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NOTICES

1. The Energy Reorganization Act of 1974 (Public Law 9.3-438) establishing
the Energy Research and Development Administration (E.R.D.A.) and the
Nuclear Regulatory Commission (N.R.C.) became effective on January 19,

.1975.

Throughout this Preliminary Safety Analysis Report, appearance of or
reference to the Atomic Energy Commission (A.E.C.) (with the exception
of the Direcotorate-of Regulation) will now mean the Energy Research and
Development Admintstration.

Appearance of or reference to the Atomic Energy Commission (Directorate
of Regulation) will now mean the Nuclear Regulatory Commission.

2& This PSAR Summary refers to the PSAR as submitted in April 1975. It is
not intended that this be updated as the total PSAR evolves, since its
function is to give an overview of PSAR content rather than detailed
i nformati on.
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FOREWORD

The Clinch River Breeder Reactor Plant PSAR contains.
seventeen design oriented chapters in accordance with the Standard
Format and Content of Safety Analysis Reports for Nuclear Power
Plants - LMFBR Edition (prepared by the•Regulatory Staff of
the U . S. Atomic Energy Commission issued February. 1974). In.addition,
five-appendices accompany theseventeen.design chapters to support
various Project positions and provide insight to selected fallback
positions.

This Summary Volume of the Clinch River Breeder Reactor
Plant PSAR is a condensed guide to the.content of. the entire
CRBRP PSAR. The intent of this volume is to provide an overview
of the PSAR and direction as to where within the PSAR specific
topics can be found..
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CHAPTER 1 INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT

The Clinch River Breeder Reactor Plant (CRBRP) will provide
a Vital step in the United States Reactor Development Program. The
objective of the U.S. Energy Research and Development Administration
(ERDA) Liquid Metal Fast Breeder Reactor (LMFBR) Program is to develop,

.on a broad,-proven technological and engineering base, with joint utility
and industry participation, a commercial breeder reactor industry.

In Chapter 1 of the CRBRP PSAR the applicant establishes the
overall basis for the Construction Permit Application, gives certain
general information regarding the plant and the organizations responsible
for its designated construction and identifies key items of research and
development work necessary.

Section 1.1 of the PSAR provides the objective of the LMFBR Program,
general background information on the CRBRP, the basis for the application,
the design safety approach and a brief description of the Reliability
Program. Because of the central significance of the Reliability Program
to this application, major portions of Section 1.1 and C.l of the PSAR are
included as Addenda A and. B of this Summary. An introduction to the
Reference Design, the rationale leading to a Parallel Design and the
objectives and activities designed to support the eventual cessation of the
parallel design are also presented in Section 1.1. Section 1.1 concludes
with an assessment of the applicability of Regulatory Guides.

Section 1.2 is comprised of a general overview.of the plant
design including a list of the major operational parameters, a brief
description of the site and principal plant systems including a compendium
of general arrangement drawings of all the major structures.

Section 1.3 presents in tabular form a comparison of selected
safety-features of the CRBRP and those of other large fast reactors through-
out the world. This Section also tabulates in detail the principal
similarities and differences between the 975 MW thermal CRBRP and the
400 MW thermal Fast Flux Test Facility.

Section 1.4 details the various organizations participating in the
Project (Energy Research and Development Administration, Project Management
Corporation, Tennessee Valley Authority, Westinghouse Advanced Reactors
Division, General Electric, Atomics International and Burns and Roe) and
their inter-relationships.

As a first-of-a-kind plant, it is to be expected that there is
a significant quantity of technical information which has yet to be
established. Section 1.5 itemizes the safety related research and
development programs. These programs are designed to obtain the necessary
technical information required to give assurance of the capability of the
safety features or components to perform as intended. Table 1.5-1

SV-1



(reproduced below) from the PSAR, provides a listing of those areas
requiring further technical information and the sections in the PSAR
where a discussion;on these topics can be found. For each-.of these.
programs a criterion of success is identified-and potential fallback
options discussed.. The.fallback options are presented in the event
the program produces-an unexpected result. Each program description
contains a schedule, with milestones, indicating that the majority of thework will be completed before issuance of a Construction Permit and all
of the programs will be completed in advance of issuance of an Operating.
License.

Chapter 1 also contains a Section 1-A which is a compendium of
flow diagram symbols to assist the reader.
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TABLE 1.5-1

FURTHER TECHNICAL INFORMATI.ON REQUIRED

PSAR Section Section Heading and Tasks

1.5. Introduction

1.5.1 Information Concerning the Adequacy of a New Design

I. 5.1.1 Shutdown Systems Reliability

1.5.1.2 Shutdown Heat Removal Systems and Structural Reliability

1.5.1.3 Secondary Control Rod System Test

Guide Tube Verification

Latch System Tests

1.5.1.4 Overflow Heat Removal System Test

1.5.1.5 Radial Blanket Failure Threshold

Failed Radial Blanket Rod Evaluations

Radial Blanket Assembly Local Flow Blockage Evaluation

i.5.1.6 Sodium-Water Reaction Pressure Relief Test

1.5.2 Information Concerning Margin of Conservatism of
Proven Desiqgn

1.5.2.1 Pipe Integrity Assessment

Fracture Mechanics Study

Characteristics of Sodium-Induced Corrosion

Pipe Reliability

Sodium Leak Detection Feature Test

1.5.2.2 Failed Fuel Assembly Tests for Accident Conditions

Duct Wall Behavior Test

217-Rod Instrumented Assembly

1.5.2.3 Reactor Thermal and Hydraulic Tests

Large Bundle Partial Blockages- Evaluations

Inlet Plenum Bubble Dispersion Test

Inlet Module Blockage Prevention Test

Inlet Plenum Particle Mobility Test

1.5.2.4 Core Restraint System Tests

Full-Core Restraint System Test

1.5.2.5 Critical Experiments for Reactivity Coefficients,
Control Rod Worth and Fuel Assembly Movement

1.5.2.6 Source Range Flux Monitoring System Tests

1.5.2.7 Ex-Vessel Transfer Machine Heat Removal Tests
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CHAPTER 2 SITE CHARACTERISTICS

This chapter of.the SAR provides~information on the geological, seis-
mological,. hydrological and meteorological characteristics of the site and
vicinity, in conjunction withthe site geography, demography and land use
in the site vicinity. Thischapter details the.adequacy of-.the site from
a safety viewpoint.

Section 2..l and 2.2 detail the site geography, and demography'and land
uses-. The:geography of the site includes the site exclusion (control).area
and the site boundaries as shown on the Figure 2-1. The low population
zone (LPZ). is identified as 5.0 miles. The current population distribu-
tion within the area and projections for the population distribution through
the year 2010 are detailed. Transient population in the *area is discussed
along with recreational use. Details of schools and hospitals are con-
tained along with dairy use of the land and water supplies within the area.
There is no military use of the land within a ten mile area.

Section 2.3 contains information derived from the Oak Ridge X-lO weather.
station. From the X-lO station data, tables of rainfall, severe weather,
temperature, wind, humidity, fog, stability conditions, dilution factors and
classifications (including building wake factors and X/Q values) are derived.

Section 2.4 contains a detailed study of the hydrology. This section
includesa description of the plant relative to the topography. The site.is
located adjacent to TVA flood control watersheds. Tabulated in this section
is a list of exterior accesses to Category I structures of.the site, noting
that all accesses to the buildings are located above the maximum flood level
of 809 feet. The plant is located such that Surges, Seiches and Tsunamis are
non-existent.

Attention is given to the environmental acceptance of the plant's eff-
luents to the surrounding areas. Liquid effluent releases are detailed.
within this section and the minor consequences of such releases are des-
cribed. The effect of low water on plant-operations as well as the ground-
water hydrology are presented. The ultimate heat sink.for this plant is
the emergency cooling towers. Approximately 100 tables and figures detail
the hydrological description of the site.

Section 2.5 covers the geology and seismology characteristics of the
site and the results of investigations dating back to early 1972. Studies
of the site have been on-going. The study region for the geology and seis-
mology includes an area of 200 mile radius with emphasis on the Valley and
Ridge Physiographic Province.

Details of the vibratory ground motion, surface faulting, stability of
subsurface materials and slope stability are also given.. Some 70 tables and
figures are presented to substantiate geologic and seismology site charact-
eristics., It was concluded that in view of all site related considerations,
the Clinch River site is suitable for locating the breeder reactor plant.
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Supplement 1 of this Chapter contains additional meteorological data
from a tower located at the site. The. data are-summarized and will-be
analyzed for future application to-the site. Initially, the data appears
to indicate that the use of the Oak Ridge.X-1O Station data-is conserva-
tive.

Supplement 2 of Chapter 2 provides responses to.Nuclear Regulatory
Commission questions pertinent to the subject matter contained in the
chapter.
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CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT AND SYSTEMS
C HAPTER 3

This chapter identifies all the plant features important to
safety and describes their design criteria, design and analysis procedures,

.and applicable codes/standards/specifications. Information on the
testing and surveillance requirements for these plant features is also
provided in this chapter.

A set of CRBRP General Design Criteria (GDC) is presented
and the conformance of the plant design to these criteria s discussed
in detail. These criteria are based on the IOCFR50 criteria but are not
identical to them, because of design differences between LMFBR's and
LWR' s.

A Safety-Classification system, specially developed for this
plant and comparable toLWR practice, is presented in this chapter.
A summary table of all the safety-related systems, equipment, and
structures, their safety classes, applicable and actually-used code
classes is provided.

Wind and tornado loadings are specified. The design basis tornado
is defined, in accordance with Regulatory Guide 1.76, as having 360 mph
velocity (290 rotational and 70 translational). The radius of maximum
rotational wind is specified as 150 ft. and a pressure drop of 3.0 psi
at 2.0 psi/sec is specified. Tornado missiles are specified, identical
to those used for the Sequoyah nuclear power station located in. the same
geographical area. The design basis wind is specified as 90 mph, consistent
with ANSI A58.1-1972.

Flood protection, against a maximum flood level (MFL) at Elevation
815', is described. All seismic Category I items are protected, either
by elevation or by design of enclosing structures. The structures
themselves will be designed as being capable of withstanding the
hydrostatic forces resulting from the flood as well as providing the
watertightness as required.

A fairly detailed discussion of missile protectibn is included.
This considers tornado and rotating component missiles from the
following sources:

* Winds and tornadoes (see above)
• Turbine failure (no details available)

PHTS pump missiles (retain within pump tank)
IHTS pump missiles (retain within pump tank)
Steam generator recirculating pump missiles. (retain within
the system)
SGAHRS missiles (none expected, rationale given in PSAR)
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Also considered are pressure generated missiles from the
steam generator and SGAHRS. Methods of analysis of missile effects-
(including equations used), and means of protection are discussed.

There is no potential for significant pipe whip for the PHTS or
IHTS because of the low pressures in those systems. In the water/steam
systems, where pressures are much higher, this is a significant
consideration, and a detailed discussion of pipe whip analyses, and
protective measures against the consequences of pipe whip, is given.

The remainder of Chapter 3 comprises a treatment of the various
elements of the seismic design of the plant, and is supported by the
inclusion of the Seismic Design Criteria (WARD-D-0037) as an Appendix.
The SSE is specified as 0.18g, the OBE as 0.09g. Included in these
portions are:

* Seismic response spectra (vertical and horizontal, for
a range of damping values).

* Damping values to be used in dynamic analysis
• Soil structure interaction
* Methods of seismic analysis for systems, structures and

components
* Seismic instrumentation
* Methods of control of the seismic design
• Design of Category I structures

SV-8 9



'CHAPTER:4:.REACTOR

This chapter covers the reactor vessel internals. The'design
presented in this chapter iis summari zed below.

Aschematic elevation ofthe reactor is shown in Figure 4.1. In
addition to the vessel internals described in this chapter, this figure
also identifies the reactor vessel, cosure head and inlet and outlet

nozzles discussed -in Chapter 5. The reactor internals are comprised
of -removable fuel, blanket, and control assembies, removabl6e radial
shielding and the upper and lower internalst structures' which provide.
support and positioning for the core 'and the core restraint system.

The lowerinternals structure consists of the .core support structure
plate and cone, .the core barrel, horizontail baffle, fixed radial. shieli64ng',
and inlet and bypass modules•. Most of these components are shown-in-Figure
4.2. The core barrel provides support for the upper. and lower core.,
restraint former rings and the:bypass modules provide support for the
removable radial shielding. Together these comprise the core restraint
system. The,lower internals structure is welded into the reactor vessel.
The 6ore support structure includes features to prevent large debris
from completely blocking flow to any of the inlet modules.

The upper internals structure consists primarily of the four
lifting columns, two transverse interconnected plates-and thirty-five out-

let modules and flow chimneys. This structure, which is shown in Figure
4.3, provides lateral stabilization for the control rod shrouds and outlet
module flow tubes, supports the in-vessel instrumentation and provides
mechanical backup holddown for the coreassemblies. The shroud and flow
conduits are designed to mitigate transient'temperature effects on the
structure from the reactor core effluent. The upper internals structure .
is supported from the intermediate rotating plug of the vessel closure and
is radially keyed to the upper core restraint former ring attached to the.
core barrel.

The active fueled region is 36 inches long and.the equivalentdiameter is 73.6 inches. The fuel region consists of two radial enrich-
ment zones with a total initial fissile plutonium loading of '1l15O kg.
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The reactor has two independent, diverse, fast acting control systems.
Theprimary system has 15 mechanically scram assisted control rods while
the secondary system has.4 hydraulically scram assisted control rods.
Each system is independently capable of shutting.down the. reactor from
full power to hot standby conditions. Each of the core assemblies.and
the. removable radial shields haveitwo load pad areas which match.the
elevation of the core restraint former rings to position the core and
restrain core assembly motion during..operation. The fuel, blanket and
control assemblies each contain a tag.gas to permit detection.and identifi-
cation of failed elements. Fuel transfer and storage positions are
.provided in the annulus between the core barrel and the reactor vessel.
A plan view.of the reactor details is shown in Figure 4-4.

dIn addition to providing a detailed description of the reactor
design, Chapter 4 also provides the nuclear, thermal-hydraulic and
structural analysis results to support the discussed design features.
Where final analyses are not available, the plans for future efforts to
complete the required analysis are presented.
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Figure 4-2. Lower Internals Structure.
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CHAPTER 5 HEAT TRANSPORT AND CONNECTED SYSTEMS

,Chapter 5 contains (1). the design bases, (2) a system design
description and (3) design evaluation of the followin, systems:

Secti on

5.2 Reactor Vessels, Closure Head and Guard Vessel
5.3 Primary Heat .Transport..System .(PHTS)
5.4 Intermediate Heat Transport System (IHTS)
5.5. Steam Generation System (SGS)

Including Sodium Water Reaction Pressure Relief
Subsystem (SWRPRS)

Sodium Dump Subsystem
Water Dump Subsystem

5.6 Residual Heat Removal Systems
Including Steam Generator Auxiliary Heat Removal
System (SGAHRS)

Overflow Heat Removal Service (OHRS)
SeeFigures. 5-1, 2 and .3.

':.The Reactor Vessel, PHTS, IHTS and the intermediate sodium
boundary of the SGS will be designed. an.d fabricated according to the
ASME Code,.Section III,Class I rules.; The steam/water side.of the
sodium dump subsystem of the SGS will be ASME Section III, Class 2
or 3 as appropriate. Code cases 1592-1596 and RDT Standards E15'2
and F9-4 will be used as applicable. The design bases sections of
the Chapter present these and other performance, materials., steady
,state, and transient system requirements.

The system design description sections typically include
discussion of design methods, material properties, surveillance and
in-service inspection programs, components and leak.,detection systems.

The major emphasis of the Chapter is on the.design evaluation
portions. The methods, data, assumptions and criteria to be used in.
system evaluation are given. .The results of the analyses themselves
will be available for inclusion-in the FSAR. Consideration is
generally given but notlfimited to stress evaluation plans,. pump speed
and integrity, operationmof valves, component support, thermal and
hydraulic characteristics of components, coolant boundary integrity,
IHX and steam.generator'module tube leaks, materials compatibility
and performance, and pressure relief provisions.

A portion of-Section .5*2, "Features for Improved Reliability",
includes di~scussions of Reactor Vessel Thermal and Nozzle Liners,
Internal.Elbows in the.Inlet.ýPlenum, Closure Head Crush Tube, Plug
Seals, the Omega Seal and Surveillance and Inservice Inspection.
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The descriptions of the components which make up the OHRS
are provided in Section 9.3 of the PSAR as part of the Auxiliary
Liquid Metal System. Section 5.6 gives the bases and describes the
operation of those components for heat removalservice.

In addition to addressing the reactor vessel closure head, and
heat transport system themselves, the Chapter provides an overall
system evaluation including startup and shutdown! load following
characteristics, transient effects and a preliminary summary of the
plant design duty cycle.

Items-of Special Interest

Areas of particular interest in Chapter 5 include: mitigation
of the consequences of reactor coolant boundary leaks, the PHTS
"leak-before-break" assumption, mitigation of the consequences of
sodium water reactions and provisions for decay heat removal. A brief
description of the PSAR treatment of each of these items follows.

a. Mitigation of the Consequences of Reactor Coolant Boundary
Leaks

The role of guard vessels, check valves, low pony motor shut-
off head and elevated piping is to limit the consequences of a leak
if that unexpected event should occur.

If a leak occurs in a component of piping within a guard
vessel, the vessel will fill with sodium until it reaches a level
equal to that in the reactor vessel. The volume between each PHTS
component and its guard vessel is sized to prevent the reactorsodium
level from dropping below the reactor vessel outlet nozzles and to
prevent sodioum spillage as a result of pony motor flow. For breaks
in certain locations, the check valve prevents the operating pony
motors from forcing significant bypass flow out through the inlet
nozzle of the breached loop. However, even if.the check Valve fails,
the remaining two pony motors can provide sufficient core cooling.

The only possible location for a leak outside the guard
vessels, is in the elevated piping. If such a.leak occurs, the
sodium level in the reactor remains just below the level of.the leak
which is higher than the reactor minimum safe sodium level inherent
in the elevated piping design.

Coolant spilled .outside the guard vessels will fall into
either the lined reactor cavity or in the lined cell of, one loop,
which is separated from. the cells of other loops. Coolant spilled
either in or outside of a guard vessel will spill into an inerted
atmosphere which minimizes the degree of combustion that can occur.

.4
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b. PHTS "Leak-Before Break" Characteristic

The characteristic of "leak before break." in the PHTS is supported
by discussion -of the PHTS piping materia-ls. •Considerations include
rigorous 'QA programs. ifor al~l-phases of 'design,I fabrication, installation
and testing, .the -chemical and radiation environment .of-the piping,
the thermal duty "cycle of the system, seismic loadings, dead weight
and the low internal pressure. A pre-existing crack, much larger
than that which would be detecte• and allowed by the standards applied,
is shown to extend less than lO inches over the life of the plant..
In addition, it is shown that even if this prediction of crack. pro-
pagation were grossly in error, a through-the-wall crack with a
length of 15.4 inches for the cold leg and 3.3.4, inches for -the hot
leg would be required before. the crack would bulge open under operating
stresses. -Even then, the ends of the crack would not tear in a gross
manner to cause a dduble-ended guillotine, or. equivalent, failure.
The leak detection system development program is referenced, indicati ng
.that the system will be capable of detecting a leak before significant
corrosion damage from sodium reaction products could occur.

c.., Mitigation of:the Consequences of Sodium Water Reactions

of - Chapter15 of the PSAR provides a discussion of the mechanisms

of sodium water.reaction (SWR) initiation and-propagation.

Chapter 5 describes the ass~mptions and:analysis techniques
used to determine the maximum credible pressure transient in the IHTS
components. A table of press.Dres expected at various points in the
system is given for one tube, two tube and seven tube leaks. The
IHTS is designed to withstand those pressure transients.

d. Decay Heat Removal

The functioning of the PHTS and IHTS with pony motor flow to
remove decay heat and sensible heat after all plant events is a major
performance requirement. This includes the qualification of the
primary and intermediate coolant pumps to operate at pony motor
.speed after a safe shutdown earthquake. There is also a performance
objective that the PHTS and HITS provide adequate cooling by natural
circulation on three or two loops following rated power operation
and with two or one loops following operation on two loops. Natural
circulation is induced by proper elevation of the PHTS, IHTS and '
SGS components (see Figure 5-4). With pony motor flow, two operating
loops will provide adequate cooling even in the event that the third
loop has a pump seizure compounded with a check valve failure to
,close.
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. The performance objective of the SGS is to remove adequate
decay..and sensible heat from the IHTS with one loop by forced or natural
circulation under any postulated PHTS and IHTS operating mode. This
includes performance during use of main condenser cooling, venting of
steam through relief valves and Protected Air Cooled Condenser (PACC)
cooling..

The SGAHRS objectives are to.(1) provide auxiliary feedwater
supply in case of failure of the (non-safeLy related) Condensate and
Feedwater Systems and (2) provide cooling by venting-steam and/or
condensation in the Protected Air Cooled Condensers in case
of unavailability main condenser cooling. The SGAHRS protected

.water storage tank and PACCs are sized to provide adequate short and
long term decay heat removal capacity using one SGS and SGAHRS loop
with natural circulation on the steam/water side and forced circulation
on the air side of the PACC for any postulated operating mode of the
PHTS and.IHTS.

The OHRS is to provide a backup to the SGS for decay heat removal
and substantially improves the reliability of the decay heat removal
scheme. The performance of OHRS :is divided into two categories. If
the OHRS assumes the decay heat load 24 or more hours after reactor
shutdown, the event is classified as.an emergency plant event. If the
heat load is assumed.between one and 24 hours after reactor shutdown,
the event is a faulted plant event.
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CHAPTER 6 ENGINEERED SAFETY FEATURES

This -chapter presents detailed information. on three Engineered
Safety Features. They are: the Containment'System',".the Containment'
Isolation. System and the' Control Room Habitability System.

The containment functional design is described and the contain-
ment design basis accident is identified as a Primary Sodium In-Contain-
ment Storage Tank Failure during maintenance. The accident condition
in-containment pressure and temperature transients are provided and the
calculated radioactivities in the containment atmosphere are presented.
Details of calculated site boundary doses are provided and are shown well
below the lOCFRlOO guideline exposures (See Table 6.2-1 reproduced below).

The Containment Isolation System design bases and design features
are discussed in this chapter. A summary table of the types and numbers
and status of isolation valves during plant normal operation is provided.
The design details of the instrumentation and control equipment of the
system are provided in Chapter 7 of the PSAR.

The design of the Habitability System for the control room is
described in this chapter including the concrete shielding and the
Heating and ventilating System. The design bases and design features of
the system are provided. A detailed design evaluation of the system to
demonstrate the capability to meet the General Design Criterion 19 (i.e.,
to assure access and safe occupancy of the control room under accident
conditions) is presented.

Other Items of Interest

The containment design basis accident is a postulated accident
which is extremely unlikely to occur. In addition, very conservative
assumptions are used with regard to certain input parameters and the
total disregard of protective actions which can be effected. Based
upon this extremely conservative accident analysis, it. has been established
that there will be no need for a post accident containment atmosphere
cleanup system, although the latter will be subject to continuing
evaluation.

The design of the Containment Isolation System is in full
conformance with the CRBR General Design Criteria (GDC). In those cases
where the full and detailed design information of the systems involved is
yet to be developed, design requirements more stringet than, the %DC are
used. This conservatism in the present design, itsuo stantiated ny
later evaluations, may then be removed at a later date.
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The design of the Habitability Systems of the Control. Room isbased upon arbitrary and conservative assumptions over and above thecontainment design basis accident requirements. Notwithstanding the useof such extremely conservative design bases, the design of.the HabitalitySystems fully meet the requirements of the NRC's regulations set forth.in IOCFR20 and the interim GDC.

• , .:S
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TABLE 6.2-1

REACTOR CONTAINMENT DESIGN BASIS ACCIDENTS

I. Primary Sodium In-Containment Storage Tank Failure During

Maintenance

Na Spill: 32,000 gallons @ 400*F
Pool 830 Sq. Ft.
Hatch Opening: 21 Sq. Ft.
Max. RCB Pressure: 1.8 psig
Max RCB Wall Temperature: 240°F

POTENTIAL OFF-SITE DOSES

____... _____ . Dose (Rem)

Low Population
Guidelines Site Boundary Zone.

of (0.41 mi) (5.0 mi)
Organ 10CFR100 2-Hour 30-Days

Beta Skin 1.18E-8* 5.66E-8

Whole Body** 25 4.55E-6 2.17E-5

Thyroid 300 2.61E-5 1.25E-4

Bone 150' 1.21E-4 5.76E-4

Lung 75+ 2.83E-5 1.36E-4

*1.18E-8 =l1.18x10 8

**Includes both inhalation and external gamma exposure,

+Not covered in 10CFRO00; used as guideline values
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CHAPTER 7 INSTRUMENTATION AND CONTROLS

This chapter discusses the Instrumentation and Control Systems
provided for the CRBRP. Particular emphasis is placed on discussions
of safety related systems, .which include the Plant Protection System
(PPS) and the safety related display instrumentation required to
maintain the plant in a safe shutdown condition. The Plant Protection
System includes all equipment necessary to initiate and carry to
completion reactor, heat transport and balance of plant (BOP) shutdown;
containment isolation; and decay heat removal. Safety related display
instrumentation assures that the operator has sufficient information
to perform required manual safety functions and monitor the safety
status of the plant. Major control systems not required for safety
are described and analysis is included to demonstrate that even gross
failure of these systems does not prevent Plant Protection System
action. Analysis is also included to demonstrate that the require-
ments of the AEC General Design Criteria, IEEE Standard 279-1971,
applicable AEC Regulatory Guides and other appropriate criteria and
standards are satisfied.

The Reactor Shutdown System (RSS) performs the functions of
reactor, heat transport and balance of plant shutdown. The Reactor
Shutdown System consists of two independent and diverse systems,
the Primary and Secondary Shutdown Systems. All anticipated and
unlikely events can be terminated without exceeding the specified
limits by either system, even if the most reactive control rod in the
system cannot be inserted. In addition, the Primary System acting
alone can terminate all extremely unlikely events without exceeding
specified limits even if the most reactive control rod in the system
cannot be inserted. To assure independence of the shutdown systems
(1) mechanical and electrical isolation of redundant components
are provided, (2) functional or equipment diversity is included in
the design of instrumentation and electronic equipment, and (3)
the Primary Shutdown System uses a local coincidence configuration.
while the Secondary Shutdown System uses general coincidence.
Sufficient redundancy is included in each system to prevent single
random failure degradation of either the Primary or Secondary System.
Both the Primary Shutdown System and the Secondary Shtutdown System
are designed to provide on-line testing capability.

A typical Primary. Shutdown System Subsystem is shown in
Figure 7-1. The Primary Shutdown System is composed of 24 subsystems.
Heat transport system pump trip and BOP trip is accomplished'by
auxiliary circuits from the scram breakers. As shown in Figure 7-1,
electrical isolation within the Primary RSS is accomplished by.
optical coupling, and buffered outputs are provided for non-PPS use
of PPS signals.
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A typical Secondary Shutdown System is shown in Figure 7-2.
In the Secondary RSS, the sensed variables are signal conditioned and
compared to specified limits by equipment which is different from the
Primary RRS equipment. The secondary logic is configured in general
rather than local coincidence to provide additionalprotection against
common mode failure. As shown in Figure 7-2, electric isolation within
the Secondary RSS is accomplished by transformer coupling and buffered
outputs are provided for non-PPS use of PPS signals. As for the
primary system, heat transport system pump trip and BOP trip is
accomplished by auxiliary circuits from the final scram elements..

The Containment Isolation System (CIS) is comprised of redun-
dant instrumentation which senses the need for closure of valves in
lines which are directly connected to containment atmosphere. Figure
7-3 shows a block diagram of the system. The CIS is designed for
automatic activation of the valves in lines directly connected to the
containment atmosphere and valves which require closure in less than
10 minutes to remain within limits (IOCFRIOO radiological guidelines).
When closure is..not required in less ,than 10 minutes, manual
.actuation is provided. Sensors are provided in two areas.: the
exhaust duct of the containment ventilation and the head access area.
Three independent, redundant sensors are.provided at each location.
If the signal is greater than the setpoint, a comparator trip is
initiated. The logic for automatic containment isolation is
functionally identical to that used in the Secondary Reactor Shutdown
System.

All PPS equipment is of quality construction with RDT
Standard C16-1T and IEEE Standard 279-1971, the primary controlling
documents.

The.CRBRP instrumentation systems are important in providing
the signal inputs to the Plant Protection System and as safety related
display instrumentation. Major.emphasis in Chapter.7 is placed on
discussions and analyses of the following 6 instrumentation systems.

(1) the flux Monitoring System which provides neutron level
instrumentation for shutdown, startup and full power
operation.,

(2) the Heat Transport Instrumentation System which provides
pressure, temperature, flow, and other instrumentation in
the Primary Heat Transport Loop, Intermediate Heat Trans-
port Loop and Steam Generator.

(3) the Reactor and Vessel Instrumentation System which
includes in-vessel temperature, sodium leveland vibra-
tion instrumentation.
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(4) the Fuel Failure Monitoring System which provides
equipment used for the detection and location of potential
fuel cladding failures.

(5) the Leak Detection System which includes instrumentation
used to detect and identify the location of sodium to gas
leaks.

(6) the Sodium-Water Reaction Pressure Relief Instrumentation
System which detects the inception of a large sodium-to-
water leak in. any steam generator module.
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CHAPTER 8 ELECTRICAL SYSTEMS

This Chapter.discusses the offsite and onsite electrical power
sources and distribution systems. These include:

a. The transmission lines and switchyards connecting the
CRBRP to the TVA grid

b. The normal AC distribution system
c. Emergency AC and DC power supplies
d. The safety related.AC and DC distribution systems
e. The safety related and non-safety related loads supplied by

the emergency power supplies

See Figure 8-1 and 2.

The Reserve AC Power Supply (two transmission lines connected to
the CRBRP through the Reserve Switchyard) meets the AEC and IEEE require-
ments for separation and redundancy. The Preferred AC Power Supply (two
transmission lines and the CRBRP main generator Connected to the CRBRP
through the Generating Switchyard) is not required to and does not meet
those.AEC and IEEE requirements since plant loads are automatically
connected to th@ Reserve AC Power Supply in the event of a failure in the
Preferred AC Power-Supply.

The Emergency AC and DC Power Supplies meet the AEC and IEEE
requirements for separation and redundancy. The Emergency diesel generators
are sized to support safe shutdown of the plant indefinitely and the DC
power supplies are sized to start and supply all.of their loads for two hours.

Chapter 8 includes a list of Class l-E (safety related) and non-
Class 1-E loads supplied by the Emergency Power Supplies, the power
requirement of each and the sequence in which it will be automatically or
manually connected to the diesel generators in the •event of a loss of all
offsite power supplies.
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CHAPTER 9 AUXILIARY.SYSTEMS

This chapter discusses Auxiliary Systems which provide a wide
variety of normal and emergency services to the plant. A condensed listing
and brief descriptionof the systems follows:

1. Fuel Storage and Handling - A description .of the handling of
new and spent fuel assemblies is provided. Each sequential
operation and the equipment or cells involved in those
operations are described in detail.

The fuel handling sequence (see Figure 9-1) begins with receipt
-of new fuel at the site. Each'assembly is inspected, heated,
acclimated to a li-quid sodium environment and stored in the
Ex-Vessel. Storage Tank (EVST), a large', two-tier sodium
filled tank located in the*Reactor Service Building (RSB).
After shutdown for refueling, the reactor will be cooled to
about 400°F and the:Reactor Containment Building. (RCB) hatch
connecting the two buildings, is opened. The in-vessel
transfer machine (IVTM) and ex-vessel transfer machine (EVTM)
operate in conjunction to remove spent fuel from the reactor
to the EVST and transfer-new fuel from the EVST'to.the
reactor on a one assembly at a time basiss.

'Spent fuel remains in the EVST storage format least 100 days
before being loaded into spent fuel shipping casks.

2. Maintenance - Tools, fixtures, and procedures for the transport,
storage, inspection, repair, and removal of sodium wetted and
radioactive components are described. Special attention is
paid to the cleaning of large sodium wetted components.

3. Auxil.iary Liquid Metal System - The auxiliary liquid metal
systems provide for receipt, storage and purification.of
liquid metal used in the plant. The system also provides the
capability for reactor sodium level control, accommodates.
primary sodium volumetric changes, and provides cooling for
core components stored in the EVST.

An additional requirement for the.Auxiliary Liquid Metal
Systems is to provide for reactor decay heat removal in the
event of loss of the steam generators' operation. The over-
flow heat exchanger (OHX) provides such cooling capability.
The OHX is positioned between two liquid metal systems., The
tube side is part of the Primary Sodium Processing System.
The shell side is part of one NaK cooling loop of the Ex-
vessel Storage Processing System.
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In the event of loss of the steam generators, the OHX mustbe manually valved into the:Primary Overflow system. Heat istransferred to the shell side Nak and dissipatedin the EVST-..-"Nak airblast heat exchanger. This method.of decay, heat removalis termed the Overflow Heat Removal Service (OHRS)l (see Figure*5-2).

4. -Piping and Equipment Electrical Heating - Discusses the designof electrical heaters, mountings and power-controllers toheat sodium containing systems.

..5.. ',-Inert Gas, Receiving and Processing The IGRP-system supplies.inert gases (Ar and N2)..and vacuum for plant systems. The.system.also supplies sodium cover gas, cell-inerting atmos-pheres, ..valve actuating gas in inerted cells, cooling gas,gas for seals, gas for fire control blanketing, gas forcomponent cleaning and the vacuum subsystem..

6..;Heating, 5VentiIating and. Air. Conditioning -The requirements,.fdor,._air quality.throughout the plant are stated. -The systempermits .personnel access to-various plant areas.for maintenanceunder normal .-operation.

7. Auxiliary Coolant Fluid System -The Auxil~iary Coolant FluidSystem provides'a means of removing waste heat from theReactor Containment Building (RCB) and the Reactor ServicesBui.lding (RSB).. Dowtherm J is the cooling medium with theultimate heat sink being provided by the treated water system.
8. Water.Systems,- These systems provide normal and emergencychilled water for air-conditioning and unit coolers, general.plant service and auxiliary equipment in the..Turbine GeneratorBuilding. Also.included, is.a discussion of the River WaterSystem. Instrumentation requirements for each system are.,provided.

9. Compressed Air System - Various-subsystems furnish- instrumentservice and breathing air for the plant. Discussion iscentered on the system design, operational testing and instru-'mentation requirements ,.

10. Communications: Lighting - Normal and Emergency systems areprovided to support operation or shutdown-of the Plant. Thecommunications system includes provision for off'site communica-tions.

11. Plant Fire Protection System Means. are supplied to fightconventional and sodium fires. The discussions include con-sideration of fire.system arrangements throughout the plant.
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12. Diesel Generator Auxiliary System
power generation for use by plant
of off-site power. The system is
Special consideration is given to
lubrication, and testing.

- This system supplies on-site
systems, in the event of loss
internally redundant.
component starting, cooling,

SV-37





CHAPTER 10 STEAM AND POWER CONVERSION SYSTEMS

Chapter 10contains discussion of the-following, generally non-
safety related, systems:

a. Turbine-Generator.
b. Main SteamSupply and Turbine Bypass Systems:,
c. Condensate and Feedwater System
d. Demineralizing System-
e. Steam Drum Blowdown.System
f. Turbine Gland Sealing.. System
9g. Circulating Water System
h. Condenser Air Removal System

See Figure 10-1.

The majority of the main steam supply and related systems are
contained in the Turbine Generator Building which houses no safety related
equipment. Thus a steam or feed line break there will not endanger such
equipment. The requirements of ANSI B31.1 will be met in the design of.that equipment. The-portion of the Main Steam. Supply and Feedwater Systems
which are contained in the •Steam Generator Building will .be designed.
accordingto the appropriate ASME, Section III requirements and measures.
discussed in Chapter 3.0 will be used where necessary to protect safety
related equipment from the effects of postulate pipe.breaks.

Turbine-generator missile data has not yet .been developed for,
.the 3,600 rpm unit planned for the CRBRP. However, .the potential missiles,,
from this unit are comparable in energy, distribution and.probability to
the postulated missiles from 1,800 rpm units which have been shown acceptable
and are in use at light water reactor plants.

The various locations where excessive concentrations of tritium
can be postulated to occur are continuously or periodical1y monitored to
ensure that releases from the systems do not exceed the appropriate limits.

SV-39



-4m

00

*1

C0

Figure 10-1 Steam And Power Conversion System



CHAPTER-Il RADIOACTIVE WASTE MANAGEMENT

This chapter addresses the waste processing systems provided
(liquid, gaseous and solid).

The principal modes of radioactivity production and/or release
to the primary, coolant and reactor cover gas are presented. These source,
terms form sources of radioactivity which the radioactive waste management-
system.is designed to control. Sources of radioactivity considered include
tritium production, fission product and potential plutonium release from
failed fuel,.sodi~um activation and corrosion product activation. Deposi-
tion of non-gaseous sources into primary sodium, cold traps and onto
plant surfaces is analyzed. The system designs presented are summarized
below.

A. Liquid Waste System

A design objective of this system is to purify and reuse waste
liquids.where possible and to minimize:the total activity in liquid
effluents .wi.th virtually all of the liquid radwaste being solidified. The
source of the lI.quid:radwaste is considered as (a) small sodium. spillages,
plant~dralns,. laboratory drains, etc. and (b) the washing of large compo-.
nents, for the low level activity system and intermediate activity system"
respectively. Each system. has an evaporator-demineralizer .set that will
provide an overall decontamination factor of 105. Under normal conditions-,
liquid radwaste will be released into the cooling tower blowdown stream
and eventually the Clinch River. Such release under normal conditions is
associated only with the low activity level system, and will be accomplished
only after monitoring of the radwaste storage tanks to assure that activity
levels are in compliance with appropriate Federal and State regulations.

Also considered are the off-normal events of discharge of some
intermediate level activity for eventual release into the Clinch River.
The section assumes both systems release into the Clinch River after
dilution, and compares concentrations to MPC's of IOCFR20. Non-tritium
releases are shown to-be decades below the concentration limits, tritium
releases are well below the 1OCFR20 limits.

Estimates are made and presented of the dose effects associated
with this design condition of the superposition of normal low activity and
off-normal intermediate activity system releases. The calculations show
that doses associated with "normal" operations are decades below both
natural radioactivity levels and dose limits described in IOCFR20. These
estimates include the contribution of BOP tritium in the cooling tower
blowdown.
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B. Gaseous Waste System

The design: objective of the system is;that the levels of radioactive.
material in the plant effluents to the environment shall be kept-as low as.
practicable. Plant design objectives include conformance.with the require-
ments of lOCFR20.. The design-of RAPS (Recycle Argon Processing SubSystem)
and CAPS.(Cell. Atmosphere Processing Subsystem)"aredescribed in detail,...
including, activity inventories in the components.

..Based on a.set of estimates and.conservative assumptions of reactor
cover gas. leakage, buffered head seal..leakage, primary piping leakagest, -
RAPS-CAPS component leakage, and intermediate bay cell leakage:and tritium
release from the Turbine, Generator Building, estimates .are made of the:
activity concentrations in the ventilation streams for plant buildings-,and
head access area. In addition, dose rates at the site:boundary are calcu-
lated.

... The dose rates are.based on normal operation with design value of
*L% failed fuel.: Ventilation streamiconcentrations are calculated for the:
design 1% failed fuel. condition and, expected conditi.on of0.1% failed
fuel:•.. Theý equations util• zed, in calculating the inventory terms are dis-cussed..Ventilati on streams are..calculated tobe less thanb 0.1% MPC as: in
AlOCFR2Of,:for' the design base condition. Annual SSite ' boundary doses'for
.the design operatingý -condi;tion, -are shown to be a. factor of 2500. below the
requirements of lOCFR20 for unrestricted areas. Estimates include the
release.,of.BOP .tritium.

C. .:.Procetssand Effluent Radiological Monitoring.

Monitors discussed are stated to' be in accordance with AEC General-
Design-Criterion No. 64, and general design criteria for the.CRBRP. Radia-
tion monitoring of process systems provides early warning of equipment mal-
function, potenti.al radiological hazards,.and prevents releases of activity
to the environment in excess.of lOCFR2O limits. Monitoring of liquid and
gaseous effluent under normal.operating conditions will be in accordance
with AEC'Regulatory Guide 1.2,. and any activity release will be within
limits established in IOCFR20.

.. Locations and sensitivities of the process and effluent monitors
are provided.

D. Solid Waste

The design objective:of the solid radwaste system is to release no
radioactivity to the environment. The section presents the basic approach
of the system, which is to solidify the liquid radwaste with cement or
concrete, and to load all solid radwaste into canisters that satisfy DOT
and CFR regulations. Expected amounts of the constituents of the solid
radwaste system, their associated activities and associated number of
shipments per year are included..
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E. Off-Site Radiological Monitoring Program

Pre-Operational and operational off-site radiological monitoring
programs are discussed. The capability of the environmental monitoring
program to detect design-level releases from plant effluents is uncertain
because of the insignificant quantities which will be released. The pro-
gram will have the capability of detecting any significant buildup of
radioactive materials in the environment above and beyond that which is
already present. A background of 110-130 mr/yr for the site is expected.

Dose models utilized in the program will be continually re-eval-
uated in light of the data resulting from the offsite monitoring program
to ensure that all significant pathways are included in the calculation.
The sampling techniques, locations and frequency of sampling for the
program are provided.
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CHAPTER 12 RADIATION PROTECTION

This.chapter discusses the means provided to assure the radiation
protection of operating personnel. The shielding, ventilation, and
operational radiation.monitoring design, as well as the health physics
program, are included below.

Shielding objectives for the CRBRP are discussed, including the
specific shield design parameters. Bases for zoning criteria are discussed.
Source terms for the-shielding design are discussed as being based on',,
maximum operating conditions, including bases for uncertainty. A special
case of shielding design is control room shielding design, where the..
shield and heating and ventilation system are designed to limit the dose
to operating personnel to 5 REM following a major radioactivity release.
The intent of the bases is to conform to criterion 19, Appendix A'of
IOCFR50.

The overall shield design objectives will perform a variety of
functions under normal operating conditions. These functions include
(a) permitting personnel access to required portions of the plant, (b)
permitting refueling of the reactor, (c) permitting access 12 days after
reactor shutdown.to the high radiation portions of the restricted area,
which will be maintained as exclusive areas during .normal operationh (d):
limiting neutron activation of intermediate sodium, such that the induced
radiation dose rates will not require.the establishment of a restricted
area in the intermediate heat transport. system areas, (e) maintaining all.
areas of the site outside of the reactor containment building,'reactor
service building and intermediate sodium piping penetration cells at the
intermed.iate/reactor-containment building interface as a continuous access
area during normal operation, and (f), protecting structural compohents,
equipment and nuclear instruments in order that required functions are
safely provided throughout the lifetime of the plant.

.Source terms of items such as liquid radwaste, tanks, RAPS and
CAPS components, solid radwaste drums, the EVST, control room, cold traps,,
are listed and discussed.

Dose Rates. and annual doses at restricted locations of the plant:
and the resulting expected manrem value associated for the plant are
provided. The estimated value of 280-man-rem per plant year is well
within the range of values associated with LWR's.

Zone maps are presented reflecting the criteria established and
source terms provided within the section. Analytical techniques, basic
nuclear data, and shielding design, verification and testing are either
discussed or referenced.
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Selected plant locationsprovided with area monitors are discussed.
The monitors are.provided to contihnuoUsly detect, measure, and indicate
the radiation levelpand to initiate alarms for radiation levels above
preset values. Locations, design dose rates, and ranges of sensitivities.
of the monitors are provided-.

Design objectives of the heating andventilation and air-cOndi-
tioning areincompliance with IOCFR20, Appendix B, Table 1. Concentra-
tions,.in the ventilation, stream of the- normally accessible Head Access
Area. and Intermediate Sodium Piping'Cells are discussed. Both are shown
to.be. less than O.1 MPC. -Inhalation doses are derived from the concentra'-
tions.

A listing of plant monitoring for the CRBRP is presented. Fixed
airborne radioactivity monitors will be provided in selected locations
throughout the CRBRP design gaseous effluent release points to "continu-
ously detect, measure, indicate, and record airborne radioactivity.
Mobile, continuous air monitors,::will be provided to perform similar
functionsl: in areas- not.directly served by the fixed continuous air.moni-
torso.r.when •a- check of radionuc-lide concentrations determined by the-
fixedaiar monitori"ngchannel is desired. Sampling capabili.ties are also
discusse and listed.

. Health:Physics Program objectives are stated, and facilities
and equipment"are discussed.

The health physics program and staff applies applicable radia-
tion standards and procedures, reviews proposed methods of plant
0operation,- participates in development of plant documents, and assists in'
the plant-training program, providing specialized training in radiation
protection. During preoperational tests and after plant. startup, it
prov~ides healthphysics coverage for all operations including maintenance,
fuel handling,1waste disposal, and decontamination. It is responsible
for personnel and inplant radiation monitoring, and maintains continuing
records of personnel exposures, plant radiation, and contamination levels.
Through implementation of the program, plant personnel exposure will be
maintained as lowas practicable.
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CHAPTER 13 CONDUCT OF OPERATIONS

This chapter describes the framework within which all phases
of the operation of the plant will be conducted.

Section 13.1 describes the .organizational structure of the
applicant and identifies PMC and TVA as co-applicants, with TVA having
responsibility for the'safe operation of the plant. Included in this
section is a description of the organizations and various positions
in the plant along with the required qualifications-for the key positions.
Figure 13.1-1 shows the CRBRP Organization Chart and includes expected
staffing levels.

Section 13.3 covers emergency planning. In addition to the
organizational structure and responsibility for emergency response
is the commitment to submit the actual TVA Radiological Emergency Plan
(REP) for the CRBRP as a separate document with the FSAR.

Section 13.4 covers Review and Audit. Reference is made to
Chapter 17.

Section 13.5 defines, with appropriate diagrams, the structure
for implementing plant procedures and instructions, as well as defining
the various procedures and instructions.

Section 13.6 covers plant records. With the exception of a
treatment of Plant History, the remainder of this section is deferred
to the FSAR.

Section 13.7 covers Industrial Security with specific reference
to site security, personnel control, and plant access. Section 13.7.3.7
on Tests and Inspections is deferred to the FSAR.
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CHAPTER 14 INITIAL TESTS AND OPERATION

This chapter of the PSAR is intended to provide, to the extent
possible, information relating to the period of initial operation and
testing. As described in the SFAC, the bulk of this material is not
required until it is issued in the FSAR. However, certain administrative
subjects are requested for the PSAR and these have been addressed.

Specifically, PMC has been assigned the responsibility for
detailed planning, scheduling, coordination and conducting of plant

.testing with the assistance of-the ARD technical staff. PMC also has
.been assigned the responsibility for recording and reporting the test
results.

Upon satisfactory completion of the construction tests on a
particular system or clearly defined portion thereof, the system shall
be turned over by the constructor to PMC, ready for acceptance testing.
Acceptance testing has been divided into four distinct phases and four
categories. The four phases include:

Phase 1 - Pre-Operational Tests
Phase 2 - System Operational Tests
Phase 3 - Nuclear Startup Tests
Phase 4 - Power Ascension Tests

The four categories have been divided according to effect on
the plant and responsible organization for preparation of test procedure
and specification as follows:

Responsible Organization
For Preparation Of
Test Specification

Category Effect on*Plant And Procedure

A Direct B&R, AI, GE
B Direct ARD, B&R, AI, GE
C Limited ARD, B&R, AI, GE
D None ARD, B&R, AI, GE
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CHAPTER 15 - ACCIDENT.ANALYSIS

The overall Design of the CRBRP is based on a three level of
design approach which establishes a defense-in-depth for the health and

IlI safety of the general public.. The three levels of safety approach
encompasses: 1.) The provision of a sound reliable plant, 2) The limita-
tion of any accidental condition to acceptable values within the plant-
capability and 3) The protection of the public against certain extremely
unlikely events by additional plant capabilities. Chapter 15 addresses a
broad spectrum of accident events in which the efficacy of the three levels
of design is demonstrated. The results of these analyses clearly, demonstrates
that none of these events result in a site boundary dose in-excess of the
10CFR1O0 Guidelines.

Section 15.1.1 begins with a reiteration of the safety philosophy
contained in Section 1.1 and provides an extensive discussion of first and
second level design features. A collation of third level design margin
requirements and a preliminary assessment of the feasibility of compliance
with these requirements. A collection of tables and figures specifing
the numerical requirements are also included. The derivation of these
requirements is treated in some detail. Some examples are quoted below:

The core support structure and reactor vessel shall be able
to acconmnodate, without failure, the dynamic loading shown in
Figure 15.1.1-5 (not reproduced here) on the upper surface of
the-core support structure and attenuate these loads to'"values
which are acceptable to the supporting concrete as quantified
below.

• The vessel support ledge shall be able to accommodate a load
of .50x0O6 lbs in either the upward or downward direction.

The IHX upper shell shall be able to accommodate the dynamic
loading shown in Figure 15.1.1-19 (not reproduced here).

The vertical clearance between the reactor*vessel and guard
vessel shall be at least 6 inches to allow postulated vessel
downward motion.

Clearance above head mounted components shall permit a 6 inch
head lift at the outer bolt circle and a 10. inch maximum
vertical lift at the center of the head.

The design shall be capable of sustaining temperatures up to
1250'F for as long as 300. hours in the vessel, nozzles and
core support structure without exceeding creep rupture
strength, where the only imposed loading is weight.

The Reactor Containment Building shall be. provided with
isolation valves that can be closed without release of
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radioactivity, following detection'.of high radioactivity
levels in the building heating and ventilating system. The
closure time requirement for the inlet, and exhaust isolation
valves is 4 seconds from the time of detection of high
radiation levels in the heating and ventilating system
assuming a 10 second transport time from the serving.point
to valve.

These are only a small sample of the total listing of requirements,
but are indicative of the level of detail provided. After the time of
selection of the third level margin requirements which were based on FFTF
experience and a measure of engineering judgement, the CRBRP HCDA parametric
analysis were developed to a point at which it was considered they could
give useful guidance on the acceptability of the third level margin require-
ments. PSAR Table 15.1.1-1, reproduced here, compares the primary system
loadings with those from conservative CRBRP HCDA analyses.

Section 15.1.2 discusses the fuel cladding failure criteria used
for evaluation. It is shown in this Section that, provided a cladding
hot spot temperature of 1600°F is not exceeded in any transient, then
that transient would not result in cladding failure. However, if a
temperature in excess of 1600F is reached, then that particular transient
must be evaluated on an individual basis.

:,Section 15.1.3 discusses the plant protection system trip level
design events and duty cycles. A table is provided (Table-15.1.3-1, not
reproduced here) showing the applicable PPS substem trip levels or trip
equationss.

Sections 15.2 and 15.3 cover, respectively, the identified events
which could result in reactivity insertion or in reduction in. core cooling.
In each case, the events are categorized as Anticipated, Unlikely or
Extremely Unlikely. A summary of the results of these studies appears
in Tables 15.2-1 and 15.3-1 of the PSAR, which are reproduced below. The
results of these analyses indicate there are no deleterious consequences
.associated with any of the reactivity insertion o.r undercooling events
presented in these sections.

Section 15.4 discusses the potential local failure events that
could occur to the fuel, radial blanket and control assemblies. The major
items addressed are:

Stochastic Failures
Overenriched Assemblies
Flow Blockages

The results show that none of the potential events presented leads
to either propagation of fuel pin failures or of assembly-to-assembly failures.

Section 15.5 discusses fuel handling and storage events. In this
section the events are again categorized as Anticipated,-Unlikely, or
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Extremely Unlikely. A summary of the results of these analyses appears
in Table 15.5-1 of the PSARand reproduced below. The results show that
there are no adverse consequences associated with any of the fuel handling
events.

Section 15.6 address a broad spectrum of potential sodium fires.
The events discussed in this section have such low probability of
occurrence that they have all been categorized as extremely unlikely events.
A summary of the results of these analyses appears in Table 15.6-i oT
the PSAR and reproduced below. As can be seen from the summary table no
deleterious consequences are associated with any of the sodium fire events.

Section 15.7 addresses a group of other events that do not
appear to fall under any of the preceeding categories. Again in this
section the accident events are listed as Anticipated, Unlikely or
Extremely Unlikely. A summary of the results of these analyses appears
in Table 15.7-1 of the PSAR and reproduced below. As can be seen from
these data there are no adverse consequences associated with any of these
events.
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TABLE 15.1.1-1

COMPARISON OF HCDA PRIMARY SYSTEM LOADINGS

Structural
Evaluation

Reference Fuel Vapor
Case Expansion Case

Work Energy to One Atmos. (MW-sec) 300 1324

Initial Core Pressure (PSIG) 2972 2175

Residual Bubble Pressure (PSIG); 290 347

Max. Vessel Strain in Core Region'(%) 1.8 3.2

Max. Upper Vessel Wall Radial Strain (%) 3.9 10.0

Core Barrel Strain (%) 8.8 9.6

Peak Outlet Nozzle Pressure (PSIG)
Before Slug Impact 420 464-493
After Slug Impact 761 652-725.

Peak Inlet Nozzle Pressure (PSIG) 435 493.:.
(REXCO.Averaged)

Peak Force on CSS (106 LBF) 52.5 57.9

Impulse on CSS to Slug Impact (106 LBF-Sec). 2.1 2.0

Impulse of CSS to System Equil (106 LBF-Sec) 2.3 3.8

Peak Force on Head (106 LBF) 135 108

Avg. Force for Second Peak (106 LBF) 29 .49

Peak Inlet Piping Pressure (PSIA) 717 607
Peak Primary Piping Pressure (PSIA) 720 ',770

Peak.Pump Inlet Pressure (PSIA) 590 %580
Peak IHX Shell Pressure (PSIA) 522 --772

Peak Check Valve Pressure (PSIA) 703 "763
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TABLE- 15.12-1

REACTIVITY INSERTION DESIGN EVENTS

0 Section
. No.

Max., Clad.
Primary

Scram ...

-Temp.*
Secondary

ScramEvent Comments

15.2 Reactivity insert, design events

15.2.1 Anticipated Events

on
WU,

15.2.1.1 Control assembly withdrawal @
Startup

15.2.1.2 Control assembly withdrawal @
power

15.2.1.3 Seismic reactivity insertion
(core, radial blanket and-
control rod) - OBE

15.2.1.4 Small reactivity insertions

15.2.1.5 Inadvertent drop of single
control rod at full power

1510OF

1-440OF

1500OF

161 0°F

"14409F

1560°F

NA. .1383°F
(See 15.2..1J)

Temp. shown for lt/sec. withdrawal.
Resultant Temp. less than operating
condition. (Full Power)

.. Based on extremely small withdrawal.
rate - Results are .within the guide-
lines of Table 15.1.2-3..

..Based on postulated 30 step reacti-
.vity insertion - Results are within
.guidelines .of Table 15.1.2-3

For 2U/sec insertion case - Results
are within guidelines of
Table 15.1.2-3

Less than
init. cond.

Less. than Results fall within guidelines of
init. cond. Tabl.e .15.1.2-3

15.2.2 Unlikely Events

15.2.2.1 Loss of.hydraulic holddown

15.2.2.2 Core radial movemert.

1l415"F

1470"F

1420OF

1510OF

Results are within guidelines of
Table 15.1.2-3

For non-seismic conditions.- Results
fall within guidelines of
Tab~e 15.1.2-2

* Fuel pin .inside diameter cladding temperature (under wire wrap)
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Section
No. Event

15.2.2.3 Mal-operation of reactor
plant controllers

15.2.3 Extremely Unlikely Events

15.2.3.1 Cold sodium insertion

15.2.3.2 Gas bubble through coret

15.2.3.3 Seismic reactivity insertion
((core, radial blanket and
control rod) - SSE

15.2.3.4 Control assembly withdrawal
at startup-max. mech. speed

15.2.3.5 Control assembly withdrawal
at power - max. mech. speed

TABLE 15.2-1 Continued

Max. Clad. Temp.*
Primary Secondary

Scram Scram

<1510'F <1610•F

Less than
init. cond.

<1480'F

<1505" F

Less than
init. cond.

<1480'F

NA

Comments

Less than limiting condition shown
in 15.2.1.2-1

Results fall within the guidelines
of Table 15.1.2-3

Results fall within the guidelines
of Table 15.1.2-3

Based on postulated 60¢ step reac-
tivity insertion - Results fall
within the guidelines of
Table 15.1.2-3

For 20U/sec reactivity insertion -
Results fall within the guidelines of
Table 15.1.2-3

For 20t/sec reactivity insertion -
Results fall within the guidelines of
Table 15.1.2-3

(.n

0,b

NA 800°F
(See 15.2.3.4)

1420°F 146 0 °F

*Fuel pin inside diameter cladding temperature (under wire wrap)

tNot regarded as credible, used for evaluation purposes only.



-4 TABLE 15.3-1-

UNDERCOOLING EVENTS

Max. Clad Temp.*
Primary Secondary

Scram Scram

(L

In
L"

Section
No. Event

15.3 Undercooling Design Events

15.3.1 Anticipated Events

15.3.1.1 Loss of off-site electrical
power

15.3.1.2 Spurious primary pump trip

15.3.1.3 Spurious intermediate pump
trip

15.3.1.4 Inadvertent closure of one
evaporator or. superheater
module isolation valve

15.3.1.5 Turbine trip

15.3.1.6 Loss of normal feedwater

15.3.1.7 Inadvertent actuation of the
sodium/water reaction system

15.3.2 Unlikely events

15.3.2.1 Single primary pump seizure

1410 0 F 1630OF Primary shutdown. within upset umbrella.
Temperature spike associated with secondary
shutdown is considerably less severe
than the umbrella transient (See
Section 15.3.1.1)

1390°F 1445°F Within the umbrella

<13650 F <1365°F Core sees only normal trip

Comments

<13650 F <1365°F Core sees only normal. trip

<1 365 0F

<1 365°F

<1365°F

<1 365 0 F

<1 365OF

<1 365°F

Temperature decreasing continuously

Core sees only normal trip

Core sees only normal trip

1400"F 1470 0 F Within the umbrella

1--
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TABLE 15.3-1. (Continued)

LI

Section
No. Event

15.3.2.2 Single intermedite loop
pump seizure

15.3.2.3 Small water-to-sodium leaks
in steam generator tubes

15.3.2.4 Failure of the steam bypass

system

15.3.3 Extremely unlikely events

15.3.3.1 St.am or feed-line pipe break

15.3.3.2 Loss of normal shutdown
cooling system

15.3.3.3 Large sodium/water reaction

15.3.3.4 Primary heat transport
system pipe leak

15.3.3.5 Intermediate heat transportt
system pipe leak

Max. Cl
Primary
Scram

<1365°F

ad Temp.*
Secondary

Scram

<1365°F Core sees ony

<1365%F <1365'F Core sees only normal trip

<1365'F <1365%F Core sees only normal trip

Comments

normal trip

<1 365*F

<1 365OF

<1365%F

<1365OF

Core

Core

sees

sees

only normal

only normal

trip

trip

<1365"F <1365%F Core sees only normal trip

no effect no effect No effect on reactor core or primary
system temperatures or pressures

no effect no effect Core temperatures would not increase

*Fuel pin cladding midwall temperature (under wire wrap)

tNot regarded as credible, evaluations event only.



TABLE..15.5-1
-4
~JI
0
-4 FUEL HANDLING AND.STORAGE EVENTS

Section
"I A[

@ Site @ Low Population
r, A+ rr,~nwin rvt C

,J. 4 I. UU.*~ . I4I ý. 1.* 1J4U .~ .1 1 - V-1 IL

15.5

15.5.1

15.5.2

15.5.2.1

15.5.2.2

L,

Ln
-i

15.5.2.3

15.5.2.4

15.5.2.5

15.5.3

15.5.53.I

Fuel handling & storage
events

Anticipated events
(None.)

Unlikely events

Fuel assembly dropped
within reactor vessel
during refueling

Damage of fuel assembly
due to attempt to insert
a fuel assembly into an-
occupied position.

Single fuel assembly
cladding failure and
subsequent fission gas
release during refueling

Cover qas release during
refuelinq

Heaviest crane load
impacts reactor
closure head

Extremely unlikely event

Collision of EVTM with
.. control rod drive

mechanism

<1.67 REM

<8.98x10' 4 REM

8.98xi0-4 REM

1.67 REM

<1.67 REM

<1.67 REM

0.00084 REM

<3.25x10" 4 REM

3.25xi0-4 REM

0.00084 REM

<0.00084 REM

<0.00084-REM

This event is
the suggested
dose limits.

well within
guidel ine

Consequences of this event
are within the umbrella of
Section 15.5.2.4

This event is well within
the suggested guideline
dose rate.

This event is well within
the suggested guideline
dose limits

Consequences of this event
are within the umbrella of
Section 15.5.2;4

Consequences of this event
are within the umbrella of
Section 15.5.2.4
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TABLE 15.6-I

0. • SODIUM SPILL EVENTS

CA

I
Ln

Max. Off-Site

Section •SdumSpill Location Dose Max.

No. Events Gallons Atmosphere Bldg. - Cell % of 1OCFRIOO Press/Temp Comment

15.6 Sodium Spills

15.6.1 Extreriely Unlikely

15.6.1.1 Primary sodium in 32,000 400 Normal RCB Overflow 0.0004 1.8 psig/ Doses well within

containment, stor- Air Tank Cell 248
0

F* guideline limit con-

age tank failure tainment pressure,
during maintenance Design Press 10 psig less than 1/5 design.

Design Temp 250'F Temperatures within
design limits,

15.6.1.2 Failure of ex-vess-el 7,500 500 inerted RSB Cooling 0.35 1.5 psig/ Doses well within
sodium cooling sys- Equip. Cell 145oF** guidelimit. Cell

tem during operation . pressure well within
Design Press 3 psig projected design pres-
Design Temp 150'F . ".sure,. Temp. within

design limits.

15.6.1.3 Failure of 90,000 400 Inerted SGB/ Storage Tank 2.20 4.0 psig/ Doses well within

ex-containment pri- IB Cell 260°F** guideline limit cell

mary sodium storage pressure within

tank Design Press 5 psig projected design
Design Temp 350F pressure, temp.

within design limits.

15.6.1.4 Primary Heat. 100 kg/min 1015 Inerted RCB PHTS Cell 0.001. 5.0 psig/ Doses well within

Transport System (130 gal/min) T . 300** guideline limit cell

piping leak for 10 min. Design Press 10 psig pressure within
Design Temp 250*F projected design

pressure, temp.
within design limits.

15.6.1.5 Intermediate Heat 400,000 800F Normal SGB/ IB 0.046 <3.0 psig/ Doses well within

Transport System Air IB .600'F guideline limit.
piping leak Cell must be vented

at a rate of
700,000 cfm to main-
tain 3 psig design

_ ._ _pressure.

*RCB - Reactor Containment Building
RSB. - Reactor Service Building
SGB/IB - Steam Generator Bldg/Intermediate Bay
PHTS, - Primary Heat Transport System.

*In Containment
**In Affected Cell



TABLE• 15.7-1

OTHER EVENTS
0

.do, Section
No.

PotentialInitioParametersEvents .Comments
I- imt.ioPrmtr

15.7

15.7.1

15.7.1.1

U,ko

15.7.1.2

15.7.1.3

15.7.1.4

15.7.1.5

15.7.2

.15.7.2.1

15.7.2.2

15.7.2.3

15.7.2.4

15.7.2.5

15.7.3

15.7.3.1

Other Events

Anticipated Events-

Loss of One DOC. System

Loss of instrument or valve a~ir system

IHXLeak

Off-normal cover'qas pressure in the reactor primary
coolant boundary

Off-normal cover gas pressure in IHTS

Unlikely events

Inadvertent release of oil through the pump seal (PHTS)

Inadvertent release.of oil through the pump seal (IHTS)

Generator breaker failure to open at turbine trip

Rupture of RAPS Surqe Vessel

Liquid rad-waste system failure

Extremely unlikely events

Leak in a core component pot.

Spent fuel shippinq cask dropped from maximum possible
height

Maximum possible conventional fires, flood, and storms

Failure of pluq seals and annuli

Fuel rod.leakage combined with IHX and steam generator
leakaqe

None

None

None

None

None

None .

.None

None

<2.5 REM (integrated
2-hrdose at the
site boundary)

3.7xi0-6 REM @ site*
*boundary
3.05xlO.- REM @ LPZ

,.3200'F Center Fuel
Pin

S5;95xlO-5 .REM Whole
Body @ SB (2-hr)
4.78x0 6

- REM Whole
Body @ LPZ (30-day)

None

None

None

No adverse operating conditions .have been identified
with this event.

Detailed description of failure effects or safety-.
related instrument air supplies, if any will be prov.ided
in the FSAR.

Core sees normal shutdown.

No adverse operating conditions associated with this.
event.

No adverse operating conditions associated with this
event.

No adverse consequence identified at this time.

No adverse consequence identified at.this time.

Core sees only normal shutdown.

Consequences will be within suggested guideline doses.

Consequences are well within the suggested guideline
doses.

Only slight cladding melting. Fission gas release:
within umbrella of Section 15.5.2.3.

Doses are well within the suggested guidelines.,,

None

No adverse consequences associated with this event.

No adverse consequences associated with this event.

15.7.3.3

15.7.3.4

15.7.3.5

I
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CHAPTER 16 TECHNICAL SPECIFICATIONS

The technical specifications, which regulate the operation'
and maintenance of a nuclear power plant become an integral. part of-the
plant license, and as such form the basis o:f a continuing relationship
between the licensee and the regulatory agency. They are proposed by
the applicant and ultimately imposed uponthe plant operation in the
interest of the health and safety of the public.

Because of the special nature of the 'material in this chapter
and the present state of the design, it is neither possible
nor prudent to produce final technical specifications tor the
essential plant parameters. Rather, for the PSAR, Chapter 16 has been
written to identify the essential systems and parameters which require
technical specifications in an LMFBR without attempting to provide
the final values for the essential p ra.qters. F)r ,those systems
wheere' t1he design is sufficiently detailed, technical speciffications
have' been written. However, ,these are presented as being preliminary
only, the actual technical specifications will be provided in the
FSAR, and may well differ from these.

Although it is customary in PSAR's to provide general
information only, this chapter includes detailed information in an
attempt to provide an insight to the expected,.operating characteristics
of the plant.

As required by the Standard Format and Content, the chapter is
divided into six major sections.

16.1 Definitions
16.2 Safety Limits and Limiting Safety System Settings
16.3 Limiting Conditions for Operation
16.4 Surveillance Requirements
16.5 Design Features
16.6 Administrative Controls

Section 16.1 is essentially complete and defines those
special conditions and terms as they apply to CRBRP.

Section 16.2 covers the Safety Limits and Limiting Safety
System Settings. The only safety limit which has been identified is
the combination of thermal power and primary coolant flow which will
prevent clad melting and thereby maintain a coolable core geometry.
No specific values are given for these parameters.

For the Limiting Safety System Settings, the Plant Protection
System protective functions have been identified without specifying
the actual trip settings.
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Section 16.3.provides the technical specifications for the
Limiting. Conditions for Operation of each of the major systems. The
intent of this section is to identify the lowest functional capability
or performance level of.equipmentt requi red for safe-"operation. of the
planit.

Section 16.4 is concerned With the surveillance requirements
for the various system s and components. Technical specifications are
written to identify the tests, calibrations and inspections which are
necessary to assure that the quality of the systems and components is
maintained.

Section 16.5 is used to describe the major. design features of
the'plant. By includingthese descriptions as a part of tec hnical
specifications,) a change in any of these features requires the same.
procedure as a change in any of the other• technical specifications.
In this way, the regulatory agency, is able to control majorechanges
in safety related systems. The subjects covered in this section are:

1. Site
•2. Containment
3•, Reactor-
4. Heat Transport System and Residual Heat Removal.. I
5. Fuel 'Storage and Handling

The final section in this chapter, 16.6, is adescription of
.:the administrative controls which are necessary to assure safe
.operation of the plant.
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CHAPTER 17 QUALITY ASSURANCE

This chapter describes the program of plans and actions related
to quality assurance for the CRBRP. The chapter defines the Project
Quality Assurance philosophy, provides a description of the organization
and discusses the implementation of programs to assure quality performance
throughout the design and construction phases of the CRBRP. The chapter
has been written in concert with the format of REG Guide 1.70.6 (July
1974) which significantly expanded the amount of material required by the
SFAC.

The basic chapter and its appendices provide a detailed discuss-
ion of how implementation of quality requirements id delegated down
through the project organization, which is shown in Figure 17-1, and
defines the means utilized to assure compliance with these requirements.
The disciplines discussed in detail in each of the appendices are as
follows:

O. organization
2. Quality Assurance Program
3. Design Control

- 4. Procurement Document Control
5. Instructions, Procedures and Drawings
6. Document Control
7. Control of Purchased Material, Equipment, and Services
8. Identification and Control of Materials, Parts and Components
9. Control of Special Processes

10. Inspection
11. Test Control
12. Control of Measuring and Test Equipment
13. Handling, Storage and Shipping
14. Inspection, Test and Operating Status
15. Nonconforming Materials, Parts of Components
16. Corrective Action
17. Quality Assurance Records
18. Audits
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,400 OVERALL PROGRAM

PROJECT MANAGEMENT CORP

GENERAL MANAGER

[QUALITY ASSURANCE MGR.
..

NUCLEAR STEAM SUPPLY SYSTEM
LEAD ROLE PARTICIPANT

U.S. ATOMIC ENERGY COMMISSION
ASST. DIR. DEMO PROJECT/CH-DPO DIRECTOR

ASST. PROJ. MANAGER QUALITY ASSURANCE

* BALANCE OF PLANT SUPPLY

PROJECT MANAGEMENT CORP.
GENERAL MANAGER

[QUALITY ASSURANCE MGR.

(A

I ARCHITECT-ENGINEER
BURNS AND ROE INC.

VICE PRES. BREEDER REACTOR DIV.

j QUALITY ASSURANCE MGR.

LEAD REACTOR MANUFACTURER

CONSTRUCTION*

TO BE ANNOUNCED
CHIEF OPERATIONS OFFICER

QUALITY ASSURANCE MGR.

ARCHITECT-ENGINEER

BURNS AND ROE, INC.
VICE PRES. BREEDER REACTOR DIV.

I QUALITY ASSURANCE MGR.

WESTINGHOUSE ELECTRIC CORP.
ADVANCED.REACTORS DIVISION

GENERAL MANAGER

PRODUCT ASSURANCE MGR.

*NOTE: WHEN THE CONSTRUCTOR IS UNDER CONTRACT, THE TECHNICAL

SUPERVISION AND ADMINISTRATION OF THE NSSS ASPECTSMAY
BE ASSIGNED TO THE NSSS-LRP

. I

REACTOR MANUFACTURER

ROCKWELL INTERNATIONAL
ATOMICS INTERNATIONAL DIV.

PRODUCT OPERATIONS DIR.

REACTOR MANUFACTURER

GENERAL ELECTRIC CORP.
FAST BREEDER REACTOR DEPT.

GENERAL MANAGER

QUALITY ASSURANCE MGR.

REACTOR. MAN UFACTURER

WESTINGHOUSE ELECTRIC CORP.
ADVANCED REACTORS DIVISION

GENERAL MANAGER

L PRODUCT ASSURANCE MGR.I QUALITY ASSURANCE MGR.

Figure 17-1. CRBRP Organizational Relationships
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APPENDIX A COMPUTER CODES

Appendix A provides brief abstracts of the computer codes used
or identified to be used in the analysis of the CRBRP. For those codes
which have been determined to be non-proprietary (approximately 70),
references, available in the open literature or at the user's location,
have been cited to provide a source for supplementary information. In
the case of proprietary codes, the originating organization has been
identi fied.

4,-
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APPENDIX B GENERAL PLANT TRANSIENT DATA

be pre . mi a uy yl

This Appendix comprises a listing of the preliminary duty cycle
events (normal, upset, emergency and faulted) for the plant with a
discussion of how the selection of "umbrellaa" transients allows
simplification of the design duty cycle in a conservative manner.

Example descriptions are provided below:

Normal Event 4a Loading and Unloading

The plant. design. loading and unloading events are conservatively
represented by a continuous and uniform ramp power change of 3% of
rated power per minute through the load range of 40% to 100% of rated
power. This load range is the maximum permissible consistent with the
reactor control system, which is designed to accommodate automatic load
following capability while maintaining rated steam conditions. Load
changes in this region are accomplished by linearly varying primary
and intermediate sodium flows with power while holding turbine inlet
pressure constant.

Upset Event 17 - Three Loop Natural Circulation
From initial conditions of full power operation, complete loss

of forced sodium circulation in all loops is assumed. A reactor/
turbine trip is initiated by primary pump under-voltage relays. Steam
pressure increases causing some relief of steam through the power
operated relief and safety valves. Sodium pumps coast down and stop
and natural circulation flow is established in all sodium loops.
Auxiliary feedwater flow is established from the auxiliary feedwater
portion of the steam generator auxiliary heat removal system based on
low drum level signals. The turbine driven auxiliary feed pumps take
suction from the protected storage tank to maintain drum levels.
Terminal conditions include decay heat removal through SGAHRS.

Emergency Event 6 - Design Basis Steam'Generator Sodium-Water
Reaction

This event consists of an instantaneous rupture of evaporator
or superheater tubes, which results in rupture disk actuation, automatic
isolation and blowdown of all evaporator modules and the superheater in
the affected loop, and manual activation of the sodium rapid dump
system. In addition, a trip of the reactor, turbine, and sodium pumps
occurs. The intermediate sodium system experiences a pressure transient
resulting from the reaction. This event is classified as a fault for
the affected steam generator module. For the rest of the loop, the
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occurrence is classified as an emergency event. The plant is tripped
'onthe same signal as that which activated the emergency blowdown system.
For the unaffected loops, the event is similar, to a reactor trip from
full power.' Decay heat removal is maintained through the two .remaining
loops.

Faulted Event 1 - Safe Shutdown Earthquake

Requirements and load combinations of the SSE are defined in
Section 3.7. The SSE loadings shall be considered to occur in
conjunction with a reactor trip. Following the SSE, the intermediate
heat transport system, steam generator system, and steam generator
auxiliary heat removal system together must provide for removal of
stored and decay heat.
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APPENDIX C RELIABILITY PROGRAM

In this Appendix are given full details of the reliabi.lity
.programs for the shutdown systems and decay heat removal system. A
summary of the material.in the Appendix is given below. Further details
are given in Section 1.11of the PSAR (reproduced in Addendum.A of this
Summary), and in Addendum B of this Summary (reproduced from Appendix C
of the PSAR).

C.l Rationale.and Summary

This Section of the Appendix sets out the criteria for success
of the programs.in terms of reliability goals and.their allocations and
summarizes the results of the initial reliability assessment. It also
describes the overall reliability program in summary form.

The goal, determined to acceptable address concerns of public
risk from LMFBR's and hence to eliminate core disruptive accidents as
a basis for design, ýis as follows:

The probability of exceedingi.lOCFRlOO.guidelines
shall be less than one chance in a million per
reactor, year.

For purposes of the reliability assessment described
in the PSAR, this goal has been conservatively inter-
preted to mean that the probabi-lity of losing core
coolable geometry will be less than one chance in a
million per reactor year. This goal has been divided
into three parts as follows:

Element Goals Failures per year)

Shutdown System <10-7

Shutdown Heat Removal <8xlO 7

Faults leading to LCG <lO"
not sensed by PPS

A detailed treatment of the rationale for selection of the
goals, is given in Section C.l of Appendix.C of the PSAR.

C.2 Current Reliability Assessment

The current reliability assessment.is that the plant meets the
overall objectives presented in Section C.l of the PSAR. It is.
important to recognize that this conclusion is not based solely on the
quantitative analysis presented. The basis for the conclusion of plant
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safety adequacy comprises four major elements, namely:

1. .,The quantitative assessment based on available.
reli.ability.'methodology. and hardware reliability
information, as presented in Section B.l.3.1 of
Addendum B of this summary.

2. The qualitative reliability activities within'the
project which impose a systematic and disciplined
method of plant design. This approach serves to
minimize:the likelihood..of design oversights
and.in particular to identify common-mode failure
potential. These activities are described in
Section B.l.3.2 of Addendum B of this .summary.

3. The presence of redundancy and diversi.ty .in
essential design features in the systems of.
interest. These elements of equipment design are
described in Section B.1.3.3 of Addendum. B of
thiS' summary.

4. Capability to incorporate design and procedural
changes to enhance the reliabi-lity over and above
that requ i red. to !meet normal des ign practices..

C.3 Reliabil1ity Verification

The overall shutdown system and decay heat removal reliability
programs are summarized in PSAR Section C.l and.described in some detail
in PSAR Section. C.3.

The major reliability. verification tasks are:.

The Reliability Manual, as'a gui'de to correct and
consistent'application of reliability methodology in
the project. The manual covers the methods. of• assess-
ment (FMEA, FTA, Monte Carlo simulation, Bayesian
techniques, etc.) and the management procedures required
for their implementation.: Prime responsibility for
manual preparation is with the.shutdown system program.
Supplemental procedures will be provided by the decay
heat removal program for that program's special needs.

* Analyses beyond the initial assessment which are under-
way (rod worth requirements and uncertainties, speed
of response requirements, conditions necessary to
preservation of core cbolable geometry, ifluence
of component "repairabi li ty, etc.).
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Development of a failure and repair data base. The
first phase covers collection and reduction of
existing relevant data and of near term available
data (FFTF, CRBRP component tests, etc.); the
second phase is collection and interpretation of CRBR
early operational data. The shutdown system program has
the lead responsibility for central data bank develop-
ment. The decay heat removal effort will contribute
pertinent data on thermo-hydraulic and structural
components.

Features of the test program. The discussion covers
planned tests of components, subsystems, and systems,
identification of major existing test facilities which
will be used, and facility construction and/or modifications
necessary to meet program needs'. This section includes
conceptual arrangement drawings of the proposed modified
or additional facilities for the shutdown system testing.

Schedules for the reliability verification programs are shown
in bar chart form, indicating the availability of data to support the
plant operating license application.
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APPENDIX D EVALUATION OF"HYPOTHETICAL CORE DISRUPTIVE ACCIDENTS
FOR*THE"CLINCH RIVER.BREEDERREACTOR'PLANT

This Appendix is a compendium of core disruptive accident
analyses conducted for CRBR, including selection of initiators,
analyses performed and mechanical and radiological consequences.

The early part of the Appendix considers the range of potential
.initiators, namely:

• Reactivity insertions as either a ramp or a step
• Core voiding by entrained gas bubbles
• Control rod ejection
. Local assembly faults s
* Loss of control material
• Loss of primary pumping power

and concludes with the selection of a reactivity ramp of lOt/sec, and
a flow coastdown event as the :two candiates to be examined further..
These are termed, respectively, the transient ovdrpower and loss of
flow (TOP and LOF) events. The results of analyses of these events
are summarized in Table D,-.

An extensive treatment of the methods of. analysis is given,
.including input assumptions and areas of uncertainty. The:Codes used
are identified:

SAS 2Bý Calculation ofenergy release and shutdown
VENUS II Core disassembly phase
REXCO-HEP Mechanical loads on vessel and internals
PLAP Modification of REXCO-HEP output into Vessel

nozzle pressure ,time histories
TRANSWRAP Uses PLAP output to give mechanical loads on

primary system
HAA 3 Release of radioactive material into the contain-

ment space, with due allowance for plate-out,
settling, leakage, agglomeration, etc.

COMRADEX Uses HAA 3 output to calculate site boundary
doses

Details of the design configuration and design parameters
used as input to the analyses are given, including design drawings.
For reasons of timing, some of these data do not correspond precisely
with data quoted elsewhere in the PSAR, and a comment.on the sensitivity
of the conclusions to these changes (concluding negligible sensitivity)
is given.
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Much of the Appendix isconcerned with a detailed treatment
ofthe analyses conducted,and results obtained, in terms of energetics,
and mechanical!loads. Included, for example, are tables and figures
showing:.

- Energy partition among the various components
Reactor..configuration at various. times during the excursion

• Pressure time histories at a number of locati-o ns

Also included in. this section is a discussion on the experimental
.verification of the theoretical models' used,. including the tests conducted
at the Stanford Research Institute on a-scale model of the FFTF. These

,showed that there is reason for confidence'in the results of the
REXCO-HEP Code as a realistic but conservative model...

Some treatment of post accident heat removal capability is
included, with a statement of estimated capacities for containment of
core debris.within the primary System. The .Appendix recognizes that the
loss of flow, accidents may not be ýoolable within the vessel with the
reference design and notes that; modifications to improve the post
,accident debris retention cap.ability of the core support :'structures are
being investigated.

..%Fi.nally, .the -radol•ogical consequences are examined, and,results
quoted in Tables D-2 and D-3. Except for' the most extreme assumptions
of head leakage, these are shown to be within the guidelines of lOCFRlO0
at thersite boundary,. I The radiological analyses are based on retaining
the debris within the vessel,, except for head leakage.

The. analysesin Appendix D. are based on the reference design.
Therefore, the effects of a sealed-head access area or an ex-vessel
core catcher are not.included. These design features are included in
Appendix F.
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9
TABLE D-1

HCDA ENERGY SUMMARY

REACTIVITY INSERTION. LOSS ý-OF FLOW BASIS FOR
UPPER REPRESENTATIVE STRUCTURAL

ENERGY CHARACTERISTICS UNITS BOUND EXPECTED CASE EVALUATION

Thermal Energy Above 298*K MJ 10,800 5,520 .13,500 17,900

Thermal Energy Above Steady MJ 8,480. 2,807 11,050 15,450
State Full Power

Molten Fuel Energy Above Solidus MJ 3',j060 287 5,620 10,000

Molten Fuel Mass KG 5,800 1,060 n,7,000 7,-400

Available Fuel Work Energy NJ

Expansion to One Bar 1  155 "* 0 521: 1,320

Expansion to 20 Bar 37 0 0 151 .470_____________________________ ____________________________ ______________________________________ ______________________________________

(A

"-C
1o

NOTE: 1) For reference only; system dynamic equilibrium occurs at m20 bar.



TABLE D-2

RADIOLOGICAL CONSEQUENCES OF
HYPOTHETICAL TOP-HCDA' S

Off-Site Doses (REM)
Upper Bound

Base Parametric Cases
2" .. 3 4

10 CFR 100 Expected

2 Hr S.B.(0.41 mi)

Bone

Thyroid

Lung

Whole Body

30:Day LPZ (5 mi)

Bone:

Thyroid

Lung

Whole Body**

150

300

75

25

0

0

0

0.038

1

0.120

0.052

0.0077

0.029

1.19

0.519

0.0759

0.27

10.78

4.72

0.690

1.64

66.02

28.92

4.22

3.28

5

184.6

81.50

.11.82

3.75

150

300

75

25

"0

0

0

0. 0015

0.025

.0.009

0.0016

0.0035

0.246

0.092

0.015

0.014

2.22

0.831

0.139

0.034

13.4

0.502

0.842

0.063

10.35

4.-26

0.657

0.131

Head: Leak Rate 10 102

(%/day at 20 atm.)

RCB Pressure 1 1 1
(psig)

**Whole body dose includes direct dose and cloud gamma.

1i 1 10
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TABLE D-3

RADIOLOGICAL CONSEQUENCES OF
HYPOTHETICAL LOF-HCDA

10 CFR 100

Off-Site Doses (REM
Representative
Parametric Cases

8

C)

6 7

2 Hr S.B. (0.41 mi)

B one

Thyroid

Lung

Whole Body

30 Day LPZ (5 mi)

Bone

Thyroid

Lung

Whole Body**

150

300

75

25

0.093

0.0063

0.005

0.028

0.926

0.063

0.050

0.258

0.185

0.011

0.01

0.014

9.11

0.616

0.488

1.54

1.82

0.105

0.097

0.031

9

131.7

8.90

7.05

3.04

26.4

1.52

1.40

0 .062

10

1893

128.7

101.4

5.5

106.2.

6.75

5.67

0.214

150

300

75

25

0.019

0.001

0.001.

0 .0035

Head Leak Rate
(%/day at 20 atm.)

10 10
2

Co

RCB Pressure
(psig)

1 1 I 1 .10

**Whole body dose includes direct dose and cloud gamma.
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APPENDIX E - PRIMARY PIPE'RUPTURE FALLBACKPOSITION

Introduction

The basic project position is that large pipe ruptures in the
primary heat transport loops have a low enough probability so that such an
occurrence should not be used as a'basis for the design of the CRBRP. How-
ever.a parallel design to mitigate the consequences of such a rupture is
being pursued which could be incorporated into the CRBRP if necessary.

The.objective of this section is to establish a pipe rupture
.accommodation program. (as a fallback position) with the goal of developing
a design which will mitigate the consequences of a large primary pipe
rupture and assure acceptable core temperature and cell transient condi-.
tions. The approach, as described in the various subsections of this
Appendix, is to:

1. Define the general requirements and key objectives for the
parallel.design.

2. Describe the current status of the program along with a
brief description of the studies being conducted to establish
the low probability of such pipe ruptures.

3. Provide an overall description of the program and key
decision points.

The major requirement, predicated on the assumption that a
double-ended rupture in the primary system must be accepted as a.design
basis, is that the modifications to the heat transport svstem and contain-
ment structures siall be-designed'.as necessary to accommodate the
consequences of postulated ruptures for all anticipated operating
conditions.

Two key objectives of the program are that modifications to-the
reactor vessel and/or the heat transport piping shall maximize capability
for in-service inspection of the coolant boundary and shall be capable
of being built and-installed in the plant with minimum effect on the
start-up schedule.

Discussion of Program

Current design studies indicate that the pipe sleeve concept is
the most promising design option for mitigation of core transients due to.
double-ended ruptures in the primary piping. The principal design features
of the sleeve concept are shown in Figure E-l below. Core transient
analyses performed to date indicate the need for the pipe sleeve protec-
tion only between the reactor vessel and the top of the inlet downcomer.
However the design provides for a sleeve extending up to the flowmeter
inlet to provide additional safety margin. In addition to the pipe
sleeves other mitigating options are being evaluated. Tkese. opti-ons

SV-75



include the use of pipe restraints.and flow diodes.

The structural analysis of the pipe sleeve arrangements will be.
performed in conjunction with the analysis of the primary heat transport
system during the preliminary design-phase of the pipe rupture accommoda-
tion program. Preliminary -calculations for. double-ended ruptures at
various sections in the inlet downcomer piping,show that these loadings

'will result in stresses below allowable ASME Code limits for the reactor
vessel and will.not cause failureof the sleeve.

In-service inspection will be visual in nature. The inspection
of the primary piping protected with the pipe sleeve will consist of
remote visual viewing in the HTS cell-and the-HTS pipeway between the.
PHTS cell and the reactor cavity.

Leak detectors will be provided at selected locations on:the pipe
and at the bottom of the vertical pipe sleeve runs. A detailed discussion
of the various types of leak detectors (spark plug, aerosol detectors,
radiation monitors, level detectors) proposed to be used in the primary
heat transport system is provided in the PSAR Section 7.5,5.

Analysis

Analyses of core transients resulting fromidouble-ended, piperuptures in the primary heat transport loops have been performed for.,
three-loop .plant Operation based on .thermalýl;/hydraul icý .design paramieters.
The preliminary, results of the analysis for three-lop operation at full
power indicate that a double-ended pipe rupture in the primaryr.heat

.transport system .can• produce unacceptable core-temperature transients only
if the break occurs in the col°dleg piping between the reactor inlet
nozzle and the top of the downcomer. In this region of the PHTS piping,
a double-ended break results in hot channel coolant temperatures .exceed-
inq saturation limits within a period of less than one second. Incorporation
of the pipe-sleeve concept mi.tigates this' accident event, For a break at
the reactor inlet, representing the worst case location for piperuoture,
the hot channel coolant temperature was calculated'to be 90°F below the
calculated saturation temperature.

To conservatively predict the pressure transient resulting from
the postulated ruptures, heat transfer from the discharged.sodium to the
inert atmosphere is assumed to be ideal.. For this limiting case, thetemperature of the PHTScell or RC.inert atmospherelis assumed to
increaseý instantaneously to the temperature of-the dischargedsodium.. The
resultant cell/cavity pressure was also determined ideally assuming that

.the perfect gas law applies.-

P...reliminary analysis of the primary"HTS and reactor cavity
•transients-resulting from a double-ended.pipe'rupture has also been per-
formed. The results indicate peak PHTS.cell and RC pressures on the order
of 25 psigi corresponding to.an increase in 'the, temperature of the inert
atmosphere from 90°F to 1015°F, the peak hot-leg sodium temperature. In
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addition to the pressure and temperature transients imposed on the PHTS
cells or RC following pipe rupture, the potential exists for bubbling gas
into the primary system. Based on the geometric configuration of the
primary heat transpout system and the inlet plenum pressure history follow-
ing double-ended ruptures, preliminary analyses have shown that if the cell
or cavity gas pressure following a pipe rupture is maintained below'.1lO
psig, the potential for gas introduction to the inlet plenum does not
exist.

If a postulated double-ended rupture is required to be treated as
a basis for destgn, venting capability may be required for the PHTS cells
and reactor cavity. The PHTS cell design will accommodate the maximum
temperature of 1015°F. The RC is currently being designed for 35 psig
pressure and 1015 0F temperature and is therefore adequate to ensure
inerting capability and structural integrity in the event of primary pipe
ruptures. From a radiological standpoint, preliminary analysis indicates
that a large margin (greater than a factor of 104) exists between the
potential doses at the site boundary and low population zone and the
applicable guideline limits.
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APPENDIX F CORE DISRUPTIVE ACCIDENT ACCOMMODATION

The project position remains firm, that any event capable of
leading to a loss of core coolable geometry is so improbable that it
should not be accepted as a design basis for the plant.- This position
and the part played by Appendix F, is laid out in Section 1.1 of the
PSAR and...repeated in the introduction to Appendix:F. It is made
clear that the treatment of a core disruptive accident as a design
basis, in Appendix F, is being done to follow the agreements of Reference
1, and should not be interpreted as any change in the Project position.
Following this statement a CDA is discussed as a design basis event
throughout the Appendix.

It is also made clear that this Appendix represents a status
report only, and that the final version of Appendix F will be submitted
in September 1975.

The Appendix is divided into two Parts, of which the first deals

with the sealed HAA,-and the second with the EVCC.

Part I - Sealed HAA

After.a brief introduction, there follows a fairly detailed
listing.of criteria and design requirements for the sealed HAA. Some
examples of the requirements listed are:

The HAA shall be sealed to limit the radiological
effects of the design basis CDA below the guidelines
of lOCFRlOO.

The sealed HAA shall be designed as a seismic
Category I..structure.

.* All gas lines and connections shall be capable of
withstanding the pressure resulting from the sodium
egress consequences of the design basis CDA.

There follows.a discussion of the design program, supported by
a schedule., This shows, for example, input from a mechanistic CDA
assessment by May 1975, and a preliminary risk assessment and.updated
CDA analysis by mid 1977.

.The remaining text covers the current status of the program.
Both air filled and inerted concepts are discussed, and several
sealing'concepts described. (Large dome, small dome, fabricated panel
type structures and some variants of these) In each case design drawings
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are given, and a date of 12-1-75 is quoted for completion of
preliminary design:.

Part II- Ex-Vessel Core Catcher (EVCC)

The Introduction. includes a review of current EVCC studies
at ANL,. Interatom and elsewhere.

Design requirements are presented, some examples of which are
given below:

. The EVCC shall be, designed to prevent recriticality
of the debris from the design basis CDA.

• The design shall assure that debris which penetrates •
the Guard Vessel reaches the Lower Cavity EVCC.

* Class 1E power supplies and controls shall be
provided as :required for the system to function.

T The EVCC system shall be designed to Seismic Category I
*requilrements.

• The bed.'mate~rial shall have a high volumetric heat'
. absor'bing capability.

The initial conditions are discussed, in terms of melt-
through ofthe reactor vessel and, guard vessel of 100% of the core and
axial -blankets as; well as 50% of the; radial ,blanket. The decay heat
load from this mass is stated, and the effects of the reactor vessel
sodium are discussed.

.The program of activities is described and supported with
schedules which show the compatibility of this effort with the overall.
plant construction schedule and withzthe time..scales for availability
of results from the, reliability program.

Three candidate concepts are presented (sacrificial-bed,
crucible and suspended catch trays). These are,:briefly described,
with some conceptual drawings and analyses relating to secondary-
critica.li ty• and heat:loads.
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A number of.Addenda to this Part are presented, covering:

Analysis of bed material melting
Discussion of EVCC transient response
Molten pool heat transfer
Bed heat load
A description of an actively cooled sacrificial bed system,
supported by design drawings.

In each of these, numerical details are presented.

Reference 1. Letter from L.-Manning Muntzing (Director of Regulation)
to John A. Erlewine (USAEC General Manager) "CRBRP
Licensing Review", January 2, 1975.
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ADDENDUM A

INTRODUCTION AND GENERAL DESCRIPTIfFQ THE PLANT

1.1 Introduction

The Clinch River Breeder:Reactor Plant (CRBRP),will provide a vital'
step in the United States' reactor development program.. The objective of
the U. S. Energy Research and Development Administration (ERDA) Liquid Metal.
Fast. Breeder Reactor (LMFBR) program is to develop, on a broad, proven tech-
nological and engineering base, with joint utility and industry partici-
pation, a commercial breeder reactor industry.

In keeping with the objective.of the LMFBR program, the objectives
of the CRBRP are as follows:

1. To. confirm and demonstrate the potential value and environ, -
mental desirability of the LMFBR concept as a practical and
economic future option for generating electrical power;

2. To confirm the value of this concept for conserving impor-
tant nonrenewable national resources;

3. To develop, for the"benefit of government, industry and the.
public, important technological and economilc data-;"

4. To provide a broad base of experience and information im-
portant for commercial and industrial application of the
LMFBR concept; and

5. .To verify certain key characteristics and capabilities of
LMFBR plants for operation.on utility systems such as
licensability and safety, operability, reliability,
availability, maintainability, flexibility and prospect
for economy.

Since there is limited experience within the present-day licensing
framework which is directly relatable to a first-of-a-kind demonstration
plant such as the CRBRP, the information presented in this introductory
section is more extensive than normally found in light water reactor
PSAR's. For clarity of presentation, Section 1.1 has been subdivided
as follows:

1.1.1--This subsection gives the information requested by the
Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants, LMFBR Edition (SFAC).

1.1.2--This s.ubsection presents the basis for the.application and
details the manner in which the CRBRP design approach will
assure compliance with applicable Commission requirements.

1.1.3--This subsection describes the applicability of the Regulatory
Guides issued through June, 1974.
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1.1.1 -General Information

This PSAR is submitted in support of a joint application'by
Project Management Corporation (PMC) and the Tennessee Valley
Authority (TVA) for a CP and Classý104(b) Operating License to con-
struct and: operate the Nation's first large-scale LMFBR Demonstration
Plant'.

The plant will consist of a single generating unit, employing a
liquid metal cooled fast breeder reactor Nuclear Steam Supply.System
(NSSS). Westinghouse Electric Corporation (Advanced Reactors Division)
is responsible :for the design of. the NSSS and of the steel containment,
•under the technical direction of the :United States Energy Research and
Development Administration's (ERDA) Division-of Reactor Research.and
Development. The General Electric Company and the Atomics International
Division of Rockwell International Corporation have major subcontracts,
related to the NSSS, from Westinghous.e. Burns & Roe is responsible
for :the design-of the balance-of-plant (BOP) and other functions.
-normally assbociated wi th 'the. archi.tect-engi neer (eg., characterization
of. the site seismology, etc.),'under 'the direCtion of PMC. ;•"'The plant
'wi'll be .operated by TVA.- Furthe amplifi cation, of the relationship

between ý.these participants. in theý Project is found" in Section, 1. of
,.ýthis 'PSAR . . ..

The. Clinch Riverr Si~te is in"• east central :Tennessee in the
eastern part of Roane County and within the town limits of Oak Ridge,
approximately 25. miles west of Knoxville. The ::site is on a peninsula

,bounded on the north,,.by ERDA's Oak Ridge Reservation and on. the remaining
sides by th "Cin iver. Complete detai of the site location, layout
and characteristics are given in Chapter 2 -of 'this PSAR.

The•design power level for the plant is 975 MW(th), corresponding
to a.gross generation level of 380 MW(e). This power level is discussed
under .the. terms "thermal/hydraulic" (T/H) conditions in .various sections
of "the' PSAR. I.t Ais this power llevel whi ch :forms the basis for thepresent

.application, and for the safety analyses presented in Chapter 15. '
However, 'the permanent components of the plant (heat transport Sys tem,
core support, structure, BOP, etc..).have been designed for additional
capability,' namely for apower leVel of 1121 MW(th) corresponding to a

gross generation level of 439 MW(e). These latter conditions are referred
to as "stretch".conditions in this PSAR. In various sections, components
are shown..to be capable of accomnmodating "stretch" conditions. Although
"stretch" conditions do not. form the basis. for the present application,
subsequent to issurance of'the Construction Permit, a supplementary
appl~ication may be made to. increase the. power level to these "stretch"
condi•tions. However', for purposes of the CP review, the additional,
capabili.ty of permanent plant components should 'be treated as an inherent
margin in the plant design.
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The plant is designed with three main coolant loops and the
intended mode of operation is that all three loops should be continuously
in service. Since operation with only two loops in service may be desirable
*for maintenance or other reasons, the plant is designed with the capa-
bility for two-loop operation. The power level appropriate to two-loop
operation will be established before application for the plant Operating
License is made. It is the Project objective for the CP review to
establish that sufficient redundancy has been provided in the heat
removal system to permit two-loop operation. Although.specific
analyses related to two-loop operation are not presented, sufficient
information to show that no major impediments exist to eventual two-
loop operation is presented in Chapter 5 and Appendix C..

The scheduled construction completion date for the Plant is
September 1981; power operation is anticipated early in 1983.

1.1.2 Basis for the Application

The basis for the CRBRP application is to provide a plant which meets
all applicable Federal regulations including those specified in 10 C.F.R. 100.
This applicationfollows the conventional course for licensing of a nuclear
power plant, however, due to the lack of precedents, the CRBRP design
approach utilizes more extensively reliability techniques to provide a
systematic determination:of events to be included in the plant design basis
than would be normal in a single LWR application.

Recognizing that the CRBRP is a first-of-a-kind plant, that
existing experience is therefore limited and that guidelines are not
directly applicable in all cases, a dual design approach has been adopted.
The primary approach excludes severe accidents from the plant design bases
due to their low probability of occurrence. The secondary approach, or
fallback position, assumes such severe accidents in the plant design
bases even though the Project considers this secondary approach to be
overly conservative. This dual approach is summarized in Table 1.1-I
and is described in the following paragraphs.

First (1.1.2.1), the overall philosophy of the design approach
is discussed. This includes not only a systematic treatment of conditions
and events to be considered in order to assure a reliable and safe plant,
the primary approach, but also provides a second set of design consider-
ations as a fallback position, the secondary approach. Second (1.12.2),
the manner in which the primary approach is implemented into the plant
design is presented. Third (1.1.2.3), the design efforts to implement
fallback features are discussed. And fourth (1.1.2.4), the procedure is
presented for judging that the primary approach is acceptable, and that
fallback features need not be implemented in the design.
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1.1.2.1 Desiqn-Safety Approach

The overall design of the CRBRP is based on the natural three levels
of design-which Regulatory uses-to evaluate the adequacy of proposed nuclear
power plants.

Overview

The first level consists of a technically sound design that results
in high reliability and minimizes the occurrence of accidents. The second
level provides protection against failures or malfunctions which might
occur in spite of precautions taken in the design, construction and opera-
tion of the plant in a manner which minimizes 'plant damage and ensures
safety to the public and the operating staff. Reliability tasks have been
established to assure highly reliable design and performance of certain
systems within both levels one and two. The third level provides assurance
that the public is protected even in the event of extremely unlikely cir-
cumstances of failures or malfunctions. A systematic approach using re-
liability.methodology is employed to select thel-imiting. design basis.
Also,: margins are provi'ded in the design-for defense against events beyond
those included.in the Extremely, Unlikely category.,:An.ove.rall perspective
ofthe manner in which this multi-l~evel design approach is: being :incorporated
in theCRBRP is provided in Table 1.1-2. This.brief foregoing description

represents what is termed in this PSAR.the "Reference Design"

Early in the Project life, it was decided that the design of cetain
features to accommodate-the consequences of severe accidents would be
pursued as a fallback position,.in the, unlikely event that- the .Pioject
failed to satisfactorily support the selected design basis. This approach
is ýtermed-.the "Parallel Design"' and comprisesithe features' of the Reference
Design plus the modifications and additions to the Reference-Design to per-
mit the plant to accommodate the consequences of more severe accidents.

The Reference Design is described and discussed in Chapters 1 through
17 and Appendices A through C; the additional efforts related to the Paral-
lel Design are described and discussed in Appendices E and F. This dual
approach'for submittal is consistent with the understanding developed
in:Reference 1.

Level 1 Design

The first level of design provides reliable plant operation and pre-
vention of accidents during normal operating conditions through the intrin-
sic features of the design, such as qua'lity assurance, redundancy, main-
tainability, testability, inspectability, and fail-safe characteristics.
The plant is being designed not only to accommodate steady-state power conditions.,
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but also to have adequate tolerance for normal operating transients,
such.as start-up, shutdown, and .load-following. As a basic part of the
•LMFBR development program, a number of large scale engineering proof
tests are being performed to verify the design concepts. This testing
process, in the first level, is to provide predictability of performance
and, hence, safety through assurance of the use of proven methods,
materials, and technology.

Extensive pre-operational test programs will be conducted in the
plant to assure conformance of components and systems to the established
performance requirements. Key parameters will be monitored continuously
or routinely and a well-defined surveillance, in-service inspection,

.and preventive maintenance program will be carried out by a trained
operating and maintenance staff to provide assurance that as-built quality
is maintained throughout the life of the plant.

.Level .2 Design

The second.level of design provides protection against Anticipated and
Unlikely Faults (such as partial loss of flow, reactivity insertions, failure
of parts of the control system, or fuel handling errors- Faults. are defined in
Table .1.1-A) which might occur in spite of the care taken in design, con-
struction,.andoperation of the plant. This additional level of defense for-
the public and the operating staff is provided by redundancy of critical com-
ponents as Well as by protection devices and systems designed to assure that
such events will be prevented or arrested. The requirements for these pro-
tection systems are based on a spectrum of occurrences which could lead
,to'off-normal operation which the plant design must safely accommodate.
Conservative design practices, including redundant detecting and actuating
equipment, are incorporated in the protection systems to assure both the
effectiveness and rel-iability of this second level of design. These systems
are designed to be routinely monitored and tested to provide full assurance
that when they are required to operate, they will do so reliably.

Reliability Efforts in Levels 1 and 2

As part of.the first and second level design efforts, tasks to assess
and assure acceptably high reliability of certain plant systems have been
established.
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Level 3 Design

The third level of design supplements the first two levels by
providing ..acceptable plant response toExtremely Unlikely Faults such
as pipe leaks, I arge sodium fires,, or A arge sodium-water. reactions...
Although these faults are of low probability, appropriate engineered
safety featureS ..are incorporated into the CRBRP. design to safelY accommo-.,
date such events. Typically conservative assumptions.and. evaluation
methods, such as assumed failure of any.single active component, are
used to develop adequate designs. In addition, conditions..associated
with extremely unlikely natural phenomena, which bound the most severe
that have been:historically reported for the site and. the. surroundings,
are used as design bases for .the.:plant. These: include such low proba-
bility events as severe earthquakes, tornadoes, and floods. These faults and
natural phenomena combine to define the.design basis envelope.

Reliability Program

As with LWR Plants, a broad spectrum of events which have potential
for their consequences to exceed the 1I(C.F.R. 100 guidelines, have been

.. anal.yzed to determine if it is appropriate for such events to be part of the
-"1design.basis envelope. For the CRBRP, this..effort is considerably expanded
i , degreeand .extent of use because of the .lack Of precedents fr establishing

a.des.ign••basi's ,envelope .for a plant of this kind. In this plant, an approach
based .on;LWR precedent is,staken for .certain even6ts; foor example,

!it is'c(onsidered. that a large commercial ai rplaneý (B747 or DCl0).1 striking the
• .contaIi;nment:.is an event thatis so .unlikely that it neednot be. considered as
A desighn basi s.- .The rationale by which this conclusion is drawn is that•
the plant is, remote from commercial airports and from established FAA airways

(see. Section 22.2of this, PSAR). Further', the air. traffic. in this particular
geographicall area is. so sparse that the likelihood of such an occurrence is
low:., This is the same, rationale that has been applied to light water plants
located i.n similarly remote areas. This approach has also been applied to.

.'.LWR:s. to establish that pressure vessel".rupture should not be a design basis
:event. The rationale by which this event is. excluded as a design basis.event
has been presented by the Regulatory.Staff in Reference 2. I.t shows that the
statistical probability of such an event is so low that it need not be
used as a design basis. This method is applied in the CRBRP and its use is
expanded to assist the designer in achieving high reliability in specific
plant.systems,

Accidents with potential to exceed 10 C.F.R. 100 guidelines are either
in the design bas.is envelope of the plan*t or excluded from it depending on
the probability of the event which initiates the accident. A comprehensive
Reliability Program has been established to determine which events should be
included in the design basis envelope and to assure the high reliability of
systems necessary to prevent the onset of accidents which are excluded from
the design basis envelope. This program is described in Appendix C. As an
initial step in the Reliability Program, a systematic assessment of a broad
spectrum of accidents for CRBRP has been made. This assessment shows that
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the only events which are not included in the design basis envelope or
excluded by their inherent low probability (as in the case of the air-
plane striking the plant ) are events which involve severe reactor core
damage. The assessment further shows that a loss of in-place coolable. (core)
geometry* is the-severe reactor core damage event that, assuming conser-,
vative calculations, has the potential to exceed 10 C.F.R. 100 guidelines.
The Project's review of this event has shown that the probability of
occurrence of its initiators can be controlled by design. Therefore, it.
has been taken as a Project position that the above described-event
(i.e.- initiation of loss of in-place coolable geometry) will be shown
to be of such low probability that they need not be taken as design
bases.

The manner in which this acceptably low probability is shown involves
the application of proven reliability methodology in the design-and
assessment of the systems relied upon to prevent initiation of loss of
in-place coolable geometry. The rationale for the determination of the
initiators to be so treated is presented in Appendix C to this PSAR.

Third Level Design Margins

Although the approach thus far described treats a broad spectrum of
events, even including those so remote in probability that none is
expected during the plant lifetime (Extremely Unlikely Faults), additional
conservatism is provided in the form of design margins or features to
accommodate even more severe and less probable unidentified events.

The Project has provided margin of protection against such acci-
dents which result in design requirements for the plant to accommodate
(for example).,

Impact loadings on the vessel head.

.. Dynamic loadings within the primary system, principally on the vessel
and the intermediate heat exchanger and coolant loop components.

Thermal, mechanical and geometric requirements in the core support
structure to enhance post accident cooling capability.

Radiological protection for the control room under accident
release conditions.

Loss of in-place coolable geometry is broadly defined as the onset of

clad melting. Amplification of this definition is given in Appendix C
(C.1.3.3).
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Parallel Design W )

In :the event that initiators leading to loss' of. in-pl ace coolable.... geometry could not be shown on a. ti mely.-schedule .to have an acceptably lowprobability, it was ddemed.appropriate to initiate a parallel design effort.
The.Parallel Design provides for the design and development of features to
minimize accident consequences from events not used as design bases for
the Reference Design.

The Parallel Design comprises additional protective features, such
as a sealed area above the reactor head, an ex-vessel core retention and cooling
system, and features to minimize the consequences of a large.pipe rupture.
The development of these features is on a schedule to permit them to be
incorporated into the plant on the current construction schedule. The
Parallel Design will. be vigorously .pursued until .the Reference Design
is shown to be a suitable basis for licensing. Section 1.1.2.4 delineates
the.activities which must be completed in order to permit termination of the
Parallel. Design efforts.
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1.1.2.2 Reference Design

The CRBRP Reference Design is based on the areas of consideration
(all except•Parallel Design Options)-discussed in the Design Safety Approach
in the preceeding subsection (1.1.2.1).' The manner in which each of these
considerations is implemented into the Reference Design is briefly dis-
cussed in this subsection.

Level One

The purpose of the first level of design is to assure that the plant
is reliable, operable, inspectable, testable, and maintainable.: These fac-
tors are of prime importance in implementing the first level of design into
the CRBRP. Therefore, a number of plant design decisions were made to in-
corporate design features which by their very nature avoid the occurrence
of:accidents or mitigate accident effects should they occur. The following
examples are related only to core characteristics, however, they are typical
of the design features incorporated in this level:

. A core restraint system to control core position and assure
an acceptable power coefficent which cannot be degraded by
core movement..

*.Features to assure that rapid outward motion of control
rods is prevented.

* Reactor fuel assemblies with fuel pin spacing designed
to reduce potential for reductions in coolant flow due to
fuel swelling or plugging.

Level Two

It is recognized, however, that errors or malfunctions can occur
despite the care and attention provided by implementation of the first
level. Therefore, implementation of the second level of design includes
in thedesign a number of protective systems and plant features provided
to protect against malfunctions, and to limit their consequences to de-
finable and acceptable levels.

Examples of these features are:

i Two diverse, redundant, and independent shutdown systems, each
capable of shutting down the reactor with one rod inoperative.

* -Three loop designs providing redundant heat removal.capab.i.lity.
such"that core cooling is'maintained even if an activ.e com-
ponent of one loop is disabled'at the same time normal off-
site.power supply is lost..
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* Extensive leak detection capability to provide assurance
that any leaks in the coolant boundaries are. detected
promptly so that corrective action can be taken..

.:s. -:.Guard vessels and-elevated piping.to assure core coverage..
and continuity of core.cooling as. a further measure of
inherent safety against coolant leakage.

Furthermore, testing and development programs are established
todefine clearly the nature and consequences of accidents which might
result from certain malfunctions. These programs include:

* The characterization of corrosive, effects of sodium leakage
on external surfaces as.a.: function of leak size, location,,
temperature, material, and local atmosphere. ..

* Studie s of water to sodium leaks. in the steam.generators.
This includes the validation o.f analytical techniques..used
ito predict pressures in the IHX during.a postulated sodium-
water reaction.

RO1i abi.it• Program

.:Primary emphasis is placed on a design adhering..to, the..first
two levels; part of this emphasis is carried by the .Reliability,•Program
which will *be purs6ed and.used (with design modifications if' nhecessary)
to demonstrate and confirm that initiators or events that can lead to
loss'of in-piace coolable geometry have an acceptably'.low.probability
of occurrencetand thus need not-be used as a basis for design.

Based on a thorough review of existing Regulatory documentation,
.appropriate literature, and the application of reliability techniques to
complex systems .and preliminary analyses for the CRBRP, the project has
established the following goal:

The probability of exceeding. 10 .F.R, 100guidelines shall
be.less than one' chance. in one.mi.lion per reactoryear.

"TheReliability Program and its schedule are detailed in Appendix
C of this PSAR. It treats. postulated severe events and establli~shes.

.that loss of in-place coolable geometry is the-event which is tconserva-
tively related to the potential to exceed 10 C.F.R. 100 guidelines. Para-
mount in this reliability program is the confirmation that the dual, inde-
pendent, diverse, and redundant shutdown systems and the shutdown heat
removal systems are highly reliable since these systems, as part of'the
second.level of design, are most important in the protection of the
plant.. The Reliability Program includes for these systems both quantative
and qualitative analysis, design reliability requirements,continuous

design reliab.lity .ontrol, and extensive test programs over the next
several years to confirm-their reliability.. In addition to these systems,
the Reliability Program treats other possible initi.ators such as fuel

•element failure propagation potential and structural reliability of com-
ponents such as support systems and piping.
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• Certain development programs are necessary to demonstrate and/or
confirm high system reliability; theseare described in Section 1.5 of
the PSAR. Inaddition toltheprograimdescriptionsin Section 1.5,material
relevant toajfull understanding of each'of'these areas is contained in
otheriparts of the PSAR as shown in Tables 1.1-4 through 1.1-6. Further-
more, because of the importance of the Reliability Program, Appendix C
must be regarded'as one of the keystones of this application, and a fun-
damental factor in the design of the'plant. The Reliability•Program is
treated in:an-appendix rather than the main part of the.PSAR for'two reasons:

* Wherever possible, the requirements of the Standard Format
and Content of Safety Analysis Reports have been followed.
Apart from Section 1..5of.the Standard Format, where develop-
ment needs related to the Reliability Program are given, there
is no place appropriate for presentation of this material.

". It is necessary for proper comprehension of this program that
all relevant material be collated and presented in a coherent-
fashion.

Sufficient information.is presented in this application to estab-
lish that there is reasonable 'assurance that initiators of events which
may lead to loss of in-place coolable geometry are of such low probabilitythat they need not be taken as 'design baseS.

Level Three

Implementation of level three in the plant design envelope involves
the consideration of Extremely Unlikely Faults (Table 1.1-3) in the design
of the plant. Plant capability to accommodate such events is assured
through the use of conservative assumptions and evaluations, Analyses re-
lating to these faults, for example, pipe leaks, large sodium fires or large
sodium-water reactions, are presented in Chapter 15 of the PSAR. The
ConServative design bases for such low probability natural events as
earthquakes; tornadoes, and floods are presented in Chapter. 2.

Third LeVel Design Margins

Specific design requirements have been placed on particular components,
systems', and structures (Table 1.1-7) which are beyond those required by
the'plant des4gn basis envelope. These requirements are termed "third
level design margin requirements." Each of the design chapters of this..
PSAR (Chapters 3 through 12) contains a statement of the third level
margin requirements applied to the area of the design covered by that
chapter. In Section 15.1.1 the derivation of these requirements is
provided. Also in Section 15.1.1 these requirements are collated to give
visibility of the third level margin requirements for the plant as a whole,
and to show by preliminary assessment that the design meets these,
requirements.
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To establish the requirements for third level-design margins, it is
as-sumed that. in-place coolablegeometry. is lost. This assumed event..leads
to a tacoredisruptive accident. The third level design margin requirements
,shown in Section 15.1.1 are based on generic analysis of core.disruptive

accidents from.previous experience from FFTF analyses and preliminary
analyses for the CRBRP. Appendix D details analyses. of core disruptive

.,accidents. These analyses are being updated to include core disruptive
accidents specific to the CRBRP. Section 1.5.1.1 also contains a comparison
of the most significant third level design margin requirements and loadings
derived from the latest analysis as reported in Appendix D to confirm that
the margin requirements were chosen prudently and that they do not differ
substantially from, and are in many cases more conservative than, loadings

...calculated in Appendix D..

1.1.2'.3. Parallel Design

• ' The rationale leading to. the Parallel Design approach was discussed
in Section 1.1.2.1 (see Table 1.1-1). The Parallel Design considers the
use of a hypothetical core disruptive accident (HCDA) as-a design basis,
".the possiblityof sealing the. head access area , the provision of ane xe z-v essel 1 0core catcher,e andthe provision of safety features to mitig ate
consequences of a.l(osS of piping in~tegrity.. .These activities are..pro-

:graniied,, funded and scheduled, and pursued in. the.same .depth of-detail
and hardware as the Reference Design. They are termed parallel design
options, and when combined with the features of the Reference Designand appropriate modifications thereto comprise the Parallel Design.

The discussion of. mitigation features foar the loss of: primary
piping integrity is contained in Appendix E and the remaining activities
are detailed in Appendix F.

F.eatures to Accommodate Primary Pipe Rupture.

Massive failures of the: primary coolant boundary, are not considered
appropriate as bases for design of the.plant because of the properties
of the stainless steel piping under the service conditions imposed by
CRBRP operation. A full understanding of the rationale behind this .
position can be gained from study of the PSAR sections listed in Table.
1.146. There.,are certain programs identified in Section 1.5;of the PSAR
which are expected to•demonstrate and confirm the acceptably low pro-
bability.of loss-of piping integrity. Completion of these programs is
expected by June 1976. Pending.such completion, a Parallel Design
effort is being maintained, as indicated below.
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Appendix E treats a massive failure of the primary coolant boundary
as a design basis and shows-a preliminary design of features that could
be incorporated into the CRBRP. With these features incorporated,
Appendix E deomonstrates that a massive failure of the primary coolant
boundary will .not result-in. loss of in-place coolable geometry. A supple-
ment to Appendix E comprises pages which, when inserted into the main
body of .the PSAR in place of the currently existing pages, would convert
it to a PSAR appropriate to the Parallel Design, in which massive failures
of the primary coolant boundary form a basis for design. For clarity of
presentation, Appendix E, including the supplement, is printed on green
paper.

Features to Accommodate Hypothetical Core Disruptive Accidents

S•- Appendix F presents that portion of the Parallel Design which takes
HCDA events as design bases. The version of Appendix F. submitted at this time
is to be regarded as a report on the status of activities in relation to
the Parallel Design, and will be replaced with the completed version
of Appendix F in September, 1975. A specific accident, or a number ofaccidents, will be presented as design bases. Appropriate design modifi-
cations such as a sealed head access area and an ex-vessel core retention
device will be shown, such that with their incorporation,-protection of the
public from the consequences of such an event will be demonstrated. A
supplement to Appendix F will contain pages which, when inserted into the
main body of the PSAR in place of the currently existing pages, will
convert it to a PSAR appropriate to the Parallel Design, in which HCDA
events form the basis for design. For clarity of presentation Appendix
F, including the supplement, will be printed on yellow paper.

1.1.2.4 Cessation of Parallel Design Activities

It is the objective of the Project design efforts as enhanced by

the Reliability Program to show that the Reference Design is a satisfactory
basis for licensing the CRBRP. However, the Parallel Design will be
carried forward until this position is accepted by Regulatory.

The Project plans to. provide Regulatory with information by June 1976
to justify cessation of the parallel design options. Supplemental dccuments
will detail the confirmatory tests and analyses performed in later years up
to late 1978, and the shutdown system reliability program will be further

.reported through the system, test period up to criticality and beyond, as
noted in Appendix C.

This section provides the activities which will need to be completed
and milestones by which the acceptability of the Reference'.Dsign will be
judged. Regulatory and ACRS must, of course, be independently satisfied

..that such activities are completed and milestones are met before cessation of
parallel design activities. Therefore, reviews would be scheduled with these
organizations at significant milestones.
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The .aactivities in SUpport of the judgement to cease parallel
design -ac'tivities are listed in Table l.l-8.for piping integrity
and.l-.9i•. :,for absence of HCDA design bases. Satisfactory completion of
these activities constitutes the criteria for cessation of the Parallel
Design. The activities listed in these tables are further discussed
below.
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1.1.2.4.1 Activities to Support Cessation of Parallel Design for Loss of
Piping Integrity

Massive failures Of the primary coolant boundary are not considered
appropriate as bases for the design of the plant, because of the properties
of the stainless steel piping by CRBRP operating conditions.. PSAR sections
identified in-Table 1.1-6 provide the detailed technical justification for
this position. For clarity of presentation, however, the salient points
are summarized below.

1.1.2.4.1.1 Identification and Implementation of Design Controls

The first stage of the rationale employs extensive control of the
design and-manufacture of the primary coolant boundary. This includes full
observance of all applicable ASME Code, Section III, Class I and Section
IX requirements, enhanced by RDT Standards. These RDT Standards upgrade
the Code requirements in the following areas:

Design specifications for welded pipe
Weld filler material
Welder qualification
Welding procedures
Manufacturing operations
Finishing of joints
Penetrant and radiographic examination-of welds
Elbow material specifications

A detailed discussion of these requirements, including specific re-
jection criteria, and a comparison of CRBRP and ASME Code Inspection Criteria
is provided in Section 5.3.3.6. The implementation of these design controls
and inspection procedures for the PHTS piping will be fully in place prior
to the decision to cease primary piping safety features design activities.

1.1.2.4.1.2 Identification of Possible Initiating Mechanisms.

An important aspect of establishing the acceptably low probability of
loss of piping integrity is the identification.of possible pipe rupture
initiating mechanisms. Two basic tools from reliability methodology are
utilized systematically to meet this objective, narnely, Failure Mode and
Effects Analysis and Fault Tree Analysis. These activities are primarily
performed by the piping design engineer with guidance and monitoring by
reliability engineering. As part of the initiating mechanism identification
task, the probability of overlooking flaws of specific sizes will be
assessed. The assessment will be based on a search for existing data
on this subject, showing the probability of flaws going undetected in spite
of required inspections and of flaws developing after the inspections from
metallurgical/chemical phenomena. The schedule for completion of the sub-
tasks to identify initiating mechanisms is:
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Piping FMEA Preliminary 6/75
Updated 5/76

Assessment of probability 3/76
.of undetected flaws
Thus, this task will be fully completed prior to cessation date of.

June 1976.

1.1.2.4.1.3 Analysis of Pipe Fracture Mechanics Phenomenology

Reliability analyses are planned to show that the probability of a
pipe break which might lead to.loss of in-place coolable geometry is acceptably
low. The analysis will consider flaw growth modes including the potential
for wall penetration.. The calculated growth parallel to the pipe wall will
also be compared to the critical crack length. Other studies will cover the
crack growth directions with time, to show that even-if the crack did grow
significantly, that piping wall penetration would occur before the Crack
lengthened to critical size, detectable leakage would signal a leak, and.
operator action would shutdown the reactor safely. The reliability analysis
will be built on the most current piping stress analysis and.,on test-data
which measure flaw growth morphology with time; influence -on fracture toughness
of environment, stress level, thermal aging, and as-fabricated materials
prqperties;.,and critical crack size. The availability of data to support
analysis of piping fracture mechanisms phenomenology is as follows:

Stress Analysis 2nd interim stress report, 5/76
Final stress report, 1/78 (confirmatory)

Basic cyclic flaw Available
growth data

Critical crack size Available

Scale model elbow - Avail able
fracture data

Caustic environment 1/76
effects

Thus, the quantitative analysis: will be based on the second stress
.report and all of the necessary experimental data.

1.1.2.4.1.4 Test Confirmation of Analytical Results.

Confirmatory testing is planned to substantiate the feacture mechanics
analytic model described above. These confirmatory tests will be completed
as follows:

Elbow burst tests 12/75

Cyclic crack growth data 12/75
and Crack growth morphology
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Full scale .welded elbow tests .3/78

Since the latter tests are confirmatory to the earlier
analysis they are not considered vital to the.decision to cease,
parallel design activities..

1.1.2.4.1.5 Reliability Assessment,

The elements of the analysis and test information will be
incorporated in the performance of.the .reliability analysis. These
analyses-will be performed as follows:

Reliability Analysis: Prel imi nary 6/75..
Updated 5/76
Final 5/78

From preliminary scoping analysis, performed for FFTF it:. is clear
that with the;, planned development: tests and the expected data accumulation
the reliability of thedCRBRP primary pipework will be.shown to meet the
reliability: target so that the parallel design activity may be terminated.
Following the production of the final stress report and the collection of

.final failure data a confirmatory-reliability analysis will be prepared.
The associated methodology is discussed in. Appendix C, Section :3.3.

1.1.2.4.1.6 Leak"Detection Capabili ty

Notwithstanding the exceedingly low probability of crack propagation
to a point at which core flow would be impaired,.considerable attention has...
been paid. to the provision of. multiple methods of leak detection. *Thus,
even if a leak were postulated, there is ample assurance that it would be
promptly detected.

A detailed discussion, of the various candidate methods of leak,
detection is given in Section 7.5.5, and only a brief summary is given
at this point. First, the multiple methods of leak detection~are: "

S Radiation monitoring*
-Aerosol monitoring.
Continuity detectors. (cables).,
Contact detectors (spark.plugs)

Hard wired audible group al arms are sounded in the control room
upon indication of a.leak, and the approximate location of the leak is.
visually displayed to the operator. -Thus, operator awareness is assured

.rapidly, following detection of a leak, and. appropriate remedial action
will be taken.
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Prior to the decision to terminate parallel design options a firm
design capability will have been demonstrated, and the sensitivity of the

.instruments to be provided will *be established by the last test results
for..the aerosol monitors'in feature tests in mid-1976. Analysis will be
provided to show that leak detection can be obtained well in time for
remedial. action.

1.1.2.4.1.7, Consequences of Hypothetical Large Breaks

Even though large failures of the PHTS boundary are not considered
appropriate as design bases, analyses have been conducted to determine
the consequences of such a postulated break. These are presented in
Appendix E of this PSAR,. and are summarized below:

The analysis shows .that unless the reference design is modified,
a double-ended pipe break'between the. reactor inlet nozzle and the top
of the inlet downcomer pipe, including the elbow can result in coolant
temperatures exceeding the coolant saturation temperature in the hot
channel for three-loop,operation. Since a criterion used to demonstrate

'accommodation of postulat.ed pipe ruptures is the prevention of coolant

boiling. in ''the. core,-* des,"i gn modifications are required to' limit the leakage
Tfow:from the reactor' vessel for a postulated rupture in the, nlet*down-

comer.

One feasible .;.ýappiroach is, "to provide pipe sleeVes.around the sections
of t•he. primary,, piping in which a .double-ended rupture could cause coolant
boiling in the core hot channel. This concept provides the capability of
quiickly building up a.static head within the sleeve following a pipe rupture
and.ihcreases the:effective impedance to outflow from the reactor. The pipe
sl'eeve- concept: has the additional advantage of not degrading p1ant perfor-
mance under:' normal operating conditions.

In addition to the core temperature transients, pipe ruptures in the
primary heat transport piping could cause pressure and temperature transients
in the cells and structures. The design approach to accommodating such
transients is to ensure that no failure will result that could lead to loss of
safety function of any components within these areas or cause ingress of cell
gas into the reactor inlet plenum.

1i.12.4.2 Activities to Support Cessation of Parallel.. Design for HCDA Safety

Features

1.1 .2.4.2.1 Identification and Implementation of Design, Controls

Major attention is paid to quality control in the design, fabrication
and installation of the CRBRP components and systems. The detailed procedures
by which such controls are implemented are given.in Chapter 17 of.the PSAR,
and amplified in the QA manuals of Project:participants, From these it can
be seen that a thorough and:comprehensive process of qualification and .
approval exists at every stage.
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Such procedures, however, would be of little value without stringent
standards against which they must be assessed. These include not only the
requirements of Section III of the ASME Code, but also appropriate
application- of a large number of RDT, ANSI, IEEE,.MIL Spec and other
standards. RDT Standard F2-9T will be appropriately applied to the establish-
ment of reliability controls for each safety related system, the-integration
of the goal into the design requirement, and the demonstration that the goal
has been met. The reliability program is described in much greater detail
in Appendix C of this PSAR. It is one of the keystones of the CRBRP design
safety approach, and is part of the basis for the position that accidents
involving loss of in-place coolable geometry should not be regarded as
design bases for the plant.

1.1.2.4.2.2 Identification ofPossible Initiating Mechanism

A program has been established to identify potential initiating
mechanisms for loss of in-place coolable geometry.. The identification pro*
cess is based on reliability analysis tools such as Failure Modes and Effects
and Fault Tree Analysis (FMEA and FTA).

Because of the importance of the reactor shutdown system and shut-
down heat removal system, preliminary FMEA's have already been completed
for those.systems and will.be further updated prior to the decision to
cease parallel design activities.

Initiators not addressed by the reactor shutdown system.are
currently being analyzed. These include structural failures (core support,
reactor vessel, upper internals, etc.) and other low probability events
such as fuel failure propagation (See Section 1.1.4.3.2.5). The FMEA analysis
will be supplemented by a Fault Tree Analysis of the systems to assure that
all possible failure chains and their consequences have been considered.

As seen in Tables 1.1-9 and 1.1-10, qualitative and quantitative
analysis of all essential elements will have been performed in depth by
May 1976,"producing high confidence that all potential initiators of loss
of in-place coolable geometry have been identified.

1.1.2.4.2.3 Reliability.Confirmation to Acceptable Level of Probability..

Each initiating mechanismidentified will be evaluated toassure
that its contribution to the overall probability is within the initial
allocation provided. Reliability goals have.been established and allocations
of the goals-to appropriate reactor systems.-have been made.. Consistent with
their overa.ll importance in preventing co,re damage, reliability assessments
of the shutdown and shutdown heat removal systems have already been made.
The results of these analyses are presented in Appendix C and both systems
are shown.to;meet their allocated reliability goals. Updated reliability
assessments of these systems will'be available by May 1976 and wil .reflect
increased maturity in design, modeling and data. The current assessments
are based on best estimates of failure data from available sources.
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A large test program is in place to support the results of the reliability •
assessments'. Initial.reliability testing is directed at the component!W)
part level to assure that, failure mecdhanisms are well understood and
margins to failure above expected conditions known. Substantial FFTF
shutdown system testing already'compl'eted is appl~icable to the CRBR and
has been factored into the initial"assessments. ýSpecific testing of
prototypic CRBR units has begun. Table 1.1-10 itemizes significant tests
thatwill be providing data by"May'1976. Data from the component level
tests will be used in detailed reliability models to provide: high confidence
in the resultant predictions. By May 1976 a thorough understanding of
potential failure mechanisms will exist and numerical assessments will, have
demonstrated the%reliability of the shutdown and residual heat removal systems.
A test program will be underway to confirm that the failure rates dolnot
exceed acceptable levels (defined by the overall goal). Test results will.
be employed in confirmatory analyses even beyond the decision date for -the
cessation of parallel design activities.

1.I -2.4.2.4 Common Mode Failure. (CMF)

A substantial portion of the reliability confirmation program is
directed at eliminating CMF or confirming acceptably low probabilities of
CMF mechanisms 'ýthat might result.in loss of in place coolable geometry.
The major thrust of the: CMF effort- is-.to identify,, potential mechanisms
using the. procedures .described 1in: Appendix C. and then to address'each item.
Consideration will then be given to design modifications to elliminate thei~r
potential (this is possible since the identification procedure-has been
initiated sufficiently early.in-:the design process-that design-changes
can be-made when necessary without unacceptable schedular impact). A.
prel-iminary CMF analysis will be.completed by June 1975, with an updated
analysis by. May 1976.

-In addition,. to the qual4itative analysis approach for identifying
shutdown system. CMF mechanisms, many aspects of the test program are
directed at uncovering potential common mode failure mechanisms or
establishing.the marqinsto-failure, beyond expected operating conditions.
The test plans will be complete.in.detail-and will provide the necessary,
confidence that all-areas of concern will be addressed, and by May 1976
some test results pertinent to CMF will be available. In the long term
a system: test:.will be performed' on the ShutdownSystem which inte rates:
the electrical and mechanical systems, and checks out procedures (maintenance,
operational', etc.)... Whi'le this test will not be initiated until 1979 to
assure as near prototypicality as possible, a detailed description of this
test will be available by May.1976.which will provide additional.information
concerning the depth.to which the search for common mode failure-,mechanisms
is being made. -Table 1.1-10shows key milestones associated with the CMF
effortsin the- total;reliability program.

1.1.2.4.2.5 Analysis of Fuel Failure Phenomenology to Show Insignificant
Probability

Section 15.4 of the PSAR discusses the potential for occurrence
of stochastic fuel pin failures. It is.shown that large margins exist in
the design and operating conditions to assure that fuel failure propagationcannot occur as a result of a stochastic failure or local faults.
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The possibility of fuel •failure propagation resulting from an
enrichment error has also been considered in Section 15.4 of the PSAR.
It is shown that even if an enrichment error large enough to cause some
molten fuel to be produced in a fuel pin is assumed, and the molten fuel
is released from the fuel pin, a voiding transient would result but would
not cause failure propagation.

The PSAR evaluations in Section 15.4 show that no sources of
damaging blockages can be identified. The design has margin to withstand
local blockages, even including planar blockages that extend over several
contiguous flow subchannels. Propagation of local blockages is not anti-
cipated based on all available data, but further detailed analyses are
planned. Fault trees have been developed for fuel failure phenomena and
these will be extended to provide more detailed information on potential
initiators and potential progression paths. The fault trees will be used
to judge the probability of a-loss of in-place coolable geometry as a result
of fuel failure. propagation phenomena in a semi-quantitative manner. By
June, 1976 adequate information will be available to confirm the very low
probability of fuel failure propagation.

The probability for stochastic fuel pin failure and local faults
has been minimized as a result of the following activities:

a. The fuel pin and assembly has been designed and
analyzed to an extremely conservative set of
design criteria, material properties, etc.
See Chapter 4, Section 4.1.

b. An extensive Quality Assurance and Quality
Control Program is in place to assure that during
design, fabrication, and the operations, the
conservatisms are maintained.

c. Extensive development program and operating
reactor experience have shown that LMFBR
fuel elements do not experience rapid fuel
failure propagation.

1.1.2.4.2.6 Structural Failure Phenomenology

Structural reliability analyses will be performed for key
structural elements, namely, coolant boundary, and components
which support the reactor vessel and which support'the. core within
the vessel. Analysis and test for pipe fracture mechanics pheno-
mology in support of the PHTS piping integrity program are provided
in Sections 1.1.2.4.1.3 and 1.1.2.4.1.4. The analyses will follow
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the approach of the stress-strength overlap method at the location of
failure-governing stress in the key components. The theories of failure
which will be applied are fracture mechanics (unstable crack expansion)
and ductile-modes of component failure. Most failures could add to the
probability of failure to scram the reactor in a timely way or in an
inability to remove post-shutdown heat. The structural.failure probabi.lities
will .be factored into the overall treatment of the probability of loss of
in-place coolable geometry. The elements of the analysis are scheduled
.for completion as follows:

Lack of significant initial flaw growth Prelim. 6/75:
during plant life Update 5/76

Substantiation'under worst parametric 3/76
conditions, including all environmental
effects and material properties
considerations

-Identification of expected large critical 1/76
crack sizes (expected from scoping
analysis to be large)

Assessment of ductile failure mechanisms 3/76

Thus,.by mid 1976, these four elements will provide adequate
information to confirm the absence of structuralfailure potential before
the cessation of parallel design activities.

1.1.2.4.2.7 Test Confirmation of Analysis

Tests are scheduled to confirm under realistic loading conditions
the characteristic structural ..margin of the structural components. One
test will consist of a destructive cyclic test of a selected heat transport
component nozzle which is the most critical in the plant based on a
combination of importance and structural margins. A second test article
will be one critical piping segment, an elbow in the primary inlet down-
comer region; this will be subjected-to a similar, test. This test is
scheduled for completion by 3/78 in confirmation of. the analysis,.

1.1.2.4.2.8 Analysis of Core•Disruptive Accidents

The analyses of core disruptive accidents in Appendix D to the
PSAR includes two classes of events: those initiated by a transient
overpower (TOP) condition.and those initiated by a loss-of-flow (LOF)
condition; each of these is coupled with a hypothesized failure to shut
down the reactor. Since'the two classes of events are predicted to have
different impacts on the plant, in terms of energetics, fuel damage and
radiological releases, the probabilities of each class of events will be
developed. Information being developed in the reliability programs will
be used to assess the relative probabilities of these classes of events by 9
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early 1976. The interdependence of the various phenomena required to produce
acore disruptive accident must be considered. For example, shutdown system
failure may be less probable for LOF initiators than for TOP initiators since
the required response time for the shutdown system may be much longer in the
case of an LOF event and different rod redundancies exist for shutdown, TOP
having the greater redundancy.

The progression of a core disruptive accident can be postulated to
follow any of several potential paths, including energetic prompt dis-
assembly, delayed disassembly and slow progression meltdown. Since the
consequences of the several paths can vary considerable, the relative
probabilities of the paths must be estimated. The developmental work at
ANL and the HCDA analyses within the project will be used to make such
estimates in early 1976.

The capability of the core support structure to cool and contain
fuel in a subcritical configuration is an important factor in determining
the consequences of core disruptive accidents in the reference design.
The project is investigating ways to enhance the capability of the core
support structure and a decision on possible changes to the reference
design will be made by the end of 1975.. This information along with the
information on relative probabilities of different classes -of HCDAs,. and
different progression paths will be used to assess the ability of the
reference design, with its third level design margins., to accommodate a
significant subset from the spectrum of core disruptive accidents. A
preliminary assessment will be provided by mid-1976 and will be updated
through 1977.

1.1.2.5 References to Section 1.1.2

1. Letter from L. Manning Muntzing (Director of Regulation) to John
A. Erlewine (USAEC General Manager) "CRBRP Licensing Review,"
January 2, 1975.

2. WASH-1318. "Technical Report on Analysis of Pressure Vessel
Statistics from Fossil-Fueled Power Plant Service and Assessment
of Reactor Vessel Reliability in Nuclear Power Plant Service."
May 1974. Regulation Staff, U.S. AEC
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TABLE 1.1-1

SUMMARY OF DESIGN SAFETY:APPROACH FOR THE CRBRP.

This table represents the CRBRP Project Design Safety Approach.

1. The following CRBRP Design Safety Approach is generally consistent
with the three levels-of safety concept used by Regulatory to.
evaluate the adequacy, for licensing purposes, of nuclearý.power
reactors.

a. The first level focuses on the reliability of operation
and prevention of accidents through the intrinsic features
of the design, construction, and operation of the plant,
including quality assurance, redundancy, testability,
inspectabil:ityý, maintainability, and failsafe features
of the.comoonents and,wvtPmr, of the entire Dlant.

b.. The,. second level focuses on the protection against
..Anticipa.ted Faults and Unlikely Faults (as,. defined
in, Table..1 .1 -IA) which might occur despite the care
taken in design, construction, and operation of6fthe
plant set, forth in Level One above. This protection
will .ensure that the plant is placed in a safe
condition following one of these faults.

c. The third level focuses primarily on the determination
of events to be classified as Extremely Unlikely Faults
(as defined in Table 1.1-lA) and their inclusion in
the design basis. Table 1.1-3 contains a list of such
"Extremely Unlikely Faults". These faults are of low
probability and no such events are expected to occur
during the plant lifetime. Even though they represent
extreme and unlikely cases of failures, they have been
analyzed using the same conservative assumptions as those
employed in consideration of second level events. Additionally,
as described in Item 2 bel.ow,.Level Three includes consideration
of severe accidents which are even less probable than extremely
unlikely faults.

2. With respect to Level Three, in keeping with past practice for
first-of-a-kind plants, the project plans to incorporate margins
and features designed on the basis of accommodating a range of
events including those having an exceedingly low probability
of occurrence. Extensive R&D programs are being undertaken with
the objective of confirming that failure to scram and other
potential sources for initiating severe accidents have a
sufficiently low probability of occurrence that they need

.not be considered as bases for desiqn. Nonetheless, the project
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plans to incorporate features and margins in the design to
mitigate accident consequences from loss of in-place coolable
geometry and these.-features and margins include:

a. Impulse energy absorption features in the head;

b. Primary. system features (including supports) designed to
accommodate above normal dynamic loadings

c. Reactor core internals designed to enhance post accident
cooling capability and reduce the potential for secondary
criticality; .. 'and

d. A low leakage containment housing the entire reactor
coolant system.

3.' As a parallel effort, the project'will conduct detailed analysis and
R&D work rel.ati.ve to low probabili.ty accidents involving a loss of
in-place coolable geometry' in order to gain.a more complete understanding
of their consequences. The Project will,alsodesign -features
to mitigate such consequences (for example, a sealed head access
area, which may or ::may not "-be linerted, an ex-vessel c6re !catcher and.
other consequence,.l" miting features). In the event thatthe R&D programs,
discussed: in 2, above, s houldbe unsucCessful i demonstrating accepdtabl Y
low probabilityfor an event leading to lossý of in-.place coolable
geometry, a core disruptive accident will be selected and used-as a
design basis for the plant.' The selection of such a design basis event will
incorporate all existing understanding of the phenomenology of such events,to assure as much realism as possible in the selection.

*1..
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TABLE 1.1_lA

DEFINITION OF TRANSIENTS

1. Anticipated Fault

An off-normal condition which individually may be
expected to occur once or more during the, plant
lifetime.

2. Unlikely Fault

An off-normal condition which individually is not
expected to. occur during the plant lifetime; however,
when integrated over all components and systems, events
in' thiscategory may be expected to occur once or more
during the life of the plant.

3. Extremely Unlikely Fault

An off-normal condition of such low probability that
no:, events I in this category are expected to occur during
the plant' lifetime, but. which nevertheless represents
extreme or limiting cases of failures.
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TABLE: 1.1-2

MULTI-LEVEL DESIGN OF CRBRP

OCCURRENCE
PROBABILITY

PER YEAR OVER
30-YR PLANT LIFELEVEL OBJECTIVE

Provision of simple, reliable and
functional design free of defects,
with inherent safe performance, fab-
ricated and operated to the highest
proven standards.

Provision of pr9tection systems to
provide adequate response of system
in the event of all Indentifled trans-
ients.

OPERATING CATEGORY

Normal Operation

Anticipated Faults*
4

TYPICAL EVENTS WITHIN
OPERATING CATEGORY

Events which will normally
occur:
a Full power operation
@ Startup & Shutdown
* Randomfuel pin failure
a Refueling

Events which, based on ex-
perience,-are expected to
occur at least once in the
life of.the plant:
e Lossdf. off-site power
o Loss of power to one pump
e.Operator Error
a Spurious scrams

Events which are not:expected
to occur individually, but
which might based on the

total list of such events,
occur once during the life-of
the plant:
e Pump seizure

F.railure of dump system
* Steam Generator leak
Events never expected to
occur:
*,Maximum flood or earthquake

or tornado..
e Large sodium-fire
e Large sodium-water reacticn

Design margins to provide for
unforseen events

* Fuel as!mnbly designed to prevent
flow blockage

e Fuel of proven performance through.
life

9 Core restraint to provide neg-
ative power coefficient

* Adequate Doppler coefficient
e Low pressure coolant systems

with wide margin to boiling
a Maximum use of proven technology

and hands-on maintenance
a Radioactive waste treatment system

- 3xlO -2 * Multiple reactor coolant loops
a Decay heat removal redundancy
* Battery power supplies for vital

services
a Guard- vessels for leak protection

* Inert atmosphere In Sodium Cells

TYPICAL DESIGN
FEATURES

Unlikely Faults* 3xO - 10-4

_10 -4 le-6

a Two independent shutdown systems
* Sodium water reaction protection

system

3 Provision of extra capability to cope
with extremely unlikely events which are
never expected to occur, and additional
design requirements to, provide prudent
margin for unforeseen events.

Extremely Unlikely
Faults*

0
0

S

Site selection
Flood barriers
Containment isolation -
Low leakage containment

Hypothetical Events 10*6, a Capability to accept extra thermal
loads in the core support structure

* Capability to accept dynamic loads
in vessel and primary system com-
ponents

e Geometric requirements In and around
the vessel

* Control room radiological protection

*.Defined in Table 1.1-1A

/lift
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TABLE 1.1-3

LIST OF EXTREMELY UNLIKELY FAULTS USED AS DESIGN BASES

Design Basis Earthquake, Flood or Tornado

Large Steam System Pipe Rupture

Sodium Fire Above the Operating Floor

Large Sodium Spills Inside and Outside
Containment

Large Na-H 20 Reactions in the Steam Generator
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TABLE 1.1-4

SCRAM SYSTEM DESIGN AND RELIABILITY IN THE PSAR

Section

1.2.6

1.3

1.5.1.1

1.5.1.3

1.5.2.5

3. 10

4.2.3

4.3

7.1/7.2

15.1/15.2/15.3

Appendix B

Appendix C

Item(s) Discussed

General Discussion of the Design

Comparison It. _Oer.rc•i~rs, in Partict!ar, t3e FrlF

Shutdown System Reliability Program (Overview Only)

Secondary Control Rod System Test

Critical Experiments for Reactfvity Coefficients and
Control Rod Horth

Seismic Design of Category I Instrumentation and Electrical
Equipment

Mechanical Design of Reactivity Control Systems

Nuclear Design

Electrical Design of Reactor Shutdown Systems,
Including a Failure Mode and Effects Analysis

Accident-Analysis, From Which the Performance of the
Systems Can Be Judged

Plant Duty Cycle, Indicating the Number of Demands
Which Can Be Accommodated by the Design

Detailed Discussion of Reliability Programs and
Preliminary Estimate of Scram System Reliability
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TABLE 1.1-5

DECAY HEAT REMOVAL SYSTEM DESIGN AND RELIABILITY IN THE PSAR

Section

1.2.3/1.2.4/
1.2.5/1 .2.7

1.3

1.5.1.2

1.5.1.4

Chapter 3

4.4.3.8

Chapter 5

7.4.1

7.6.3

Chapter 8

9.1.3.1

9.3.2

15.3

Appendix B

Appendix C

Item(sý Discussed

General Discussion of the Design

Comparison With Other Designs, in Particular, the FrTF

Shutdown Heat Removal Systems Reliability Program

(Overview Only)

Overflow Heat Removal Development Test

Design Criteria, Classification of Components, Methods
of Analysis, Etc.

Thermal Description of the Overflow Heat Removal Service

Detailed Description of Design

Steam Generator Auxiliary Heat Removal Instrumentation
and Control System

Overflow Heat Removal Service Instrumentation and Control

Electrical Power Supplies

Ex-Vessel Storage Tank Cooling System

Overflow and Makeup Circuit

Undercooling Design Events, Accident Analysis

Plant Duty Cycle

Detailed Discussion of Reliability Programs and
Preliminary Estimate of Decay Heat Removal System
Reliability
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TABLE 1.1-6-

PRIMARY cOOLANT BOUNDARY INTEGRITY TREATMENT IN THE PSAR

Section

1.2

1.5.2.1

3.2

5.1.2

5.3
5.3.2.2
5.3.3.6*
5. 3. 3. 10

7. 5. 5.1l

15.6

Appendix B

Appendix E

Item(s) Discussed

General Discussion of the Design.

Development Programs Associated.With Pi.pe Integrity
.Assessment

Classification of Components

Summary Description of the PHTS

Detailed Discussion and Evaluation of Design of the PHTS
Material Properties
Coolant Boundary Integrity
Materia'l Considerations,, Including Chemistry

Sodium to Gas Leak Detection System

Consequences of Primary Boundary Leaks

Plant Duty Cycle

Consequences of Hypothesized Massive Failure of
Primary Piping and Description of Design Features to
Mitigate These Consequences

This Section contains the principal collation of material relative
to piping integrity.
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TABLE 1.1-7

PRIMARY SYSTEM COMPONENTS DESIGNED TO ACCOMMODATE
ABOVE NORMAL DYNAMIC LOADINGS

(Level 3 Design Margins)

Reactor Vessel Walls and Nozzles

Core Support Structure

Reactor Vessel Support Ledge

Reactor Vessel Head

Intermediate Heat Exchanger and Supports

Primary Sodium Pumps and Supports

Check Valve

Primary Piping and Supports

Vessel Support Structure
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TABLE 1..1-8

ACTIVITIES TO CONFIRM THE ACCEPTABILITY OF THE REFERENCE DESIGN AGAINST
LOSS OF PIPING INTEGRITY

Matl for Acceptability Confirmatory
Activity of Reference Design- Material.

. Available by 6/76 . • .

1. Identification and implementation of design controls
including:

" Applicable ASME, RDT design codes (F9-4, etc.)
" Applicable material standards (145-4, M3-7T, 142-5T, Ml-l,2, etc.)
" QA requirements for design, fabrication, installation and

inspection (F3-6, 37, etc.)
* Operating. procedures

2. Identification of possible initiating mechanisms by:

o FTA/FMEA
o Likelihood of undetected flaws

3. Analysis of pipe fracture mechanics phenomenology
to show:

• Lack of growth of initial flaw
* Penetration of flaw rather than extension
* Substantiation under worst parametric conditions

of environment, stress, thermal aging, materials,
loadings

o Large values of critical crack sizes

4. Test confirmation of analytical results
(Based on FFTF work available and topical report by 10/75

5. Reliability assessment of probability less than 10" 8 /yr

6. Leak detection capability confirmed to show
" Firm design capability
" Aerosol detection sensitivity tests
* Adequate time for remedial action

/ indicates material
complete

/

- SDD preliminary

/
/ (3/76)

- Based on 2nd stress
report 5/76**

- Caustic environment
tests 10/75

- Partial elbow tests
final tests 12/75

- Crack growth
morphology 12/75

- Prelim 6/75
Updated 5/76

Final 1/80

Final stress report 1/78

Welded elbow tests 3/78

Final assessment of
margins 5/78

/
/
/ I Prelim 6/75.Tests 6/76



0 TABLE 1. *Continued)
L/

ACTIVITIES TO CONFIRM THE ACCEPTABILITY
LOSS OF PIPING

OF THE REFERENCE DESIGN AGAINST
INTEGRITY-

Activity

Matl for Acceptability
of Reference Design
Available by 6/76.

Cofirato y
Material

-4

7. Safety analysis of hypothetical consequences to show that:

9 Leaks for large range of piping and leaks at critical
point-of less than 1 sq. ft. are within the core
-capability.*

, Leaks over,-a certain size. in limited locations are
within the plant capability.

- Preliminary
rationale**

10/75
6/76

Final assessment by.
ANL

8/78

Document-ation:

0
Preliminary report
Final. report
Confirmatory supplement

** limiting criteria for June 1976 date.

______________________ 4
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TABLE 1.1-91

ACTIVITIES TO CONFIRM THE ACCEPTABILITY OF-THE REFERENCE DESIGN AGAINST
LOSS OF IN-PLACE.COOLABLEGEOMETRY..

Material for Acceptability of Confirmatory
Activity Reference Design Available by 6/76 Material

1. Identification and implementation of design controls
including:

e. Applicable ASME, RDT, IEEE design codes'
* Applicable material standards (M5-4, M3-7T,

M2-5T,1 MI-1, 2, etc.)
. QA requirements for design,.fabrication,
installation, and inspection (F2-2, F3-6, etc.).

* Reliability requirements (F2-9T)

2. Identification of possible initiating mechanisms
(FTA/FMEA).. by:

. Electronics
e Shutdown system failure modes

(mechanical systems)

/ indicates material is complete

/

- prelim.
- prelim.

FTA 2/76
3/75, update 5/76
4/75, update 1, 5/76 Final FMEA 3-6/78

A

S

Dec ay heat removal system failure modes
Fuel failure propagation potential paths
Structural failures
Other transients

3. Reliability confirmation of absence of initiating
mechanisms to acceptable level of probability
(random independent failure rates) by:

e Established goals & allocations

* Numerical assessments

* Component Tests

4 Sub-system tests
(FFTF scram tests completed 7/75, 6/76)
Detailed requirements for operation, repair,
monitoring, replacement and other controls
necessary for reliability.

/
- prelim. 6/75, update 5/76

/

- prelim. 12/74
- update 6/75

Electronics on test50% ongoing
SHRS test plans 5/76

- prelim. needs
identified 1/76

Final of several
6/79

.Electronics 12/79
SHRS tests .8/78
750/500 scrams comp.
4/78 for PCRS, SCRS
complete tech. specs
1/79

- complete operating
procedur /80

1~
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TABLE I .- 9 :(Continued)

ACTIVITIES TO CONFIRM THE ACCEPTABILITY OF THE REFERENCE DESIGN AGAINST
LOSS OF IN-PLACE:COOLABLE GEOMETRY

Activity
Material for Acceptability of

Reference Design Available by 6/76
.

Confirmftry
Material

4. Resolution of common mode failure
mechanisms of significance by

* CMFEA within systems
* CMFEA between systems
e Identification of single failure points and

their resolution or control
. Definition of margins against common mode

failures by component tests
0 System tests

5. Analysis of fuel failure phenomenology to show
insignificant likelihood of:,'
* M-nufacturihg defects
* Propagation from stochastic failure

mechanisms
* Propagation from an overenrichment

error
* Propagation from local blockage mechanisms

6. Analysis of structural failure phenomenology for coolant
boundary and support systems (vessels and core) to show:

o Lack of growth of initial flaw
o Substantiation under worst parametric

conditions of environment, thermal aging,
materials, loadings

* Large values of critical crack sizes
0 Assessment of ductile failure mechanisms

7. Test confirmation of analytical results (refer to 6)

- prelim. 4/75 update 5/76
- prelim. 4/75 update.5/76
-,prelim. 12/75

Varied during 1976 Complete 12/78

I- /82

(- 15.4 (PSAR) 3/75

FTA with ANL review
9/75 - semi quanti-
tative judgement 11/75

Review of ongoing
ANL tests 1/79 '

- prelim.
3/76

1/76

6/75 update 5/76

I/
3/78

. . f
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TABLE 1 -9 ('Condihued)

ACTIVITIES TO. CONFIRM THE ACCEPTAB:IlLT!;Y i:O•F' ,THE REFERENCE' DESIGN AGAINST
LOSS- OF iNPLACE.COOLABLE GEOMETRY

Activity
."Material for Acceptability of

Reference Design Available.eby 6/76
Confirmatory
Material

______ I

8. Analysis of core disruptive accident phenomenology to show:

* , Relative probabilities of potential initiators
.(LOF versus TOP, etc.).

* Estimated" relative likelihoods of accident
* mechanistic paths leading to energetic disassembly

or slow meltdowns
9 Assessment of'.capability of reference design to

accommodate a significant proportion of all CDAs
' " Enhancement of core support structure

thermal capability
A 'Assessment of consequences of limited number of

. transients beyond plant capability

Documentation,

Preliminary,,report"
e Final report. "
.* ýCqnfirmatory test supplements

**' limiting criteria for May 1976 date

- Prelim. (Appendix D,
PSAR 3/75),

1/76

3/7.6

6/76**

1.12/75

6/76*,

" 5/76

F

Update 12/76

I,Update 12/76.12/77

• 7/78
6/82



TABLE 1.1-10

ACTIVITIES FOR:

Identification of Failure

Shutdown System

IDENTIFICATION OF FAILURE MODES
RELIABILITY CONFIRMATION
CMF ABSENCE

Preliminary FMEA
FMEA Update.
FTA
Preliminary CMFA
Updated CMFA

3/75
5/76
2/76
6/75
5/76

Decay Heat Removal System

Overall System FMEA
Individual System and

FMEA
Individual & Selected
Individual & Selected

& SPFA -

Selected Component - Prelim.
Updated

Component FTA -Prelim.

Component CMFA -Prelim.

1/75
9/75
5/76
2/76
5/76

Structural Failures.

Selected Structural Component FMEA

Reliability Confirmation

- Prelim.
Updated

6/75
5/76

Shutdown System - Prelim. 10/74
Updated 6/75

Decay Heat Removal/Structural - Prelim.
Updated

12/74
5/76

Testing

Shutdown System
Begin Electrical System Test
FFTF System Test Complete
Secondary Flow & Latch Test Complete
Decay Heat Removal/Structural

Component Tests

Detailed Operating Requirements

3/76
7/75
3/76

- Plan 3/76
Tests 8/78

5/76

CMF Absence

Shutdown System

Decay.Heat Removal /Structural
Events not addressed by PPS

- Prelim.
Updated

- Prelim.
- Prelim.

6/75
5/76
5/76
5/76
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1.1.3 Applicability of Regulatory Guides

This section describes a preliminary review of the .existing AEC
Regulatory Guides for Applicability to the Clinch River Breeder Reactor
Plant (CRBRP). The review covers the Division 1 (Power Reactor) Regulatory
Guides only. These include 83 Regulatory Guides, 1.1 through 1.83.

The AEC Regulatory Guides are intended to describe the Regulatory
position as to how the requirements of a given AEC regulation have been
satisfied. These requirements are set forth in Appendix A to lOCFR Part
50 for design of nuclear power plants and in various Darts of Chapter I
of 1OCFR for construction, operation, and quality assurance, in addition
to design. Some of the detailed requirements, however, address directly
the light-water-cooled nuclear power plants. Consequently, a number of
the existing Regulatory Guides may or may not apply to the CRBRP, mainly
due to the differences'in designs between the LMFBR plants and the LWR
plants.

In order to assure that the design of the CRBRP will appropriately
meet the requirements of the AEC regulations and to make maximum use of the
Regulatory Guides, this preliminary review was undertaken:

(1) to assess the applicability, if any, of the existing
Regulatory Guides to the CRBRP; and

(2). to identify the needs for changes such that an existing
Guide will properly cover the CRBRP or for issuance of
new Guides that directly apply to the CRBRP.

A percentage-rating scale has been used to evaluate the applicability
of the Regulatory Guides 1.1 through 1.83. The assessment is made both in
the content of "Intent" and of "Detailed Provisions" of the Regulatory
Guides. The definitions, of the percentage rating used are as follows:

0% = Not Applicable
25% = Major Portion Not Applicable
50%= Partially Applicable,
75% = Major Portion Applicable
95% = Essentially Fully Applicable

100% = Fully or Directly Applicable

It is important to note that both the applicability evaluation
and the needed-changes identification are made based upon the selected
design of the CRBRP at the time of this review. However, wherever
practical, and/or the emphasis on the CRBRP is not compromised, the
assessment is then made in the context of an LMFBR plant in general.

The evaluated applicability and the identified changes required
as concluded from the review are presented in Table I.
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TABLE I

EVALUATION OF APPLICABILITIES OF EXISTiNG AEC

REGULATORY GUIDES TOTHE CLINCH RIVER BREEDER REACTOR PLANT

L ITY REASONS FOR APPLICABILITY AND/OR IDENTIFI-
No. TITLE % RATING OF APPLICABIL CATIONS OF'CHANGES REQUIRED (OR REASONS

INTENT DETAILED FOR BEING NOT APPLICABLE)

PROVISIONS

1.1

1.2

1.3

1.4

1.5

1.6

1.7

Net Positive Suction Head for
Emergency Core Cooling and
Containment Heat Removal System
Pumps (formerly Safety Guide 1)

Thermal Shock to Reactor Pressure
Vessels (formerly Safety Guide
2)
Assumptions Used for Evaluating
the Potential Radiological Con-
sequences of a Loss of Coolant
Accident for Boiling Water
Reactors (Revision 1, 6/73, of
Safety Guide 3)

Assumptions Used for Evaluating
the Potential 'Radiological Con-
sequences of a Loss of Coolant
Accident for Pressurized Water
Reactors. (Revision 1, 6/73, of
former Safety Guide 4)

Assumptions Used for Evaluating
the Potential Radiological Con-
sequences of a Steam Line Break
Accident for' Boiling Water
Reactors (formerly Safety

,Guide 5)
Independence Between Redundant
Standby (Onsite) Power Sources
& Between Their Distribution
Systems (formerly Safety
Guide. 6)

Control of Combustible Gas
Concentrations in Contain-
ment Following a Loss of Cool-
ant Accident (formerly Safety
Guide 7)

0.0

0.0

0.0

0.0

0.0

100%

0.0

0.0

0.0

0.0

0.0

0.0

100%

0.0

(No equivalent system pumps in the CRBRP)

(NO comparable emergency core cooling system,
nor any large quantities of cold coo an
injection involved on the CRBR)

A separate new guide for LMFBRs needs to be
developed. Major changes required include:

1. Emphasis on loss of coolant accident is
not applicable to the CRBRP.

2. Acceptable assumptions related to the
accident release, taking into
consideration the L'IFBR characteristics
as appropriate, and

3. Addition of provisions to allow credit
for reduction in the amount of release
available for leakage(s) due to plate-
out and settling.

Same as 1.3. above

(No comparable.radiological consequences
involved for a steam line break in the CRBRP)

Consistent with the (Proposed) CRBRP,
GDC 17.

There is no zirconium-water reaction, nor con-
tainment spray reaction with metals in the
CRBRP. Also, emphasis on loss of coolant acci-
dent is not applicable to the. CRBRP.

However, need for monitoring of coratustible
Gases is to be assessed.
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TABLE I (Cont'd)

No. TITLE

1.8. Personnel Selection, and Train-
ing (formerly Safety Guide 8)

11.9 Selection of Diesel Generator

Set Capacity for Standby Power
Supplies (formerly Safety
Guide 9)

1.10 Mechanical (Caldweld) Splices
in Reinforcing Bars of Cate-
?ory I Concrete Structures
Revision 1, 1/2/73, of

former Safety Guide 10)

1.11 Instrument Lines Penetrating
Primary Reactor Containment
(formerly Safety Guide 11)

1.12 Instrumentation for Earth-
quakes (formerly Safety
Guide 12)

t.13 Fuel Storage Facility Design
Basis (formerly Safety
Guide 13)

1.14 Reactor Coolant Pump F lywheel
Integrity (formerlySafety
Guide 14)

1.15 Testing of Reinforcing Bars
for Category I Concrete
Structures (Revision I)
12/28/72, of former Safety
Guide 15)

% RATING OF APPLICABILITY!

i INTENT DETAILED
PROVISIONS

100% 100%

100% 100%

100% 100%

100%

100% 100%

100% 50%

REASONS FOR APPLICABILITY AND/OR IDENTIFI-
CATIONS OF CHANGES REQUIRED (OR REASONS
FOR NOT BEING APPLICABLE)

RUCT U10 1 1..1. 1....4. *. rn

I

Intent consistent with the Proposed GDC 17

The detailed provisions are equally
applicable to the CRBRP

This Guide is directly applicable.

The procedures set forth in this Guide for
testing & sampling of mechanical splices
in reinforcing bars are considered equally
applicable to the Category I concrete
structures of any nuclear, power plant.

The intent of this Guide is consistent with
GOC 55 and GDC 56 of the Proposed CRBRP GDC.

However, for the current design selections
of tihe CRBRP, there are .o instrument 1 ites
penetrating the containment.

The intent of this Guide is consistent with
10 CFR 50W36(c), which applies equally to
any nuclear poker plant.

The provisions set forth in this Guide relat-
ing to a suitable program for the seismic
instrumentation required are considered
equally applicable to the CRBRP as appropriate.

The intent of this Guide is consistent with
GDC 61 of theProposed CRBRPGDC.

The detailed provisions of-this Guide would
be 90% applicable to an LMFBR plant using
ex-containment water pool spent fuel storage.
The only modification required would be
related to Provision CA4 in that the inventory
of radioactive materials available from
leakaqe should be based on assumptions con-
sistent with the characteristics ofan LMFBR,
rather thanRegulatory Guide 1.25 (also see
evaluation of Regulatory Guide 1.25 below).

The CRBRP is presently using an ex-contain-
ment sodium-cooled EVST design. Consequently
the detailed provisions of this Guide is
estimated to be about 50% applicable.

To make the Guide fully applicable to the
CRBRP, appropriate changes are required to
supplement and/or modify Provisions C.3,
C.4 and C.8.

(This Guide is related to flywheels of reactor'
coolant pump motors in LWRs and is not
applicable to the CRBRP.)

This Guide is wholly applicable to the CRBRP.

0.0

l00%

0.0

00%o.o100% I.
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TABLE I (Cont'd)

;No. TITLE

1.16 Reporting of Operating Informa-
tion (Revision 1, 10/73, of
former Safety Guide 16)

1.17 Protection of Nuclear Plants
Against Industrial Sabotage,
(Revision 1, 6/73, of former
Safety Guide 17)

1.18 Structural Acceptance Test for
Concrete Primary Reactor Con-
tainments (Revision 1, 12/28/72
of former Safety Guide 18)

1 .19 Nondestructive Examination of
Primary Containment Liner Welds
(Revisionl, 8/11/72, of former
Safety Guide 19)

1.20 Vibration Measurements on Reactor
Internals (formerly Safety Guide
20)

1.21 Measuring-& Reporting of Effluents
from Nuclear Power Plants (formerly
Safety Guide 21)

1.22 Periodic Testing of Protection
System Actuation Function (formerly
Safety Guide 22)

1.23 OnsiteMeteorological Programs
(formerly Safety Guide 23)

1.24 Assumptions Used for Evaluating the
Potential Radiological Consequences
of a Pressurized Water Reactor Gas
Storage Tank Failure (formerly
Safety Guide 24)-

% RATING OF APPLI

INTENT DE
PRO

100%
100%

CABILITY

TAILED
VISIONS

50%

REASONS FOR APPLICABILITY AND/OR IDENTIFI-
CATIONS OF CHANGES REQUIRED (OR REASONS
FOR NOT BEING APPLICABLE)

This Guide is partially applicable
to the CRBRP.

The changes required include the
following:
I. The parameter list in Provision

C.l.a.(3).(f) needs minor modification.
2. In Table 1, the report items related

to "Fracture Toughness" and "Reactor
Vessel Material Surveillance" need
modification for full applicability to
the CRBRP. This is due to the reason
that both Appendices G and H to 10 CFR 50
may be not applicable or only partially
applicable. This in turn depends on the
materials selection for the vessel
system which is not yet firm in certain
areas.

100% This Guide is considered fully applicable
to the CRBRP.

100%

0.0 0.0 The containment design selection is steel
so that this is not applicable to the CRBRP.

100%

100%

100%

100%

100%

For the bottom liner in the concrete base,
0.0 4S-ILI, DiVision 2 provisions will be

followed. (Aote: This is so in order to be
consistent with E-Spec)
The intent of this Guide is'applicable,

50% however the testing details oiven are not
annrooriate to LMFRR's.

75% The intent of this Guide is equally applicable
to the CRBRP.

The provisions in this Guide are only
applicable to the CRBRP, where appropriate.

100% The intent of this Guide is consistent with
the Proposed CRBRP GDC.

95% The intent and provisions of this Guide are
considered generally applicable.

Although in the "Discussion" section of this
Guide references are made to Safety Guides 3
and 4 which were prepared for LWRs, the
detailed provisions as set forth in the "Reg-
ulatory Position" section of the Guide have no
requirements strictly and exclusively based
upon these two LWR guides. (Also see Regula-
tory Position C.6.d of this Guide.)

100% 0.0 This Guide was specifically prepared for PWR
plants, although the basic intent is considered;
generally applicable.

'Th- dptailed prnvisins are considered
not applicable to the CRBRP.

I.1: Assumptions used for Evaluating thne bU% 0.0 For applicability to LMFpBs, major cnanoes inPotential Radiological Consequencesl Provisions C.1 and C.3 of this Guide are
of a Fuel Handling Accident in the needed.
Fuel Handling & Storage Facility fo Due to basic differences in fuel handling and
Boiling & Pressurized Water Reactor storage designs between the CRBRP and the LWRs,
(formerly Safety Guide 25) ethe detailed p ervisins of the Guide are
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TABLE I (Cont'd)

0. TITLE RATING OF APPLICABILITY REASONS FOR APPLICABILITY AND/OR IDENTIFI-
D ICATIONS OF CHANGES REQUIRED (OR REASONSINTENT DETAILED FOR NOT BEING APPLICABLE)

PROVISIONS

1.26: Quality Control Classifications
9 8 Standards (formerly Safety
Guide 26)

100% 25% The intent of this Guide is equally appli-
cable to the LMFBR plants.

The detailed provisions of this Guide are
basically not applicable to the CRBRP.

This will be addressed in the PSAR per
Section 3.2.2 of the SFAC.

1.27' Ultimate Heat Sink (formerly
Safety Guide 27)

100% 100% The intent of this Guide is considered Qen-
erally applicable.
Due to design differences, however, the de-
tailed provisions of this Guide are appli-
cable only where appropriate.

1.281 , Quality Assurance Program
,Requirements (Design & Con-
struction) (formerly SafetyCuirip ?8)

1.29

1.30

1.31

1.32

1.33

Seismic Design Classification
(Revision 1, 8/73, of former
Safety Guide 29)

Quality Assurance Requirements
for the Installation. Inspection.
& Testing of Instrumentation &
Electric Equipment (formerly
Safety Guide 30)

Control of Stainless Steel Weld-
ing (Revision .1, 6/73, of former
Safety Guide 31)

Use of IEEE Std 308-1971, "Criteria
for Class. IE Electric Systems for
Nuclear Power Generation Stations"
(formerly Safety Guide .32)

Quality Assurance Program Require-
vents (Operation) (formerly Safety

Guide 33)

This Guide is mairly to concur on the
100% 0.0 requirements as set forth in AiSI ;44b.2.11

(Uraft No. 3, Rev. 1, July 1973). The
intent is applicable. For t:w detailed
provisions the CRBRP QA program will be
followed.

100% 50% The basic intent of this Guide is equally
applicable to the CkBRP,

In their present version, the detailed
provisions described in. this Guide are
not-directly applicable to the CRBKP.
This will be addressedin the PSAR per
Section 3.2.1 of SFAC.

100%

100%

100%

100%

0.0 The-intent is applicable. For the detailed
provisions, the CRBRP QA Program will be
followed.

100% Although this Guide was prepared for
application toLWRs, it is eoually
applicable to the CRBRP.

100% The intent and provisions of this Guide
are equally applicable to the CRBRP, as
appropriate.

0.0 The intent of this Guide is applicable.
For the detailed provisions, the CRBkP
QA Program will be followed.

SVA-43



TABLE I (Cont'd)

No. TITLE• % RATING OF APPLICABILITY1 REASONS FOR APPLICABILITY AND/OR IDENTIFI-
INETI CATIONS OF CHANGES REQUIRED (OR REASONS
INTENT DETAILED FOR NOT BEING APPLICABLE)

PROVISIONS

1.34

1.35

1.36

1.37

1.38

Control of Electroslag Weld
Properties (12/28/72)

Inservice Surveillance of. Ungrouted
Tendons in Prestressed Concrete
Containment Structures (2/5/73)

Nonmetallic Thermal Insulation for
Austenitic Stainless Steel
(2/23/73)

Quality Assurance Requirements for
'Cleaning of Fluid Systems and
.Associated Components. of Water-
.Cooled. Nuclear Power Plants
.(3/.16/73)

Quality Assurance Requirements for
Packaging, Shipping, Receiving,.
Storage, & Handling. of Items for
Water-Cooled Nuclear Power Plants
(3/16/73)

100%

0.0

100%

100%

0.0

This Guide, describing an acceptable method
for assuring materials control & control of
special process related to fabricating
electroslag welds for nuclear components,
is equally applicable to the CRBRP.

Actual use of this Guide, however, is
expected to be very limited,.if any. One
possible use is for the core support. It
is anticipated that "Up-John" or "Subvert"
will be the special process to be used on
the CRBRP.

(This Guide, relating to Prestressed
Concrete Containment, is not applicable
to the CRBRP.)

50% This Guide addresses the selection anduse of nonmetallic Thermal insulation

to minimize promotion of stress-corrosion
cracking in the. stainless steel portions
of the reactor coolant boundary and
other systems important to safety. Parts of
the detailed provisions of the Guide are
applicable where appropriate to the CRBRP.

0.0 0.0 In the context of "on-site cleaning" as
intended by this Guide, the provisions
set forth in ANSI N45.2.1-1973 which forms
the basis of this Guide are not expected
to be applicable to most of the liquid-
metal systems of this plant.

At this point in time, it is anticipated
that these fluid systems components will
be cleaned, prior to installation, in the
fabricator's shop. This shop cleaning
may be water cleaning, and the requirements
and control will be comparable to ANSI
N45.2.1-1973. On site pre-operation
cleaning, to which this Guiderefers, if
any, will be minimal and will be done by
hiand.
Rper.ai-m of the ahove rfonnq, thi, Guide
is not 'rated.

100% 0.0 The intent of this Guide is consistent with
Appendix B to IOCFR5o, "Quality Assurance
Criteria for Nuclear Power Plants and Fuel
Reprocessing Plants".

For the detailed provisions, the CRBkP,
QA Program will be followed.
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TABLE I (Cont'd)

No. TITLE % RATING OF APPLICABILITY REASONS FOR APPLICABILITY AND/OR IDENTIFI-
CATIONS OF CHANTS REQUIRED (OR REASONS

INTENT ETAILE FOR NOT BEING APPLICABLE)
•PROVISIONS '

1.39 Housekeeping Requirements for
Water-Cooled Nuclear Power
Plants (3/16/73)

100% 0.0

1.40 Qualification Tests of Continuous-
Duty Motors Installed Inside the
Containment of Water-Cooled Nuclear
Power Plants :(3/16/73)

1.41- Preoperational Testing of Redundant
. On-Site Electric Power Systems to'

Verify Proper Load Group Assign-
.ments (3/16/73.)

1%.42 " Interim Licensing Policy on As Low
:AsPracticable for Gaseous Radio-
iodine Releases from Light Water-

..Cooled Nuclear Power Reactors-
(6/73).'"

1.43 Control of Stainless Steel*Weld
Cladding of Low Alloy Steel
Components (5/3)

1:.44 Control of the Use of Sensitized
Stainless Steel (5/73)

100%

100%

50%

100%

0.0

25%

100%

0M0

100%

0.0

The intent of this Guide is consistent with
Appendix B to 10 CFR 50.

for the detatled provisions, the CRBRP
QA Proqram will be followed.

This Guide is intended mainly to concur
on the requirements set forth in IEEE Std-.
334-1971, subject to additional provisions.

The basic intent of the guide is generally
applicable. However, changes and supple-
ments to IEEE Std-334-1q71 anpronriate to
LMFBRs are needed in order to be applicable
to the CRBRP.

This Guide describes an acceptable method
of verifying the proper assignments of
redundant load groups to the related on-site
power sources.

It is considered enually'annlicable to the
CRBRP.

The detailed.provisions, developed primarily
for LWR plants, do not apply to the CRBRP.

This Guide is related to selection and
control of welding processes used for clad-
ding ferritic steel components with
austenitic stainless steel.

It is equally applicable to the CRBRP, as
appropriate.

The intent of this Guide relates to control
of the application and processing of
stainless steel to avoid severe sensiti-
zation that could lead to stress corrosion.
It was developed primarily for LWRs.

For the S.S. materials to be used for the
primary system coemponents in the CRBRP,
sensitization:will occur. On the other
hand, the high operating temperatures
limit the use of materials of low carbon
content.

The solution is therefore mainly to rely
upon control for cleanliness and protectionj
against contaminants.

SVA-45 9f



TABLE I (Cont'd)

No. TITLE !% RATING OF APPLICABILITY REASONS FOR APPLICABILITY AND/OR IDENTIFI-* I __. __•CATIONS OF CHANGES REQUIRED (OR REASONS
S" INTENT !•DETAILED FOR NOT BEING APPLICABLE)

.I PROVISIONS

1.45 Reactor Coolant Pressure Boundary 50% M00 The basic intent of this Guide is considered
Leakage Detection System (5/73) generally applicable, but the Guide was

I prepared to address the LWR coolant systems.

1.46 Protection Against Pipe Whip
Inside Containment (5/73)

100% 0.0 i

The detailed provisions of this Guide are
largely not applicable to an LMFBR plant.

The basic intent of this Guide is consideredj
generally applicable.

The detailed provisions of this Guide,
however, was developed primarily for LWR
plants.

1.47 Bypassed and Inoperable Status
Indication for Nuclear Power
Plant Safety Systems (5/73)

1.48 Design Limits and Loading Com-
binations for Seismic Category I
Fluid System Components (5/73)

1.49: Power Levels of Nuclear Power
Plants (Revision 1, 12/73)

1.50 Control of Preheat Temperature
for Welding of Low-Alloy Steel
(5/73)

1.51 Inservice Inspection of ASME
Code Class 2 and 3 Nuclear Power
Plant Components (5/73)

100%

100%

100%

100%

100%

100% This Guide is considered equally applicable
to CRBRP.

50% The basic intent of delineating acceptable
design limits and appropriate combinationsof loadings associated with normal opera-

tion,.postulated accidents and specified
seismic events for the design of Seismic
Category I fluid system components is
considered generally applicable to all
nuclear power plants.
The detailed provisions of this Guide were

developed primarily for LWR plants. They
need to be supplemented and/or modified
for direct application to the CRBRP.

100% This Guide is generally applicable.
(It should be noted that, due to the pro-
jected power levels of this plant, this
Guide has no. impact on the CRBRP.)

100% This Guide describes an acceptable method
with regard to the control of welding
for low-alloy steel components during
initial fabrication. It is considered
applicable to CRBRP, as appropriate.

0.0 The intent of this Guide is equally appli-
cable to CRBRP.

* The detailed provisions in this Guide may
not be directly applicable. Where feasible
with renard to the state-of-the-art of the
specified examination method, the intent of
requirements set forth in the ASME-XI as
well as this Guide willbe met.

However,.certain significant differences
exist between LWRs and the CRBRP (e.g.,
low pressure system) and some specified
examination methods (e.g., volumetric) have
been found not feasible due to certain com-
ponent material (e.n., UT on stainless •
steel) and/or the special environment (e.g.,
high radiation level, high-temperature
sodium coolant, etc.) characteristic of the
CRBRP. In these cases, alternative require-
ments wherever practicable & justifiable
will be considered & proposed. .
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TABLE I (Cont'd)

No. TITLE .% RATING OF APPLICABILITY

INTENT ' DETAILED
PROVISIONSI

REASONS FOR APPLICABILITY• AND/OR-IDENTIFI--
CATIONS OF CHANGES REQUIRED (OR REASONS
FOR NOT BEING APPLICABLE)

1.52 Design, Testing. & Maintenance
Criteria for Atmosphere Clean-
up System Air Filtration and
absorption Units of Light-
Water.-Cooled Nuclear Power
Plants (6/73)

1.53 Application of the Single-Failure
Criterion to Nuclear Power Plant
Protection Systems.(6/73)

1.54 Quality Assurance Requirements
for Protective Coatings Applied
to Water-Cooled Nuclear Power
Plants (6/73)

1.55 Concrete Placement in Category I
Structures (6/73)

1.56 . Maintenance of Water Purity in
Boiling Water Reactors (6/73)

1.57 uesign Limits and Loading Combina-
tions for Metal Primary Reactor Con-
tainment System Components (6/73)

100$

100%

100%

100%

0.0 j

0.0o

100%

100%

1.58 Qualification of Nuclear Power
Plant Inspection, Examination,
& Testing Personnel (8/73)

1.59 Design BasisFloods for Nuclear
Power Plants (8/73)

1.60 Design Response Spectra for
Seismic Design of Nuclear Power
Plants (Revision 1, 12/73)

1.61 Damping Values for Seismic Design
of Nuclear Power Plants (10/73)

1.52 Manual Initiation of Protective
Actions (10/73)

1 .63. Electric Penetration Assemblies
in Containment Structures for
Water-Cooled Nuclear Power Plants
(10/73)

1.64 Quality Assurance Program Require-
ments for the Design of Nuclear
Power Plants (10/73)

100%

0.0

100%

0.0

0.0

0.0

100%

100%

100%

100%

100%

0.0

-

This Guide is considered applicable to
CRBRP.

The intent of this Guide ijs.considered
applicable For tiie detailed provisions,
tne LJRBPP (.AProgram will be tollowea.

This Guide is considered equally appli-
cable to any nuclear power plant.

(This Guide was developed for BWRs and is
not applicable to the CRBRP.)

This Guide was specifically prepared for
and limited to those LWR plants of which
the containment 'system comprises .a metal
containment that is completely enclosed
within a Seismic Category I structure (e.g.)
a concrete shield building). It is, there-
fore.,generally applicableto those plants
which use'this particular type of contain-

..ment system.

Due to containment selection, this Guide is
not rated as it is not applicable.

i%ý intc:;t of this GviOz is :oi:kde-d
p)Plicable. For the detailed provisions,,

t 6 uii6KP QA Program will be followed.

This Guide is equally applicable to CRBRP,
as appropriate.

This, Guide is considered equally applicable
to CRBRP, as appropriate.

This Guide is equally applicable toCRBRP,
as appropriate.

This Guide describes an acceptable method
for complyinq with the requirements of
IEEE Std 279-1971 (Section 4.17). It is
considered equally applicable to the CRBRP.

This Guide concurs with IEEE Std 317-1972
and supplements it with four additional
provisions.

It. is considered equally applicable to CRBRPý
as appropriate.

The -ntent of this Guide is considered
applicable. For the detailed provisions, I
thi C1ZBRP QA Program will be followed.

100%

100%

100%

100%

'00%

100%
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TABLE I (Cont'd)

No. TITLE S RATING.OF APPLICABILITY REASONS FOR APPLICABILITY AND/OR IDENTIFI-I . . CATIONS OF CHANGES REQUIRED (OR REASONS
I INTENT DETAILED FOR NOT BEING APPLICABLE

• .. " -___ PROVISIONS,

1.65 Materials & Inspection for
Reactor Vessel Closure Studs
(10/73)

0.0

1.66

1 .67

1.68

1.69

1.70.1

11.70.2

1.70.3

1.70.4

i .71

Nondestructive Examination of
Tubular Products (10/73)

Installation of Over-Pressure
Protection Devices (10/73)

Preoperational & Initial Start-
up Test Programs for Water-
Cooled Power Reactors (11/73)

Concrete Radiation Shields for
Nuclear Power Plants (1/74)

Additional Infornation-Hydro-
logical'Considerations for Nuclear
Power Plants (12/73)-To:. Standard
Format & Content of Safety Analysis.
Reports of Nuclear Power Plants
(Revision 1, Requlatory Guide
1.70, 10/72)

Additional Information-Air Fil-
tration Systems &-Containment
Sumps for Nuclear Power Plants
(11/73)

Additional Information - Radioactive
Materials Safety for Nuclear Power
Plants

Additional Information - Fire Pro-
tection Considerations for Nuclear
Power Plants

Welder Qualification for Limited
Accessibility Areas (1/74)

50%

100%

50%

•100%

100%

50%

100%

100%

100%

0.0

50%

50%

25%

100%

100%

25%

100%

100%

100%

This Guide was prepared primarily for LWRs.

Due to differences in loading characteristics,
It is considered essentially not directly
applicable to the CRBRP.

This Guide was developed and intended pri-
marily for application to tubular products,
used for ASME-11 Code Class 1 components
on LWRs.

The corresponding CRBRP components are expected
to be of austenitic steel. The state-of-the-
art of the UT examination, as specified by
the Guide, has not been capable of producinn
meaningful results. The CRBRP, however, is
anticipated to meet the requirements as set
forth in NB-2550 of ASME-II for the examina-
tion addressed by the Guide.

Code Case 1569, which forms the hasis of this
Guide, has covered four categories. Only
the open systems. however. are treated in
detail. Closed discharge systems are essen-
tially left undefined.

According to the selected design of the CRBRP
at this time, the Guide is expected to be
applicable only in the design of steam line
safety valves. The Guide is therefore considerec
as partially apolicable to the CRBRP in terms o,
the detailed provisions.

This Guide was developed primarily for L.WR
plants.

In order to properlycover the LMFBR plants,
the detailed provisions of this Guide need to
be supplemented and modified by takino into
consideration characteristics of LMFIR
plants.

Specifically, this includes modifications of
and supplements to appropriate items included
in Appendices A and C to this Guide.

This Guide is considered apilicable to CRBRP.

The provisiuns of this Guide have already been
incorporated in the "Standard Format & Content
of Safety Analysis Reports for Nuclear Power
Plants - LMFBR Edition", issued February 1974.

Provision B.1 set forth in this Guide is con-
sidered applicable, as appropriate.

In particular, in order to make Provision B.1
applicable to LMFBRs, major and appropriate
changes are required with regard to the Posi-
tions in Regulatory Guide 1.52 which is
referenced.
Provision B.2 is considered not applicable.

This Guide is considered generally applicable
to all nuclear power plants.

This Guide is considered generally applicable
to all nuclear power plants.

This Guide relates to control of welding
for nuclear components and is onsidered
nonr•1llv annlirahle.

1 S ______________ I ~
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TABLE I (Cont'd)

INo. TITLE - % RATING OF APPLICABILITY REASONS FOR APPLICABILITY AND/OR IDENTIFI-
INTENT DETAILED FOR NOT BEING APPLICABLE)

. •. . PROVISIONS

1 72

1.73

1.74

1.75

1 .77

Spray Pond Plastic Piping
(1/74)

Qualification Tests of Electric
Valve Operators ,Installed Inside
the Containment of Nuclear Power
Plants (1/74)

Quality Assurance Ter ms and ODefi-
nitions

Physical Independence of Electric
Systems :

Design Basis Tornado for Nuclear
• Power Plants

Assumptions Used for Evaluating a:
Control Rod.Ejection Accident for• Pressurized Water Reactors.

Assumptions for Evaluating the
Habitability of a.Nuclear Power.
Plant Control Room During a Pos-
tulated Hazardous Chemical
Release

Preoperational Testing of Emer-
gency, Core Cooling Systems for
Pressurized Water Reactors

Preoperational Testing of Instru-
ment Air Systems

0.0

100%

100%

100%

0.0.

100%

0.0

0.0

0.0

75%

0.0

100%

0.0

50%

0.0

0.0

It is anticipated that there will be no spray
pond in the CRBRP.

This Guide is mainly based upon IEEE Std.
382-1972 and is considered equally applicable
to any nuclear power plant, where appropriate.
In order to be properly applicable to LMFBRs,
modifications and supplements to IEEEStd. 382-1972 appropriate to LMFBRs are.
required .. ..
The intent of this Guide is applicable.

This Guide is not rated since the LWR vendors
are still discussing its implications with REG.

This Guide describes design basis tornadoes,
for.nuclear power plants, acceptable to the
Regulatory for three regions within the conti-
quous United States.

•It-is generally applicable and is applicable

to the CRBRP as appropriate.
This Guide was specifically prepared for PWR
plants in regard to acceptable analytical
methods and assumptions that may be used in
evaluatinq the consequences of a rod ejection
accident in uranium oxide fueled cores.
It is not applicable to the CRBRP.

This Guide describes acceptable assumptions
and criteria to be used in the evaluation
of control room habitability during and after I
a postulated hazardous chemical release.
Requirements of the Guide are dependent upon
actual or projected presence of certain
specified chemicals withir, five miles of the
plant or in frequent transit within the same
distance.

Preliminary design of the CRBRP control room
habitability system has been assessed for a
hypothetical and most limiting radiological
consequence. Chemical toxicity will be
assessed.

• This Guide was specifically prepared for PWR
plants in regard to acceptable preoperational

* testing programs for ECCs. "

It is not applicable to the CRBRP.

This Guide describes an acceptable preopera-
tional testing program for verifying the opera
bility of safety-related instrument air system.

On the CRBRP, except those portions penetra-
ting the containment and being considered as

• parts and appurtenance thereof, safety-related
instrument air system parts are yet to be
identified.

.791

1.80

-~_________________ J. ____ _______ ___________________________
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TABLE I (Cont'd)

-I r I
No. TITLE % RATING OF APPLICABILITi.

INTENT I DETAILED
PROVISIONS

aP ________

1.81
1.82

1,.83

Shared Emergency and Shutdown
Electric Systems for Multi-Unit
Nuclear Power Plants

Sumps for Emergency Core Cooling
and Containment Spray Systems

Inservice Inspection of Pres-
urized Water Reactor Steam Gene-
rator Tubes

0.0

0.0
0.0

0.0

0.0

0.0

REASONS FOR APPLICABILITY AND/OR IDENTIFI-
CATIONS OF CHANGES REQUIRED (OR REASONS
FOR NOT BEING APPLICABLE.

This Guide addresses the USAEC's requirements
with regard to the sharing pf onslte emer-
gency and shutdown electric systems for
multi-unit nuclear power plants.

It is not applicable to the CRBRP.

This Guide applies to PWRs only.

It is not applicable to the CRBRP.

This Guide applies only to PWRs.

It is not applicable to the CRBRP.

9)

0)
SVA-50



ADDENDUM B

RELIABILITY PROGRAM

C.1.O Purpose

The purpose of this Appendix is to describe the the CRBRP Relia-
bility Program, which provides the means for assisting in the determination

of which events should be included or excluded as CRBRP design basis
events. Additionally, the program provides continual assessment, verifica-
tion, and design control to assure that the CRBRP Reference Design is a sat-
isfactory basis for licensing.

C.l.l Introduction

Appendix C contains three basic sections. Section C.l provides a
summary of the material presented in this appendix. This section also pro-
vides the development of the overall reliability criterion and goals as well
as the essentials of the plan by which technical, and schedular objectives
are achieved.

Section C. 2 outlines the reliability methodology utilized for
this program and provides the current reliability assessments.

Section C.3 presents the basic aspects of the planned verification
process which includes additional development activity, a confirmatory test
program and key milestones to be met, as well as a description of available
test facilities.

C.l.l.l Definitions of Terms Used in this Appendix

Reliability

Characteristic of an item expressed by the probability that it will
perform a required function under stated conditions for a stated period of.
time.

Unreliability

Numerical compliment of reliability.

Availability

Characteristic of an item expressed by the probability that it will
be operational at a selected future instant in time.

Unavailability

Numerical complement of availability.
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Common Mode Failures

Multiple failures which result from a single initiating independent WI
random cause such as a common property, common process, common environment,
or common external event. As such, they form an important sub-set of the
range of independent random failures.

Redundancy

The performance of the overall function by two or more independent
means.,

Diversity

Performance of the same function by two or more different and in-
dependent means.

Random Independent Failure Rate

The expected number of failures of a given type in a given time in-
terval, .wherein eachfailure is mutually independent of the remainder of the
failures.-,

Safe/Unsafe/Failures

Safe failures are-those failure events which do not affect the abi-
lity to perform the safety function when required. Unsafe failures are those
failure events whilch can degrade the'safety function.

Mean..Time to Failure

Arithmetic mean of the times to failure.

C.l.2 Summary

The overall design safety approach for CRBRP is described in Section
1.1 of the PSAR. This.approach will assure that the plant meets the require-
ments set forth in. applicable Federal Regulations. The-elements of the over-
all approach addressed in this appendix are:

* To identify those extremely unlikely events having the po-
tential to exceed 10 C.F.R. 100 guidelines

* To confirm through assessment design and confirmatory analysis
and testing that all. such events are of sufficiently low pro-
bability to justify exclusion from the CRBRP design bases.

Applying this approach has resulted in the identification of events
which should be included in the CRBRP design basis and those which should
be excluded. The events included in the design basis are identified in
Chapter 15 of the PSAR. Analysis of those events and the assurance that
they are conservatively accommodated by the CRBRP design is provided in
the appropriate chapters. .9
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-'Those events identified as having the potential to exceed 10
C.F.R. l00Wguidelines and which have not been inluded in the plant
design bases are treated in this Appendix. The basis for exclusion
consistts ýof a logical "process of establishing criteria, allocating
goals,l performing conservative assessments and implementing testing,
design and analysis activities as required. These activities are pursued
using traditional.reliability methodology to achieve a high level
of confidence that predetermined-goals are met.

The overall goal established for the Reliability Program is:

e The probability of exceeding guideline values shall be less
than one chance in a million per reactor year.

Initial reliability assessments indicate that the CRBRP will
meet this goal. The details of and bases behind this goal, its allo-
cation and the assessments are presented in Section C.2 of this
appendix.

.The Reliability Program furnishes design verification and
confirmatory data through a test program which utilizes accepted
reliabili~ty engineering methods to assure: proper tests are con-
ducted; proper- selection of test articles; and identification of:those Icomponents and systems.whose failure modes are most criti-

cal to plant.reliability and safety. The program thus assures
that when built, the plant meets the objectives of the overall
design approach described in Section 1.1 of the PSAR.

C.l.3 Reliability Program

-This section provides a description of the Reliability Pro-
gram and associated activities necessary to successfully complete
its mission. The criterion to judge which events are.to be treated
by the Project and indeed to judge success and failure of the pro-
gram is discussed in C.l.3.1. A discussion regarding the determin--
ation of the events which may have the potential to exceed dose
guidelines and therefore are of, interest to the program is presented
in C.1.3.2. Having established a success criterion and the events
to be measured against it, reliability allocations are made which must
be achieved by each system contributing to success. This allocation
is discussed in C.1.3.3. The Reliability Program plan which implements
the methodology necessary to assure that the overall, reliability goal
is achieved is discussed in C.l.3.4.

..The basic objectives of the Relifability Program are:

* To identify those extremely unlikely events having the potential
to exceed 10 C.F.R. 100 guidelines.
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9 To confirm through assessment, design and confirmatory analyses
and testing that all such events are of sufficiently low pro-.
bability to justify exclusion from the..CRBRP design bases.

The Reliability Program elements are oriented heavily toward
the first two levels of design to ensure that adequate reliability
is included as an integral part of the plant design. In-addition,
it is an established CRBRP design philosophy to utilize to the maximum
extent possible proven components and subsystems to minimize develop-
mental reliability problems. For example, the shutdown system monitor
and control electronics are. essentially duplicates of the FFTF system
in the areas of component types, subsystems, and suppliers. Where
new components or subsystems must be used,.applicable experience and
data from 'closely compar.abe. elements will be used to the max~imum
extent possible.

C.1.3.1 Reliability Criterion'..

In the absence of speCific'guidelines for'the assignment of
events into an LMFBR design basis envelope, the literature on
reliability.. safety, assessment was researched. -Several sources were
consul ted, ic•luding pr6i: ncipal IRe ferences 1-6. Itwas recognize
tChat the appllicability of.these' and other documents to LMFBR's and,
-in. particular, to.,the CRBRP varied. Each,ýwas reviewed to provide
guidance 'in -the s'election of: a rel iabil ity.,criteria, which- could be

:used. to meet, t he objective of the Reliab.ifity Program. The most
comprehensive anId `relevant treatment of the subject was presented
in Section II of Reference 1.

Based on the evaluation of this literature and the first-of-a-
kind nature of this plant,-the Project concluded that assurance against
low probability accidents for the CRBRP should he.as stringent as other
commercial power re'actors. Accordi~ngly, the-Project reliability criterion
is based Upon the overall safety objective that;

The likelihood of exceeding guideline values
:should not be greater than one chance in one
million per year.

C.1.3.21 Event Analysis

The second stage of the.Reliability Program was ti identify
events which appear to have'.the potential to exceed lOCFRlOO guidelines,
and to compare the probability of such occurrences with the reliability
criterion established above (C.l.3.1), Based on the results of this
comparison, judgment was made on those events which should be included
in the CRBRP design basis.
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Events which.have the potential to exceed lOCFRlOO .guidelines
involve those components and systems of theplant which have large inven-
tories of fission products and transuranium elements.: These sources-were
identified and they include:. the reactor core, the refueling machine, the
waste gas storage system, the liquid waste storage system, primary sodium
itself and the ex-vessel fuel storage tank. Of the events involving
these sources, those associated with the refueling machine, the-waste gas
storage system, the liquid waste storage system and the primary sodium
were determined not to exceed the guidelines of lOCFRlO0. Analyses to
confirm this conclusion are presented in Sections 15.5, 15.6, and-15.7 of
this PSAR.

The remaining events are those associated either with the reactor
core, or the ex-vessel fuel storage tank. An initial assessment indicated
that the events associated with the ex-vessel storage tank, e.g., a leak
or loss of cooling, would not.result in consequences that are in excess of
lOCFRlO0 and furthermore, such events are very improbable. This initial
evaluation is being updated to confirm that the. design can accommodate
such-events or to confirm theirlextremely low probability. The-initial
analyses for these events is presented in Section 15.6.

The final source having the potential.to exceed 1OCFR100 is the
reactor 'core. In order for these events to lead to: excessive.releases
of radiloactivity, it would be necessary to violate the three containment:
barriers; i.e., the. fuel claddi'ng, the reactor vessel and the reactor con-
•tainment. There are only two identifiable events which could lead to sequen-
tial violation of these three barriers. They are either an inadvertant
energy release in.the primary system, or a~sustained temperature within the
primary system higher than.that which ensures primary boundary integrity.
Both of these events are-consequences of a loss of in-place coolable geometry
which could extend to widespread sodium boiling and fuel melting. A
detailed Fault Tree Analysis (Figure C.l4l) has been constructed to
identify initiators which potentially lead to loss of in-place coolable
geometry of the core. This initial analysis identified four initiators:

Total loss of Heat Removal Capability to the Core
following scram

Transient without Scram
Transient beyond the capability of plant protection

system
Assembly-to-Assembly Failure Propagation.

These initiators were thus included for evaluation by the Reliability
Program.
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C.l.3.3 Initial Goals and Allocation Model

Based.on the evaluation of initiators discussed above, it has been
determined that the event which has potential to exceed 1OCFRIOO guidelines
is loss of in-place coolable geometry......,

The criterion which was established for.the probability of exceeding
IOCFR1O0 guidelines can be related to the probability of loss of in-place
coo.lable geometry, considering the combination of all the following
probabilities:..

probabil-ity of loss of .in-rplace coolable geometry, and

probability that loss of in-place coolable geometry leads to
breach of.the PHTS and theo containment (either by physical
damage or by excessive leakage)ý, and
probability of excessive activity release to the environs, and

probability that this release leads to a radiological dose at
site boundary greater than IOCFRlCOG guidelines

While it is certain that the last three of these probabilities
are.- each less. than one.,, credi~t forthi,s has,,not been- .taken at this. ti me.
Thus the cr.iterion established in Section C.l.3.l is conservatively
mod Ified to .relate. directly to loss ,of in-place coolable geometry rather
than the potential to exceed guideline values and becomes:

The probability, of loss, of in-place cool-able geometry in the
core shall be less than one chance in a million per reactor year.

The remainder of Appendix C uses this as the reliability criterion.
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Selection of test articles in quantities for reliability confirmation is
based on the initial evaluation and identification of those components
and subsystems, and their attendant failure modes which are the most
critical to plant reliability and safety and for which the least data is
available.' Test modifications or additions will be recommended as
necessary such that specific potential failure modes will be fully explored
during the test. In addition, the designer will make specific recommen-
dations concerning the test of certain operational characteristics to add
to the verification of specified design criteria. This is the basic
philosophy under which the CRBRP test planning is done, thus assuring
maximum results from any test to be conducted.

It is expected that the test results will confirm that the pre-
established goals can readily be met, particularly since the first assess-
ment is quite conservative and is based on a first case consideration of
all contributors to the goals. Testing will also provide initial infor-
mation on the variation of failure rate with lifetime ('"bath tub" charac-
teristics of failure) for the selected components.. in particular, it will
add tothe evaluation of component and subsystem failures whichoccur atthe
onset of the "bath tub" characteristic such that provisions will be made ,
to assure that essential'component and subsystem failure rates will have
reached constant value. Projecti6n of wear-out failures will be included
-in.maintenance and replacement planning to ensure replacement or preventive
maintenance before actual-failure can occur. This approach to test program
utilization provides a high level of confidence in the assessments for
CRBRP.

Use of Reliability Engineering in the confirmation process maximizes
the assurance that when built, the plant will meet the objective associated
with the three levels of design and accompanying assurance of a maximum level
of public safety. The approach described above, involving analysisand
testing, is. based Upon accepted practice in the aerospace industry and sen-
sitive industrial activities. Development of the applied methodologies
occurred in defense and space programs and have been "tried and proven" for
these kinds of programs. Thus, maximum advantage is being taken of developed
methodologies to assure reliable and safe operation of CRBRP.
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Common Mode Failure W I

Thepotential for-common mode:failures will be identified: by
a detailed Common Mode Failure Analysis together with. rigQrous: Failure
Mode .and Effects Analysis (FMEA). and Fault Tree Analysis (FTA). Deter-
mination of common.mode failures.will be by considering functional
dependency, parts of similar manufacture, environmental.causes, opera-
ting'and maintenance errors, input and interface parameters, and failures
induced by a preceding failure. The analyses program is also designed
to provide design changes. for identified common mode failures.. These
include design diversi.ty, diversity in component fabrication-procure-
ment sources, enhanced testability,,.reduction in the conditional
probability of common mode failures after a casual event has occurred,
and.stringent procedures designed.to, eliminate human error in the design,
analysis,. operation, and maintenance of the CRBRP., The subsystem and
system tests within the Reliability Program permit an empirical.
search for common mode and single random failures to. complement the
failure mode and effects and fault tree analyses. Special tests will
be:performed under abnormal conditions'.toveri.fy the absence of common
mode failure mechanisms. These tests.will.be designed to assist.in
the'identification of potential common-mode faiilures related to:

a) internal and external'environments.
b) design deficiencies-
c) functional defi.ciencies
d) operating and maintenance deficiencies

The components test program will verify that common mode failures
will not..be introduced via design deficiencies at the'component level.

Testing within the SHRS Reliability Program will have the same
objective, namely to help define potential common mode failuresý. However,
practical limitations within the heat removal program prevent common mode
failure exploration in the laboratory to the same extent-as planned for
the shutdown system. In addition, the Steam Generator*Development Program
(PSAR:Section 1.5) will yield, important common mode failure data relating.
to steam generator tubes.

Additional details concerning the methods to be employed in the
.area of common mode Failures are provided in Section C.3.1.1.2.
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Confidence Limits

The method of computing confidence limits in the reliability pro-
grams will vary from subtask to subtask. At one end of the spectrum
are the analyses, like the total shutdown heat removal reliability
assessment, which are based on data of varying degrees of accuracy from
many sources. In these cases, the situation is not amenable to large
sample tests to determine confidence interval and requiie more innovative
treatment. At the other end of the spectrum are certain subassembly tests
in the shutdown system program in which enough large sample test data will
be available for conventional statistical reduction. Between the two
extremes are situations, e.g., major assembly evaluations within the
shutdown systems portion of the reliability program, in which confidence
limits will be determined using applicable statistical techniques such
as Bayesian, (See Ref. 7 and 8) selected prior information and partially
from data generated within the present program. More detail regarding
confidence limit determination is provided below, with emphasis on the
approach being initiated in the Shutdown Heat Removal System reliability
analysis.

The current assessment is a point estimate. A point estimate does
provide a valid engineering assessment of the quality of the system and
it identifies.areas which require special attention. For more refined
future assessments, a confidence interval will be calculated. The method
of calculation-will be based on uncertainties about the mean failure rates.
Appropriate techniques will be applied to develop a probability density
function where the probability density function directly yields a confidence
interval or probability band.

It must be recognized that a definition of confidence limits for
components/systems with very high reliability objectives does involve
some practical difficulties, as acknowledged in Ref. (8). However,
confidence limits have an obvious usefulness in decision making. Therefore,
confidence limits will be attached to the experimental and analytical
results from the reliability program by best engineering utilization of the
methods available from probabilistic analysis state-of-the-art and the
data which is available.
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C.1.4. Goals'(Numerical)

Initial numerical reliability allocations have been made which
are consistent with the overall goal and which provide the designer
with a realistic but challenging reliability objective. These goals
were set recognizing the relative difficulty of achievement among the
differing systems and are subject to change within the constraints of
the overall goal.

C.l.4.1 .Shutdown System Goal

For the shutdown systems the success criteria is addressed by
a goal to provide a design such that the unavailability of the two
systems i s less than:

Primary <10-4
Secondary <5 x 10-4

for transients which, without scram, could result in loss of in-place
coolable geometry.

The above goal is based on the objective of less than 10-7 SDS
failures per year that could lead to loss of in-place coolable geometry.
For the ideal case of complete elimination of common mode failures between
the Primary and Secondary Shutdown Syslems, the above goals would provide
an-unavailability of less than 5 x 10,1. However, it must be recognized
that unavailability is associated with the probability of failure per
challenge. Thus to determine the probability of failure per year one
would have to account for the number of challenges expected.

An estimate of the number of times that the protection system is
challenged to prevent loss of in-place coolable geometry per year is
determined by:

* Defining which duty cycle events cause the hot channel sodium
temperature to exceed 1700OF in 10 minutes or less without
protection;

* Summing the number of occurrences of these events over the
plant lifetime; and

e Dividing the total by 30 to determine the average number of
challenges per year.
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This approach is based on the following considerations:

First, the onset of sodium boil ing in.the hot channel
is not a. sufficient condition for.loss of.in-place coolable
geometry;, further, all primary flow events which result
in pressure decreases that eermit sodium boiling below
1800'F are included in the. 'must scram" category. (Note
that the sodium boiling temperature at pony motor flow
conditions is >1720°F). For these events, the 1700OF
criterion is conservative for determining scram speed of
response adequacy, since primary pressures are sufficiently
high to prevent boiling until after the sodium-temperature.
has exceeded 1750*F. For all events involving power changes
and. intermediate or steam side perturbations, the use of
1700*F as-the temperature for onset of boiling provides
significant margin since the boiling temperature in the
core exceeds 1800*F for all of these events.

Second, operator reaction to significant disturbances
which affect multiple critical parameters would be
expected in less than-five minutes. However, to assure
conservatism in the analysis, a delay of ten minutes
has.been assumed. The only operator action necessary is to

.ýmanually depress the scram button which is located
.i..,n the control room. Operator action required does

not include finding a means for inserting *stuck rods.
The. probability of all rods (in both systems) failing
to insert after a.manual scram will be calculated as
part of the common mode failure analysis. If this
probability, is not sufficiently small, corrective
action will be initiated. Minimum combined system rod
insertion requirements for manual scram in the above
category will be addressed in the next iteration of the
reliability assessment.

Third, the duty cycle overstates the total number of
events to assure adequate thermal. transient design.

Based on this approach,. "2 challenges per year are specified
for the shutdown system. These two challenges arise from the
following two sources:

(1) The upset events listed in Table C.l-l.

(2) Five emergency events over the life of the plant (provided, in
'Appendix B).

Of the upset events in Table C.l-l, the following events result
in overcooling of the. core prior to scram and: do.not result i n a potential
challenge to the Shutdown System from the standpoint of losing coolable
core geometry: Ul, U2a, U2e, U7, U13, U15, U20 and U21b. No further
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consideration of these events is required because the event plus postulated
failure of the Shutdown" 'Systems. does not result in reaching a 1700'F hot
channel sodium temperature. Events U8, U9, and U17, all assume scram
action is part.of the.initiating sequence and therefore pose no challenge
to the Shutdown Systems. Event U5a does not affect the reactor temperatures
because the redundant feed pump is automatically started which prevents
significant sodium temperature changes. Event U2d and U2f'are defined to
terminate without reaching full core AT.

The following events result in an increasing primary cold leg
temperature in one loop due to a partial or complete loss of heat removal
capability through one loop: U4a, U4b, UlO,Ul!, U12, U!4, U19, U21a,
U22 and U23. Any :heat removal loss.in the Steam Generator System requires
-.20 seconds for the resultant temperature wave to travel from the steam
generator to the IHX in addition to. the time required for the event to
cause changes in the intermediate cold leg temperature.' Since the
unmitigated intermediate pump coastdown event causes essentially the same
magnitude of change as primary hot leg temperature without the 20 second
delay, .all of these evenhts are enveloped byithe coastdown event. For the
intermediate pump c-oastdown, the' vessel in.let temperature rises one third
of the loop AT in- appr6xImately 1 1-1.5 minutes due..to the increase of
one primary cold 'leg temperature., to approximately hot' leg temperature
conditions after.the pump has.coasted down. This results in a vessel
outlet temperature rise of %"70 degrees (and a 70"F hot channel sodium
temperature rise). After lO'minutes the inlet temperature has risen
less than 150'F. This results in a hot channel sodium temperature of
less than 1500 0 F at. approximately 10 minutes. Since an intermediate
flow, three separate primary cold leg, and three separate primary hot
leg temperature alarms and all precision meters have been over limits
for at least three minutes, operator action in 5 minutes or less is
reasonable. Further, no reactor;control action has been. postulated which
would significantly reduce the temperature reached and whose action is
independent of the pump failure., Therefore, these events do not exceed
the sodium boiling limit within 10 minutes.

Event U3a involving a partial loss of primary flow in.one loop
results in a maximum hot channel sodium temperature of-less than 1450°F
since the-core flow is. only reduced to 90%. The other events (U2c,
U2b (with unlimited power increase), U3b, U5b, U6, UW6 (with unlimited
power increase) and..U18) may result in exceeding a 1700'F hot channel
sodium temperature in less than 5 minutes.

The rationale for including five emergency events in the plant
dutycycle is provided in Appendix B. The sum of the frequencies of the
events as given in Table C.l-1 plus the additional five emergency events
is sixty-six over the thirty year plant life.. Since the individual
eventfrequencies. are conservative,. a conservative estimate of the
.frequency per year is -2.
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The Secondary Shutdown System availability goal
has been made less stringent than the Primary
for. thejfollowing reasons:

e To provide design flexibility for increased
diveristy in order to minimize common-mode
failures while accepting a potential
reduction in random failure availability.
The provision of diversity involves use
of a design concept which may lie at a
different point on the experience curve
than the concept employed in the Primary
System.

* The Secondary Shutdown System does not have
an increasing rod redundancy over an
operating cycle (i.e., does not have an
increasing number of rods withdrawn at full
power hence more to insert during scram)
as occurs in-the Primary System. Consequently,
the system availability over a given period
between tests, for a fixed individual rod
availability will be lower for the Secondary
System.

In (Ref. 1), the Regulatory Staff discusses at length the
reliability of current shutdown systems based on available data. It
is. shown that on the basis of operating expe ience from 228 reactors
.around the world, an unavailability of -l'O" (based on monthly testipg)'
can be deduced for state-of-the-art single shutdown systemr reactors.
This figure is based on common mode failures within the system. Since this
level of reliability has already been estimated for reactors with single
fast acting shutdown system reactors, similar results can be achieved
for each of the two independent CRBRP shutdown systems using".good
design and reliability engineering practices. It is recognized that
common mode failure between the two systems must be addressed. However,
because of the diversity, redundancy, And physical separation of the
two systems (both electrical and mechanical), one can reasonably expect
that the potential for common mode failure of both systems is significantly
less than that for common mode failures within single systems already.
shown to-have unavailabilities of less than 10-4.

To provide confidence beyond that gained from light water
reactor field experience that the CRBRP shutdown system can achieve
the stated goals, a preliminary estimate of the failure probability has
been performed for the dual shutdown system of CRBRP, and is described
in Section 3.1.
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The numerical goals specified' are consistent with the philosophy
presented in. this Section. 'Reliabili.ty. predictions using the failure
mode and effect and fault tree analyses coupled with an extensive
confirmatory testing program at the'component, subsystem, and system level
will provide data necessary-to substantiate achievement of the specified
goals.

An allocation of-the Primary and.Secondary Shutdown System
random independent failure 9oals has been made for the electrical and
mechanical subsystem.

Unavailability Goal

Primary Shutdown System 1 xlO"4

Mechanical 7.5 x.1O-0

Electrical 2.5 x lO-5

Secondary Shutdown System 5 X 10-4

Mechanical 3.8 x.- 0-4

Electrical 1.2,x 10

Suballocations within the subsystems will be made by the responsible
design groups to assure achievement of these goals.

C.1.4.12: Shutdown Heat Removal System Goal

The goal of.the Shutdown Heat Removal.System is to
confirm that the probability of loss of i.n-place core coolable g ometry
due to fa6ilure to remove post-shutdown heat is less than "..8xlO- per
reactor.year.. In achievin, this goal, analysis and testing of the
Shutdown Heat Removal portion of the Reliability Program will cover those
components whose failure would lead to lack of adequate core cooling
following shutdown and for which failure-related data are judged to be
most critically needed.

..The heat removal systems reliability assessment based on,: .
analyses to date is presented.in.Section C.2.2. This assessment.provides
reasonable.assurance-that the reference'design meets the stated safety
objective. The activities of analysis and testing will be described
in detail in Section C.3.2.°

Three'examples of,'development proqrams external to the reliability
program which will provide data'of'direct interest are the steam generator
development program, the bellows testing portion of the IHX development
program, and the reactor vessel outlet plenum mixing test which will assure
adequate cooling capability of the overflow heat removal service. Data

from these activities will be incorporated into the reliability analysis as
it becomes available.
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c.M.5 Current Reliability Assessment

The current reliability assessment concludes that the plant meets the
overall objectives presented in Section C.l.l. It is. important to
recognize-that this conclusion is not based solely on quantitative
analysis. The basis for the conclusion comprises four major elements:

1'. The quantitative assessment based on available reliability
methodology and hardware reliability information, as
presented in Section C.l.4.1

2. The qualitative reliability activities within the Project.
which impose a systematic and disciplined method of
plant design. This approach serves to minimize the
likelihood of design oversights, and in particular to
identify common mode failure potential. These activities
are discussed in Section C.I.4.2.

3.. The-presence of redundancy and diversity in essential
design features in the systems of interest. These
aspects of the design are described in Section C.1.4.3.

4. Capability to incorporate design and procedural chanqes
to enhance reliability. The integration of reliability
in the design decision process is detailedin Section
C.1.4.4.

C.l. 5.1 Numerical Assessment

In.this section, the results of the initial numerical assessments
are presented. The current assessments indicate that the goals will be
achieved in the CRBRP.

C.-".5.1L.1 Shutdown SyStem.

An initial reliability assessment of. the Shutdown Systems has
been completed and is described in detail in Section C.2,l. Results
of this analysis provide confidence that the SDS meets the numerical
reliability goals associated with the prevention of loss of in-place
coolable geometry, which in the analysis is conservatively *represented
by prevention of sodium boiling.

This assessment shows that the combination of both primary and
secondary shutdown systems will more than adequately meet the goal of

-7

Table C.l-2 summarizes the results of the analysis and compares
the allocations to the various subsystems with the current numerical
assessments for those subsystems.

SVB-17



9)
C.Iý5.1.2 ShutdownHeat Removal System

The results of the initial reliability assessment, presented in
detail in Section-.C.2.2, of the shutdown heat removal system is that.
the probability of loss of in-place coolable geometry due to failure of.that
system is 4 x 10-7 per reactor year. This result is consistent with
the preliminary allocation discussed earlier of 8 x 1O-7 for shutdown
heat removal. For purposes of the shutdown heat removal reliability, a criterion
of failure more conservative than loss of in-place coolable geometry was used
as a limit. The criterion which was applied was that sodium bulk
temperature within the reactor vessel should not exceed 1250°F0 This
temperature would not produce a loss of in-place coolable geometry, but it
represents a lower bound of a temperature above which long term
integrity of the'..primary system is not assured. Analysis is continuing
to confirm the acceptability of this limit. However, work to date
establishes that the 1250°F limit is'technically acceptable for the
time required, for shutdown heat removal. Analysis is underway which is
expected to justify a higher temperature limit. Operation of portions,
of the heat removal, equipment at this temperature is, of course, treated
as a faulted, condition therefore some of the equipment rmy not be
reusable after being exposed to'the',1250*F environment during a given
shutdown.

C.l.5.2 Qualitative Reliability Assurance Actions..

A second source of confidence in the reliability of the systems
under discussion are those activities underway in the design process that
are planned to minimize design oversights and consequences. These
activities guide the designer through a systematic and disciplined review
of the operating features of his design.

These actions include failure mode and effects, fault tree,
common mode.failure, and single point failure analyses. These analyses
will be utilized to indicate areas of special concern (candidates :for
potential modification) and to serve as a data source for the numerical
reliability analysis. An especially important objective of these analyses
is to locate potential common mode failure sources, which are then
eliminated or consciously, with adequate managment attention, aated
in the design.
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C.1.5.3 Design Redundancy and Diversity

A further consideration in support of the.conclusion that these
systems meet the stated objective of extremely hi.hi reliability i& the
inherent r~edundancy-and diversity in the system designs..

C. I.5.3..'l Shutdown System
A significant factor in support of the high reliability assessment

of the shutdown1systems is the redundancy anddiversity in.the systems de-n
sign. The systems consist of two idenendent control rod systems (Primary

and Secondary) which have diversity to avoid common mode failures between
them.. Reactor shutdown can be achieved by either system with the other
system completely inoperable even with a stuck rod in the operable system.
To assure that the two shutdown systems are independent, the.two systems
are mechanically and electrically isolated from\one another. Each shut-
down system has been designed to include sufficient redundancy to ensure
that single failures will not cause degradation of protection provided by
that system. The redundant components within each individual shutdown
system are also mechanically and electrically isolated,. The Primary Shut-
down' System uses a different plant parameter (except for. flux monitoring -
in that case, different.type sensors are used) than the Secondary Shutdown
System to. provide protection against any particular fault condition not
being sensed.

As noted above, the secondary control rod system, concept has been
selected with the intention of providing a shutdown systemwhich is diverse
relative to the primary shutdown system. Table C.l-3 compares those prin-
cipal features of the secondary control rod :system and primary control .rod
system which are different between the two systems. Th, diversity between
the two systems enhances the 'plant shutdown reliability by minimizing the
potential for common mode failures, such as failures of':parts or unlikely
malfunctions such as life induced distortions common to the two systems.

C.I. 5 .3.2 Shutdown Heat Removal System

The key elements of shutdown heat removal system redundancy and
diversity are:

Post-shutdown heat removal can follow any one of three parallel
paths (the three heat transport loops.) immediately after scram,
and .any one of-four paths (the normal heat transport loops plus
the overflow heat removal service [OHRS]) beginning about one
hour after scram.

When heat is removed through the normal heat transport loops,
multiple ultimate heat sinks are available:

a) Beyond the Sodium/water heat exchangers, three heat sinks
which are in most respects redundant and diverse in their
functioning are available. The sinks are the main condenser,
the safety relief valves and stored water for steam venting
to the atmosphere, and after about an hourafter scram, the
protected air-cooled condensers (PACC):for steam-to-air heat
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transfer. Complete redundancy does not exist among these
components because of such things as common piping runs.

b) Within the sIteam/water system, two sources of stored feed-
water are available, as well as'a main and an auxiliary
feedwater pumping system. The auxiliary feedwater system
has both motor-driven and steam turbine-driven pumps which
add-diversity.

A redundant and diverse path to the heat transport loops for
decay heat removal is the OHRS. The OHRS utilizes a liquid
metal-to-air heat exchanger and is therefore diverse in this
important regard from the sodium/water interface in the normal
heat transport paths.
a) Within OHRS, all ,pumping is by electromagnetic pumps, di-

verse from/the mechanical pumps in the heat transport system
loops.

b) At identifiable times after scram, the OHRS becomes internally
redundant, that is, "halfqof its heat removal capacity is ade-
quate to dissipate the: decay heat production load. Equipment

-arrangements (principally pumps-and heat exchangers) are.such
t"that"'true redundancy exists with the exception of elements
like some common piping runs.

Diesel generators are provided as..redundant and diverse sources
of, power for, heatt transport and OHR'S equipment requirements.

C.]l.5.4 Implementation of Reliability Requifements into Design

Design, fabrication, assembly, and operation are the controlling
factors in attaining thedesired level of'safetyand reliability in any
complex technical undertaking. Sincethese factors have a-major impact on
final system reliability, safety and reliability principles must be included
at each step and at each level of detail. This section describes the measures
being implemented within the project to provide total reliability assurance
(availability aspects of reliability, as well ast he safety-related aspects
being emphasized in this appendix) consistent with the appropriate provisions
of RDT Standard F2-9T, "Reliability Assurance".

To ensurethat the objectives and goals of the Reliability Program
together with the foregoing design/reliability interaction tenets are imple-
mented within the design iprocess, the CRBR .Project has evolved design and
reliability procedures which:

1.) Focus'engineering and management attention on the require-
ments of reliability,

2.) Ensure that reliability is'treated as a design factor of equal
importance with other performance factors by a close collabora-
tive effort'between design and reliabilityengineering personnel
'on a day-to-day basis,

3,) Alert management, as well as designers, throughout the program
toallreliability discrepancies that may require management
decisions.
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Within the project, an effective monitoring program exists which
assures specific-management cognizance and approvals to prevent an inade-
quate design proceeding intoýdevelopment, test, and production.

The specific'means by which these objectives are realized and relia-
bility requirements implemented in design are described below.

Two major functions are involved in implementing the Reliability
Program:.

1) a verification function to assure the programis effectively
implemented

2) integral design engineering activity to assure reliability is
incorporated into the product during the course of component
design, fabrication, assembly, and operation.

In implementing both functions, maximum use is-made of existing
Quality Assurance procedures and organizations. The intent is to avoid
duplication of prior effort or of personnel required to perform similar
functions, and thus to minimize the administrative burden of the program.
Specific implementation is being carried out as identified below.

1) ReliabilitY Assurance activities are conducted in parallel
with Quality Assurance activities during the project design,
development, and testing phases.

-. 2) Reliability Assurance documentation requirements are specified
and-incorporated into existing Quality Assurance documentation
wherever feasible.

3) Engineering.holds are required for reliability reasons and are
incorporated into the existing engineering hold procedures.

4) Reliability.Assurance audits are performed .in a manner similar
to Quality Assurance audits.

5) Reliability design review requirements are partof existing
design review procedures.

C.I.5.4.l1 Component Reliability Control Policy

The objective of the component reliability control policy is to
make certain that each component developed for the CRBRP, in all stages
from conceptual design through operation in the plant, meets established
reliability requirements. A central principle in defining the practical
details of the policy is that virtually all quantitative.reliability analy-
sis be performed under the direct control.of the principal organizations
participating in the project. The assurance that CRBRP mechanical compo-
nents, meet quantitative reliability requirements will be based on effort
controlled by reliability engineering personnel within the principal or-
ganizati.ons participating in the design of the plant. Some electrical
components have-traditionally been specified to meet analytically deter-
mined numerical reliability requirements and this practice will continue.
The responsibility for ensuring that the equipment meets reliability re-quirements and conforms to the equipment as modeled in system reliability
assessments resides with-the design organization.SVB-21



Supplierts of elecItrical and-mechanical equipment ,designated on the
reliability critical items list :will be 6ei:required in some cases to provide"
quantitative failure modes and .effects analyses (FMEAs). Furthermore,
'suppliers may,, on a selective basis, be requested in separate negotiations
to provide other reliability analyses,- qualitative or quantitative,-de-;
pending on the nature of the component and reliability engineering skills
within the supplier's organization. However, the bulk of the quantitative
reliability analyses will be performed by the major plant design
organizations.

C.1.5.4.2 Administrative Controls

The administrative controls which will be implemented to assure re-
liab~ility goals are:met by each piece-.of equipment and therefore by the plant
are:

1) Preparation and implementation of program requirements which.
appropriately assign reliability assurance responsibilities to
guide project management in reliability-related decisions.

2) Participation of reliability personnel in all design reviews
to determine if specific criteria established for the system/
component are met (with the level of conformance demonstration
appropriate to the progress to date on the design, analysis,
and testing of the component under review). These criteria,

. which must be incorporated into appropriate specifications and/
or SDDs, may include completion of a preliminary FMEA, proper
specification of reliability requirements (including definition
of any faulted conditions which are presumed to be acceptable.
in safety-related reliability analyses), adequate forethought
in the design and the component's maintenance/inspection plan,
and.appropriateness of test content and planning for support of
the reliability objectives.

3) Reliability review and approval of Type I submittals (defined as
equipment specifications, designs, test documents requiring RRD
approval) for reliability critical equipment. Points of emphasis
will be those listed for design reviews under-Item 2 above.

4) Indoctrination and training to provide an introduction and guide
to reliability objectives, standards, and practices. This tu-
torial 'function will include management product assurance, engi-
neering, and equipment supplier personnel as appropriate..

5) Development of reliability.analysis procedures for uniform appli-
cation within the project (see Section C.31.1.I).

6) Preparation of a Rel'iability-Critical Items List of those items
whose failure could directly affect loss of in-place coolable
geometry. This task includes preparation of criteria for entries
in, this list. Priorities are established to focus management

!attention on a, few. entries which could have the greatest influence
on loss of in-place coolable geometry.
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7) Enforcement, through project management,-of timely reporting
and adequate analysis of component failures in test or operation.
Corrective actions to prevent like failures are recommended.
These may include item redesign, modification of the reliability
assessment as influenced by-the component failure rate, defini-
tion of additional testing, or.modification of operation and
maintenance procedures. Completion of the corrective actions
are monitored.

8) Review of test planning to assure inclusion of support for re-
liability.objectives. Tests beyond those already planned as
development, qualification, and acceptance tests will be recom-
mended only if additional tests specifically formulated for ob-
taining reliability or maintainability information are essential.

9) Performance of reliability audits to verify the implementation
of a Reliability Program Plan.

C.1.5.4.3 Content of Specifications

The content of specifications regarding reliability will be as
follows:

1).A requirement that well-defined supplier organization responsi-
bilities for reliability assurance are assigned wherever design
and analysis are the responsibility of the supplier.

.. 2) .:Emphasis on.design provisions for equipment access, inspection,
and repair.

3)...Preparation of an FMEA according to an established project pro-
cedure. ýWhen component design and analysis are not the respon-
sibility of the supplier, this requirement may not be in the
specification but will be assigned to the appropriate agency.

4) Provisions for supplier completion of other requested reliability
qualitative and quantitative analyses to be specified and negoti-
ated separately.

5) Timely and complete reporting of equipment failures in test or
operation, including analysis of the failure and recommendations
for corrective action.

C.1.5.4.4 Implementing Documentation

The top level implementing document is the Reliability.Assurance
portion of the Management Policies and Requirements document, which ispresently in the process of review and approval. This Reliability Assurance
portion reflects the elements of the Project Component Reliability Control
Policy spelled out in Section C.1.4.4.1.

The next level document is the Reliability Program Plan. This
plan describes the organizational structure, functional responsibilities,
and lines of communication for the effective management and execution of
the Reliability Assurance task. The plan covers all activities to include
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the means for management visibility of the effectiveness of these activities,
which are necessary to assure that reliability objectives are met through-
out all phases of the CRBRP contract performance. The plan covers thefollowi~ng'itemhs:•

iManagement tools.(Reliability Assurance Index, Reliability-
Critical Items List, Engineering HoldPlan)

Specific concentrated reliability programs (Shutdown System
and Shutdown Heat Removal System Reliability Program)

Morebroadly applicable reliability design and analysis tasks

Reliability testing

Specification controls (SDD and engineering specification
.. content)

Failure analysis and reporting

Monitoring procedures

The next lower level of implementation is the generation of detailed
engineering or product assurance procedures. Existing project procedures
will be modified or augmented as required-to specify all necessary relia-
bility/maintainability aspects.

The lowest:leve1 implementing document is the Reliability:Manual
.for. Liquid Metal. Fast-Breeder Safety Programs (hereafter-.. called Reliability
Manual"- see Section C.3.l). This document when complete:will.Ainclude de-
tailed instructions on all aspects of reliability engineering methodology,
such as reliability apportionment, failure modes and effects analysis,
fault tree analysis, common mode failure analysis, Bayesian priors, testing
planning (including accelerated testing and data sensoring),.and structural
reliabili-ty analysis. This document, for which GE-FBRD 'has lead and coordiL
nating responsibility, is already available in the form of a first.draft.
The firstformalissue is scheduled for mid-1975. A designated activity at
each design.contractor will be to issue and maintain control copies of the
Reliability.Manual for'the use of design.groups.

C.1.5.4.5 Reliability Engineering Planning

The program for initiating and conducting reliability engineering
activities to assure that the safety objective can be met will include the
following:

1) Evaluate the criticality of each plant system and select those
items for which reliability engineering activities are appro-
priate.

.2) Perform. studies or organize existing data for each selected
item to identify probable types of failure and .their effects.

3) Select those items meeting the definition of reliability criti-
cal items and determine if redesign of-the components or systems
or if-.a maintenance proqram can reduce the level of criticality.
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C.1.5.4.6 Integration of Reliability Planning and Scheduling with Design.

This section describes the interaction between reliability and de-
sign activities. In addition.,schedules are-shown which.provide perspective
between reliability output and design decisions. This interaction occurs
in two situations: that in which input from reliability allocation, assess-
ment, testing, and data collection-impacts the normal design evolutionary
process together with a feedback effect; and that in which input from re-
liability assessment, testing, etc. is used in guiding a project design
decision. Treatment in this section is limited to components whose failures
could directly affect plant safety.

Figure C.l-2 illustrates how the reliability program interfaces with
the design activities, using the primary shutdown system as an example. Com-
plementIng (not shown on Figure C.l-2) are the interfaces from the design
activities back into the reliability program.

Of particular importance to the project is the necessity to phase
the reliability program milestones to support major design milestones and
thereby.to demonstrate progress toward the attainment of the overall CRBRP
reliability goals..

Figure C.1-3 presents this phasing of the reliability and design
activities of the systems. The relation of the Reliability Program mile-
stones with significant decision points on the ProjectýSchedule is also
shown.• To assure that progress is being made toward the overall relia-
bility goals, decision criteria are identified as one phase of the relia-
bility program.

C.l. 6 Programs for Verification and Improvement

While-the normal design procedures will produce.a reliable design
and the preliminary assessment indicates that the various parts of the
design will meet the reliability goals allocated to them, comprehensive
programs have been established for the shutdown and heat removal systems
to confirm the reliabilities with increased confidence and to improve
specific elements of.the design, which will increase the margin relative
to the goals.

C.l.6.l Shutdown.System-

The Shutdown System Reliability Proqram is. described in Section
C.3.1 and in Section 1.5 of the PSAR. The purpose of the pro-
gram is to confirm the reliability of the CRBRP shutdown systems; in par-
ticular, that a failure to scram concurrently with any plant transient
is of sufficiently low probability that such a combinationof events should
not be treated as a basis for design.

The program provides a balanced effort of qualitative analytical
assessment with component, subsystem, and system testing to provide adequate
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data for system reliabilit quantitative evaluation. Four major tasks -'can be identified within this effort:

"Acomprehensive set of reliability methods is being collected
and developed into.a manual for project-wide use.: Included'
in this effort are: procedures for management of the relia-

"bility programs and guidelines for model and success-failure
criteria development; methods for qualitative and quantitative
reliability analysis and computer program development under
the appropriate duty cycle conditions; and procedures for the
collection and the use of data from both CRBRP-testing and
other relevant programs.
.:The reliabilityanalysis task uses two approaches:

a) Qualitative Analysis - to establish the.fault paths leading
to potential failure; to identifythe potential for common
mode failures; and to integrate the component and subsystem
failure mode analysesinto system level analysis to identify.
failure points within each system.

b) Quantitative Analysis - to perform sensitivity analyses; to
define reliability goals for subsystems and components; to
iteratively perform updated reliability evaluations of com-
ponents, subsystems, and systems; to ýprovide bases for test,

..programs and interpr6tation of test results; to-define a. ..pririty listing of component, subsystem, and system im-
provement areas.l

The data bank development task consists of the collection of
reliability data, including applicable abnormal operating ex-
perience and maintenance problems.. from all types of. reactbtrs,
as a source of dependable input for reliability assessment.

• Computer codes will be adapted or developed for the storage
and selective retrieval of data from both the. CRBRP and other
applicable programs.

The test phase of the program provides data necessary to define
the overall CRBRP shutdown sstems reliability when this data
isintegrated by the reliability analysis with information from
other sources. These sources include component, part, FFTF,
and CRBRP design verification test data. The test plan includes
testing at component, subsystem, and system levels.

C.1.6.2 ý'Shutdown Heat.Removal System

The ShutdownHeat Removal Reliability Activity is intended to con-
firm the reliability of the shutdown heat removal system, with emphasis on
those..items most in need of verification as-indicated by the. first assess-
ment. That assessment essentially confirms the adequacy of the shutdown
heat removal reliability program as originally planned with a few minor
modifications to the proposed tests.

SVB-26



The program consists of four major tasks:

Reliability analysis methods are being developed to supplement
the main methods development and reliability manual preparation
effort within the Shutdown System Reliability-Program. The
methods being developed within the heat removal program are those
of unique application within that program, such as reliability
analysis.approaches for pressure vessels and heat exchangers,
and for heat transport boundary and support structures.

Quantitative and qualitative analyses are performed under re-
liability analysis task. Failure mode, fault tree, common mode
failure, and single point failure analysis are included. The
end items of -greatest general interest to the LMFBR Program
are the overall system reliability assessments, which are
scheduled for refinement and periodically issued updates.
The data collection task supplements the reliability data bank
task within the Shutdown Systems Reliability Program with failure
and repair data specifically related to heat transport components.
This task also has the objective of defining the most important
data needs as a source of recommendations for testing within
and outside this.program.
The test program task in support of the reliability objectives
includes testing of key components in the heat removal systems.
The following components are included: 1) the steam generator.
tubes., 2) sodium leak detectors, 3) intermediate loop pressure
relief rupture discs, 4) the power pressure relief valves, 5)
the steam generator auxiliary heat removal system (SGAHRS) in-
strumentation and controls, 6) the protected air-cooled condenser
(PACC) louver actuators, 7) the turbine bypass valve, 8) isola-
tion and control valves in the steam generator auxiliary heat
removal system, 9) the sodium pump bearings and pony motors,
10) a segment of welded main loop sodium piping, and 11) the
most critical sodium component nozzle.

C.1.6.3 Piping Integrity

Piping integrity 'is one identified source which'fits into the category
of other faults which could lead to loss of in-place coolable geometry.
Reliabilvity studies to establish the integrity of primary loop-piping are
under way. This work, which emphasizes piping integrity under reactor.
power operation, is being performed in parallel with fracture mechanics and
pipe corrosion testing as described in Section 1-5.2.1 of the PSAR.. The
reliability analysis draws on the results of this testing and the piping
stress analysis. Probabilistic analyses are being performed using structural
reliability methodology with the objective of demonstrating that the.
probability of pipe rupture is within the combined goal of <10. for other
sources that could lead to loss of in-place coolable geometry. Details of
the piping integrity reliability analysis are presented in Section C.3.3.
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c.1.7 Reliability Program Support of Goal Achievement

C.1.7.1 Shutdown System Goal Program

Achievement of the reliability goals for the shutdown systems will
have increasing support from the reliability development program for the
following reasons:

.The reliability confirmation test program to be implemented for the
mechanical shutdown system is based-upon confirmation of an individual rod un-
availability of at least 0.01 for both'the primary or secondary system. As
is shown in Section C.2.lan individual rod unavailability ofO .01 provides
more than the-necessary system level availability because of rod redundancy
considerations in each system. Individual rod unavailability will be con-
firmed by a combination of large-sample tests and supplemental analysis and
testing. The basic reliability confirmation tests will be:accomplished by
performing large numbers of successful scrams under near prototypic conditions
to provide the required confidence in achieving the reliability objective.
Supplemental testing together with analytical efforts will be utilized to
confirm shutdoWn system reliability for potential problem areas not totally
Depresented in the large sample tests. The latter effort will emphasize
verification of the absence of failure mechanisms due to interfaces, real
time dependent effects, common mode failures, and environmental.conditions
not-incorporated in the large sample .tests.

Bayesian statistics will be used in the-numerical interpretation of
data, associated with variables to which the shutdown system performance
has low sensitivi.ty. Consequently, component level testing in these areas
can be used to focus on providing qualitative information to support thp
engi;neering analysis used to develop Bayesian priors and failure-rates
for, final system reliability 0estimates. Typical variables that will be
treated this way in the subsystem tests are irradilation effects, interfacing
components performace, non-wear related real time effects, potential common
mode effects, and acc~eleration mul:tiplication factors. -

Section C.3.0 gives the detail of tests-currently planned to support
the reliability confirmation effort. Tables C.l-4 through10 describe the
.impact of the test and analytical input upon the various reliability assess-
ments:planned in the program. It should be noted that since details of the
test plan are still being:formulated some modifications to schedule and items
tested may.occur. Until the subsystem test program is under Way, the .numeri-
cal assessments will be;obtained from a detailed reliability model using data
obtained from component level testing combined with analysis.

The initial assessment described in Section C.3.1 predicts achieve-
ment of the shutdown system goal. Each succeeding assessment described in
Table C.1-4 to 10 will improve the accuracy of that prediction., Once sub-
system testing.begins, confidence in the predicted numerical reliability will
.improve..Very few failures,, if any,.are expected in the subsystem test because
of the broad base development program that preceded this portion of the pro-
gram. FFTF testing of a system very similar to that used in the primary shut-
down system already has achieved in excess of 400 scrams without failure. An
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additional 400 scrams-,will be completed by-the middle of 1975. For the
secondary shutdown systempreliminary results on the coil-cord test and
latch test will be ava-ilable; the damper test will be completed by mid-1975.
Both the primary and secondary systems will also have performed development
tests upto and including subsystem testing in a pýototypic environment pro-
viding additional confidence'that the reliability confirmation will be suc-
cessful prior to its initiation.

The confirmation process associated with the previously defined re-
liability goals is structured to provide necessary confidence in final goal
achievement at significant interim project decision points. Before the time
of decision on a Construction Permit, a detailed random independent and
common mode failure analysis of the shutdown system will have been completed.
The electrical portion of the analysis will be based upon the final design
parameters and will utilize data from almost identical components in the :

.FFTF. The mechanical design at this point in time will have been modified,
ifrequired,;by earlier qualitative reliability analysis (FMEA, FTA) and
.numerical analysis will include the effects of a detailed evaluation of the
design and transient response requirements for the SDS. Potential
common mode failures will.have been identified (through a systematic
application of Failure.Modes and Effects and Fault Tree Analyses)

.and they will either have been eliminated from the design or their
probability of occurrence shown to not impact achievement of the
reliability goal.

As part of the detailed test plan now in preparation (see Figure
C.l-2), the role each, test plays in the overall numerical oeliability
confirmation will be provided. This plan will contain an initial relia-
bility growth curve showing confirmed reliability as a function of. time
i .n the program and providethe basis for that assessment. An updated
version of this.curve will.be available prior to a decision on the C.P.

The test activities beyond the Construction permit decision point
Will serve to provide an additional margin in the assessment confidence.
In conjunction, with an estimate of the degree of conservatism-provided
for in the analysis it is expected that the follow-on testing will
provide a significant increase in the assessment level of confidence.

Certain aspects of the electrical SDS tests may still be in pro-
-gress, but until their completion, options such as a reduction in the
.periodic test interval could be retained, which would provide the necessary
reliability. Because it is recognized.that CMF potential could be impacted

.by. construction and operational practices, this portion of the program will
ibecontinually updated through Initial Criticality.

C:.1 .7.2 Shutdown Heat Removal System

'The Shutdown Heat Removal System Reliability Program will provide
.significant inputrelative to plant reliability to support the major plant
construction decision points, namely, the Construction Permit, FSAR, and
Initial Criticality.. Progress of theprogram in providing data for decision-
making and generally advancing toward achieving final program goals will
follow the pattern of:
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1. Explicit reliability analysis refined in-sequential updates-:to'.
include more precise modeling and failure rates.

2. Injection into the design process.of visible and explicit
treatment of reliability matters.with formalized, systematic
reviews of component and system design, and-

3. Testing of components judged to be most crucial in the reliability
analysis to provide an improved basis for fail~ure rates' used in,
the analysis, with significant potential for the added benefit
of identifying'weak features of the tested components.

The first element of the program, the explicit reliability analysis,
is being carried out according to the best available analytic tools of
current reliability methodology and utilizing the best sources of failure,.
and repair data. The initial assessment:was summarized in.Section C.l.4.l.2
and is described in detail in Section C.2.2. The analysis as.presented is
judged to provide adequate assurance that reliability objectives are met
with the present shutdown heat removal system design. However, certain
elements of the analysis require confirmation. Some important areas of
analysis refinement which are underway and will be reflected in updated
analyses.are a more precise representation of component repairabi:lity,.
more detailed component failure analysis to set a more firmly grounded:
sodiumtemperature limit as the shutdown heat removal practical failure.
Crite'rion, and incorporation of more certain failure rates. The improve-
mentt in.failure data will be based on existing failure data sources not
yet fully exploited,, on failure data to be generated by .plant operation
(e.g.., FFTF) and FFTF and. CRBRP development testing, and on failure data'
to be.generated within the shutdown heat removal system reliability program
itself. Unquestionably., other applicable test data will also be
available,* e.g.,from devel.opment testing in this country and from
European operating experience. The first major update is scheduled
for early 1976, well prior to the Construction Permit, and will
reflect better justified failure and repair data,. better repairability repre-
representation, and more detailed analyses to define a realistic
temperature limit. The next major update is scheduled for early
1978. This update is timed to benefit from most of the test data to
be colleCted within this program. A final assessment will be
available. before the Final Safety Analysis Report.

.. .. The second general area of the program rovers measures to inject..
more disciplined component design devel'opment into the engineering process.
The:measures include analytic tools:developed during the course of reliability
engineering experience which supplement.the conventional engineering review
of a design to meet its specified functions with disciplined and documented
feature-by-feature review for failure potential and failure effect severity.
In other words, the traditional engineering approach, with its good record
of success, is refined by reliability analysis methods to an even higher
.level-,of effectiveness. These analyses consist of Failure Mode and Effects
Analysis, .which will be performed on all the systems of interest,.namely,
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the primary and intermediate heat transportsystems, the steam generator
system, the steam generator auxiliary heat removal system, the feedwater
and condenser system, the main and auxiliary feedwatersystem, and reactor
enclosure systems, and theoverflow heat removal service. These FMEA's will
treat those aspects which are related to he post-shutdown heat removal
function. Within these systems, reliability critical components will be
subjects of individual FMEAs. This list will include key components, such
as the steam generator units and the intermediate loop sodium rupture discs.
An overall heat removal FMEA is complete and available as Table C.2.2-2.
The first complete set of individual FMEAs will.be completed in early 1976,
supporting the Construction Permit. Several updatings of the FMEAs are
scheduled, with final issue in time for FSAR. Fault Tree, Single Point
Failure, and Common Mode Failure Analyses will be built on the FMEAs and
cover theisame systems and components. Preliminary results
of the FTA, SPFA, and CMFA will be completed for CP. Completed reliability
analyses of this kind will be available as part of the FSAR.- These qualitative
and partially quantitative tools are elements of a more organized engineering
design review.

The third element of program contribution toward the reliability
objectives is the test program. The test program as presently planned is
.based on current best knowledge of component test data priorities.. The
.test program is subject to change as dictated by progress with the qualitative
and quantitative analyses of"the heat removal systems. It will be seen that
allý the -data!will add to'the: certainty of-thefa~i.ure rates used in the
anal~ysis.: Statistical interpretation of the data from the planned testing
will.bermaximized, including combining the collected data with prior under-
.standing of the phenomena of concern. The firm identification of test data
needs and the intermediate test plans will be available for CP. All test
data will be available for the final reliability assessment and for the FSAR.
Specific items pl'anned for tests are addressed in Section C.3.2.2.

C.1.7.3 Piping Integrity

The piping integrity reliability analysis is planned in such a way
as to provide pertinent input for both the pipe integrity fallback design
decision points as well as for CRBRP licensing milestones.

The first analysis will be complete to support the pipe integrity
•fallback conceptual design selection. The input will consist of the first
interim piping stress report and piping failure test as collected through

.May, 1975. The two following refinements in the analysis, along with their
success criteria, their timing, and the elements of refinement over the
preceding, analysis are described below. Note that this schedule is based
on the pipe sleeve concept for pipe rupture accommodation. Should the
preferred concept be a design feature other than a pipe sleeve, this
schedule will be modified accordingly.

1. Initial Reliability Assessment

* a. Success criterion - Probability'of pipe rupture occurrence
is within.the goal of <10-7 for other faults leading to loss

' 'of in-place coolable geometry. This is based on a realistic
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probabilistic analysis using best available input
data and-methodology.

b., Timing Pipe sleeve concept selection (see Appendix E)

2. Updated'Reliability Assessment

a.. Success criterion -. Confirmation of pipe rupture
within the goalset in l.a. above.

b. Timing Construction Permit and pipe sleeve preliminary•
design.

c. Refinements.

1) Stress analysis results utilizing more near final
loads.

2) Improved critical,(unstable) crack length definition
in actual elbow geometry.

3) Expanded- data on ,.cyclic. Crack. growth (S/N data) and
.,g~rowth morphology.. (through-thickness growth versus
tangential•.etension) for actual elbow geometry.

4) Conclusions.on degradation of fracture toughness
by caustic environment.

5) Assessment of likelihood of not detecting.flaws of
specific sizes.

The. Updated Reliability Analysis may predict a rupture probability
lower than initially predicted, which would increase confidence in the
piping integrity.

3. Final Reliability Assessment

a. Success criterion .- Confirmation of pipe rupture
within the., 1,07 goal with improved confidence
over the Updated Reliability Assessment as
indicated in c.,

.b. .,Timihg -FSAR and sleeve installation decision.

c. Refinements:

1) Final stress analysis results.with final loads.

2) Testing to failure of a full size welded PHTS piping
elbow and a PHTS. nozzle in the. Multi-Loading Test
Facility at operating temperature. The measurements
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will principally confirm the adequacy of the stress
analysis used in the reliability assessment.

The final assessment likewise has the potential of a prediction ofeven higher reliability.
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TABLE C.bI-1/l

UPSET EVENT FREQUENCIES AND MAXIMUM TEMPERATURES

9'

Event

Ln

CO

W-I

Upset. Events

U-la Reactor trip from full power with normal decay heat

U-lb Reactor trip from full power with minimum decay heat

U-lc Reactor trip from partial power with minimum decay heat

U-2a Uncontrolled rod insertion

U-2b Uncontrolled rod withdrawal from 100% power

U-2c Uncontrol~led rod.withdrawal from start-up with automatic
.trip

U-2d UncontrolIled. rod withdrawal from.start-up to trip point
with delayed manual trip

U-2e ,Plant loading at max. rod withdrawal rate

U-2f Reactor start-up with excessive step power change'

U-3a Partial loss of primary pump

U-3b Loss of power to one primary pump

U-4a Partial loss of one intermediate pump

U-4b Loss.of power to one intermediate pump

U-5a Loss of AC power to one feedwater pump motor

U-5b Loss of feedwater to all steam generators

U-6 Loss of flow in two sodium loops

..Frequency
(30 years)

180

0

0

io-

10

10

Max. Temperature
within. 10 Minutes

<1400

<1400

<1400

<1400

>1700

>1700

10

2

5

2

5

10

50

per loop

per loop

per loop.

per loop

10

5

10

<1500.

<i700

<1700

<1500

>1700

<1500

<1500

<1500

>1700

>1700



Upset E

U-7a

U-7b

U-8

U-9

U-1lOa

U-l Ob

U-lOc

U-l Od

U-lla

(I

TABLE C.1.1 (continued)

Event.

ventsj(continued)

Primary pump speed increase

Intermediate pump speed increase

Primary pump pony motor failure

Intermediate pump pony motor failure

Evaporator module inlet isolation valve closure

Superheater module inlet isolation valve, closure

Evaporator module outlet isolation valve

Super~heater module outlet isolation valve closure..

Water side isolation and dump of both evaporators
and the superheater

Water side isolation..and dump of. evaporator
module

Water side isolation and dump of superheater

Loss of feedwater flow to one steam generator

Feedwater throttle valve failed open*

Loss of one recirculation pump

Turbine trip (without reactor trip)

Frequency
(30 years)

5

5

5 per pump

5 per pump

4 per loop

2 per loop

4 per loop

2 per loop

6/loop

6/loop

Max. Temperature
within l0:'Minutes

<1400

<1400

NA

NA

<1500

<1500'

<1500

<1500

<1500

<1500

<1500

<1500

<1500

<1500

<1500

U-llb

U-llc

U-12

U-1h3

U-l 4

U-15a

3 per

3 per

6 per

8 per

50

loop

loop

loop

loop
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TABLE C.1.1 (continued)

WI
4•

Upset

U-1 5b

U-16

U-17

U-18

U-19a

U-1 9b

U-1 9c

U-20a

U-20b

U-21a

U-21b

U-22

U-23

Event

Events(continued)

Turbine trip with reactor trip (loss of main
condenser or similar problem)

Operating basis earthquake

Three loop natural circulation

Loss of preferred and alternate preferred power

Small sodium-water leak: faulty evaporator module
identified

Small sodium-water leak: unable to identify
which module is faulty

Small steam-sodium leak: identified as super-
heater leak

Inadvertent opening of one turbine bypass valve

Turbine bypass valve fails open following reactor
trip

Inadvertent opening of evaporator outlet safety!
power relief valves

Inadvertent opening superheater outlet safety/
power relief valves

Inadvertent opening of drum valve (blowdown
valve, safety valve or SGAHRS valve)

Inadvertent opening of evaporator inlet dump valve

Frequency
(30 years)

10

5 withO1 cycles

each

10

6

3/loop

3/loop

3/loop

5

5

5/loop

3/loop

3/loop

3/loop

Maximum Temperature
within 10 minutes

-<1500

>1700

NA

• >.1700

<1500

<1500

<1500

<1500

<1500

<1500
<1500

<1500

<1500
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TABLE C.1-2

RESULTS OF CURRENT UNAVAILABILITY ASSESSMENTFOR SHUT DOWN SYSTEMS

Electrical

2.5 x I0-5
Primary
System

Allocated Unavailability

Mechanical

7.5 x lO-5

2 x 10-5*

. System

1.0 x 10-4

7.0 x 10-5
Current Assessment
Unavailability 5,x 10-5

Secondary
System

Allocated Unavailability

Current Assessment
Unavailability

.2 x 10-

6 x 10- 5

3.8 x 0-4

.2 x 10-5

5 x 0-4

8 x lO5

* Based on individual rod. unavailability of 0.01.
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TABLE C.1-3.

SHUTDOWN SYSTEM DIVERSITY OF DESIGN

9)

Control Assembly (CA) Primary. Secondary

Control Rod
Guide Geometry
No. of Control Rods

37 pin bundle
Hexagonal
15

19 pin bundle
Cylindrical
4

Control Rod Driveline (CRD)

Coupling to CA
Connection to CRDM

Rigid Coupling
CRD Leadscrew to CRDM Roller

Nuts

Flexible Collet Latch
CRD Attached to CRDM

Carriage with Pneumatic
Activation of CRD Latch
through Slender Rod

AutomaticDisconnect from CA for Refueling

Control Rod Drive Mechanism

Manual

'.0
Type of Mechanisms Collapsible Rotor-Roller Nut

Overall Mechanisms Stroke 37 Inches

Scram Function

Scram Release

Scram Assist
Scram Speed Versus Flow Rate

Scram Assist Length
Scram Deceleration
Scram Motion through Upper Internals

Magnetic,
Nuts

Spring in
Increases

Rate

Release CRDM Roller

CRDM
with Decreasing Flow

Twin Ball Screw with Trans-
lating Carriage

69 Inches

Pneumatic, Release CRD
Latch in CA

Hydraulic in CA
Decreasing with Decreasing

Flow Rate
.Full Stroke
Hydraulic Spring
0.25 Inch

14 Inches
Hydraulic Dashpot
Full Stroke



TABLE C.1-4

ASSESSMENT NUMBER 1,-PSAR SUBMITTAL

FACTORS LEADING TO INCREASED CONFIDENCE IN RELIABILITY ASSESSMENT:

For details and summary of Assessment, see Section C.3..
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TABLE C.1-5

ASSESSMENT NUMBER 2 JULY, 1975

FACTORS LEADING TO INCREASED CONFIDENCE IN RELIABILITY ASSESSMENT:

System

Preliminary System Level FMEA Completed for Common Mode Failure.Identification.

Primary Control Rod System

Increased design and configuration detail
Preliminary FMEA completed
First calculation of individual rod reliability completed
Preliminary PCRS Reliability model completed
Preliminary, vendor assessment of PCRDM reliability completed

* FFTF subsystem test completed - subsystem alignment, misalignment,

and 'gross misalignment tests completed

Secondary Control Rod System

Increased design and configuration detail
Preliminary FMEA completed
First calculation of individual rod reliability completed.
.Preliminary SCRS reliability model completed
Preliminary fault tree analysis completed
Design review completed for CRDM/CRD/CA first prototype (preliminary)

Primary and Secondary Electrical System

FFTF electronic component (vendor) demonstration test completed
MIL-HDBK-217B prediction completed
Preliminary component FMEA completed

.Preliminary design completed

* FFTF mechanical subsystem very similar to CRBRP
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TABLE C.l-6.

ASSESSMENT NUMBER 3 FIRST QUARTER, 1976

FACTORS LEADING TO INCREASED CONFIDENCE IN RELIABILITY ASSESSMENT:

Primary Control Rod System

Design reviews completed for:.

Upper Internals (final,)*
Core Former Ring* (final)*
CA and CRDM/CRD (preliminary)

Fault Tree Analysis completed
FMEA and CMFA updated

Secondary Control Rod System

The following Design Verification Tests will be completed:

Secondary Control Assembly Static Flow Test
Latch Test

FMEA and. CMFA updated.
FTA updated

Primary and Secondary Electrical System

Detailed FMEA completed
Initial group of electronic components begins Reliability Confirmation

test

* Interfacing components to..PCRS and SCRS
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TABLE C.1-7

ASSESSMENT NUMBER 4 FIRST QUARTER, 1977

FACTORS LEADING TO INCREASED CONFIDENCE IN RELIABILITY ASSESSMENT:

Primary Control- Rod System''

Complete FFTF failed bellows test
Information will be available from the following Reliability Component

Tests:'

CRDM scram assist spring test (complete)
CRDM bellows test (complete)
Dynamic friction test (preliminary)
Bowed Duct drag force test (complete)

Information will be available from the following Design Verification
Tests:

CRDM .life .test (preliminary)
CRD.dashpot (complete)
Static friction test (preliminary)

Continuing FMEA-results

Secondary Control Rod System

Design Verification Test
The secondary flow test under scram conditions will be completed
Component Reliability Test
The upper driveline bellows.will be completed
The updated fault tree analysis will be completed

Primary and Secondary Electrical System

Final design review will be completed
60% of electronic components will have entered test
Initial data will be available from reliability confirmation test
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TABLE C.1-8

ASSESSMENT NUMBER 5 FIRST QUARTER,. 1978

FACTORS-LEADING TO INCREASED CONFIDENCE IN RELIABILITY ASSESSMENT:

Primary Control Rod System

Information will be.available from the following Component Reliability
Tests:

CRDM life tests (completed)
Pin rupture test (completed)
Duct impact test (preliminary)

Final FMEA completed
Final CRD/CRDM design review completed
Design Verification Tests

Dynamic Friction (completed)
Prototype subsystem test (preliminary)
CRDM performance (completed)
CA flow (completed)

Reliability Subsystem Tests
500 scrams completed in subsystem reliability confirmation

Secondary Control Rod System

Final FMEA will be completed
The following Design Verification Tests will be completed:

Nose piece and shield flow
Prototype secondary control rod subsystem test for component

interference problems and overall subsystem effects

The .:•fol lowing Design Limit Tests will be complete:

Contaminated argon cylinder valve actuation
Driveline crushing limit

(Cont. )
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TABLE C.1-8 (continued)

The following Reliability Tests will be complete:

Pneumatic valve and cylinder
Seals and bushing
Lower driveline bellows

•Latch-collet scram (500 component level scrams)
Argon sub-system test
Subsystem test 500 accelerated scrams* (400 scorable)

Primary and Secondary Electrical System

All electronic components entered into Reliability Confirmation Testing
Reliability Confirmation Testing 25% complete

* Scorable scrams are included in the statistical reliability confirmation;
non-scorable scrams are. performed at conditions near and exceeding design
limits and, hence, are not included in the statistical confirmation phase
but instead yield qualitative information relating to common mode failures
and other conditions not totally represented in the subsystem test.
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TABLE C.I-9

ASSESSMENT NUMBER 6 FIRST QUARTER, 1979

FACTORS.LEADING TO INCREASED CONFIDENCE IN RELIABILITY ASSESSMENT:

.Primary Control Rod System

Final FMEA completed
Reliability Confirmation tests.

1 1200 scrams completed (see. Table C.l-4)

Preliminary data will be available from misalignment subsystem tests
Design verification tests

Prototype life (completed)

Secondary Control Rod System

The CRDM/CRD/CA design review will-be complete
The following Design Limit Tests will be complete: I..k

Gross failure of main shaft bellows including testing with no
bellows

Misalignment limits

The following Reliability..Tests will be complete:

Latch-collet, 1500 additional component level scrams (2000
cumulative scrams)

Sub-system test - shortened driveline (the equivalent of
approximately seven years of real time testing will
have accumulated at this point)

Accelerated subsystem test, 200 additional scorable scrams
and 300 additional non scorable scrams (600 cumulative
scorable scrams and.400 cumulative non scorable scrams)

Primary and Secondary Electrical System

Reliability confirmation test 60% complete

* representative of early wear SVB-46



TABLE C.l-lO

ASSESSMENT NUMBER 7 FIRST QUARTER, 1980

FACTORS LEADING TO INCREASED CONFIDENCE IN RELIABILITY ASSESSMENT:

Primary Control Rod System

Final CA design review completed.
1500 scrams complete (see Table C.1-4)
(Subsystem common mode failure and misalignment tests will be
completed in 1980)
Design verification tests:

B4 C Irradiation (completed)

FFTF Irradiation (preliminary)

Secondary Control Rod System

The guide tube deformation and bowing Design Limit Test will be complete.
The following Reliability Test will be complete:

Latch-collet real time test (3 additional equivalent years
for a cumulative total of 10 equivalent years)

Accelerated subsystem test, 50 additional scorable scrams
and 250 additional non-scorable scrams (650 cumulative
scorable scrams and 650 cumulative non-scorable scrams)

60 real time subsystem scrams will be completed in 1981

Primary and Secondary Electrical System

Reliability Confirmation Test 80% compl-eted
* Electrical subsystem reliability goal confirmed to an estimated

70% confidence

* The option of a decreased test interval will allow the system to.
be operated in a manner for which the reliability goal would be
confirmed at a higher confidence Ivel. This option will not be
necessary when the confirmation test is complete.
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Figure C. 1-3. Phasing Of Reliability And Design Activities


