Return Line Nozzle Cracking,”
recommendations.  The BFN feedwater nozzles have been modified to
mitigate cracking by removing the stainless steel cladding and machining the
safe end and nozzle bore and inner bend radius to accept improved double
piston ring interference fit spargers with a forged tee design and orificed
elbow discharges.  The reactor water cleanup system return lines were
routed to both feedwater headers (Unit 3 only).  Changes to plant operating
procedures, such as improved feedwater control, to decrease the magnitude
and frequency of temperature fluctuations have been implemented.

O.1.9 Boiling Water Reactor Control Rod Drive Return Line Nozzle Program

The BWR Control Rod Drive Return Line Nozzle Program includes:

(a) Inservice inspection in accordance with the ASME B&PV Code Section XI,
Subsection IWB, IBC, and IWD aging management program.

(b) System modifications to mitigate cracking.  BFN has modified the Control
Rod Drive Return lines to meet the recommendations of NUREG-0619,
“BWR Feedwater Nozzle and Control Rod Drive Return Line Nozzle
Cracking.”  The Control Rod Drive Return line flow returns to the Reactor
Water Cleanup System piping.  The Control Rod Drive Return line nozzle
piping has been removed and the reactor vessel nozzles have been capped.

O.1.10 Boiling Water Reactor Stress Corrosion Cracking Program

The BWR Stress Corrosion Cracking Program manages intergranular stress
corrosion cracking in reactor coolant pressure boundary components made of
stainless steel.  The BWR Stress Corrosion Cracking Program is consistent with
NUREG-0313, "Technical Report on Material Selection and Processing Guidelines
for BWR Coolant Pressure Boundary Piping," BWRVIP-75, “Technical Basis for
Revisions to Generic Letter 88-01 Inspection Schedules,” and Nuclear Regulatory
Commission Generic Letter 88-01, “NRC Position on Intergranular Stress Corrosion
Cracking in BWR Austenitic Stainless Steel Piping," and its Supplement 1.  The
program includes:

(a) Replacements and preventive measures to mitigate intergranular stress
corrosion cracking.  Replacement methodologies include piping replacement
with IGSCC resistant stainless steel.  Preventive measures include heat sink
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welding, induction heating, mechanical stress improvement and water
chemistry control in accordance with industry recognized guidelines.

(b) Inspections to monitor intergranular stress corrosion cracking and its effects.
The ASME B&PV Code Section XI, Subsections IWB, IWC, and IWD
Inservice Inspection Program has incorporated the guidelines delineated in
NUREG-0313, NRC GL 88-01, and BWRVIP-75.

O.1.11 Boiling Water Reactor Penetrations Program

The BWR Penetrations Program includes:

(a) Inspection and flaw evaluation in conformance with the guidelines of staff
approved Boiling Water Reactor Vessel and Internals Project BWRVIP-49,
“Instrument Penetration Inspection and Flaw Evaluation Guidelines,” and
BWRVIP-27, “BWR Standby Liquid Control System/Core Plate Delta-P
Inspection and Flaw Evaluation Guidelines,” documents.  Inspection and flaw
evaluation is conducted in accordance with the ASME B&PV Code Section XI
Subsections IWB, IWC, and IWD Inservice Inspection Program and the
augmented exam recommendations of the BWRVIP-27 and BWRVIP-49
guidelines.  Required repairs or replacements implement the
recommendations of BWRVIP-53 and BWRVIP-57 into procedures which are
performed in accordance with ASME Section XI repair and replacement
requirements.

(b) Monitoring and control of reactor coolant water chemistry in accordance with
guidelines of EPRI, “BWR Water Chemistry Guidelines.”

O.1.12 Boiling Water Reactor Vessel Internals Program

The BWR Vessel Internals Program includes:

(a) Inspection and flaw evaluation in conformance with the guideline of
applicable Boiling Water Reactor Vessel and Internals Project (BWRVIP)
documents.  Additionally, certain components that are addressed as part of
the BWR Vessel Internals Program are inspected in accordance with ASME
Section XI.  The processes of BWRVIP-94 are used to implement the BWR
Vessel Internals Program at BFN.

(b) Monitoring and control of reactor coolant water chemistry in accordance with
industry recognized guidelines per applicable revision of EPRI, “BWR Water
Chemistry Guidelines” as referenced in associated plant procedures to
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ensure the long term integrity and safe operation of boiling water reactor
vessel internal components.

O.1.13 Thermal Aging and Neutron Irradiation Embrittlement of Cast Austenitic
Stainless Steel (CASS) Program

The Thermal Aging and Neutron Irradiation Embrittlement of Cast Austenitic
Stainless Steel (CASS) aging management program monitors the effects of loss of
fracture toughness on the intended function of the component by performing
supplemental examinations of CASS reactor vessel internals component.  The
reactor vessel internals receive a visual inspection in accordance with the ASME
B&PV Code Section XI Subsection IWB Category B-N-3 requirements.  Visual
inspections incorporate the requirements of the BWR Vessel and Internals Program
are performed to detect the effects of loss of fracture toughness due to thermal
aging and neutron irradiation embrittlement of CASS reactor vessel internals.  The
visual inspections include the ability to achieve a 0.0005 in. resolution, with the
conditions (e.g., lighting and surface cleanliness) of the inservice examination
bounded by those used to demonstrate the resolution of the inspection technique.

This program will be enhanced to implement the Thermal Aging and Neutron
Irradiation Embrittlement of CASS Program on Unit 1 prior to the period of extended
operation.

O.1.14 Flow-Accelerated Corrosion Program

The Flow-Accelerated Corrosion Program consists of appropriate analysis and
baseline inspections followed by the determination of the extent of thinning with
replacement or repair of components if necessary.  This program is in response to
NRC Generic Letter 89-08, “Erosion/Corrosion-Induced Pipe Wall Thinning.”  The
program is based on EPRI NSAC-202L, “Recommendations for an Effective
Flow-Accelerated Corrosion Program,” guidelines.

O.1.15 Bolting Integrity Program

The Browns Ferry Bolting Integrity Program provides for condition monitoring of
pressure retaining bolting within the scope of license renewal.  The Bolting Integrity
Program provides for:

(a) Preventive Actions - Plant procedures specify selection of bolting material
and the use of lubricants and sealants.  The program is consistent with the
guidelines of EPRI NP-5769, “Degradation and Failure of Bolting in Nuclear
Power Plants,” and the additional recommendations of NUREG-1339,
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“Resolution of Generic Safety Issue 29: Bolting Degradation or Failure in
Nuclear Power Plants,” to prevent or mitigate degradation and failure of
safety-related bolting.

(b) Condition monitoring - The BFN Bolting Integrity Program includes inservice
inspections of Class 1, 2, and 3 components in accordance with ASME
Section XI, Subsections IWB, IWC, and IWD Program.  Inspection for bolting
within the scope of license renewal not included in the ASME Section XI,
Inservice Inspection (ISI) aging management program is provided by the
System Monitoring Program.

The aging effects of reactor vessel internal bolting and reactor vessel closure
bolting are not managed by the Bolting Integrity Program.

O.1.16 Open-Cycle Cooling Water System Program

The Open-Cycle Cooling Water Program manages loss of material, biofouling,
pitting, flow blockage, and reduction of heat transfer aging effects in raw cooling
water piping and components.  The activities for managing aging effects include:

(a) Condition monitoring - System and component testing, visual inspections,
and NDE testing are conducted.

(b) Preventive actions - Chemical treatments, filtering, inspections, and cleaning
are used to prevent loss of material due to MIC and biofouling and flow
blockage and reduction of heat transfer due to biological and particulate
fouling.

The Open-Cycle Cooling Water System Program relies on the guidelines of NRC
Generic Letter 89-13, “Service Water System Problems Affecting Safety-Related
Equipment.”

This program will be enhanced to implement GL 89-13 for Unit 1 prior to Unit 1
restart.

In addition to the requirements of GL 89-13, the Open-Cycle Cooling Water System
Program will be enhanced to perform inspections on the internal portion of one of
the embedded RHRSW pipes that run between the CCW Pump Pits to the
EECW/RHRSW Pump Pits, the RHRSW sluice gate valves located in the CCW
Pump Pits, and the seismic restraints in the RHRSW Pump Pits.  These inspections
will be performed prior to the expiration of the current 40-year license and will be
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conducted at least one additional time within 10 years of entering the period of
extended operation.

O.1.17 Closed-Cycle Cooling Water System Program

The Closed-Cycle Cooling Water System Program includes (a) preventive
measures to minimize corrosion and (b) surveillance testing and inspection to
monitor the effects of corrosion on the intended function of the component.  The
program relies on maintenance of system corrosion inhibitor concentrations within
specified limits of applicable revision of EPRI Closed-Cycle Cooling Water
Chemistry Guideline as referenced in associated plant procedures to minimize
corrosion.  Testing and inspection in accordance with applicable revision of EPRI
Closed-Cycle Cooling Water Chemistry Guideline as referenced in associated plant
procedures is performed to evaluate system and component performance.

O.1.18 Inspection of Overhead Heavy Load and Light Load Handling Systems
Program

The Inspection of Overhead Heavy Load and Light Load Handling Systems
Program is a condition monitoring program that is implemented by the
10 CFR 50.65 Maintenance Rule program.  Visual inspections verify the structural
integrity of crane components.  Inspection requirements are consistent with the
guidance provided by NUREG-0612, “Control of Heavy Loads at Nuclear Power
Plants” for load handling systems that handle heavy loads which can directly or
indirectly cause a release of radioactive materials and with applicable industry
standards for other cranes within the scope of license renewal.  The effectiveness
of the program being monitored is in accordance with the guidance of RG 1.160,
“Monitoring the Effectiveness of Maintenance at Nuclear Power Plants.”

O.1.19 Compressed Air Monitoring Program

The Compressed Air Monitoring Program consists of:

(a) Condition monitoring - Inspection and testing of the system is performed.

(b) Preventive actions - Air quality at various locations in the system is
monitored to ensure that oil, water, rust, dirt, and other contaminants are kept
within the specified limits.

The Compressed Air Monitoring Program is based on NRC GL 88-14, “Instrument
Air Supply System Problems Affecting Safety-Related Equipment,” and the Institute
of Nuclear Power Operations Significant Operating Experience Report 88-01,
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“Instrument Air System Failures.”  The Compressed Air Monitoring Program also
incorporates provisions conforming to the guidance of the EPRI NP-7079,
“Instrument Air Systems, A Guide for Power Plant Maintenance Personnel.”

This program will implement the requirements of ASME OM-S/G-2000, ANSI/ISA-
S7.0.01, and EPRI TR-108147 into appropriate site procedures.

O.1.20 BWR Reactor Water Cleanup System Program

The BWR Reactor Water Cleanup System Program applies to RWCU piping welds
outboard of the second isolation valve.  No inspections on these welds are required
since the piping is made of IGSCC resistant material and requirements of NRC GL
89-10 have been implemented.  The BWR Reactor Water Cleanup System program
monitors and controls reactor water chemistry based on industry recognized
guidelines of applicable revision of EPRI BWR Water Chemistry Guidelines as
referenced in associated plant procedures.  Maintaining the water chemistry to
EPRI BWR Water Chemistry Guidelines will reduce the susceptibility of Reactor
Water Cleanup System piping to stress corrosion cracking and intergranular stress
corrosion cracking.

O.1.21 Fire Protection Program

The Fire Protection Program includes fire barrier inspections and diesel-driven fire
pump tests.  Fire Protection inspections and tests are mandated by the Fire
Protection Report Volume 1, which is incorporated by reference into UFSAR 10.11.

The Fire Protection Report requires periodic visual inspection of fire barrier
penetration seals, fire barrier walls, ceilings, and floors, and periodic visual
inspection of fire rated doors to ensure that their operability is maintained.  The Fire
Protection Report requires that the diesel driven fire pumps be periodically tested to
ensure that the fuel supply line can perform its intended function.  The Fire
Protection Report also includes periodic inspection and test of the carbon dioxide
fire suppression system.

O.1.22 Fire Water System Program

The Fire Water System Program applies to water based fire protection systems that
consist of sprinklers, nozzles, fittings, valves, hydrants, hose stations, standpipes,
water storage tanks, and aboveground and underground piping and components
that are tested in accordance with the applicable National Fire Protection
Association codes and standards.  The fire water system tests are mandated by the
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Fire Protection Report Volume 1, which is incorporated by reference into
UFSAR 10.11.

This program will perform flow tests or non-intrusive examinations to identify loss of
material due to corrosion on BFN Unit 1, Unit 2, and Unit 3 prior to the period of
extended operation. Sprinkler head inspections for each unit will be performed prior
to the end of the fifty year service life and at ten year intervals thereafter in
accordance with NFPA-25.

O.1.23 Aboveground Carbon Steel Tanks Program

The Aboveground Carbon Steel Tanks Program includes preventive measures to
mitigate corrosion by protecting the external surface of the unit specific condensate
storage carbon steel tanks with paint or coatings in accordance with standard
industry practice.  The Aboveground Carbon Steel Tanks Program also relies on
periodic inspections conducted in accordance with the 10 CFR 50.65 Maintenance
Rule Program and the Systems Monitoring Program to monitor the unit specific
condensate storage tank degradation.

O.1.24 Fuel Oil Chemistry Program

The Fuel Oil Chemistry Program relies on a combination of surveillance and
maintenance procedures.  Monitoring and controlling fuel oil contamination
maintains the fuel oil quality.  Exposure to fuel oil contaminants such as water and
microbiological organisms is minimized by fuel oil sampling and analysis, including
analysis of new fuel before its’ introduction into the storage tanks.  Sampling and
testing of diesel fuel oil is in accordance with American Society for Testing Materials
Standards D 1796, D 2276, and D 4057 (applicable revision of ASTM Standards as
referenced in associated plant procedures).  .

O.1.25 Reactor Vessel Surveillance Program

The BFN Reactor Vessel Surveillance Program is mandated by 10 CFR 50,
Appendix H.  The BFN Reactor Vessel Surveillance Program is an integrated
surveillance program (ISP) in accordance with 10 CFR Part 50, Appendix H,
Paragraph III.C that is based on requirements established by the BWR Vessel and
Internals Project reports.

The BFN Units 1 and 3 surveillance capsules (standby capsules) will remain in
place and will continue to be irradiated during plant operation, including the period
of extended operation.  Therefore, the BFN Units 1 and 3 irradiated material
samples continue to remain available to the ISP, if needed.  If any surveillance
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capsules are removed without the intent to test them, these capsules will be stored
in manner which maintains them in a condition which would support re-insertion into
the reactor vessel, if necessary.

O.1.26 One-Time Inspection Program

The One-Time Inspection Program is a new program that will include measures to
verify that unacceptable degradation is not occurring; thereby validating the
effectiveness of existing programs or confirming that there is no need to manage
aging related degradation for the period of extended operation.  The One-Time
Inspection Program will be completed prior to entering the period of extended
operation.  The elements of the One-Time Inspection Program will include:

(a) Determination of the sample size based on an assessment of materials of
fabrication, environment, plausible aging effects, and operating experience.

(b) Identification of the inspection locations in structures or components based
on the aging effect.

(c) Determination of the examination technique, including acceptance criteria
that would be effective in detecting the age related effect for which the
component is examined.  Non-destructive techniques will generally be used.

(d) Evaluation of the need for follow up examinations to monitor the progression
of any aging degradation.  When one-time inspections fail to meet the
established acceptance criteria, the corrective action program will be used to
schedule, track, and trend the appropriate corrective actions and follow up
inspections.

O.1.27 Selective Leaching of Materials Program

The Selective Leaching of Materials Program will consist of one-time visual
inspections and hardness measurements on selected components susceptible to
selective leaching.  The materials of construction for these components may include
cast iron, brass, bronze, or aluminum-bronze.  These components may be exposed
to a raw water, treated water, or ground water environment.

O.1.28 Buried Piping and Tanks Inspection Program

Buried Piping and Tanks Inspection Program includes:
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(a) Preventive measures such as protective coatings are used to mitigate
corrosion.

(b) Buried piping will be inspected for coating damage when excavated for any reason.
If coating damage is found, then a corrosion inspection will be performed.  Before
the tenth year of extended operation, BFN will perform an engineering evaluation to
determine if sufficient inspections have been conducted to draw a conclusion
regarding the ability of the underground coatings to protect the underground piping
from degradation. If not, BFN will conduct a focused inspection to allow that
conclusion to be reached.”

(c) There are no buried tanks within the scope of license renewal.

O.1.29 ASME Section XI, Subsection IWE Program

10 CFR 50.55a imposes the inservice inspection requirements of the ASME B&PV
Code Section XI for steel containments (Class MC).  The ASME B&PV Code
Section XI Subsection IWE Inservice Inspection Program includes visual
examination and augmented examinations (visual and/or volumetric examination).
Inspections or testing are conducted on the steel containment shells and their
integral attachments; containment hatches and airlocks; seals, gaskets, and
moisture barriers; and pressure retaining bolting in accordance with ASME B&PV
Code Section XI, Subsection IWE, 1992 edition through 1992 addenda.

The ASME Section XI, Subsection IWE Program will be enhanced to require
ultrasonic inspections of the Units 1, 2, and 3 drywell liner plate near the sand bed
region.  The first inspection on each unit will be performed prior to the period of
extended operation.  Subsequent periodic inspections will be performed on each
unit at a period not to exceed 10 years.  The results of these inspections will be
reviewed to ensure that the acceptance criteria of ASME Section XI, Subsection
IWE-3000 are met.

O.1.30 ASME Section XI, Subsection IWF Program

10 CFR 50.55a imposes the inservice inspection (ISI) requirements of the American
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section
XI, for Class 1, 2, and 3 piping and components and their associated supports.  ISI
of supports for ASME piping and components is addressed in Section XI,
Subsection IWF.  The ASME Section XI, Subsection IWF Program consists of
periodic visual examination of ASME Section XI, Class 1, 2, and 3 piping and
component supports for signs of degradation, evaluation, and establishment of
corrective actions.  The Unit 3 program is in accordance with ASME Section XI,
Subsection IWF, 1989 Edition and Code Case N-491.  The Unit 1 and 2 program is
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in accordance with the 1995 edition through the 1996 addenda.  The IWF program
includes ASME Section XI, Class MC equivalent component supports.

O.1.31 10 CFR 50 Appendix J Program

The 10 CFR 50 Appendix J program monitors leakage rates through the
containment pressure boundary (including the drywell and torus, penetrations,
fittings, and other access openings) in order to detect degradation of the primary
containment pressure boundary.  Seals, gaskets, and bolted connections are also
monitored.  Type A and Type B containment leak rate tests are performed in
accordance with the regulations in 10 CFR 50, Appendix J, Option B; and the
guidance provided in Regulatory Guide 1.163, “Performance-Based Containment
Leak-Testing Program;" NEI 94-01, “Industry Guideline for Implementing
Performance-Based Option of 10 CFR Part 50, Appendix J.”

O.1.32 Masonry Wall Program

The Masonry Wall program provides for condition monitoring of masonry walls.  The
program is included in the Structures Monitoring Program that implements the
structures monitoring requirements of 10 CFR 50.65.  Masonry wall condition
monitoring is based on guidance provided in NRC Bulletin 80-11 “Masonry Wall
Design” and Information Notice 87-67 “Lessons Learned from Regional Inspections
of Licensee Actions in Response to I.E. Bulletin 80-11”.  Visual inspections are
performed consistent with techniques identified in industry codes and standards
such as ACI 349.3, “Evaluation of Existing Nuclear Safety-Related Concrete
Structures,” and ANSI/ASCE 11-90, “Guideline for Structural Condition Assessment
of Existing Buildings.”

Enhancements to the Masonry Wall Program include program document revisions
that will be credited for license renewal and include the following:

Identify structures with masonry walls within the scope of license renewal.

Clarify inspector qualification requirements to align with industry standard.
 
 O.1.33 Structures Monitoring Program
 
 The Structures Monitoring Program includes periodic inspection and monitoring of
the condition of accessible areas of structures.  The Structures Monitoring Program
implements the requirements of 10 CFR 50.65, the Maintenance Rule that
incorporates the guidance of Nuclear Regulatory Commission Regulatory Guide
1.160, and NUMARC 93-01.  The Structures Monitoring Program provides
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inspection guidelines and walkdown checklist for concrete features, roofs, structural
steel, masonry walls, seismic gaps, tanks, earthen structures, buried piping, and
miscellaneous components such as doors, suspended systems supports, Non-
ASME equivalent pipe supports, and electrical component supports.
 
 Enhancements to the Structures Monitoring Program include program document
revisions that will be credited for license renewal and include the following:
 

Identify all structures and structural components within the scope of license
renewal.

Identify all applicable aging effects and mechanisms to be inspected.

Include examinations to representative samples of below-grade concrete
when excavated for any reason.

Clarify inspector qualification requirements to align with industry standard.
 
 O.1.34 Inspection of Water-Control Structures Program
 
 The Inspection of Water-Control Structures program manages age related
deterioration, degradation due to extreme environmental conditions, and the effects
of natural phenomena that may affect water-control structures.  The program is
included in the Structures Monitoring Program that implements the structures
monitoring requirements of 10 CFR 50.65.  The program includes inservice
inspection and surveillance activities for dams, slopes, canals, and other
water-control structures.
 
 Enhancements to the Inspection of Water-Control Structures Program include
program document revisions that will be credited for license renewal and include the
following:
 

Ensure that required structures and structural components within the scope
of license renewal are identified.

Include special inspections following the occurrence of large floods,
earthquakes, tornados, and intense rainfall.

 
Monitor raw water in close proximity to the Intake Pumping Station for the
requirements of an aggressive environment as described in NUREG-1557.
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Periodic monitoring will be consistent with the BFN Structures Monitoring
Program frequency.

 
 O.1.35 Environmental Qualification Program
 
 The Environmental Qualification (EQ) Program is imposed by 10 CFR 50.49.  The
EQ Program manages thermal, radiation, and cyclical aging for components subject
to 10 CFR 50.49 requirements through the use of aging evaluations based on
10 CFR 50.49(f) qualification methods.  Components subject to 10 CFR 50.49
requirements not qualified for the license term are to be refurbished, replaced, or
have their qualification extended prior to reaching the aging limits established in the
evaluation.
 
 O.1.36 Fatigue Monitoring Program
 
 The Fatigue Monitoring Program is used for management of metal fatigue of select
components in the reactor coolant pressure boundary and primary containment.  It
provides for monitoring fatigue stress cycles to ensure that the design fatigue usage
factor limit is not exceeded.
 
 This program will use EPRI Licensed FatiguePro© Cycle Counting and Fatigue
Usage Tracking Computer Program.
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 O.2 PLANT SPECIFIC AGING MANAGEMENT PROGRAMS
 
 O.2.1 Systems Monitoring Program
 
 The BFN Systems Monitoring Program includes visual inspections of systems and
components material conditions.  Visual inspections performed during walkdowns
identify material condition (i.e., loss of material, corrosion, etc.) prior to the loss of
the systems and components intended function.  Corrective actions are taken to
correct deficiencies.
 
 O.2.2 Bus Inspection Program
 
 The Bus Inspection Program will provide reasonable assurance that the intended
functions of isolated and nonsegregated phase bus will be maintained consistent
with the current licensing basis through the period of extended operation.  This
program will manage nonsegregated phase bus insulation exposed to adverse
localized environments caused by heat in the presence of oxygen and loosening of
fastening hardware associated with isolated and nonsegregated phase bus due to
cyclic loading resulting in thermal expansion and contraction of the bus.  The
program will also include inspection of the bus enclosure.  This program will
manage all portions of isolated and nonsegregated phase bus, within the scope of
license renewal, associated with the unit station service transformers, main
transformers, and common station service transformers.
 
 O.2.3 Diesel Starting Air Program
 
 The Diesel Starting Air Program includes:
 
(a)  Preventive actions - Filter and desiccant replacement minimizes corrosion
 and corrosion product buildup.
 
(b)  Condition monitoring - Periodic inspections verify the effectiveness of the
 preventive actions and detect and correct degraded conditions prior to loss of

function.
 
 The Diesel Starting Air Program is implemented by the Preventive Maintenance
Program.  The frequencies for replacements and inspections are established and
maintained in accordance with the Preventive Maintenance Program.  The diesel
starting air piping, fittings, tubing, and receivers are included in the One-Time
Inspection Program.
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 O.2.4 Unit 1 Periodic Inspection Program
 
 The Unit 1 Periodic Inspection program is a new program that performs periodic
inspections of the non-replaced piping/fittings that were not in service supporting
operation of Units 2 and 3 following the extended Unit 1 outage to verify that no
latent aging effects are occurring and to connect degraded conditions prior to loss
of function.
 
 The piping in the program is carbon/low-alloy or stainless steel that:  1) was
exposed to air, treated water or raw water during the extended Unit 1 shutdown; and
2) will be exposed to treated water or raw water during normal operation.  The
inspection locations will be selected from non-replaced piping which is in-scope for
license renewal and will include areas where degradation would be expected as
well as areas where degradation would not be expected.  The sample selected for
periodic inspection will be based on a 95/95 confidence level on a common material
and environment bases.  The sample size for the 95/95 assurance criterion for the
common material and environment groupings will be based on NUREG-1475 as
described in Chapter 21 which is based on a large or infinite lot size.
 
 The initial sample, once selected, will be utilized in subsequent inspections.  The
initial baseline inspection of the sample locations will be performed prior to restart.
The first Unit 1 periodic inspection of all sample locations will be performed after
Unit 1 is returned to operation  but prior to the end of the current operating period.
The second periodic inspection of all sample locations will be completed within the
first 10 years of the period of extended operation.  The inspection frequency is
re-evaluated each time the inspection is performed and can be changed based on
the trend of the results.  The inspections will continue until the trend of the results
provides a basis to discontinue the inspections.  However, as a minimum, periodic
inspections of all selected sample locations must be performed:  1) after Unit 1 is
returned to operation but prior to the end of the current operating period; and 2)
within the first ten years of the period of extended operation.
 
 The inspection techniques utilized evaluate internal conditions that are sensitive to
the presence of unacceptable conditions including wear, erosion, and corrosion
(including crevice corrosion) if present.  if unacceptable degradation is detected in
any sample location, the unacceptable degradation will be evaluated and
dispositioned using the Corrective Action Program.
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 O.3 TIME-LIMITED AGING ANALYSIS SUMMARIES
 
 As part of the application for a renewed license, 10 CFR 54.21(c) requires an
evaluation of TLAAs for the period of extended operation. The following TLAAs
have been identified and evaluated to meet this requirement.
 
 O.3.1 Neutron Embrittlement of the Reactor Vessel and Internals
 
 The ferritic materials of the reactor vessel are subject to embrittlement due to high
energy neutron exposure.  Reactor vessel neutron embrittlement is a TLAA.  The
following TLAA discussions are related to the issue of neutron embrittlement:
 

Reactor Vessel Materials Upper-Shelf Energy Reduction Due to Neutron
Embrittlement

Adjusted Reference Temperature for Reactor Vessel Materials Due to
Neutron Embrittlement

Reflood Thermal Shock Analysis of the Reactor Vessel

Reflood Thermal Shock Analysis of the Reactor Vessel Core Shroud

Reactor Vessel Thermal Limit Analysis: Operating Pressure–Temperature
Limits

Reactor Vessel Circumferential Weld Examination Relief

Reactor Vessel Axial Weld Failure Probability

 O.3.1.1 Reactor Vessel Materials Upper-Shelf Energy Reduction due to Neutron
 Embrittlement
 
 10 CFR 50 Appendix G requires the predicted end-of-life Charpy impact test upper
shelf energy for reactor vessel materials to be at least 50 ft-lb (absorbed energy),
unless an approved analysis supports a lower value.  The upper shelf energy is the
standard industry parameter used to indicate the maximum toughness of a material
at high temperature.  The 60 year end-of-life upper shelf energy was evaluated for
the BFN reactor vessels by using an equivalent margin analysis methodology
approved by the NRC in NEDO-32205-A, “10 CFR 50 Appendix C Equivalent
Margin Analysis for Low Upper-Shelf Energy in BWR-2 Through BWR-6 Vessels."
The results show that the limiting upper shelf energy equivalent margin analysis
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percent is less than the EPRI Report TR-113596, BWR Vessel and Internals
Project, BWR Reactor Pressure Vessel Shell Inspection and Flaw Evaluation
Guidelines (BWRVIP-74) equivalent margin analysis percent acceptance criterion in
all cases, and is therefore acceptable.
 
 O.3.1.2 Adjusted Reference Temperature for Reactor Vessel Materials due to
 Neutron Embrittlement

 
 10 CFR 50 Appendix G defines the fracture toughness requirements for the life of
the reactor pressure vessel.  The initial nil-ductility reference temperature (RTNDT)
is the temperature at which a non-irradiated metal (ferritic steel) changes in fracture
characteristics going from ductile to brittle behavior.  An increase (ÄRTNDT) means
that higher temperatures are required for the material to continue to act in a ductile
manner.  The adjusted reference temperature (ART) is defined as RTNDT +
ÄRTNDT + margin.  The 60 year end-of-life ÄRTNDT for each BFN reactor pressure
vessel beltline materials was calculated based on the embrittlement correlation
found in Regulatory Guide 1.99.  The calculation results show that the limiting
60 year end-of-life ARTs allow pressure-temperature limits that will provide
reasonable operational flexibility.

 
 O.3.1.3 Reflood Thermal Shock Analysis of the Reactor Vessel
 
 The UFSAR section 3.3.5 includes an end-of-life thermal shock analysis performed
on the reactor vessels for a design basis LOCA followed by a low pressure coolant
injection.  The effects of embrittlement assumed by this thermal shock analysis will
change with an increase in the licensed operating period.  A revised analysis shows
that the minimum temperature predicted for the thermal shock event at the time and
location of peak stress intensity remains well above the limiting adjusted reference
temperature (ART) during the period of extended operation.
 
 O.3.1.4 Reflood Thermal Shock Analysis of the Reactor Vessel Core Shroud
 
 The reactor vessel core shrouds were evaluated for a low pressure coolant injection
reflood thermal shock transient considering the embrittlement effects of 40-year
radiation exposure (32 EFPY, Effective Full Power Year).  The analysis was revised
for the 60-year radiation exposure using the approved fluence methodology
described in Section O.3.1.2.  The results show that the calculated thermal shock
strain at the most irradiated location is acceptable considering the embrittlement
effects for a 60-year operating period.
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 O.3.1.5 Reactor Vessel Thermal Limit Analyses: Operating Pressure-Temperature
 Limits (P-T)
 
 10 CFR Part 50 Appendix G requires reactor vessel thermal limit analyses to
determine operating pressure-temperature limits for heatup, cooldown, criticality,
and inservice leakage and hydrostatic testing.  Because of the relationship between
the operating pressure-temperature limits and the fracture toughness transition of
the reactor vessel, all three units will require new operating pressure-temperature
limit curves to be calculated and approved for the extended period of operation.
 
 O.3.1.6 Reactor Vessel Circumferential Weld Examination Relief
 
 Units 2 and 3 have received relief (Reference 1) from reactor vessel circumferential
weld examination requirements under Generic Letter 98-05 for the remainder of the
40 year licensed operating period.  The circumferential weld examination relief
analyses are based on probabilistic assessments that predict an acceptable
probability of failure per reactor operating year.  The analysis is based on reactor
vessel metallurgical conditions as well as flaw indication sizes and frequencies of
occurrence that are expected at the end of a licensed operating period.
 
 Although a conditional failure probability has not been recalculated, an analysis that
concluded values at the end of a 60 year life are less than the 64 EFPY value
provided by the NRC leads to the conclusion that the BFN reactor vessel
conditional failure probability is bounded by the NRC analysis in its safety
evaluation report (SER) for BWRVIP-05 (Reference 2).  The procedures and
training used to limit cold over-pressure events will be the same as that approved
by the NRC when BFN requested the BWRVIP-05 technical alternative be used for
the current term for Units 2 and 3.  An extension of this relief for the 60-year period
will be submitted to the NRC for approval prior to entering the period of extended
operation.
 
 O.3.1.7  Reactor Vessel Axial Weld Failure Probability
 
 The BWRVIP-05 recommendations for inspection of reactor vessel shell welds
contain generic analyses supporting an NRC SER (Reference 3) conclusion that the
generic plant axial weld failure rate is no more than 5 x 10-6 per reactor year.
BWRVIP-05 showed that this axial weld failure rate of 5 x 10-6 per reactor year is
orders of magnitude greater than the 40-year end-of-life circumferential weld failure
probability, and used this analysis to justify relief from inspection of the
circumferential welds as described in O.3.1.6.  The Units 2 and 3 limiting weld
chemistry, chemistry factor and 60 year life mean RTNDT values are within the
limits of the values assumed in the analysis performed by the NRC staff in its
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BWRVIP-05 SER supplement (Reference 4).  Therefore, the probability of failure for
the axial welds is bounded by the NRC evaluation.
 
 O.3.2 Metal Fatigue
 
 The following thermal and mechanical fatigue analyses of mechanical components
have been identified as TLAAs.
 

Reactor Vessel Fatigue Analysis

Reactor Vessel Internals Fatigue Analysis

Reactor Coolant Pressure Boundary Piping and Component Fatigue Analysis

Effects of Reactor Coolant Environment on Fatigue Life of Components and
Piping (Generic Safety Issue 190)

 O.3.2.1 Reactor Vessel Fatigue Analysis
 
 Reactor vessel fatigue analyses of the vessel support skirt, shell, upper and lower
heads, closure flanges, nozzles and penetrations, nozzle safe ends, and closure
studs, depend on assumed numbers and severity of normal and upset-event
pressure and thermal operating cycles to predict end-of-life fatigue usage factors.
These assumed cycle counts and fatigue usage factors are based on 40 years of
operation.  Calculation of fatigue usage factors is part of the current licensing basis
and is used to support safety determinations.
 
 The fatigue cumulative usage factors (CUF) for the limiting components have been
reevaluated for the period of extended operation.  For Unit 1, all CUFs are less than
the ASME Code allowable for 60 years. For Units 2 and 3, several components
have 60-year CUFs greater than the ASME Code allowable of 1.0.
 
 The Fatigue Monitoring Program (O.1.36) will ensure that fatigue effects will be
adequately managed and will be maintained within code design limits for the period
of extended operation.
 
 O.3.2.2 Reactor Vessel Internals Fatigue Analysis
 
 Fatigue analysis of the reactor internals was performed using the ASME Boiler and
Pressure Vessel Code, Section III, as a guide.  The most significant fatigue loading
occurs at the jet pump diffuser to baffle plate weld location. Additionally, BFN Unit 3
performed a repair at the core spray T-box to address cracking and replaced a
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lower section of the core spray line and fatigue analyses were performed using
ASME III as a guide.
 
 The jet pump diffuser to baffle plate weld and the T-Box repair fatigue analyses
were reevaluated and remain acceptable for a 60 year life.   The lower sectional
replacement, design life was specified as 40 years.  Since the modification was
installed more than 20 years into the current license, the fatigue analysis remains
valid for the period of extended operation.  The fatigue analyses of the reactor
internal components are acceptable for the period of extended operation.
 
 O.3.2.3 Reactor Coolant Pressure Boundary Piping and Component Fatigue
 Analysis
 
 The reactor coolant pressure boundary (RCPB) was designed to USAS B31.1-1967.
The non-RCPB piping in the scope of license renewal was also designed to
USAS B31.1-1967.  While this code did not require fatigue analyses, it does require
the application of a stress range reduction factor to the allowable stress range for
expansion stresses to account for cyclic thermal conditions.  A stress range
reduction factor of 1.0 is used for the analysis of this piping. Using a stress range
reduction factor of 1.0 is applicable when there are 7,000 or less equivalent
full-temperature thermal cycles.
 
 The applicability of using a stress range reduction factor of 1.0 for 60 years of plant
operation was evaluated. The results of this evaluation indicate that the 7000
thermal cycle assumption is valid and bounding for 60 years of operation. The
existing piping analyses within the scope of license renewal containing the assumed
thermal cycle counts are valid for the period of extended operation.
 
 O.3.2.4 Effects of Reactor Coolant Environment on Fatigue Life of Components
 and Piping (Generic Safety Issue 190)
 
 Generic Safety Issue 190 was identified by the NRC staff because of concerns
about the potential effects of reactor water environments on component fatigue life
during the period of extended operation. Plant specific evaluations were performed
for the locations identified in NUREG/CR-6260. For each of these locations,
environmental fatigue calculations were performed using the appropriate
Environmental Fatigue Life Correction Factor (Fen) relationships for carbon/low alloy
steels from NUREG/CR-6583 and stainless steels from NUREG/CR-6704. The
locations which have projected CUF values greater than 1.0 will be included in the
Fatigue Monitoring Program (O.1.36).
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 O.3.3 Environmental Qualification of Electrical Equipment
 
 The analyses that establish a qualified life of at least forty years for electrical
components subject to the requirements of 10 CFR 50.49 are Time-Limited Aging
Analyses as defined by 10 CFR 54.21. The aging effects of electrical components
subject to the requirements of 10 CFR 50.49 will be managed in the Environmental
Qualification  Program in accordance with the requirements of
10 CFR 54.21(c)(1)(iii) for the period of extended operation.
 

 O.3.4 Containment Fatigue
 
 The BFN Torus Integrity Long-Term Program Plant Unique Analysis Report
describes the fatigue analyses for the suppression chamber, torus vents, torus
downcomers, torus attached pipe, and main steam relief valve discharge lines.  The
fatigue analyses considered the effects to 500 main steam relief valve actuations
during 40 years of normal operation followed by small, intermediate, or design basis
pipe break discharges into the suppression pool.  Reanalyses were performed to
determine the effects of the extended period of operation.  Since the 60 year
cumulative usage factors were extrapolated to exceed 0.66 for the downcomer/vent
header intersection, fatigue will be managed by the Fatigue Monitoring Program
(O.1.36).  Specifically, main steam safety relief valve lifts will be monitored to
ensure that corrective actions are taken before cumulative usage factors approach
1.0.

 
 The design life of the torus vent line and process penetration bellows is
7000 cycles.  The number of cycles expected on these bellows has been
conservatively approximated by the number of reactor vessel thermal cycles
(UFSAR 4.2.5).  The expected number of fatigue cycles expected for the 60 year
plant life is a small fraction of the design cycles.  Fatigue of the torus vent line and
process penetration bellows has been dispositioned by confirming that the analyses
remain valid for the period of extended operation.
 

 O.3.5 Other Plant Specific Time-Limited Aging Analysis
 
 TVA has evaluated the following to be plant specific TLAAs:
 

O.3.5.1 Reactor Building Crane Load Cycles

O.3.5.2 Radiation Degradation of Drywell Expansion Gap Foam
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O.3.5.3 Irradiation Assisted Stress Corrosion Cracking of Reactor Vessel
Internals

O.3.5.4 Stress Relaxation of the Core Plate Hold-Down Bolts

O.3.5.5 Emergency Equipment Cooling Water Weld Flaw Evaluation

O.3.5.1 Reactor Building Crane Load Cycles

The reactor building overhead crane is designed to meet the design loading
requirements of the Crane Manufacturers Association of America (CMAA)
Specification 70. For cyclic loading, CMAA 70 specifies that a crane classified as
Service Class A1 is limited to 100,000 loading cycles (i.e., 100,000 lifts at rated
capacity) over the design life.  The 60-year cycle estimate is less than 1,000 cycles
at rated capacity and less than 21,000 lift cycles total. The reactor building crane
has been evaluated and is qualified for the period of extended operation.

O.3.5.2 Radiation Degradation of Drywell Expansion Gap Foam

The steel drywell shell is enclosed in reinforced concrete for shielding purposes to
provide additional resistance to deformation and buckling of the drywell over areas
where the concrete backs up the steel shell.  Above the transition zone, the drywell
is separated from the reinforced concrete by a gap of approximately 2 inches.  This
gap is filled with polyurethane foam.  As described in UFSAR 5.2.3.2, irradiation
tests have shown that no change in the resilient characteristics will take place for
exposures up to 108 Rads.  The effect of a postulated increase in the foam stiffness
resulting from radiation dose is a TLAA.

Because the analysis shows that predicted exposure will be less than half of the
qualified radiation exposure, the material properties of the foam will remain within
the limits assumed by the original design analysis, in accordance with the aging
assumptions assumed by the original design, for the period of extended operation.

O.3.5.3 Irradiation Assisted Stress Corrosion Cracking of Reactor Vessel Internals

Austenitic stainless steel reactor vessel internal components exposed to a neutron
fluence greater than 5 x 1020 n/cm2 (E > 1 MeV) are considered susceptible to
irradiation assisted stress corrosion cracking (IASCC) in the BWR environment.
fluence calculations have been performed for the reactor vessel and internals.  Four
components have been identified as being susceptible to IASCC for the period of
extended operation: (1) Top Guide; (2) Shroud; (3) Core Plate and (4) Incore
Instrumentation Dry Tubes and Guide Tubes.    Three components (top guide,
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shroud and incore instrumentation dry tubes and guide tubes) have been evaluated
by the BWRVIP, as described in the Inspection and Evaluation Guidelines for each
component: BWRVIP-26 (Top Guide), BWRVIP-76 (Shroud), and BWRVIP-47
(incore instrumentation dry tubes and guide tubes).  BFN implements the BWRVIP
recommendations. The Chemistry Program and the BWR Vessel Internals Program
will be used to manage the core plate.

O.3.5.4 Stress Relaxation of the Core Plate Hold-Down Bolts

The core plate hold-down bolts connect the core plate to the core shroud.  These
bolts are subject to stress relaxation due to thermal and irradiation effects.  For the
40-year lifetime, the BWRVIP concluded that all rim hold-down bolts will maintain
some preload throughout the life of the plant.  For the period of extended operation,
further evaluation concluded that the core plate will maintain sufficient preload to
prevent sliding under both normal and accident conditions.

O.3.5.5 Emergency Equipment Cooling Water Weld Flaw Evaluation

Analysis was performed on a selected number of EECW system piping welds which
have flaws that are larger than normally considered acceptable. The analysis
included a stress evaluation of the flawed welds and fatigue crack growth
calculations. The fatigue crack growth calculations were based on a conservative
projection of 125 cycles.  Review of the system operation indicated that the
projection of 125 cycles remains valid for the period of extended operation.
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