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2.

'NOTICES

The Enérgy Reorgan1iat1on Act of 1974 (Pub11c'Law 93-438) establishing
the Energy Research and Development Administration (E.R.D.A.) and the
Nuclear Regulatory Conm1ss1on (N. R.C. )} became’ effect1ve on January 19,

-]975

Throughout this Prelxmlnary Safety Ana]ys1s Report, appearance of or
reference to the Atomic Energy Commission (A.E.C.) (with the exception

of the Directorate -of Regulation) will now mean the Energy Research and
Development Adminfstration. '

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

This PSAR Summary réfers to the PSAR as submitted'inAApri1 1975. It is

- not intended that this be updated as the total PSAR evolves, since its

function is to give an overv1ew of PSAR content rather than deta11ed
information.
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FOREWORD.

The C11hch River Breeder Reactor-P1ent PSAR'eenta1ﬁs'

-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 Requ]atory Staff of -

- the U. S. Atomic Energy Commission issued February .1974). In. add1t1on,:;

five appendices accompany the seventeen design chapters to support

various Project positions and prov1de 1ns1ght to: se]ected fa]]back

pos1t1ons

Th1s Summahy Volume of the C11nch River Breeder Reactor

: P]ant 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 d1rect1on as to where w1th1n the PSAR spec1f1c -
top1cs can be found - . N _ S
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CHAPTER 1 INTRODUCTION AND GENERAL DESCRIPTtON 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 1ndustry participation, a commercial breeder reactqr 1ndustryA

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 construct1on and 1dent1f1es key 1tems of research and

development work necessary

Sect1on 1.1 of the PSAR prov1des the objective of the LMFBR Program,
general background information on the CRBRP, the basis for the application,
the design safety approach and a brief. descr1pt1on of the Reliability
Program. Because of the central significance of the Reliability Program
to this application, major portions of Section 1.1 and C.1 of the PSAR are

. included as Addenda A and B of this Summary. Asa 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 Regu]atory Guides. '

Sect1on 1.2 is comprised of a general overview of the p]ant '
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 throngh-

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.

Sect1on 1.4 deta11s the various organizations part1c1pat1ng in the
Project (Energy Research and Development Administration, Project Management
Corporation, Tennessee Valley Authority, Westinghouse Advanced Reactors

o 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 51gn1f1cant 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 ’
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(reproduqed 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 fa]]back
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 the
work will be completed before issuance of a Construction Permit and all
of the programs will be comp]eted in advance of issuance of an Operat1ng
L1cense v

, Chapter 1 a]so conta1ns a Sect1on 1-A wh1ch is a compend1um of
" f]ow d1agram symbols to ass1st the reader
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‘ TABLE 1.5-1
- FURTHER TECHNICAL INFORMATLON REQUIRED

Section Heading and Tasks o

Introductioh-

Information'Concerning'the Adequacy of a New Design

Shutdown Systems Reliability
Shutdown Heat Removal Systems and Structural Re11ab111ty
Secondary . Control Rod System Test
Guide Tube Verification:
“Latch System Tests
- Overflow Heat Removal System Test
Radfa] Blanket Failure Threshold
Failed Radial Blanket Rod.Evaluations
Radial Blanket Assembly Local Flow Blockage Evaluation
Sodium-Water Reaction Pressure Relief Test '

Information Concerning Marg1n of Conservatlsm of

Proven Design

Pipe Integrity Assessment .
Fracture Mechanics Study
-Charactefistics of Sodium-Induced Corrosion
Pipe Reiiabi]ity _

~ Sodium Leak Detection Feature Test

Failed Fuel Assembly Tests for Accident Conditions
Duct Wall Behavior Test '
217-Rod Instrumenfed AssembTy

Reactor Thermal and Hydraulic Tests
Large Bundle Partial B]ockages Eva]uat1ons
Inlet Plenum Bubble Dispers1on Test
Inlet Module Blockage Pbeyention Test
Inlet Plenum Particle Mobility”Testf"T’“

" Core Restraint System Tests

Full-Core Restraint System Test

Critical Experiments for Reactivity Cbefficients,
~ Control Rod Worth and Fuel Assembly Movement

Source Range Flux Monitoring System Tests
Ex—Vesse]lTrahsfer Machine Heat Remova] Tests
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CHAPTER 2 SITE CHARACTERISTICS

This chapter of the'SAR provides information on the geO]og1ca1, seis-
mological; hydrological and meteorological characteristics of the sité and

' v1c1n1ty, in- conjunction with the site geography, demography and land use
~in the site:vicinity. Th1s chapter deta1ls the. adequacy of the site from -

a safety v1ewpo1nt

Section 2.1 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 popu]at1on 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 w1th1n the area.
There is no military use of the land within a ten mile area. :

Sect1on 2.3 conta1ns information derived from the Oak R1dge X-]O'weather
station. From the X-10 station data, tables of rainfall, severe weather,

. temperature, wind, humidity, fog, stability conditions, dilution factors and .
~classifications (inc]uding budeing wake factors and X/Q values) are derived.

Section 2. 4 contains a detailed study of the hydro]ogy This section
includes a 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 tab]es and figures deta1]
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 rad1us with emphas1s 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 se1smo1ogy 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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_ Supp]ement 1 of th1s Chapter contains add1t1ona1 meteorological data
from a tower located at the site.. The data are surmarized and will -be
analyzed for future application to the site. Initially, the data-appears

to indicate that the use of the Oak R1dge X-10 Station: data is conserva- -
tive. _

_ Supplement 2- of Chapter 2 prov1des responses to:Nuclear Regu]atory
Commission. quest1ons pert1nent to the subJect matter contained in the
chapter: ‘
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| CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT AND SYSTEMS

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 is discussed =~
in detail. These criteria are based on the T0CFR50 criteria but are not
identical to them, because of design differences between LMFBR's and
LWR's. = - S e S »

- ”"A~Safety-C1assification'syétem,'specia11yideveldped-for_this .
plant and comparable to LWR 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. o - . -

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 méximum flood level (MFL) at Eleyation
815', is described. Al1 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 protection 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) o R
~«  SGAHRS missiles (none expected, rationale given in PSAR) -

SV-7



A]so cons1dered are’ pressure generated m1ss11es from the
steam generator and SGAHRS. Methods of analysis of missile effects’
(1nc1ud1ng equat1ons used), and means of protect1on are discussed.

There is no potent1a1 for s1gn1f1cant p1pe wh1p 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 wh1p ana]yses, and '
protect1ve measures. aga1nst the consequences of pipe whip, is given.

The rema1nder of Chapter 3 compr1ses 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 0 189, the OBE -as 0.09g. Inc]uded in these
port1ons are: : _ _ .

- Seismic response spectra (vertical and hor1zonta1 for}
- a range of damping values).
- Damping values ‘to be used in dynam1c ana]ys1s ‘
+-501]. structure 1nteract1on L
«-Methods ‘of seismic’ ana]ys1s for systems structures and .
~ components ' o T
~ . Seismic instrumentation ' g
.+ Methods of control of the seismic des1gn o
ce Des1gn of Category I structures ’

SV;S . | - 4 . .



VC,HAPT:ER-A; .fREACTOR o

This - chapter covers the reactor vesse1 1nterna1s Thefdesign‘
presented 1n th1s chapter is summarlzed be]ow ’

A schemat1c e]evatxon of the reactor is shown in F1gure 4 1 CIn

" addition to the vessel internals described in this - chapter, this. f1gure_'

also. jdentifies the reactor vesse] c]osure head and inlet and outlet

- nozzles discussed-in. Chapter 5. The reactor internals are compr1sed S
of removable  fuel, blanket, and control ‘assemblies;- removable rad1a1_ ,
" :shielding and the upper and.lower 1nternals structures which prov1de '

support and pos1t1on1ng for the:core and the core restra1nt system

The lower 1nternals structure consxsts of the core support structure
plate ‘and cone, .the:core barrel, horizontal baffle, fixed radial sh1e1d1ng,
and inlet-and bypass modules-, Most of these components are shown in- F1gure
4.2. The core barrel provides support for the upper and lower core -
restraint former rings.and the: bypass modules provxde ‘support for the
removable radial shielding. - Together these comprise the.core restraint -

~system. The Tower internals structure is welded into the reactor vessel.

The core support structure includes features to prevent large debris
from completely b]ockxng flow to any of the inlet modules

The upper 1nternals structure cons1sts pr1mar11y of the four

- Tifting columns, two transverse interconnected plates and th1rty-f1ve out- ) i

let modules and flew chimneys. This structure, which is shown in Figure
4.3, provides lateral stabilization for the control rod shrouds and outlet -

-modu]e flow tubes, supports the in-vessel instrumentation and provides.

mechanical backup holddown for the core - -assemblies. 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 restralnt former r1ng ‘attached to the
core barrel.

The active fueled region is 36 inches 1ong and. the equ1valent

_ diameter is 73.6 inches. The fuel region consists of two radial enrich=
-ment zones with a tota] 1n1t1a1 fissile p1uton1um 1oad1ng of m]]50 kg



The reactor has two indebendent, diverse, fast acting control systems.
The primary 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 have two.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,

In addition to providing a detailed description of ‘the reactor

*désigﬁi‘chapfer 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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CHAPT?R:S AHEAT'TRANSPORT-AND CONNECTED SYSTEMS

Chapter 5 conta1ns (1) the des1gn bases, {2) a system des1qn
descr1pt1on and (3) des1gn ‘evaluation of the following systems:

Sect1on

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 ‘Res1dua1 Heat Removal Systems

Including Steam Generator Aux1;1ary Heat Removal'

- System (SGAHRS)

. o “Overflow Heat Removal Service (OHRS)
See F1gures 5 ] .2 and 3.

-The Reactor VesseT PHTS IHTS and the 1ntermed1ate sod1um ,
boundary of the SGS will be des1gned and 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 mater1als, steady
: 'state and transient system requ1rements

- The system design description sections typ1ca11y 1nc1ude
d1scuss1on of design methods, material properties, surveillance and

_in-service inspection programs, components and leak . detect1on systems.

The major emphasisvof 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 ava11ab1e for inclusion’ in the FSAR. Consideration is-

generally given but not limited to stress evaluation plans,. pump speed

and integrity, operation of valves, component support, thermal and

hydraulic characteristics of components, coolant boundary integrity,

IHX and steam: generator module tube leaks, materials compat1b111ty
and performance and pressure relief prov1s1ons

A portion of Section 5:2, "Features for Improved Re11ab111ty

' -1nc1udes discussions: of Reactor Vessel Thermal and Nozzle Liners,

Internal -Elbows in the Inlet:‘Plenum, Closure Head Crush Tube, Plug

-Sea]s, the Omega Seal and Surve111ance and Inserv1ce 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 descr1bes the
operat1on of those components for heat remova] serv1ce

In addition to address1ng the reactor vesse] c]osure'head, and

" heat transport_system themselves, the Chapter provides an overall

system evaluation including startup and shutdown, load following
characteristics, transient effects and a pre]1m1nary summary of the
plant des1gn duty cyc]e.

Items of Special Interest

Areas of particular 1nterest 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
: descr1pt1on of the PSAR treatment of each of these items follows.

a. M1t1gat1on of the Consequences of Reactor Coo]ant Boundary
-Leaks

S The ro]e of guard vesse]s, check va]ves, Tow: ‘pony motor shut-
off head and elevated. piping is to 11m1t the consequences of a leak .
if that: unexpected event shou]d 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 sodium spillage as a result of pony motor flow. = For breaks
“in certain Tocations, 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 coo]1ng

_ - The on1y poss1b]e location for a leéak outside the guard
vessels, is in ‘the elevated p1p1ng If such a-leak occurs, the
sodium 1eve1 in. the reactor remains Just below the level of the leak
which is h1gher 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.
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’f‘b; PHTS "Leak'Before Break" Characteristic

.\> ’ S The character1st1c of "1eak before break” dn the PHTS is supported
o by d1scuss1on ‘of the PHTS p1p1ng materials. Considerations .include o
. .rigorous QA programs . for all phases of. de51gn fabrication; - installation
" and testing, the: chem1ca] and radiation environment of -the piping,
_the thermal duty ¢ycle of the system, seismic loadings, dead weight-
and the low internal pressure. A pre-existing crack, much larger
than that which would be detecteg and allowed by the standards app]]ed
~js shown to extend less than 107° inches over the life of the plant.
In addition, it is shown that even if this prediction of crack pro-
pagation were grossly 1in error, a through-the-wall crack with a
length of 15.4 inches for the cold leg and 33.4 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 doub]e ended. gu1]10t1ne or equivalent, failure.
The leak detection system development program is referenced, ‘indicating
_that the system will be capable of detecting a leak before significant
corros1on damage from sodium reaction products cou1d occur,

"Mifigation of  the Consequences‘of‘Sodium'Water>Reaétions

_ Chapter 15 of the PSAR prov1des a d1scussion of the mechan1sm5'
3'of sod1um water .reaction (SWR) initiation and- propagat1on :

used to determine the maximum credible pressure transient in the IHTS
~components. A table of pressures 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.

‘ _ o ‘ - Chapter 5 describes the ass.mptions and analysis tec‘hm'ques
) :

d. Decax,Heat Remaval

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 IHTS 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. Natura]
circulatijon is induced by proper elevation of the PHTS, IHTS and -

SGS components (see Figure 5-4). With pony motor f]ow, 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.

.\ . _ ) ~ SV-17
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_ The performance objective of the SGS is to rémoye 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 re]1ef va]ves and Protected A1r ‘Cooled Condenser (PACC)
" cooling.. _

The'SGAHRS objectives are to.(]) provide auxi]iary feedwater
supply in case of failure of the (non-safeiy 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 Toop
with natural circulation on the steam/water side and forced circulation
on the air side of the PACC for any postu]ated operat1ng mode of the
PHTS and THTS.

~ The OHRS s to prov1de a backup to the S6S for decay heat removal
and- substant1ally 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 Toad 24 or more hours after reactor
shutdown, the event is classified as an emergency plant event. If the
heat ]oad is assumed-between one and 24 hours after reactor shutdown
‘the event is a faulted plant event.

. Sv-18
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used. This conservatism n the present design, 1

. CHAPTER 6 ENGINEERED SAFETY FEATURES

o This:chapter"présent$ detai]ed informationfon'thréé‘Engineered.'
Safety Features. .They are: " the Containment ‘System, the Containment”
Isolation System and the Control Room Habitability System. S

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 10CFR100 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. , S :

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 atmqsphere
cleanup system, although the latter will be subject to continuing
evaluation. ' ‘

The desfgn 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 sthgp%$'g€gﬁ¥}4¥gaﬁgf are

1ater evaluations, may then be removed at a later date.
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" The design of the Hab1tab1]1ty Systems of the Contro] Room is
based upon arbitrary and conservative assumptions over and above the
~ containment design basis accident requirements. - Notwithstanding the use

of such extremely conservative design bases, the design of the Habitality

Systems fully meet the requirements of the NRC's regu]at1ons set forth
~.in 10CFR20 and the dinterim GDC

- sv-24
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TABLE 6.2-1

REACTOR CONTAINMENT DESIGN BASIS ACCIDENTS

I. Primary Sodium In—Containmeht.Storage TankNFailure During
Maintenance

Na Spill: 32,000 gallons @ 400°F
Pool : 830 Sq. Ft. C
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 ' L 2.83E-5  1.36E-4

 %1.18E-8 = 1.18x10"

8

**Includes both inhalation and external gamma exposure.

+Not covered in 10CFR100; 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 relatad 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 Regu]atony Guides "and other appropr1ate criteria and
standards are sat1sf1ed

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. A1l 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 Timits 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 compoments

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 Shutdown 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 accomp11shed 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 sansed 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 additional protection 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 BGP -trip is
accomplished by auxiliary circuits from the final scram elements.

- ~ .The Containment Isolation System (CIS) 1is comprised of. redun-
dant instrumentation which senses the need for closure of valves in
Tines which are directly connected to containment atmosphere. Figure

7-3 shows a block diagram of the system. The CIS is designed ¥or.
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 (10CFRI00 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-

" jnitiated. The logic for automatic containment isolation is
‘functionally identical to that used in the Secondary Reactor Shutdown
Sys tem. : - :

A1l PPS equipment is of quality construction with RDT
Standard C16-1T and IEEE Standard 279-1971, the primary controlling
documents. o . : '

The CRBRP instrumentation systems are important in providing .
the signal inputs to thé Plant Protection System andas 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 Whﬁch'brovfdes'neutrbn level
“instrumentation for shutdown, startup and full power-
operation. = ,

(2) the Heat Transport Instrumentation System which provides
pressure, temperature, flow, and other instrumentation 1in
the Primary Heat Transport Loop, Intermediate Heat Trans-
port Loop and Steam Generator. :

(3) the Reactor and Vessel Instkuméntation_System which

includes in-vessel temperature, sodium level and vibra-
tion instrumentation. S
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(5)

(6)

" the Fuel Failure Monitoring System which prov1des

equipment used for the detection and location of potential
fuel cladding failures.

the Leak Detection System which 1nc1udes'1nstrumentat1on
used to detect and identify ‘the 1ocat1on of sodium to gas
leaks. .

the Sodium-Water Reaction Pressure Relief Instkumentat1on

System which detects the inception of a large sodium-to-
water leak in any steam generator module.
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-FCH'APT'E"R_ 8 EL‘ECTRICAL' SYSTEMS )

This Chapter d1scusses the offs1te and ons1te e]ectr1ca1 power
sources and d1str1but1on systems These include:

a. _The transm1ss1on lines and sthchyards connectlng the ,
- ERBRP to the TVA grid

The normal AC distribution system '

Emergency AC and DC power supplies - -

The safety related:AC and DC distribution systems

The safety related and non-safety related loads supplied by
the emergency power supplies

o0 o

' See Figure 8-1 and 2.

The Reserve AC Power Supp]y (two transm1ss1on 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 Sw1tchyard) is not required to and does not meet
those AEC and IEEE requirements since p]ant Toads are automatically

f;‘ connected to the Reserve AC Power Supp]y in the event of a fa11ure in the
A.Preferred AC Power Supp1y

The Emergency AC and DC Power Supp11es meet the AEC and IEEE
E requ1rements 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 Tist of Class 1-E (safety re]ated) 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 supp]1es :
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CHAPTER 9 ‘AUXILIARYsSYSTEMS

,' This chapter d1scusses Aux111ary Systems Wh1Ch prov1de a wide
var1ety of normal and emergency services to the p1ant A condensed 11st1ng
and br1ef descr1pt1on of the systems follows: :

1. Fuel Storage and Handling - A descr1pt10n of the handling of
new and spent fuel assemblies is provided. Each sequential
operation and the equ1pment or cells 1nvo]ved 1n those
operations are descr1bed in detail.

The fuel hand]1ng sequence (see Figure 9-1) beg1ns w1th rece1pt

-.of new fuel at the site. Each assembly is inspected, heated,
acclimated to'a 1iquid 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 Bu1]d1ng (RCB) hatch
connecting the two buildings, is opened. The in-vessel o

" 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 assemb]y at a t1me bas1s ‘

-Spent fuel remains in the EVST storage for: at 1east 100 days
before being loaded - 1nto spent fuel shipping casks ’

C 2. “Ma1ntenance - Too]s, fixtures, and procedures for the transport
- 'storage, inspection, repair, and removal of sodium wetted and
radioactive components are described. Special attention is
_ _pa1d to the cleaning of ]arge sodium wetted components.

- 3. Aux111ary L1qu1d 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
capab1]1ty for reactor sodium level control, accommodates.
primary sodium volumetric changes, and prov1des cool1ng for

- core components stored 1n the EVST. .

-'An additional requ1rement for the Aux111ary L1qu1d 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 capab111ty
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: coo]1ng 1oop of-the Ex-
vesse] Storage Processing System.
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‘In the event of loss of the steam generators,.the OHX must

be manually valved into the Primary Overflow system. Heat is

| ”t;transferred to the shell s1de Nak and dissipated in the EVST.

““Nak airblast heat exchanger. This method of. decay heat removal

is termed the 0verf1ow Heat Remova] Serv1ce (OHRS) (see Figure

.ftP1p1ng and Equ1pment Electr1ca] Heat1ng - Discusses the design

of electrical heaters, mountings and power ‘controllers to

- heat sod1um conta1n1ng systems.

.f?Inert Gas Rece1v1ng and Process1ng - The IGRP system supplies
- inert gases (Ar.and Np). and vacuum for plant systems. ‘The
-.system-also supp11es sodium.cover gas, cell-inerting atmos-

o pheres,.-valve actuating gas in inerted cells, cooling gas,"

gas for seals, gas for fire control blanketing, gas for

s component cleaning and the vacuum subsystem

0.

.eiHeat1ng, Vent11at1ng and: Air: Cond1t1on1ng = The requirements

for-air qua11ty throughout. the - p]ant are stated. --The system

-7 permits; personnel access: to-various: p]ant areas’ for maintenance

under norma] operat1on

. Aux111ary Coo]ant Fluid System - The - Aux111ary Coolant F]u1d

System provides-a means of removing waste héat from the

‘Reactor Containment Building (RCB) and the Reactor Services
. ‘Building.(RSB). Dowtherm J-is the cooling medium with the
ultimate heat s1nk be1ng prov1ded by the treated water system

. ,Water Systems - These systems prov1de normal -and - emergency

chilled water for air-conditioning and unit coolers, general

.plant service and- aux111ary equipment in the:Turbine Generator
. Building, = Also-.included, is a-discussion of the River Water

- System. Instrumentat1on requ1rements for each system are
.Q,pFOVIded ,

Compressed A1r System - Var1ous subsystems furn1sh 1nstrument
service and breathing air for the plant. Discussion is

;-centered on the system des1gn,- perat1ona1 test1ng and instru-
'mentat1on requ1rements : : :

;Commun1cat1ons L1ght1ng -vNorma1 and Emergency systems are
~.provided to support operation or shutdown-of the Plant. The

- -communications system 1nc1udes prov1s1on for off s1te communica-

1.

.- tions.

P]ant Fire Protect1on System - Means are supp]1ed to fight
conventional and sodium fires. The discussions include con-
sideration of f1re system arrangements throughout the p]ant
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12.

Diesel Generator Auxiliary System - This system supplies on-site
power generation. for use by.plant,systemshin the event of loss
of off-site power. The system is internally redundant.

Special consideration is given to component start1ng, cooling,

.1ubr1cat1on, and test1ng
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. CHIPTER 10 STEAN AND POER CONERSION SYSTENS

Chapter 10 conta1ns d1scuss1on of the fo110w1ng, genera]]y non- -

71 safety re]ated, systems

Turbine-Generator ' S
Main Steam Supply and Turb1ne Bypass Systems .
Condensate and Feedwater System a

. Demineralizing System..

.. Steam Drum Blowdown: System

Turbine Gland Sealing System

Circulating Water System ’

'Condenser Air Remova] System

S@Q -hD Qa0 T

See F1gure 10- 1

The maJor1ty of the main steam supp]y and re]ated systems are.
contained in the Turbine Generator Building which houses no safety related -
equipment. Thus a steam or feed Tine break there will not endanger such
equipment. - The requirements of ANSI B31.1 will be met in the design of
that equipment. The: port1on of the Main Steam Supp]y and Feedwater Systems

- which are conta1ned in the Steam Generator Bu11d1ng will be designed. -

accord1ng to the appropr1ate ASME, Section III requirements and measures

- discussed in Chapter 3.0 will be used where necessary -to protect safety
' =;:~re1ated equ1pment from the effects of postu]ate p1pe breaks

Turb1ne generator missile: data has not yet. been developed for :i:“*

~the 3,600 rpm unit planned for the CRBRP. However, the potential m1ss11es o
. from th1s unit are comparable in energy, d1str1but1on and -probability to - _
~the postulated missiles from 1,800 rpm units which have been ShOWn acceptab]e
- and are in use at light water reactor p]ants .

The various locations where excess1ve concentrat1ons of tr1t1um -
can be postulated to occur are continuously or periodically monitored to

_ensure that releases from the systems do not exceed the appropr1ate limits.
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CHAPTER 11 RADIOACTIVE WASTE MANAGEMENT

Th1s chapter addresses the waste process1ng systems prov1ded
'(11qu1d gaseous’ and so]1d) _

The pr1nc1pa] modes of rad1oact1v1ty product1on and/or re]ease ,
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 potent1a1 plutonium release from
failed fuel, sodium activation and corrosion product activation. Deposi-
~tion of non- gaseous sources into primary sodium, cold traps and onto kS
plant surfaces 1s analyzed The system designs presented are summarized . =
be]ow S o ‘ peee

A. Liquid”WasteﬂSystem

.~ A.design obJect1ve of this system is to pur1fy and reuse waste
‘liquids ‘where possible and to minimize the total activity in liquid =
effluents, with virtually all ‘of the 1iquid radwaste being solidified. The
" source of the liquid:radwaste is considered as (a) small sodium. spillages,
plant drains, Taboratory drains, etc. and (b) the washing of large compo=
" nents, for the low level activity system and intermediate activity system -
respect1ve1y ‘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 Federa] and State regu]ations '

~ Also. considered are:.the off-normal events of d1scharge of some
1ntermed1ate 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 10CFR20. Non-tritium
releases -are shown to.be decades below the concentration 11m1ts tr1t1um
releases are well below the 10CFR20 1limits.

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 10CFR20. These
estimates include the. contr1but1on of BOP tritium.in the cooling tower
b]owdown - v : -
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 B. Gaseous'waste'syStem

The: des1gn objective- of “the - system is' that the 1evels of rad1oact1ve
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 10CFR20.. The design of RAPS (Recycle. Argon’ Process1ng Subsystem)

and CAPS (Cell:Atmosphere Processing  Subsystem) are. descr1bed in detail,
1nc1ud1ng act1v1ty 1nventor1es in the components

Based .on-a-set of - estlmates and. conservat1ve assumpt1ons of reactor

'cover gas Teakage, buffered head seal: leakage; primary piping leakages,
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 s1te boundary are calcu-

" lated.

: ~The dose rates are based on normal operat1on with design va1ue of
1% fa11ed fuel.  Ventilation stream: concentrations -are calculated for the

*"};des1gn 1%:failed fuel:condition and expected condition of 0.1% failed

fueli...The equations utilized: in-calculating the inventory terms are d1s-
cussed ‘Ventilation: streams are ca]culated to be-1éss than 0.1% MPC-as’ in

'TOCFR20-for the. design: base condition:- - Anhual S1te boundary doses:for

‘the design’ ‘operating ‘condition.are shown to be a factor of 2500 bélow the

- requirements of 10CFR20- for unrestr1cted areas. Est1mates lnclude the
re]ease of BOP tr1t1um o :

C Process and Eff]uent Radio];gjcal Mon1tor1ng

: Mon1tors discussed are stated to be in accordance with AEC Genera]
Des1gn Cr1ter1on No. 64,:and general design criteria for the CRBRP. Radia-
. tion monitoring of process systems provides early warning ofequipment mal-

~ function,:potential radiological hazards, and prevents releases of act1v1ty
to the environment in excess of 10CFR20: 11m1ts Monitoring of liquid and
gaseous  effluent under normal operating conditions will.be in accordance
- with AEC Regulatory Guide 1.21, and any act1v1ty re]ease wi]l be within

o 11m1ts established in 10CFR20.

' ‘Locations and" sensit1v1t1es of the ‘process and effluent mon1tors
. are prov1ded 3 ,

So]1d waste

~ -The- des1gn obJect1ve of . the so]id radwaste system is: to re]ease 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 act1v1t1es and assoc1ated number of
shipments per year are 1nc1uded
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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 resuiting 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 - prov1ded to assure the rad1at1on

'protect1on of operating personnel. The shielding, ventilation, and

operational radiation.monitoring design, as well-as the hea]th phys1cs
program, are 1nc1uded below. :

Sh1e1d1ng obJect1ves for the CRBRP are d1scussed, 1nc1ud1ng the
specific shield design parameters. Bases for zoning criteria are discussed.
Sotirce 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 des1gned to limit the dose

‘to operating personnel to 5 REM following a major radioactivity release.

The intent of the bases is to conform to cr1ter1on 19 Appendix A: of
10CFR50. _

" The overa]l sh1e1d design obJect1ves w111 perform a var1ety of
functions under normal operating conditions. These functions incTude

- (a) permitting personnel access to re?u1red 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 operation; (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

intermediate/reactor containment building interface as a continuous access

area during normal operation, and (f) _protecting structural components,

equipment and nuclear instruments in order that required functions are

safely prov1ded throughout the lifetime of the plant.

Source terms of items such as liquid radwaste, tanks, RAPS and
CAPS components, solid radwaste drums, the EVST, contr01 room, cold traps,
are listed and d1scussed ’

_ 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 e1ther

d1scussed or referenced.
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e ,‘SeTectedeIant_locationsgpnOVTded‘with~area~mpnitdrs are discussed.
- The monitors.are provided to continuously detect, measure, and indicate -

"~ the radiation evel .and toinitiate alarms for'radiation levels above -

preset values. . Locations, design dose rates, and ranges of sensitivities .
of the monitors are provided:. "~ - . s

.. - Design objectives of-the heating and ventilation and air-condi-:
~tioning are in compliance with 10CFR20; Appendix B, Table 1. Concéntra-. .
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 0.1 MPC. Inhalation doses are derived from the concentra-
ctions. . o 0 0 o e T

.+ . 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

‘:}gfunctiqnsgtnnareasﬁnotﬁdihectly%served»by'the fixed continuous air moni- -

o or.when .a check.of radionuclide concentrations determined by the =
v -atr.monitoring-channel. is desired. Sampling ‘capabilities are also
ussed and Tisted. . .~ . A

S He pﬁﬂPhysicéQPfo§r6h ob5§étive§=éréféfatéd; and’ faciTities
and equipment are discussed. R SEARAIC AR A

., The health physics program and staff applies applicable radia-

-on_ standards and .procedures, reviews proposed methods of plant - =

' _operation,: participates. in development of plant documents, and assists in-
“vthe”plant-training'program;‘providing‘specialized training in radiation
_protection. During preoperational tests and after plant. startup, it _
~provides ‘health physics coverage for .all operations including maintenance,

fuel handling, waste 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 Tow.as practicable.
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~ Chapter 17.

CHAPTER-]B CONDUCT. OF OPERATIONS'

This chapter descr1bes the framework w1th1n wh1ch al] phases
of the operation of the plant will be conducted. '

Section 13 1 descr1bes the organizational structure of the

app11cant and 1dent1f1es PMC and TVA as co- app11cants with TVA having

respons1b111ty for the safe operation of the plant. Inc1uded 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 0rgan1zat1on Chart and 1nc1udes expected '

o staff1ng levels.

Sect1on 13 3 covers emergency p]ann1ng In addition to the
organ1zat1ona1 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

Sect1on 13. 4 covers Rev1ew and Aud1t Reference is made to

: - Section 13. 5 def1nes with appropriate diagrams, the structure .
for 1mp1ement1ng plant procedures and 1nstruct1ons, as well as defining

- the various procedures and instructions.

Sect1on 13 6 covers plant records. With the exception of a '
treatment of Plant H1story, the rema1nder of this sect1on js deferred
to the FSAR o .

Section 13.7 covers Industrial Security with specific reference

' tb s1te 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 ass1gned the responsibility for
detailed planning, scheduling, coordination and conduct1ng of plant

‘testing with the assistance of the ARD technical staff. PMC also has
-been assxgned the respons1b111ty for recording and report1ng the test
-results.

Upon satisfactory completion of the constructioh tests on e .

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 d1st1nct phases and four
categories. The four phases include:

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

The four categor1es have been divided according to effect on

:the plant and responsible organization for preparation of test procedure

and specification as fol]ows

" Responsible Organization-
For Preparation Of
Test Specification

Category Effect on Plant - And Procedure

A Direct .~ B&R, Al, GE
B Direct ~ ARD, B&R, AI, GE
C “Limited '  ARD, B&R, AI, GE
D None B ARD, B&R, AI, GE -
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© CHAPTER 15 —'ACCIDENTYANALYSIS

: The overa]l Des1gn of the CRBRP is based on a uhree Tevel of
des1gn approach which establishes a defense-in-depth for the health and

"-safety of the general publlc The three levels.of safety approach
~encompasses: 1.) The provision of -a sound reliable plant, Zg
~ ‘tion of any accidental condition to acceptable values within the plant

The 11m1ta—

capability and 3) The protection of the public against certain extremely »

yiun]1ke]y events by additional p]ant 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 s1te boundary dose in excess of. the
10CFR100 Gu1de11nes. »

. Section 15.1.1 beg1ns with a reiteration of the safety ph1losophy
contained in Section 1.1 and provides an extensive discussion of first and

- second Tevel 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 ‘accommodate, without failure, the dynam1c 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 quant1f1ed
below.

- . The vessel support ledge shall be able to accommodate a load
of 50x106 lbs in either the upward or downward d1rect10n

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 1ift at the outer bolt circle and a 10.inch maximum
vertical 1ift 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 w1thout 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 t1me from the serv1ng point
- to valve o v

These are only a sna]] sample of the tota] ]1st1ng of requ1rements,
but are indicative of the level of detail provided. After the time of
selection of the third level marg1n requ1rements which were based on FFTF
‘experlence and a measure of engineering :judgement, the CRBRP HCDA parametric
ana]ys1s were developed to a point at which it was considered they could
- give useful guidance on the acceptability of the third level marg1n require-

ments. PSAR Table 15.1.1-1, reproduced here, compares the primary system
1oad1ngs with those from conservat1ve CRBRP HCDA analyses.

' Section 15.1. 2 d1scusses the fuel c1add1ng fa11ure~cr1ter1a 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 1600°F is reached, then that- part1cu1ar transient
must be evaluated on an individual basis.

Co Sect1on 15.1.3 d1scusses the plant protect1on system trip level
des1gn events and duty cycles. A table is provided (Table 15.1.3-1, not
'reproduced here) show1ng the app]1cab1e PPS substem tr1p 1evels or trip

equat1ons , o .

Sections 15.2 and 15.3 cover, respect1ve]y, 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 or undercooling events
presented in these sections.

Sect10n 15.4 d1s¢usses the potential local failure events that -
could occur to the fuel, radial blanket and control assemblies. The major
items addressed are: ‘

Stochastic Faiiures :
Overenriched Assemblies .
Flow B]ockages '

The results show that none of. the potent1a1 events presented leads
to either propagation of fuel pin failures or of assembly-to-assembly fa11ures

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 PSAR and 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 propbability of

~occurrence that they have all been categorized as extremely unlikely events.

A summary of the results of these analyses appears in Table 15.6-1 or
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

WOrk-Energy to One Atmos. (MW-sec)
Inltial Core Pressure (PSIG)-
Re31dual Bubble Pressure (PSIG)

‘Max. Vessel Strain in Core Region (A)
' Max. Upper Vessel Wall Radial Strain (7)

Core Barrel Strain (%)

Peak Outlet Nozzle Pressure. (PSIG)
Before Slug Impact :
After Slug Impact

Peak Inlet Nozzle Pressure (PSIG)
(REXCO Averaged)

Peak Force on CSS (106 LBF)

fImpulse on CSS to Slug Impact (106 LBF—Sec)»
. Impulse of CSS to System Equil (106 LBF—Sec)

Peak Force on Head (106 LBF)

Avg. Force for Second Peak (106 LBF)

Peak Inlet Piping Pressure (PSIA) A
Peak Primary Piping Pressure (PSIA)
Peaﬁ.Pump Inlet Pressure (PSIA)

~Peak THX ‘Shell Pressure (PSTA)
‘Peak Check Valve Pressure (PSTA)
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Structural
o _ Evaluation
Reference Fuel Vapor
- Case Expension Cage -
1300 1324
2972 2175
290 347
1.8 3.2
3.9 10.0
8.8 9.6
420 464493
761 - 652-725
435 493
52.5f 57.9 f
2.1 2.0
2.3 3.8
135 108"
29 49
717 607
720 n770
590 580
522 “n772
703 0763
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TABLE 15 2 I

g REACTIVITY INSERTION DESIGN EVENTS

Max.. C]ad Temp *

Section - . % Primary’ “Secondary

15.2.1 Anticipated Events

115.2.1.1 Control assembly withdrawal @  NA ~ 1383°F

4vstartup ' (See 15.2.1.1)
15.2.1.2 Control assemb]y w1thdrawa1 e “1510°F - 1610°F
: power 1 . . DR
15.2.1.3 Seismic reactivity insertion 1440°F . ~1440°F

- (core, radial blanket and-
.control rod) - OBE

15.2.1.4 Small reactivity insertions - 1500°F 1560°F
15.2.1.5 Inadvertent drop of s1ngIe 7 Less than Less.thqhﬂ
. _controI rod at fuII power _ihit.'cond. inftf_cond.;

- 15.2.2 UnT1keTy Events

15.2.2.1 qus of-hydraullc hoIdden" 1415°F - 1420°F

15.2.2.2 Core radial movemert L6707 1510°F

.. No. Event . -~ -~ - Scfém“'}. . Scram ‘fCOmmentS i
152 _"TReactiVity insert. design events R

Temp. shown for 1¢/sec. w1fhdfawa1
Resultant Temp. less than operat1ng .
cond1t10n (FuTT Power)

-.Based on extremer small w1thdrawa1 l'
- rate - Results are within the gu1de-j

1ines of Table 15.1.2-3:

' ;Based on postulated 30¢ step reacti- .
~...vity -insertion - Results are w1th1n :
_ gu1de]1nes of Tab]e 15.1.2-3

For 2¢/sec insertion .case - RésUItS'
are within guidelines of

Table 15.1.2-3

Results fall wwth1n gu1de11nes of

Table -15.1.2-3 - .

ResuTts are w1th1n gu1de11nes of

_TabTe 15 I 2-3

For non-seismic conditions - Results
fall within guidelines of
Table 15 .7.2-2

* Fuel pin inside diameter;clédding temperature (dﬁdér wire wtap)i;dt
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TABLE 15.2-1 Continued

Max. Clad. Temp.*

Section a . : Primary "~ Secondary

No. _ Event Scram Scram Comments
15.2.2.3  Mal-operation of reactor <1510°F <1610°F Less than limiting condition shown

p]ant controliers

15.2.3  Extremely Unlikely Events

15.2.3.1 Cold sodium insertion Less than - Less than
S init. cond. init. cond.

115.2.3.2 'Gas bubble through core ¥ <1480°F = <1480°F

15.2.3.3  Seismic reactivity insertion  <1505°F | NA

(core, radial blanket and
control rod) - SSE

15.2.3.4 Control assembly withdrawal NA 800°F

at startup-max. mech. speed (See 15.2.3.4)
15.2.3.5 Control assembly withdrawal = - . 1420°F 1460°F

at power - max. mech. speed

*Fue] pin inside diameter éladding temperature (under wire wrap)

o TNot regarded as credible, used for evaluation purposes only,

in 15.2.1. 2 ]

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 20¢/sec reactivity insertion -

Results.fall within the gu1dehnec
Table 15 1.2-3

For - 20¢/sec react1v1ty 1nsert1on -
Results fall within the guidelines

‘Table 15.1.2-3

of

of
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TABLE 15.3-1

3
h
S
3
&

UNDERCOOLING EVENTS "

Max. Clad Temp.*g, ﬂ

Section ;l,'”:"t'.‘ I Primary  Secondary - S
No. - . Event. Scram Scram - . .- "~ Comments
15.3 .~ Undefcoo]ing Désign Events . _
15.3.1 Ant1c1pated Events
15.3.1.1 -Loss of off-site electr1ca1 1410°F = 1630°F Primary shutdown. within upset umbrella,
power o , : . Temperature spike-associated with secondary
R S : ' shutdown 1s-considerably less severe
- 'than-the umbrella trans1ent (See .
' _ _ ;’Sect1on 15.3:7. 1) '
'15.3.1.2  Spurious priméry'pUmp~trip 1390°F . 1445°F ' w1th1n'the umbrel]a
15.3.1.3- Spurious 1ntermed1ate pump <1365°F <1365°F Core sees only normal trip
trip : - ‘ , ‘ . :
- 15.3.1.4 Inadvertent closure of one <1365°F <1365°F Core sees only :normal trip -

evaporator or. superheater
module isolation valve

15.3.1.5  Turbine trip.. = <1365°F  <1365°F Temperature decreasing continuous1y
15.3.1.6  Loss of normal feedwater <1365°F @1365°F ~ Core sees-only normal trip
15.3.1.7 Inadvertent actuation of the  <1365°F <1365°F Core sees only norma];tfip

» sodium/water reaction system
15.3.2 . Unlikely events -

15.3.2.1 .Sing]e primary pump seizure 1400°F ']470?F " “Within the umbrella
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Section

TABLE 15.3<1 (Continued)

_ Max. C]ad Temp.*

system pipe leak

*Fuel p1n cladding midwall temperature (under wire wrap)

TNot regarded as credible, evaluations event only.

. Primary  Secondary
No.. Event Scram Scram Comments
]5;3.2.2 Single intermedite ]oop %1365°F ' <1365°F Core sees only normal trip
pump seijzure” o co ’ e
15.3.2.3 Small water—to-sodium,]eaks <1365°F <1365°F Core sees only normal trip
in steam generator tubes . ' '
15.3.2.4  Failure of the steam bypass <1365°F <1365?F Core“sees'only norma]_tr{p
system . ' o
15.3.3 Extreme]yiun1ike1y events ,
'15.3.3.1‘ Stzam or feed-]ine pipe break <1365°F'v {1365°F Cofe_sees only normal trip
15.3.3.2  Loss of normal shutdown <1365°F -, <1365°F Core sees only normal trip
cooling system . I » . R
15.3.3.3 ~ Large sodium/water reaction <1365°F <1365°F Core sees only normal trip
©15.3.3.4 Primery heat trénsport no effect- no effect - No effect on reactor core Or primary
system pipe leak . : system temperatures or pressures
15.3.3.5 Intermediate heat transport + 'no effect no effect Core temperatures would not increase - .



TABLE 15 5- 1

L5°0S

~J
S
gﬂ. FUEL HANDLING AND STORAGE EVENTS
th
Section .| ) N ‘_@ Site e Low'Populatﬁon .
“No. |- Event .| Boundary~(2-hr).| Zone (30-dav) Comments,
15,5 | Fuel handling & storage _ B
events
15.5.1 Anticipated evénts
15.5.2 | Unlikely events S R e
15.5.2.1 | Fuel assembly dropped <1.67 REM " .<0.00084 REM Consequences of this event
~within reactor vessel . . , are within the umbrella of R
during refueling’ Section 15.5.2.4 -~ S
15.5.2.2 | Damage of fuel assembly <6.98x10™% REM. ‘3-25X]0-4 ReM | This event is well w1th1h;5l
due to attempt to insert FUR . : the suggested gu1de11ne
a fuel assembly into an . dose rate. .
occupied position. . ‘
15.5.2.3 | Sinqle fuel assembly 8.98x10"% ReM 3.25x10°% REM | This event: is well within
: ) - cladding failure and . S ) the suggested guideline
subsequent. fission qgas dose limits.
release during refue]ing. »
15.5.2.4 | Cover qas release during [ 1.67 REM 0.00084 REM This event is well within.
refue11nq - the suggested guideline
dose limits
15:.5.2.5 bHeayiest crane load . <1.67 REM <0.00084 REM * Consequences. of this event
impacts reactor are within the umbrella of
¢losure head - Section 15.5.2:4.
15.5.3 Cxtremely un1iké1y event
15.5.3.1 | "Collision of EVTM with <1.67 REM <0.00084 -REM ‘Consequences of this event
_control rod dr1ve . s : are within the umbrella of
mechanism Section 15.5.2.4
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TABLE 15.6-1

'SODIUM SPILL EVENTS

“Max. OFF-Site

piping leak

section . Sodium Spill , Location ' Dose Max.
No. _ Events Gallons ~Temp: (CF Atmosphere Bldg. - Cell % of T10CFR100 Press/Temp Comment
15.6 - Sodium Spills
15.6.1 Extremely Unlikely
15.6.1.1 Primary sodiur in 32,000 400 “ Normal ~ RCB Overflow 0.0004 1.8 psig/ Doses well within
containment, stor- . Air Tank Cell ’ 248°F* guideline limit con-
- age tark failure Co 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-vessel 7,500 500 Inerted RSB Cooling 0.35 1.5 psig/ Doses well within
sodium cooling sys- Equip. Cell 145°F%* 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 96,000 400 “Inerted =~ SGB/ Storage Tank 2.20 4.0 psig/ Doses well within
ex-containment pri- : : 8 - Cell 260°F** guideline limit cell
mary sodium storage ) . . pressure within
tank : Design Press 5 psig projected design
. Design Temp 350°F 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 (~30 gal/min)} ; 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 400,000 800°F Normal . SGB/ 1B 0.046 <3.0 psig/ Doses well within
Transgort System Air 18 600°F = ° guideline limit,

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



OTHER ‘EVENTS

'Section. : o ) E TR -; Potent1a\

No. Events . RS le]tlng Parameters T ' - -Comments
15.7 Other Events

15.7.1 .Antlcrpated Events

15.7.1.0 1Loss of one DiC. System ’ None . . 7 No adverse operating conditions :have been 1dent\f\ed
: o e with this event.
15.7.1.2 LOSS'Of'inStrument or valve air system - . A oNene Détailed descrlptxon of failure effects or safety- :
: . related instrument air supp\1es, if any w111 be prov1ded
) in the FSAR.

15.7.1.3 | -IHX Leak _ . _ 1 None - ' Core sees normal’ shutdown
S 15,714 off- norma1 cover’ gas pressure: in the reactor pr1mary Nohe",‘ ’ _ No adverse operating. cond1t1ons assoc1ated with th1s

o coolant . boundary’ h " event.

15.7.1.5 nff-norma] cover gas pressure in IHTS : None. - - | No adverse operatlng condwtlons assoc1ated w1th thls

: . ) event,.

15.7.2 i 'Unl1kely events

65-AS

'-]5.7,2.1' !nadvertent release of 0il throuqh the pump seal {PHTS) :Noﬁelﬁilvg]'.:;i--: :No adverse consequence 1dent1f1ed at th1$ tlme
tf5.7.?.2» 'Inadvertent release.of 0il through the pump seal (IHTS)_ :Neﬁe ;Lf:i, f E . No adverse conseguence identified at this t\me
15.7.2.3 | Generator breaker failure 'to open at turb\ne trlp None ' Core sees only normal shutdewn‘
15.7.2.4_ Rupture of RAPS Surqe Vessel . . <2.5 REM (ihtegréted Consequences will be within suggested guideline aoses.

2-hr dose at the
site boundary)

15.7.2.5 | Liquid rad-waste system failure 3.7x10-6 REM @ SIte' Consequences are well within the suggested gundeIIne
' ‘boundary doses. .
: . £ 3.05x10-7 ReM @ LPZ
15.7.3 Extremely unlikely events
15.7.3.1 | Leak in a core component pot. . ~43200°F Center Fuel Only slight cladding melting. F1ssvon 9as release
) : ‘ | pin | - | within umbrella ‘of Section 15.5.2.3. ".- . ;
15.7.3.2 Spent fuel. Sh1pp1nq cask dropped from maximum possible | 5. 95x]0'5 REM ‘Whole Doses are well within the suggested gu\dellnes :-
| height - . Body @ SB (2-hr) - . . . . L .
. : : 4.78x10-6 REM Whole
. _ Body @ LPZ (30-day)
15.7.3.3 | Maximum poséiple conventional fires, flood, and storms None . None
¥6.7.3.4 | Failure of p]dq sea]s and annU]i . ane ) No adverse conseguences associated with thi§.¢vent.
15.7.3.5 | Fuel rod leakage comblned w1th THX and Steam qenerator NOFEV . . | Neo adverse_cbhsequeﬁqes assodiéteq with tﬁ%é event,

1eakaqe




YCHAPTER 16 TECHNICAL”SPECIFICATIONS

The. techn1ca1 spec1f1cat1ons whi ch regu]ate thé operat1on
and maintenance of a nuclear power p]ant become an integral part of the
plant-license, and as such form the basis of a continuing relationship
between the licensee and the regulatory agency. They are proposed by -
the applicant and ultimately imposed upon the plant operat1on in the
interest of the health and safety of the pub11c ‘ '

Because of the special nature of the mater1a1 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' attempt1ng to provide

the final values for the essential parameters.  For those systems
where the design is sufficiently detailed, technical specifications
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 prov1de genera]
information only, this chapter includes detailed information-in an \
attempt to provide an insight to the expected -operating characterlst1cs-
of the plant. - _

As requ1red by the Standard Format and Content the chapter is
divided into six maJor sections. .

16.1 Def1n1t1ons

16.2 Safety Limits and Limiting Safety System Sett1ngs
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 def1nes those

special conditions and terms as they apply to CRBRP.

Section 16.2 covers the Safety Limits and L1m1t1ng 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 spec1f1c values are given for these parameters

For the Limiting Safety System Settings, the Plant Protection

System protective functions have - been 1dent1f1ed w1thout specifying
the actual tr1p settings. »
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_ Section 16.3 prov1des the techn1ca1 spec1f1cat1ons for the
Limiting Conditions for Operation of each of the major systems. The
intent ‘of ‘this section is to identify the lowest functional capab111ty
or performance level of equ1pment requ1red for safe operat1on of the

: Sect1on 16. 4 is concerned with the surve111ance requ1rements

for the various systems and components. Technical specifications are
written to identify the tests, calibrations and inspections which are
necessary to assure that the qua11ty of the systems and components 1s
ma1nta1ned ‘ _ :

D Sect1on 16 5 is used. to descr1be the maJor des1gn features of -
* the 'plant. By 1nc1ud1ng these descriptions as a. part of the techn1ca1
,spec1f1cat1ons, a change in any of these features: requires the. same
_procedure: as’a change in any of the other technical spec1f1cat1ons

' In this way, the regulatory agency is able to control major changes

in safety re]ated systems. The subJects covered 1n this sect10n are

1. Site .
2. Cpntamment I

" 47 Heat’ Transport System and Res1dua1 Heat Remova]
‘fs;*jFuel ‘Storage-and- Hand]1ng -

- The' f1na1 sect1on in this chapter, 16. 6, is a descr1ption of

'nythe administrative controls which are necessary to assure safe
'ﬁoperat1on 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.
¥he disciplines discussed in detail in each of the appendices are as

ollows: '

Organization
Quality Assurance Program
Design Control
Procurement Document Control.
Instructions, Procedures and Drawings
Document Control : '
Control of Purchased Material, Equipment, and Services . :
Identification and Control of Materials, Parts and Components
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

OCONOUTAWN —
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QUALITY. ASSURANCE MGR.

.

NUCLEAR STEAM SUPPLY SYSTEM
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CONSTRUCTION*

- BURNS AND ROE INC.
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ADVANCED-REACTORS DIVISION
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ARCHITECT-ENGINEER

BURNS AND ROE, INC.
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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 (approx1mate1y 70),
references, available in the open literature or at the user's 1ocat1on,
have been cited to provide a source for supplementary information. In

the case of proprietary codes, the originating organ1zat1on has been
1dent1f1ed
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- APPENDIX B GENERAL PLANT TRANSIENT DATA

: Th1s Append1x compr1ses a 11st1ng of . the preliminary duty cyc]e
events (normal, upset, emergency and faulted) for the plant with a

- discussion of how the selection of "umbrella" transients allows
simplification of the design duty cycle in a conservative manner,

Exanp]e descriptions are provided below:

Norma] Event 4a - Load1ngﬁand Un]oad1ng

The p]ant des1gn 1oad1ng and un]oad1ng events are conservatwveTy
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
fo]]ow1ng capab111ty while maintaining rated steam conditions. Load
changes in this region are accomplished by linearly varying primary
and intermediate sodium f]ows with power while holding turblne inlet
pressure constant

Upset Event 17'-'Three Loop Natural Circu]ation

o From initial cond1t1ons of full power operation, complete loss
“of forced sodium circulation in all loops is assumed, A reactor/
turbine tr]p is initiated by primary pump under-voitage 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 remova] through SGAHRS.

Emergency Event 6 - Des1qn Bas1s Steam -Generator Sod1Um-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 e
‘system. In addition, a trip of the reactor, turbire, and sodium pumps™
occurs. The intermediate sodium system exper1ences 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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occrrence is classified as an emergency event. The plant is tripped

- - . on:the same signal as that which activated the emergency blowdown:system,

" For the unaffected loops, the event is similar to a reactor trip from
o {u]] power. Decay heat removal is ma1nta1ned through the two rema1n1ng ;
~loops. : .

Fau1ted Event 1‘-'Safe Shutdown EarthdUake

Requirements and lToad combinations of the SSE are def1ned in
Section 3.7. The SSE loadings shall be considered to occur in-:
conjunction with a reactor trip. . Following the SSE, the ‘intérmediate
heat transport system, steam generator system, and steam gererator
auxiliary heat removal system together must prov1de for remova] of
stored and decay heat
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APPENDIX C RELIABILITY PROGRAM

In this Append1x are given full details of ‘the re11ab111ty

”ij_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 1.1 of the PSAR (reproduced in Addendum- A of this

“ Summary), and in Addendum B of this Summary (reproduced from Appendix C

of the PSAR).

C.1 ‘Rationa]e,and Summary .

This Section of the Appendix seéts out the criteria for success

_of the programs in terms of reliability goals and their allocations and

summarizes the results of the initial re11ab111ty assessment. It also
descr1bes the overall re]1ab111ty program in summary form.

The goa] determined to acceptab]e address concerns of pub11c
risk from LMFBR's and hence to e11m1nate core d1srupt1ve accidents as

a ba51s for des1gn, is as fo]]ows

+ The probab111ty of exceed1ng 10CFR100 gu1de11nes
- shall be less than one chance 1n a m1]11on per i
reactor. year .

For purposes of the re11ab111ty assessment descr1bed
. in the PSAR, this goal has been conservatively inter-
_-preted to mean that the probability of losing core
coolable geometry will be less than one chance in a
million per reactor year. This goa] has been d1v1ded
-into three parts as follows:

E1ement _ Goals (Failures per xear)

Shutdown System ' <10 -7
Shutdown Heat. Removal 8x10~/
Fau]ts leading to LCG <10~/
not sensed by PPS

A deta11ed treatment of the rat1ona1e for selection of the

: goa]s, is given in Sect1on C.1 of Appendix C of the PSAR.

.2 Current Re]1ab111ty Assessment

The current re11ab111ty assessment is that the plant meets the"

! overall objectives presented in Section. C.1 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 compr1ses four maJor e]ements, name]y

= T,.:The quant1tat1ve assessment based on ava11ab1e
“reliability methodology and hardware reliability
. ~information, as presented in Sect1on B.1.3.1 of
Addendum B of th1s summary.

2. The qua11tat1ve re11ab111ty activities within the
project which impose ‘a“systematic and disciplined
method of plant design. This approach serves to
minimize:the Tikelihood of design oversights . :
and ;in particular to identify common-mode failure
potential. These activities are described in
Sect1on B. ] 3 2 of Addendum B of th1s summary

3,~-The presence of redundancy and d1vers1ty 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 S

4. Capability. to 1ncorporate de51gn and procedura]
: changes to enhance the reliability over-and above
'{“that requ1red to meet normal des1gn pract1ces

C.3 RehabHJ Ver1f1cat1on S | 5
The overall shutdown system and decay heat removal re]1ab111ty - i

programs are summarized in- PSAR Sect1on C.1 and descr1bed in some detail

.7 in PSAR Sect1on C 3

The maJor re11ab111ty ver1f1cat1on tasks are:

- The Re11ab111ty Manual, as a guide to correct and
~ consistent app]1cat1on of reliability methodology in
- the project. The manual covers the methods of assess-
"~ ment (FMEA, FTA, Monte Carlo simulation, Bayes1an '
- techniques, etc.) and the management procedures required
. for. their- 1mp1ementat1on Prime responsibility for
- ‘manual preparation is with the shutdown system program.
Supplemental procedures-will be - prov1ded by the decay -
heat remova1 program for that program S spec1a1 needs

. Ana]yses beyond the initial assessment wh1ch are under- .
-way (rod worth requirements and uncertainties, speed ‘
of response requirements, conditions necessary to
preservation of core coolable’ geometry,influence
of component repa1rab1]1ty, etc.). -
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3 S - 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 verif1tat1on programs are shown

in bar chart form, indicating the ava11ab111ty of data to support the
plant operat1ng 11cense app11cat1on

Qe
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"APPENDIX" D EVALUATION OF HYPOTHETICAL CORE” DISRUPTIVE ACCIDENTS
FOR THE CLINCH RI‘ER REED R REACTOR PLANT

Th1s Append1x is a compend1um of core d1srupt1ve accident

“analyses conducted for CRBR, including selection of initiators,

ana]yses performed and mechan1ca1 and rad1o1og1ca1 consequences

The ear]y part of the Append1x cons1ders the range of potentla]

1n1t1ators, name]y

. React1v1ty 1nsert1ons as. e1ther a ramp or a step
-« ~Core voiding by entra1ned gas bubbles

< “Control rod ejection -

-+ Local assembly faults

- Loss -of control material

. Loss of pr1mary pump1ng power

and conc]udes w1th the se]ect1on of a reactivity ramp of 10¢/sec, and

.a flow coastdown event as the two candiates to be examined further.

These are termed, respectively, the transient overpower and loss of

“flow (TOP and LOF) ‘events. The results . of analyses of these events.
-are” summar1zed in Table D- 1 ' , e :

An extens1ve treatment of the methods of ana]ys1s is g1ven, -

_:f~1nc1ud1ng input- assumpt1ons and areas of uncerta1nty. The Codes used,
1v'are identified: : : :

SAS 2B v Ca]cu]at1on of energy re]ease and shutdown

CVENUS II - Core disassembly phase
REXCO-HEP Mechanical loads on vessel and 1nternals
PLAP - Modification of REXCO-HEP output into vessel

~ nozzle pressure . time histories ,
TRANSWRAP Uses PLAP output- to give mechanical loads on
I primary system -
HAA 3 - ‘Release of radioactive material into the contain-
I ment space, with due allowance for plate- out
: settling, leakage, agglomeration, etc.
COMRADEX Uses HAA 3 output to ca]culate site boundary
‘ : doses :

Deta1]s of the des1gn conf1gurat1on and des1gn parameters

| used as input to the analyses are given, including design drawings.

For reasons .of timing, some of these data do not correspond prec1se1y _
with data quoted elsewhere in the PSAR, and a comment on the sensitivity
of the conclusions to these changes (conc]ud1ng neg]1g1b1e sens1t1V1ty)

is given, _
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" Much of the Abpéndjklis;cbhcéfﬁédfwi£H 5h&etai1editreatment
of the ana]yses\COnducted,ﬂand.results_obtained, in terms of energetics,
andjmechanica]~1oads;;;Includeq, for example, are tables .and-figures

cshowing: . = . T e

_ -"Enéfgy{partition-ambng:the.VariOUSftdmponéﬁts S
.+ Reactor configuration at various. times during the -excursion
- Pressure time histories at a number of locations -

~ 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

"vREXCO-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 -

3 lqssgof;flqwaaccidqﬂts;may-not;bé]toolab]eawithin.the]vessel:wi;h the '

: "refgrence;de5j9n5andahp$e§jthat?mndifi¢ations,tb;improve'the;pdst_,"
-.accident debris retention capability of the core support “structures are

‘being investigated.

N 1;Fiﬁaﬂiy;7#56}&5&iﬁiogiééligbnﬁégﬂéhté§iéréfexamihéd,*Snd;resu]ts
quoted in Tables D-2 and D-3. "Except for the most extreme -assumptions

" of hiead leakage, these are shown to be within the guidelines of 10CFR100

‘at the:site boundary.. The radiological a

. ‘ ‘ « _ nalyses are based on retaining
the debris within the vessel, except for head leakage. .
L _The. analyses in 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. o . : .
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ABLE D—l

HCDA - ENERGY SUMMARY

LOSS .OF FLOW

" BASIS FOR

'REACTIVITY INSERTION |
: - TUeERER REPRESENTATIVE | STRUCTURAL
ENERGY CHARACTERISTICS UNITS . | - BOUND EXPECTED |  CASE _ EVALUATION
Thermal Energy Above 298°K MI 10,800 | 5,520 © 13,500 - 17,900
 Thermal Energy Above. Steady o M 8,480 2,807 11,050 15,450
'State Full Power ' ' . : - S
‘Molten Fuel Energy Above Solidus M . 3,060 - 287 5,620 10,000
Molten Fuel Mass KG {5,800 1,060 ~7,000 7,400
AQailable_Fuel Work Energy - MJ _ C
" Expansion to One Bar 155 O 521 1,320
Expansion to 20 Bar 37 ) 151 ;q470

- NOTE: 1) For reference only; system dynamic equilibrium occurs at,&ZO bar. .-




TABLE D-2

RADIOLOGICAL CONSEQUENCES OF
HYPOTHETICAL TOP-HCDA'S

. 0ff-Site Doses (REM)
o e Upper Bound
10 CFR 100 Expected - . ; - Base Parametric Cases
e — 7 —5— —3 7

]

B  2_Hr.s.B.(Q.41 mi) |
”f,ispné;_v.’»'.f 150 e 10.120 1.19 ,10.7é : ,’ 66.02  184.6

  ,fThyrqi&fj' ", | 300 0 0.052  0.519 - 4.72 - 28.92  8L50
| tungi L 75 0 ~0.,0077  0.0759 0.690" ‘4.22 11.82

© ‘Whole Body . = 25 0.038 0.029 0.27 164 . 3.28 375

30 Day LPZ (5 mi) | |
' Bome. 150 0 - 0,025 - - 0.246 2,22 13.4. 1035

Thyroid = 300 0. . .0.009 - 0.092 0.831 0.502

©Lumg 75 0 - 0.0016 0.015 0.139 0.842 0,657

‘A'Wﬁble.Bédy**- 25 © 0.0015 7 0.0035 0,014 . 0.034 0.063 0.131

' Head Leak Rate . = 10 ‘10 10 C10t L e
.- (%/day-at 20-atm.) ~ | | S

. 'RCB_Pressure C -1 . 1 : 1 T , l : 10
psig) | | s - |

’ '*_*Wh'ol’e body dose includes dii‘eicf: ‘do_s'vei' éﬁd _cloud gamma
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o

o _ Representative
10 CFR 100 , Parametric Cases
| | 4 1 -8 3 10
2_Hr S.B. (0.41 mi) ’
Bone 150 0.003 - 0.926 9.11 131.7 1893
‘Thyroid | 300 ~0.0063 0.063  0.616 8.90  128.7
Lung 75 0.005 0.050  0.488 7.05  101.4
Whole Body 25 0.028 0.258 1.54 3.04 5.5
30 Day LPZ (5 mi)
 Bone 150 - 0.019 - 0.185 1.82 26.4  106.2
Thyroid = 300 ~0.001 0,011 0.105 1.52 6.75
Lung 75 0.001 0,01 0.097 1.40 5.67
Whole Body** 25 10,0035 . 0.014 0.031 0.062 ~ 0.214
- Head Leak Rate : , 0 102 103 104 . w
(%/day a;.20“atmg)- : -
RCB Pressure k . 1 - 1 1. 1 10

-
- .-/l/ -

TABLE D-3

RADIOLOGICAL CONSEQUENCES OF
“HYPOTHETICAL LOF-HCDA |

Off-Site Doses (REM)

(psig)

#*lhole body dose includes direct dose and cloud gamma.
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APPENDIX E - PRIMARY PIPE RUPTURE FALLBACK POSITION

Introduction '

- The basic proaect pos1t1on is that large pipe ruptures in the .
pr1mary 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 wh1ch could be 1ncorporated into the CRBRP if necessary.

The.objective of this section is to establish a pipe rupture

faccommodat1on 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 subsect1ons of this

: Append1x, 1s to

1.-’Def1ne ‘the general requ1rements and key obaect1ves 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 Tow probability of such pipe ruptures. :
~ 3. Provide an overall descr1pt1on of the program and key
decision: po1nts . .

The major requ1rement pred1cated on the assumpt1on that a

.'doub1e ended rupture.in the primary system must be accepted as a design

basis, is that the.modifications to the heat transport system-and contain-

- ment. structures snall be designed as necessary to accommodate the
~ consequences of postu]ated ruptures. for all ant1c1pated operating

cond1t1ons

Tvio. 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 schedu]e .

D1scuss1on of Program ‘

Current design studies 1nd1cate that the pipe sleeve concept is
the most pr0m1s1ng des1gn opt1on for m1t1gat1on 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-1 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 m1t1gat1ng opt1ons are being evaluated - These options -
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’binCIUde the use.of pipe restraint§ éhd f]QW’diOdEélv”

L 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 failure- of the sleeve. R o

~ 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. P T

: : 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 Yeak 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 from double-ended pipe
~ ruptures in the primary heat transport loops have been performed for.

‘three-loop: ptant operation based on. thermal/hydraulic design parameters.

- The preliminary results of the-analysis for- three-Tcop operation at full
‘power indicate that a double-ended pipe Fupture in the primaryrheat
- ‘transport systémiéanfproduce~uhacceptable-tdre“témperatureftransients.only
if ‘the break ‘occurs-in the cold Teg 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- -
ing saturation limits within a period of less than one second. Incorporation
of the pipe-sleeve concept mitigates this: accident event. For a break at -
the reactor inlet, representing the worst case Tocation for pipe ruoture,

“the hot channel codlant temperature was calculated to be 90°F below the
calculated saturation temperature. : - : o

_ 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, the
~temperature of the PHTS cell or RC inert atmosphere is assumed to . .
increase instantaneously to the temperature of the discharged sodium.  The
. resultant cell/cavity pressure was also determined ideally assuming that

. the perfect gas law applies: ' L
- .. .Preliminary analysis of the primary HTS and reactor cavity
~ transients resulting from a double=ended pipe rupture has also been per-

~ formed. Theﬁfesults”ihdiCate-peakVPHTS[cell'aﬁd;RCfpressureslon-the order
of 25 psig, 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 transpoot system and the inlet plenum pressure history follow-
ing double-ended ruptures, pre]iminary ana]yses-have shown that if the cell
or cavity gas pressure following a pipe rupture is maintained below ~10

psig, the potent1a1 for gas introduction to the 1n1et plenum does not
exist. : _

If a postulated double-ended rupture is required to be treated as

a basis for design, 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°F temperature and is therefore adequate to ensure
inerting capability and structural integrity in the event of primary pipe

- ruptures. From a radiological standpoint, pre11m1nary 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 Timits.
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_' APPENDIX F - CORE DISRUPTIVE ACCIDENT ACCOMMOJDATIONA

The proaect pos1t1on remains fwrm, that any event capab]e of

o 1ead1ng to a Toss 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 1nterpreted as any- change in the Project position.
_Following this statement a CDA is discussed as a design basis event
'throughout the Append1x ' _

It is also made clear that this Append1x represents a status

".report only, and that the f1na1 version of Appendix F will be submitted
“in September 1975 ' _

The Append1x 1s d1v1ded into two Parts -of wh1ch the first deals

w1th the sea]ed HAA and the second with the EVCC

Part I - Sealed HAA

 After a brief introduction, there fo]lows a fairly deta11ed
listing .of criteria and design requirements for the sealed HAA. Some
examp]es of the requ1rements listed are:

The HAA shall be sea]ed to limit the rad1o]og1ca1
. effects of. the design basis CDA be]ow the guidelines.
- of T6CFR100.

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

-« A1l gas 11nes and connections shall beACapable of
withstanding the pressure resulting from the sodium -
egress consequences of the des1gn bas1s 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 ana1y51s by m1d 1977 :

- The rema1n1ng 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 var1ants of these) In each case design drawings
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are given, and a date of 12-1-75 is quoted for comp]etmn of
<pre11m1nary des1gn S

Part II --Ex-Vesse] Core Catcher (EVCC)

. The Introduct1on 1nc]udes a review of current EVCC stud1es
at ANL Interatom and e]sewhere _

L Des1gn requ1rements are presented, some examp]es of wh1ch are
o g1ven be]ow :

"},- The EVCC shall be des1gned to prevent recr1t1ca11ty
: of the debr1s from the design bas1s CDA.

» The des1gn shal] assure that debr1s which penetrates
the Guard Vessel reaches the Lower Cavity EVCC.

« Class 1E power supplies and controls shall be
- provided. as: requ1red for the system to. funct1on

'-'r¥"The EVCC system sha]l be des1gned to Se1sm1c Category I
,requ1rements ‘

Fl{The bed- mater1a1 sha]] have a’ h1gh vo]umetr1c heat
“absorbing- capab111ty

- The 1n1t1a1 cond1t1ons are d1scussed, in terms of melt-

~ through of the 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 vesse]

; »'sod1um are d1scussed

: The program of act1v1t1es is descr1bed and supported with
. schedu]es which show the compatibility of this effort.with the overall .-
plant construction schedule and with:the time. sca]es for ava11ab111ty :
-of results:from the: re11ab111ty program :

“Three cand1date concepts are presented (sacr1f1c1a1 bed
.crucible and suspended catch trays). .These are.briefly descr1bed
~with. some conceptual- draw1ngs and ana]yses re]at1ng to secondary
5;cr1t1ca11ty -and’ heat--1oads. ~ _ . : :
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‘) - S A number-of Addenda to this Part are presented, covering:

« Analysis of. bed materlal melting
- Discussion of EVCC transient response
- Molten pool heat transfer

Bed heat load -

« A description of an actively cooled sacr1f1c1a1 bed system,
- supported by design drawings. :

In each of these, numerical details are presented.

A Reference T. Letter from L. Mann1ng Muntz1ng (Director of Regulat1on)

to John A. Erlewine (USAEC.General Manager) “CRBRP
L1cens1ng Review", January 2, 1975. :
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ADDENDUM A

INTRODUCTION AND GENERAL DESCRIPTION.QF THE PLANT

1.1 Introduction

. The Clinch River Breeder Reactor P]ant (CRBRP) w111 prov1de a v1ta1
step in the United States' reactor development program. The objective of
the U. S. Energy Research and Deve]opment 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 1ndustry part1c1-
~_pation, a commerc1a1 breeder reactor industry.

In keeping with the objective of the LMFBR program, the obJect1ves
of the CRBRP. are as fo]]ows '

1. To confirm and demonstrate the potent1a1 value and environ- -
" mental desirability of the LMFBR concept as a pract1ca] and
economic future option for generating. electrical’ power,-

- 2. To. conf1rm the va1ue of this concept for conserv1ng 1mpor-
tant. nonrenewable national resources; .

3. To deve]op, for the benef1t of government, Jndustry and the
public, important techno]og1ca1 and economic data, ' X

4. To prov1de a broad base of experience and 1nformatwon im-
portant for. commercial and industrial app11cat1on of the
‘LMFBR concept; and . .

5. To verify certain key character1st1cs and capab1]1t1es of
" LMFBR plants for operation.on utility systems such as
licensability and safety, operab1]1ty, reliability,
availability, m a1nta1nab111ty, f]ex1b111ty and prospect
for economy . ' '

. S1nce there is 11m1ted experience within the present-day 11cens1ng
framework which is directly relatable to a first-of-a-kind demonstration
plant such as the CRBRP, the information presented in this 1ntroductory
section is more extensive than normally found in Tight water reactor
PSAR's. For c]ar1ty of presentation, Section 1.1 has been subd1v1ded
as’ follows . .

1. 1 1--This subsection gives the 1nformat1on requested by the .
Standard Format and Content of Safety Analysis Reports’ .
for Nuc]ear Power Plants, LMFBR Edition (SFAC) o

1 1 2—-Th1s subsect1on presents the bas1s for the. app11cat1on and
: details the manner in which the CRBRP design approach will
- assure compliance with app]1cab1e Commission requ1rements

1.1.3--This subsection describes the applicability of the Regu1atory
Guides issued through June, 1974
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1.1.1 Genera] Informat1on

S _ Th1s PSAR is subm1tted in support of a Jo1nt app]lcat1on by

- PrOJect Management Corporation (PMC) and the Tennessee Valley
Authority -(TVA) for a CP and Class:104(b) Operating License to con-
struct and operate the Nat1on s f1rst 1arge sca]e LMFBR Demonstrat1on :
P]ant .

o The p]ant will cons1st of a s1ng]e generat1ng un1t, emp]oy1ng a
- 11qu1d metal cooled fast breeder reactor Nuclear Steam Supply System

' (NSSS) Westinghouse Electric Corporation (Advanced Reactors .Division)
s respons1b1e for the"design of the NSSS and of the steel containment,

- under the technical direction of the United States Energy Research and

Deve]opment Administration's (ERDA) Division of Reactor Research and
~ Development. Thé .General Electric Company and the Atomics- Internat1ona1
Division of Rockwe]] International Corporat1on have major subcontracts,

_,t;related to the NSSS, from Westinghouse. "Burns & Roe is responsible
- for-the design_of the balance-éf-plant (BOP) and other functions:

-Jnorma11y associated with the arch1tect-eng1neer (e.g., character1zat1on

gjﬁfof the site seismology, etc.), under the direction of ‘PMC. "~ The ‘plant
~-will be,OPerated by TVA.. Further amp11f1cat1on of the-relationship.

15#between these . part1c1pants 1n the Proaect is found 1n Sectlon ] 4-of

ziviifth]S PSA ,; L

_ A The C11nch R1ver S1te is 1n east centra] Tennessee in the .

) eastern part of Roane County and within the town Timits of Oak Ridge,

- approx1mate1y 25. miles west of Knoxville. The “site is on a pen1nsu1a
‘bounded on - the. north .by ERDA's Oak Ridge Reservation: and on the remaining

’t:fs1des by the C11nch R1ver Complete ‘details -of the site 10cat1on, layout-

;and character1st1cs are g1ven in Chapter 2 of this PSAR.

The’ des1gn power level for the p]ant is 975 Mw(th), correspond1ng

. to a.gross generation level of 380 MW(e). This power level is discussed
~under .the terms "therma]/hydrau11c" (T/H) conditions in .various sections

. of "the PSAR.: It is this power level which forms the basis for the present

: _app]1cat1on and for the safety analyses presented in Chapter 15.

- _However, ‘the. permanent components of the plant (heat transport system,
core support structure, BOP, etc. ) "have been designed for add1t1ona1

“ capability, namely for a‘power 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. o be capable of- accommodat1ng Ystretch" conditions. Although
"stretch"" cond1t1ons do not form the basis for the present app]1cat1on,
subsequent to issurance of ‘the ‘Construction Permit, a supplementary
application may .be made to increase the power 1eve1 to these "stretch"
conditions... However, for. purposes of the CP review; the additional .

; capab111ty of permanent plant components shoild be treated as an 1nherent

margwn in the p]ant des1gn i
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The plant is des1gned with three main coolant loops and the
intended mode of operation is that all three 1oops 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

operat1on will be established before application for the p]ant 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 corstruction completion date for the P]ant is
September 1981; power operation is anticipated early in 1983

1. 1 2 Basis for the Application

- The: bas1s for the CRBRP app]1cat1on is to provide a p1ant which meets
all applicable Federal regu]at1ons including those specified in 10 C.F.R. 1Q0.
Th1s application’ fo]1pws 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 techn1ques to provide a
systematic determination-of events to be included in the plant des1gn bas1s
than wou]d be normal in a single” LWR -application.

Recogn1zing'that the CRBRP is a first-of-a- kind plant, that
existing experience is therefore limited and that guidelines are not .
d1rect1y 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 acc1dents 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 1
and is described in the fo]]ow1ng paragraphs. - :

First (1.1.2.1), the overall philosophy of the des1gn 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 (1.1.2.2),
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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- ] 1.2 1 Des1gn Safety Approach

. “ The overall: design of the CRBRP is based on the natura1 three ]evels
of des1gn which Regu]atory uses. to evaluate the adequacy of proposed nuclear
power p]ants : _

v Overv1ew

The first level cons1sts of a techn1ca11y sound des1gn that resu]ts
in high reliability and ‘minimizes the occurrence of accidents. .The second
Tevel prov1des protection against failures or malfunctions which might
occur in spite of precaut1ons 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- Tevel .provides assurance

- that the public is protected even in the event of extremely un11ke]y cir-

- ‘cumstances of :failures or malfunctions. A systematic approach using re-

wr:liabitty: methodo]ogy is. employed to select the limiting-design basis.
Also;;margins. are-provided in the’ design for defense against. events. beyond
“‘those: 1nc]uded in the Extremely Unlikely catégory. - An.overall perspect1ve

- }‘of the:manner in which:this multi-level design- approach is:being -incorperated
- dne the CRBRP - is prOV1ded in.Table 1.1-2.  This brief: forego1ng descr1pt10n
' ~represents what 'is termed in- this: PSAR the "Reference Design™. ' _

Ear]y in the Project 1ife, 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: Project
failed to sat1sfactor11y support the selected design basis. This approach
is “teérmed-the "Parallel Design"-and comprises-.the features' of the Reference
Design. p]us the modifications and additions to the Reference Design to per-
mit the p]ant to accommodate the consequences of more severe acc1dents

- The Reference Des1gn is descr1bed and’ d1scussed in Chapters 1 through
' -17 and Append1ces 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- subm1tta1 is: cons1stent w1th the understand1ng deve]oped

ine Reference 1 : : ‘

Leve] 1 Des1gn )

: The first 1eve1 of des1gn prov1des re11ab1e p]ant operat1on and pre-
vention of accidents during normal operating conditions through the intrin-

sic features- of the design, such as quality assurance, redundancy, main-

tainability, testability, inspectability, and fail-safe characteristics.

The plant is being des1gned 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,

’mater1als, and techno]ogy

. Extensive pre- operat1ona1 test programs will be conducted in the
plant to assure conformance of components and systems to the established

'}performance requ1rements 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 qua11ty

’-1° ma1nta1ned throughout the life of the plant.

".Level 2 De51gn

The second Tevel of design prov1des protectlon against Ant1c1pated and

"?Unllkely Faults (such as partial loss of flow, reactivity inserticns, failure
‘of parts of the control system, or fuel handling errors - Faults are defined in

-Fable 1.1-A) “which might occur in spite of the care taken in design, con-
struction, and’ operation of the p]ant This additional level ‘of defense for .

the public and the operating staff is provided by. redundancy of critical com-

:_nponents 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.

N Conservative design pract1ces, including redundant detecting and actuat1ng

equipment, are incorporated in the protection systems to assure both the
effectiveness and reliability 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 :¢] re11ab1y

Re11ab111ty Efforts in Levels 1 and 2

As part of .the first and second level des1gn efforts, tasks to assess
and assure acceptab]y high reliability of certain plant systems have been

estab11shed
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- _Leve] 3 Design

o The third 1eve1 of design supp]ements the first two levels by
o prov1d1ng acceptab]e plant response- to -Extremely Unlikely..Faults such
as pipe leaks,-large:sodium fires,.or large sodium-water. reactions.

- Although these faults- are of Jow probab111ty, appropriate’ eng1neered

safety features are incorporated into the CRBRP. design to. safely accommo-
date ‘such events Typ1ca1?y conservative assumptions: and evaluation

- methods, such' as assumed failure of any._single active ‘component, are

used to develop adequate designs. In addition, conditions assoc1ated
‘with:extremely unlikely natural phenomena, which bound the most severe

‘that have beer-historically reported for the site and.the surroundings,

“-are used as design bases .for the plant. These. include such 1ow proba-

- bility:events as severe earthquakes., tornadoes, and. floods. - These faults and
natura] phenomena combine: to def1ne the. des1gn bas1s enve]ope

V}*', Re11ab1]1ty Program'

As with LWR Plants, a broad spectrum of events which have’ potent1a]

'for the1r consequences to exceed the 10 C.F.R. 100 guidelines, have been
-ana]yzed to determine if it is appropriate for such events to be part of the
es*gn ‘basis: envelope. . For :the CRBRP, this -effort is considerably expanded
egree and ;extent: of use because. of the ‘Tack  of. precedents for estab]1sh1ng
esign-basis: -envelope; for a plant :of ‘this kind.. In this p]ant .an approach
ased:on: ‘LWR ‘precedent. is . taken for certain- events, for example,
Ceitds cons1dered that a 1arge commercial airplane (B747 or DC10)" str1k1ng the
_“conta1nment is an event that-is so .unlikely that it need not: be. cons1dered as
a design.basis. -The rationale by which this ‘conclusion is drawn is that
~the plant is: remote from commercial airports and from established FAA airways

(see.'Section 2.2.0f this. PSAR) Further, the air traffic in this- part1cu1ar
?geograph1ca1 area. is, so sparse ‘that the likelihood of such ah occurrence is.
Jow.. This is the same. rationale that ‘has been applied to llght water plants
Tlocated. in 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 des1gn basis event
has been presented by the Regu]atory Staff in Reference 2. It 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 ach1ev1ng high re11ab1]1ty 1n spec1f1c

'efrfplant systens.

Acc1dents w1th potent1a] to exceed 10 C F. R 100 gu1de11nes are e1ther

”f-1n the design basis envelope of the plant or excluded from it depending on

the probability of the event which initiates the accident. A comprehensive

»1;.Re]1ab1]1ty 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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' bases

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 sévere 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 controlied 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 Tow probab1]1ty that they need not be taken as design.

The -manner in wh1ch th1s acceptab]y 1ow probab111ty s 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

- 1nitiators to be so treated is presented in Appendix C to this PSAR.

_Th1rd 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 1ifetime (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 requ1rements 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 1ntermediate heat exchanger and coo]ant 1oop components.

Thermal, mechanical and geometric requ1rements in the core support
structure to enhance post accident cooling capab111ty

Radiological protection for the control ‘room under acc1dent
release conditions.

*  Loss of in-place coolable geometry is broadly defined as the onset of
- clad me1§1ng Amplification of this definition is given in Append1x C
(C.1.3.3).
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Para]]e] Des1gn

In the event that 1n1t1ators 1ead1ng to-loss of in- p]ace coo1ab1e

'".1¢geometry could not be shown.on a-timely:schedule:to have an acceptably Tow

probability, it was ddemed appropr1ate to initiate @ parallel .design effort.
The.Parallel Design- prov1des for the design and -development- of features to
minimize -accident- consequences from events not used as: des1gn bases for

: the Reference Des1gn : , v

o The Parallel De51gn compr1ses add1t1ona] protective features, such

. as a sea]ed area above the reactor head, an ex-vessel core retention and- coo]wng
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

“,1ncorporated jnto the plant-on the current construction schedule. The

Parallel Design will be vigorously-pursued. unt1] ‘the Reference Design
is shown to be .a suitable basis for Ticensing. :Seétion 1.1.2.4 delineates
- the: activities which must be comp]eted in order to perm1t termination of the

: 3-Para11e1 Design efforts.
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-1.1.2. 2 Reference Des1gﬁ

The CRBRP Reference Des1gn is based on the areas of cons1derat1on :
(a]] except Parallel Design 0pt1ons) ‘discussed in the Design Safety Approach
in the preceed1ng subsection (1.1.2.1)."  The manner in which each of these
~ considerations is implemented into the Reference Design is- br1ef1y dis-
cussed in this subsect1on

Level One

The purpose of the first level of des1gn is to assure that the plant
is reliable, operab]e, 1nspectab1e, testable, and maintainable. . These fac-
tors are of prime importance in implementing the first Tevel 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 character1st1cs, however, ‘they are typical
of the des1gn features 1ncorporated in this level: :

‘o A core restra1nt system to control core position and assure
an acceptable power coeff1cent which cannot be degraded by
~core movement :

?lo'eFeatures to assure that rap1d outward motion of contro]
© rods is prevented:

~ @ Reactor fuel assemblies w1th fuel pin spacing des1gned
to reduce-potential for reductions in coolant- flow due to
fuel swe111ng or p]ugg1ng

. 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 the design a number of protective systems and plant features provided
to protect against malfunctions, and to 11m1t the1r consequences to de-.
f1nab1e and acceptab]e 1evels

Examples of these features are

o Two d1verse, redundant, and 1ndependent shutdown systems, each
capable’ of shutting down the reactor with one rod inoperative.

‘o Three loop designs prov1d1ng redundant heat removal capab111ty_
~ such’that core cooling is maintained even if an active com-
porient. of one loop is’ d1sab1ed ‘at the same time norma] off-

”:s1te power supp]y is lost.
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o' Extensive leak detect1on capab111ty to prov1de assurance
- that any leaks in the coolant boundaries are detected
: prompt]y S0 that correct1ve action can be taken

“fﬁi;ﬂGuard vessels and’ e]evated p1p1ng to assure core coverage
... and continuity. ‘of core. cooling as.a further measure of
. 1nherent safety aga1nst ‘coolant- 1eakage

Furthermore, testing and deve]opment programs are estab11shed
to define clearly the nature and consequences of accidents which might
‘result from certain malfunctions. These programs 1nc]ude

0 " The characterization of corrosive. effects of sod1um 1eakage
_on external surfaces. as. a: function of leak size, 10cat1on, o
Ap'temperature mater1a1, and 1oca1 atmosphere

] .Stud1es of water to sod1um 1eaks in the steam generators

- This includes: the va11dat10n of analytical techn1ques'used
.to predict pressures 1n ‘the . IHX dur1ng a postu]ated sod1um-
water react1on ; : , S s

: ‘-ﬁv:Re11ab111t¥7Program

Pr1mary emphas1s is p]aced on a des1gn adher1ng to the f1rst

°"two ]eve]s, part of .this- empha51s is -carried by the. Re11ab1]1ty Program

'wh1ch will be pursued -and ‘used (w1th des1gn mod1f1cat1ons if necessary)
to demonstrate and confirm that initiators or events that can Tead to
Toss ‘'of in-place coolable geometry have an acceptably low probability
of occurrence -and thus need not ‘be used as a basis- for des1gn

© Based on a thorough review of ex1st1ng Regu]atory documentat1on,
appropriate literature, and the application of reliability techniques to
complex systems .and pre11m1nary ana]yses for the CRBRP, the project has
-'estab11shed the following goal:

". The probab111ty of exceed1ng 10 .C. F R. 100 gu1de11nes sha11
“be- 1ess than one. chance in one m11110n per reactor year. o

The Re11ab111ty Program and qtg schedu]e are deta11ed 1n Append1x '
c of this PSAR. It treats postu]ated severe events and establishes
- -that loss of in-place coolable geometry is. the event which is conserva-

o tively related to the potential to exceed 10 C.F.R. 100 gu1de11nes Para-

- mount ‘in this reliability program is the conf1rmat1on 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 1ével of design, are most important in the protection of the

o p]ant The Reliability Program includes for these systems both quantative

- and qua11tat1ve analysis, design reliability requ1rements, continuous
design re11ab111ty control’; and extensive test programs over the next
‘several 'years to confirm their reliability. = In addition to these systems,
the Reliability Program treats other poss1b1e initiators such as fuel
-element failure propagation potential and structural reliabij 11ty 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; these are described in Section 1.5 of
‘the PSAR.-. In-addition to’the program descriptions in Section 1.5, material
~ relevant to a full -understanding of each of these areas is contained in
" other-parts 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:.

¢ MWherever possible, the requirements of the Standard Format

~ and Content of Safety Analysis Reports have been followed.
Apart from Section 1.5 of 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 progrém-that
- . all relevant material be collated and presented in a coherent
fashion. o ' T o

- Sufficient information i preésented in this application to estab- -
- Tish that there is reasonable assurance that initiators of events which
may “lead to Toss of in-place coolable geometry are of such low probability
_that they néed not be taken as-design bases. s o

.) 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 LeVe]?DesignvMargins

Specific design requirements -have been placed on particular components,
systems, and structures (Table 1.1-7) which are beyond those required by
the plant desdign basis envelope. These requirements are termed "third
Jevel 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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Tl To estab11sh the requ1rements for th1rd 1eve] des1gn marg1ns, it is
"assumed ‘that. in-place. ‘coolable geometry is lost. -This assumed event-leads
' core, d1srupt1ve accident:. The third Tevel desxgn margin requirements
shown in Section.15.1.1 are based on generic analysis of core disruptive

_”}-acc1dents 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 15.1.1 also contains a comparison

~ of the most significant third level design marg1n 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
substant1a11y from, and are 1n many- cases more: conservatlve than, loadings
;uca1cu1ated in Append1x D.. - _

1.1. 2 3 Parallel Design

The’ ratlonale leading to. the Parallel Des1gn approach was discussed

“in Sect1on 1.1.2.1 (see Table 1.1-1). The Parallel Design considers the
~use of a hypothetical core disruptive accident (HCDA) as.a des1gn basis,

"Vf;vthe-poss1b111ty of sealing the .head access area, the provision of an

es el,core catcher and: the ‘provision. of.safety features to mitigate
equencés of a’loss of piping integrity. . These activities are pro- °

j*h?grammed, funded and- schedu]ed ‘and" pursued*1n the ‘same - depth of -detail

- -and “hardware as the Reference Des1gn They are termed parallel design
options, and when combined with the features of the Reference Design
and appropriate modifications thereto comprise the Para11e1,Design.

. . The discussion of mitigation features for-the Toss of. primary
. piping” 1ntegr1ty is ‘contained in Append1x E and- the rema1n1ng activities

S are detdiled in Append1x F.

e Features to Accommodate Pr1mary Pipe Rupture :

L Mass1ve fa11ures of ‘the. pr1mary coo]ant boundary are not cons1dered
appropriate as bases for des1gn of the.pltant because of the -properties
of the stainless steel piping under the service conditions imposed by
CRBRP operation. A full understanding of the rat1ona1e_beh1nd this -
position can be gained from study of the PSAR sections listed in Table
~1.1-6. .There.are certain programs identified in Section 1.5 of the PSAR

”f.wh1ch are expected to. demonstrate and confirm: the acceptab]y Tow pro--

'*fbab111ty of loss.of. p1p1ng integrity. Completion of these programs is
-expected by June 1976. . Pending. such completion, a Para11e1 Des1gn
effort is. be1ng ma1nta1ned,_as 1nd1cated below.. S

SVA-lZ\'




®

Appehdix 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 1ncorporated v
Appendix E :deomonstrates that a.massive failure of the:primary coo]ant

. 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 ex15t1ng 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 desxgn For clarity of
presentation, Appendix E, including the supp1ement, is pr1nted on green

“paper.

"vFeatures to Accommodate Hypothet1ca1 Core Disruptive Acc1dents

Appendix F presents that port1on of the Parallel Design whxch 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 of

accidents, 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 Regu]atory

The Project plans to provide Requlatory 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 per1od up to criticality and beyord, 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: Des1gn 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 wou]d be schedu]ed with these

- organizations at s1gn1f1cant m11estones

 SVA-13



The act1v1 t1es 1n support of the Judgement to cease paraHe]

: 3 ctivities are 1isted .in Table 1.1-8 for piping integrity :
Cand 1.1 9 ‘for .absence of HCDA design bases. Satlsfactory completion of
‘these act1v1 ties constitutes the critema for cessation of .the Parallel
Design. The actwihes Hsted in these tab]es are further discussed

Cbelow.

" SVA-14



.
—

1.1.2.4.1 Act1v1t1es to Support Cessat1on of Parallel Design for Loss of
P1p1ng,1nteggjpx, PR

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 presentat1on however, the salient po1nts
are summarized below.

.1.1.2.4.1.1 Ident1f1cat1on and Imp]ementat1on of Des1gp Contro]s

The first stage of the rationale employs. extens1ve control of the '
design and manufacture of the primary coolant boundary. This includes full
observance of all applicable ASME Code, Section III, Class 1 and Section
IX requirements, enhanced by RDT Standards. These RDT Standards - upgrade

the Code requirements in the following areas:

Design specifications for welded p1pe
Weld filler material :
. Welder qua]1f1cat1on
Welding procedures _
Manuyfacturing operat1ons
Finishing of joints -
Penetrant and radiographic examination: of we1ds
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 In1t1at1ggﬁMechan1sms

An 1mportant aspect of establishing the acceptably low probab111ty 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, namely, Failure Mode and
Effects Analysis and Fault Tree: Analys1s. These activities are primarily
performed by the p1p1ng 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 S .. . -Preliminary 6/75
. EEEREE R Updated -  5/76 -

Assessment of. probab111ty ,f>;; o L - 3/76
of undetected f]aws o ST ‘

' --.? Thus, th1s task- w111 be fu]]y comp]eted pr1or to cessat1on date of -
dune 1976. o . .

“, 1.1.2.4.1.3 Analysis of Pipe Fracture Mechanics Phenomenology

: Reliability analyses are planneﬁ'to show that the probab111ty of a
pipe break which might lead to loss of in- -place coolable geometry is acceptably
low. The analys1s 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 p1p1ng wall penetration would occur before the ¢rack

. Tengthened to critical size, detectable leakage would signal a leak, and

- operator action would shutdown: the reactor safely. The reliability analys1s
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 “environient, stress level, thermal aging, and as-fabricated materials-

~ properties;. and critical crack size. The ava11ab111ty of data to’ support
'ana1ys1s of piping fracture mechan1sms phenomenology 1s as fo1]ows

Stress Ana]ys1s ; ' 2nd 1nter1m stress report, 5/76
. : Final stress report, 1/78 (confirmatory)

CBasic cyclic flaw. .. Available |

growth data o

Critical crack size ~ Available

Scale model elbow -~ - - - - - Available

fracture data

Caustic env1ronment o e 1/76‘

effects : I o

L ‘Thus, the quant1tat1ve ana]ys1s w111 be based on the second stress f'f"
.,report and a]] of the necessary exper1menta1 data. e

"'1 1 2 4, 1 4 Test Conf1rmat1on of Ana]yt1ca] Results

_ _ Conflrmatory testIng is p]anned to substantlate the faacture mechan1cs _
o ana]yt1c mode1 descr1bed above.- These conflrmatory tests Will be comp]eted o
i'as follows: '

E]bow burst tests ' ~ . 12/75”

Cyc11c crack growth data : 12/75
. and crack growth morpho]ogy :
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Fu11 sca]e we]ded e]bow tests 3/78

S1nce the 1atter tests are conf1rmatory to the ear11er _
analysis they are not cons1dered_v1ta1 to the dec1s1on to cease o

'-parallel des1gn act1v1t1es.

' 1.1.2.4.].5 Re11ab111tx,Assessment

' The e]ements of the ana]ys1s and test 1nformat1on will be B

" incorporatéd in the performance of the. re11ab111ty ana]ys1s - These -
'ana]yses will- be performed as fo]]ows _

. ReliabiTity Analysis: Pre11m1nary 6/75
e AR ~ Updated = 5/76 -
“Final . 5/78

: From pre11m1nary scop1ng ana]ys1s performed for FFTF 1t is c]ear

.f[ that with the:planned- deve]opment tests and the expected data accumu]at1on :
- the reliability of the:-CRBRP 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. re11ab111ty analysis will be prepared
The associated methodo]ogy is. d1scussed in. Append1x C Sect1on 3 3

].].2.4.].6 Leak Detect1on Capab111ty

S Notw1thstand1ng the exceed1ng]y ]ow probab111ty of crack propagat1on SR
toa po1nt 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 postu]ated there is ample assurance that it would be
. promptly detected : : .

’.A]detaﬁied discussion of the various cand1date methods.oflleak S

‘f‘detect1on is given in Section 7.5.5, and only a brief summary is given.

at th1s point.. F1rst the mu1t1p1e methods of 1eak detect1on are:

'Rad1at1on mon1tor1ng
.~ _Aerosol monitoring”
- Continuity detectors. (cables)
Contact. detectors (spark plugs)

Hard w1red aud1b1e group a1arms are. sounded in the -control: room

'upon 1nd1cat10n of a:leak, and the approximate location of ‘the leak is. .

visually displayed to the operator. .Thus, operator awareness is assured

- rapidly, following detect1on of a 1eak and appropr1ate remed1a1 ‘action

w111 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 prov1ded will be estab11shed by the last test results
forthe aerosol monitors in feature tests in mid-1976. Ana1ysxs will be
prov1ded to show that leak detect1on can be obtained well in time for
remed1a1 “action.

’_] 1.2. 4, 1 7 Consequences of Hypothetical Large Breaks

- Even though 1arge fa11ures of the PHTS boundary are not considered

'.-appropr1ate as design bases, analyses have been conducted to determine

- the.consequences of such a postulated break. These are presented in
Append1x E of this PSAR, and are summarized below:

. The ana]ys1s shows . that unless the reference deS1gn is mod1f1ed

'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. operat1on. Since a criterion used to demonstrater

‘Vaccommodatlon of postu]ated pipe ruptures is the prevent1on of coolant

by ng in the core;’ des1gn modifications are required to" limit the 1eakage :

;*;_Jcomer.

eowafromhthe reactor vesse] for a postu]ated rupture in the 1n1et down-

One feas1b1e approach is“to- pr0v1de p1pe s]eeves around the sect1ons

3‘j.ot the. pr1mary piping in"which a double-ended rupture could cause coolant

: bo111ng in the core hot channel. This concept provides the capab111ty of
quickly building up a static head within the sleeve following a pipe rupture
and“1ncreases the effective impedance to. outflow from the reactor. The: pipe
' _;s]“eve ‘concept: has the additional advantage of not degrad1ng plant perfor--
-jvmance under normal operat1ng cond1t1ons

Co In add1t1on to the core temperature transients, p1pe ruptures in the
wpr1mary 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
f,safety function of any- components within these- areas or cause. ingress of ce]]
. .-gas into the. reactor 1n1et plenum. -

'ji'l 1 2.4.2 Act1v1t1es to Support Cessat1on of Para]]e] Des1gn for HCDA Safetx ’
: FeatureS'

; J 1 2 4 2 1 Ident1f1cat1on and Implementat1on of Des1gn Contro]s

: Major attention is paid to qua11ty contro] in the des1gn, fabr1cat1on
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 o

- be-seen that a thorough and- comprehens1ve process of qua11f1cat1on and" -

. approva] ex1sts at every stage. :
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Such procedures “however, would be of Tittle va]ue w1thout str1ngent

“standards against which they must be assessed. These include. not only the

requirements of Section III of the ASME Code, but also appropriate

' app11cat1on of a large number of RDT, ANSI, IEEE, MIL Spec and other .
-standards... RDT Standard F2-9T will be appropr1ate1y applied to the establish-

ment of re11ab1]1ty controls for each safety related system, the integration
of the goal into the design. requ1rement and the demonstration that the goal
has been met. The reliability program is described in much greater detail -
in Append1x 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.].2‘4.2.2 Ident1f1cat1on of Poss1b1e In1t1at1ng Mechan1sm g _
- A program has been established to 1dent1fy potent1a1 1n1t1at1ng .

.- 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 Fau]t Tree Ana]ys1s (FMEA and FTA).

Because of the 1mportance 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 pr1or to the dec1s1on to

;cease para1]e1 des1gn act1V1t1es

: In1t1ators 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 probablllty events
such as fuel failure propagation (See Section 1.1.4.3.2.5). The FMEA ana]ys1s
will be supplemented by a Fault Tree Analysis of the systems-to assure that

'_a]] possib]e fa11ure cha1ns -and the1r consequences have been cons1dered

As seen in Tab]es 1.1-9 and 1.1-10, qualitative and quantltatlve v

:analys1s of all essential elements will have been ‘performed. in depth by -

May 1976, ‘producing high confidence that all potential initiators of 1oss
of in- p]ace coo]ab]e geometry have been 1dent1f1ed . ,

1.1.2. 4 2 3 Re]1ab111Ay Conf1rmat1on to Acceptable Leve] of Probab111ty

Each 1n1t1at1ng mechan1sm 1dent1f1ed will be eva]uated to . assure

. that its contribution to the. overall probability is within the initial

allocation provided. Reliability goals have. been established and a]]ocaf1ons
of the goals to: appropr1ate reactor systems-have been made. . Consistent with -

~ theiroverall.importance in preventing core damage, re11ab111ty assessments

of the shutdown and shutdown heat removal systems have already been made.

‘The results of these analyses are presented in Append1x 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 will reflect

 increased maturity in design, modeling and data. .The current assessments_

are based on best est1mates of failure data.from ava11ab]e sources
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A 1arge test program is in place to. support the resu]ts of the reliability
assessments. Initial--reliability testing is directed at the- component/
part ‘Tevel to assure-that failure mechanisms are well understood and
margins to failure above expected conditions known. Substantial- FFTF
shutdown system testing already’ comp]eted is app]1cab1e to the CRBR and
has been factored into the initial assessments. :Specific testing of - -
prototypic CRBR'units has begun. Table 1.1=10 itemizes significant- tests
that will be- prov1d1ng 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 fa1]ure rates do' not
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 para]le] des1gn act1v1t1es

1.1.2.4.2.4 Common Mode Fa11ure (CMF)

' A substant1a1 port1on of the re11ab111ty conf1rmat1on program is-
directed at eliminating CMF or conf1rm1ng acceptab]y low probabilities of
~ CMF mechanisms that might result: in loss of in place coolable geometry

" The major: thrust-of the:CMF.effort: isito identify: potential mechanisms -

o using the: ‘procedures:.described .in Appendix:C and then to address’ each 1tem

- Consideration will then be given to design modifications: to. eliminate- the1r ‘
- 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).
preliminary CMF ana]ys1s will be comp]eted by June 1975 w1th an, updated-
ana]ys1s by May 1976.- _

In add1t1on to the: qua11tat1ve analys1s approach for 1dent1fy1ng
shutdown system - CMF ‘mechanisms, many aspects of the test program are
directed at uncovering potential common-mode failure mechanisms or
establishing .the margins to- fa11ure bevond 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 Shutdown System which:integrates:

the electrical and mechanical systems, and checks out procedures %ma1ntenance,
operational; etc.)i- While this test will not be-initiated until 1979 to
assure as: near: prototyp1ca11ty 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
s be1ng made. ~Table 1.1-10 shows key. m11estones assoc1ated w1th the CMF
effort 1n the tota] re11ab111ty program. -

‘:1.1.2.4.2.5 Ana]ys1s of Fue] Fa11ure Phenomenology to Show Ins1gn1f1cant
: Probab111tx

Sect1on 15 4 of the PSAR d1scusses the potent1a1 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 propagation
cannot occur as a result of a stochast1c fa11ure or local fau]ts
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_ The possibility of fue] ‘failure propagatlon resulting from an
,1enr1chment 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 wou]d result but wou]d :
~not cause fa11ure propagat1on : .

The PSAR eva]uat1ons in Sect10n ]5 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- p]ace coolable geometry as a result

"of fuel failure propagation phenomena in a semi-quantitative manner. By
June. 1976 adequate information will be available to conf1rm the very 1ow :
probab1]1ty of fuel failure propagat1on

The probabi]ity for stochastic fuel pin failure and local faults
has been minimized as a result of the following activitiés*

a. :The fuel pin and assembly has been des1gned and
- analyzed to an extremely conservative set of
design criteria, material properties, etc.
See Chapter 4, Section 4.1.

b. An extensive Qua11ty Assurance and Quality
Control Program is in place to assure that during
design, fabrication, and the operations, the
conservatisms are ma1nta1ned

‘¢c. Extensive deve]opment program and operating
reactor experience have shown that LMFBR
fuel elements do not exper1ence rap1d 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 eore within
the vessel. Analysis and test for pipe fracture mechanics pheno- .
mology in support of the PHTS piping integrity program are prov1ded
71n Sections’ 1.1.2.4.1.3 and 1.1.2.4.1.4. The analyses will fo11ow
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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 inan . .
inability to remove post-shutdown heat. The structural.failure probabilities
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: ' -

: Laék.of significéht'fnitial flaw growth Prelim. 6/75
during plant life_ o Update 5/76

- .Substantiation under. worst parametric . .3/76
~conditions, including all environmental .

- effects and material properties
" considerations R ‘

="_,IdentifiCatiOnfof 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 structural failure potential before
the cessation of parallel design.activities. ' B

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. '

B ].1;2,4.2.8 Ana]ysis qf'Core_Disruptive Atéidents

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. <Sincé 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 wi]l‘be
developed. Information being developed in the reliability programs will
be used to assess the relative probabilities of these classes.of events by
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-early 19?6¢ The 1nterdependence of the various phenomena required to produce
.a‘core dlsrugtlve accident must be considered. FPor example, shutdown system
- failure may

e 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
haying the greater redundancy.

- The progressuon of a core dISrupt{ve accident can be postu1ated 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 deve1opmenta1 work at
ANL and the HCDA analyses within the project will be used to make such
est1mates 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 L1cens1ng 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. Regqulation 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 Safefy-Approaco.

The fo110w1ng CRBRP .Design Safety Approach is genera]]y consistent
with the three levels. of safety concept used. by Regulatory to. g

~ evaluate the adequacy, for 1icensing purposes, of nuclear power
.. reactors.

M{'.The first level focuses on the re]iabffity o?'operétion 8

and prevention of accidents through the intrinsic features

c'.of the design, construction, and operation of the plant,

including quality assurance, redundancy, testability,

. dinspectability, ma1nta1nab111ty, and failsafe: features

of the comoonents and. svstems of the ent1re n]ant

- ,The second level focuses on the protectlon aga1nst ‘
rannt1c1patea Faults ‘and Unlikely Faults (as; defined
. in.Table: 1.1= -1A) which might occur despite: the care

taken in-design, construction, and operation of:the -
plant set.forth in Level One above This protect10n

. will:. ensure that the plant is placed in a safe

condition. following one of these faults.

The third level focuses pr1mar11y on the determ1nat1on

of events to be classified as Extremely Unlikely Faults

{as defined in Table 1.1-1A) and their inclusion in

the design basis. Table 1.1-3 contains a Tist 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 us1ng the same conservative assumptions as those
enployed in consideration of second level events. Additionally,
as described in Item 2 below, Level Three includes consideration
of severe accidents which are even less probable than extremely
unlikely faults.

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 desian. Nonethe]ess, the project
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p]ans to incorporate features and -margins. in the design to
mitigate accident consequences from loss of in-place coo]ab]e
Egeometry and these features and marg1ns 1nc1ude S

a.. Impulse energy absorpt1on features in the head

b. Primary. system features (1nc1ud1ng supports) deSIQned to
' 'accommodate above normal dynamic 1oad1ngs

cC. 'Reactor core internals designed to enhance post acc1dent
. cooling capab111ty and- reduce the potent1a1 for secondary
_cr1t1ca11ty, “and ' _

d. A low leakage containment hous1ng the entlre reactor
' coo]ant system. S

As a para11e1 effort, the proaect w11] conduct detalled ana]ys1s and

R&D work relative to low probab111ty acc1dents 1nvo1v1ng a loss-of
in-place coolable. geometry in ‘order to gain a more complete’ understanding
of their consequences. -’ The Project will also design-features
. to mitigate such consequences (for example, a sealed. head: ‘access

‘area, which may ‘or:may’ not:be: inerted, an ex- ~yessel: corecatcher and-
other consequence ing: features) +In the: event ‘that R&D:programs,

B ~discussed in 2.-abovej should:be Unsuccessful’in,: demonstrat ng: acceptab]y

Tow probability-for-an event leading to loss of ‘in-place coolable

geometry, a core d1srupt1ve 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 rea11sm as poss1b1e in the select1on ‘
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TABLE 1.1.1

DEFINITION OF TRANSIENTS

Anticipated Fault

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

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 this category may be expected to occur once or more
during the 1ife of the plant..

. Extremely Unlikely Fault

" An off-normal condition of such Tow probability that

no: events: ‘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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- OBJECTIVE

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

Provision of prqteciipn systems to
provide adequate response of system
in the event of all indentified trans-
ients,

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.

*.pefined in Table 1.1-1A

TABLE 1 ] 2

MULTI LEVEL DESIGN OF CRBRP

OPLRATING CATEGORY

OCCURRENCE

T PROBABILITY
TYPICAL EVENTS WITHIN PER YEAR OVER
CPERATING CATEGORY

Normal Qperation

Anticipated Faults*

' Unlikely Faults*

Extremely Unlikely
Faults*

Hypothetical Events -

- Events Qhwch based oﬂvex;'

- Events never expected to
oceur:

Events which w\l\ normally 1
oceur: ) :

¢ Full power operation -

o Startup & Shutdown )

¢ Random fuel pin failure

o Refueling

1 - 3x10 7%
per\ence. ‘are expected to

" occur at least once in.the.

life:of.the plant:

. o Loss “of off-site power
_® Loss of power to one pump

o Operator Error

e S,ur1ous scrams

Events whwch are not’ expected 3x10 2 - ~107¢
to occur indiyidually, but

which'might, based on the -

total list of such events,

occur once dur1ng the 11fe of

the plant:

"o Pump seizure.

o.Failure of dump system ’ . .
o Steam Generator leak’ [ e
~10 -4 2 06

X Maximdh flood or earthquake

_or_tornado’
¢ Large sodium-fire

o Large sodium-water reacticn

Design margins to provide for 10‘6.
unforseen events

- :30-YR PLANT LIFE

o e

TYPICAL DESIGN
FEATURES _

Fuel assembly designed to prevent
flow blockage

o Fuel of proven performance through~
life

Core restraint to provide neg-
ative power coefficient’

Adequate Doppler coefficient

Low pressure coolant systems

with wide margin to boiling

@ Maximum use of ‘proven technology

and hands~-on maintenance
Radicactive waste treatment system

Multiple reactor coolant loops
Decay heat removal redundancy
Battery power- supp11es for vital
services :

Guard: vessels for 1eak protection

Inert atmosphere:fn Sodium Cells

o Two independent shutﬂown systemsg
o Sodium water reaction protection
system

Site selection
Flood barriers
Containment isolation -
Low leakage containment

Capability to accept extra thermal
loads in the core support structure
Capability to accept dynamic loads
in vessel and primary system com-
ponents

Geametric requirements {n and around
the vessel )
Control room radielogical protection




L
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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 0pefating"F1oor

Large Sodium Spills Inside and Outside
- Containment

‘Large Na-H0 Reactions in the Steam Generator
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| TABLE 1. 1-4 |

SCRAM SYSTEM DESIGN AND RELIABILITY IN THE PSAR

" Section

L L2i6

3
1.5.1.1
1.5.1.3
s

g

'.4;3 |
S7./7.2

15.1/15.2/15.3
Appendix B

 mppendinc

_Item(s) Discussed

General DjscuSsﬁoﬁ_of the Design

Comparison H?fh O*Hnr Pesi"”s- in DBA*iCHIa” the FFiF

Shutdown System Re11ab111ty Prog*am (0verv1ew Onlv)

ioecondary COHLTOI Pod Svstem Test

Critical Exper1ments for - React1v1ty roefﬁments and
Control Rod Uorth

'Se1sm1c Des1qn.of Category I Instrunentat1on and Electrwca]

EqJ1pment

_Mechanica] Design of Reactivify Control Systems

Nuclear Design

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

Accident- AnaIys1s, 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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TABLE1,1_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
Chaptér 8

9.1.3.1
9.3.2
15.3

Append1x B
Appendix C

Item(s) Discussed

General Discussion of. the Desian

Comparison With Other Desians, in Particular, the FETF

Shutdown Heat Removal Systems Re]wab111ty Program
(Overview Only)

OVPrflow Heat Removal Deve1opment Test

Design Cr1ter1a C]ass1f1cat10n of Components, ﬂethbds

of Ana1y51s, Etc.

Therma1-Degcr1pt1on of the Overflow Heat Removal Service

Detailed Description of Design

‘Steam Generator Auxiliary Heat Remova] Instrumentat1on

and Control System

Overflow Heat Removal Service Instrumentation and Contro)

Electrical Power Supp11e$ |

' Ex-Vessel Storage Tank Cooling System _

Overflow and Makeup Circuit
Undercdo]ing Design Events,-AccidentbAna]ysis‘
Plant Duty Cy¢1e |

Detailed Discussion of Reliability Progréms and

Preliminary Estimate of Decay Heat Removal System
Re11ab111ty
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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.
5.
5.

wwm
-'OﬁN
* -

UJOJO)
ISR

-’”;7 5 5. 1
5.6
IAppend1x‘B

fﬁfAﬁpendig E

Item(s) Dis cussed

"GeneraT D1scuss10n of the- De51qn

Deve]opment Proqrams Associated With P1pe Inteqrwtv“

... Assessment

 Classification of Components -

Summary Description of the PHTS

Deta11ed Discussion and Fvaluat1on of Des1qn of the PHTs
“Material Properties _ v
“Coolant Boundarv Integrity . . .-
HaterwaT Cons1derat1ons, Inc]ud1nq Chemwstrv

"Sod1um to Gas Leak Detect1on System

_ Consequences of Pr1mary Boundary Leaks

Plant Duty Cyc]e

.Consequences of Hypothe51zed Mass1ve Fa11ure of

Primary Piping and Description of Design Features to

_Mitwgate These Consequences

s ? Th1s Sect1on conta1ns the pr1nc1pa1 coITat1on of mater1a1 reIat1ve
to p1p1ng 1ntegr1ty _ o
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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

Interﬁediate Heat E'xchanger _and Supports
Primary'Sodium Pumps and Supports

Check Valve

- Primary Piping and Supports

Vessel Support Structure
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TABLE T 1 8

ACTIVITIES T0° CONFIRM THE ACCEPTABILITY 0F THE REFERENCE DESIGN AGAINST
LOSS OF PIPING INTEGRITY

e Firm design capability
e Aerosol detection sensitiv1ty tests
e Adequate time for remedial action

v ) Prelim 6/75
Yy
V)

Tests 6/76

Matl for Acceptability Cbnfifmato:y'
Activity of Reference Design-  |Material
Aveilable“by 6/76
- | | | o Y/ indicat ial
1. Identification and implementation of design controls cg cates material
. Lo mplete
including:
e Applicable ASME, RDT design codes (F9-4, etc.) v
e Applicable material standards (M5-4, M3-7T, M2-5T, M1-1,2, etc.) v
® QA requirements for design, fabrication, installation and - v
inspection (F3-6, 37, etc.) o
: Operating procedures - SDD preliminary Final 1/80
2. Identification of possible initiating mechanisms by: '
o FTA/FMEA v/ ,
. Likelihood of undetected flaws Y (3/76)
3. Analysis of pipe fracture mechanics phenomenology | = Based on 2nd stress Finel stress report 1/78
to show: report 5/76%% . :
- ® Lack of growth of initial flaw » v
@ Penetration of flaw rather than extension 4 ‘ _
e Substantiation under worst parametric conditions | = Caustic environment | .-
© . of environment, stress, thermal aging, materials, tests 10/75 '
_ loadings _ Voo
o o Large values of critical crack sizes Voo
- 4, Test confirmation of analytical results - 'Partial elbow tests Welded elbow tests 3/78
’ - (Based on FFTF work available and topical report by 10/75 - final tests 12/75 : '
g ‘ : - - Crack gtowth
- morphology 12/75
5. Reliability assessment of probability less than 10_8/yr - Prelim_6/75 Final assessment of
: . ' _ ' Updated 5/76 margins 5/78
6. Leak detection capability confirmed to show




Q |  TABLE TL.Continued)

YE-YAS )

LOSS OF PIPING INTEGRITY -

ACTIVITIES TO CONFIRM THE ACCEPTABILITY OF THE REFERENCE DESIGH AGAINST'_.-

Q

| Activity

Matl for Acceptablllty_
L _of Reference Design
| Available by 6/76

Confirmatory
Materlal

7. Safety analysis of hypothetlcal consequences to show that:

] Leaks for large range of p1ping and leaks at critical

.-+ point.of less than l sq ft are w1th1n the core

. capability.,

o Leaks over a certaln size in 11m1ted locations are
within the plant capab1l1ty

Documentation

‘. Prelimlnary report
e Final report
o Comnfirmatory supplement

*k limiting’criteria for June 1976 date.-

| - Preliminary °

rationale%*

10/75
6/76

Final assessment by
ANL

8/78




TABLE 1.1-9"

e e

- including:

Applicable ASME, RDT IEEE design codes

Applicable material standards M5-4, M3~ 7T

M2-5T, M1-1, 2, etc.)

QA requirements for design,. fabrication,>
installation, and inspection (F2-2, F3- 6, etc.)

Reliability requirements (F2-9T)

Identification of possible initiating mechanisms

(FTA/FMEA) by
[

Electronics

Shutdown system failure modes
(mechanical systems)

"Decay heat removal system failure modes
Fuel failure propagation potential paths

‘Structural failures
Other transients

Reliability confirmation of absence of initiating

mechanisms to acceptable level of probability

(random independent failure rates) by:

Established goals & allocations
Numerical assessmentsv

Component Tests

' Sub-system tests

(FFTF scram tests completed 7/75, 6/76)

Detailed requirements for operation, repair,
monitoring, replacement and other controls

necessary for reliability.

wosn

~ N XX

"FTA 2/76
- prelim 3/75, update 5/76

- = prelim. 4/75, update 1, 5/76
#|

v
. Y

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

/
.- prelim. 12/74
-~ update 6/75

Electronics. on test :50% ongoing
SHRS test plans 5/76

- prelim. needs
" identified 1/76

o v
= ACTIVITIES T0 CONFIRM THE ACCEPTABILITY OF THE REFERENCE DESIGN AGAINST
. éﬁ' : B LOSS OF IN- PLACE COOLABLE GEOMETRY
, o | Material for Acceptability of Conf&rmatory
Activity Reference Design Available by 6/76. Material
| 1. Identification:andiimplementation of design controls / indicates material 1s complete

Final FMEA 3-6/78

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

procedure /80

11
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TABLE 1 !-9 (Continued)

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

Activity

Material for AccepEability of

{

|reference Design Available by 6/76]

Confirmdtory = |

Material -

. Resolution of common mode failure -

mechanisms of significance by :

e CMFEA within systems
e . CMFEA between systems.
e Identification of single fallure points and
~ their resolution or control
o Definition of margins against common mode
.failures by component tests

e System tests

Analysis of fuel failure phenomenology to show

_ Vinsignificant likelihood of:

e Manufacturing defects

e Propagation from stochastic failure
mechanisms .

e Propagation from an overenrichment -
.error

. Propagation from 1ocal blockage mechanisms

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

e Lack of growth of initial flaw

e Substantiation under worst parametric
conditions of environment, thermal aging,
materials, loadings

e Large values of critical crack sizes

® Assessment of ductile failure- mechanisms

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

- 15.4 (PSAR) 3/75

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

- prelim. 6/75 update 5/76
3/76

1/76

| Complete 12/78

- /82

Review of ongoing

{ ANL tests 1/79

3/787“




CLE-YAS

Activity

‘Material for Acceptability of
' therenceaDesiqn Available by 6/76

”Confirmatory
Material

I 8. AnalysiS'of core'&isrUptiVe’accident phenomenology to show:|

L1

Relative probabilities of potential initiators

_.:# *(LOF versus. TOP, etc.)

e Estimated relative likelihoods of accident
mechanistic paths leading to energetic disassembly
or slow meltdowns

'@ Assessment of capability of reference design to
vaccommodate a significant proportion of all CDAs
—f Enhancement ‘of core support structure

S thermal capability
) ;Assessment of” consequences of limited number of
B ftransients beyond plant capability '
4 Documentation S
'y Preliminary report
‘e .Pinal. report S » o
Confirmatory test supplements

limiting criteria for May 1976 date

- Prelim. (Appendix D,
~‘PSAR 3/75).
1/76

3/76

6/76%*
12775

5/56:

Update 12/76

S 7178

6/82

Update 12/76-12/77
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TABLE 1.1-10

ACTIVITIES FOR: IDENTIFICATION OF FAILURE MODES

RELIABILITY CONFIRMATION

CMF_ABSENCE

Ident1f1cat1on of Fa11ure Modes
‘Shutdown System

Preliminary FMEA
FMEA Update -
FTA -
Preliminary CMFA
Updated CMFA

Decay Heat Removal System

Overa11 System FMEA

Individual System and Selected Component

. FMEA
Individual & Selected Component FTA

Individual & Se1ected Component CMFA
- & SPFA. .

Structural Failures .

- Selected Structural Component FMEA

Reliability Confirmation

Shutdown System
Decay Heet Remova]/Struotura]

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

- CMF_Absence

Shutdown System

- Decay Heat Removal /StructUrali

Events not addressed by PPS
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Prelim.
Updated
Prelim.

Prelim.

Prelim,
Updated

Prelim.
Updated

Prelim.
Updated

‘Plan

Tests

Prelim.
Updated

- Prelim.

Prelim.

- 3/75

5/76
2/76
6/75

. 5/76

175
9/75

5/76
2/76
5/76

" 6/75

5/76

10/74
6/75

12/74
5/76

3/76
7/75
3/76

3/76

8/78
"5/76

6/75
5/76
5/76
5/76



1.1.3 prp1icabi1i;y 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

‘Gu1des only. These include 83 Regulatory Guides, 1.1 through 1.83.

" The AEC Regu1atory 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 10CFR Part

50 for design of nuclear power plants and in various parts of Chapter I
of 10CFR for construction, operation, and quality assurance, in addition

~ to design. Some of the deta11ed requirements, however, address directly

the light-water-cooled nuclear power plants. Consequent]y, a number of
the existing Regulatory Guides may or may not apply to the CRBRP, mainly

due to the d1fferences in des1gns between the LMFBR plants and the LWR
plants.

In order to assure that the design of the CRBRP wi]] 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 direct\y apply to the CRBRP.

A percentage rating scale has been used to evaluate the app11cab111ty

_,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 1mportant to note that both the applicability evaiuation
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 comprom1sed the
~assessment is then made in the context of an LMFBR plant in general.

The evaluated app]icabi]ity and the identified changes required

as concluded from the review are presented in Table I.
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TABLE 1

EVALUATION OF APPLICABILITIES OF EXISTING AEC

REGULATORY -GUIDES TO_THE CLINCH RIVER BREEDER REACTOR PLANT

REASONS FOR APPLYCABILITY AND/OR IDENTIFI-

No. [ TITLE % RATING OF APPLICABILITY | CATYONS OF CHANGES REQUI?ED (OR REASONS
: INTENT DETAILED FOR BEING NOT APPLICABLE
PROVISIONS

1.1 Net Positive Suction Head for 0.0 0.0 (No equivalent system pumps in the CRBRP)
Emergency Core Cooling and )

Containment Heat Removal System
Pumps (formerly Safety Guide 1)

1.2 Thermal Shock to Reactor Pressure | 0.0 0.0 {No comparable emergency core coolin {stem.
Vessels (formerly Safety Guide nor any large quantities of cold coo an

2y injection involved on the CRBR)

1.3 Assumptions Used ‘for Evaluating 0.0 0.0 A separate new guide for LMFBRs needs to be
the Potential Radiological Con- developed. Major changes required include:
sequences of a Loss of Coolant. 1. Emphasis on Toss of coolant accident is
Accident for Bo111ng Water . t Ticable to the CRBR
Reactors (Revision 1, 6/73, of not applicabl é the CRBRP.

Safety Guide 3) 2. Acceptable assurptions related to the

: accident release, taking into
consideration the L'FBRR characterist1cs
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.

1.4 ::fﬂAssumptions_Used for Evaluating 0.0 0.0 Same as 1.3 above

: the Potential ‘Radiological Con- ’ e .

“sequences of a Loss of Coolant
_Accident for Pressurized Water

Reactors. (Revision 1, 6/73, of
~ former Safety Guide 4)

1.5 Assumptions Used for Evaluating . 0.0 0.0 (No comparable radiological -consequences
the Pgtential Radiological Con- . involved for a steam line break in the CRBRP)
sequences of -a Steam Line Break
Accident for Boiling Water
Reactors (formerly Safety
Guide 5)

1.6 Independence Between Redundant 100% 100% Consistent with the (Proposed) CRBRP,
Standby (Onsite) Power Sources GDC 17.

& Between Their. Distribution
Systems (formerly Safety
Guide. 6)
1.7 Control of Combustible Gas 1.0 0.0

Concentrations in Contain-
ment Following a Loss of Cool-
ant Acc1dent ?formerly Safety
Guide 7)

There 1s no zirconium-water reaction, nor con-
tainment spray reaction with metals in the
CRBRP, Also, emphasis on 1o0ss of coolant acci-
dent is not applicable to the CRBRP.

However, need for monitoring of contust1b]e
cases is to be assessed.
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REASONS FOR APPLICABILITY AND/OR IDENTIFI-
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"o TTLE % RATING -OF ‘APPLICABILITY'
. . - - — L CATIONS OF CHANGES REQUIRED (OR REASONS
INTENT ! DETAILED FOR NOT BEING APPLICABLE)
i PROVISIONS
— } _ i
1.8.© Personnel Selection andTrain- i 100% 100% ST ms.\.equai\y appnes-‘ to the CRBRP
- ing-(formerly Safety Guide 8) ]l o ; )
?1.9 ‘Selection of Diesel. Generator 100% 1002 jIntent consistent with the Propased GDC 17
. Set- Capacity for Standby Power “The detailed provisions are equa]ly
: Supplies (formerly Safety appllcab1e to the CRBRP.

© 1. Guide'9):

1,10 Méchanical (Caldweld). Splices - 1002 100% This Guide is direct]y applicable.
‘grse}"2332122e8323u2:u52§e' ) The procedures set forth in this Guide for
%Re&ision‘l, 1/2/73, of f:s:ézgfgr:?:g];ggsogrzeﬁgzz:§Zle;pl;3§?1y

. former,Sarety Guide 10) applicable to the Category 1 concrete
: . structures of any nuclear power plant.
Sn Instrument Lines Penetrating 100% The intent of this Guide is consistent’ with
! Primary Reactor Containment GDC 55 and GDC 56 of the Proposed CRBRP GDC.
: (formerly Safety Guide 11) . . e .
) ) ’ o However, for the current design seléctions
of tie CRBRP, there are no.instrument Tines
penetrating the containment.
: : o P 1 . R
i1.12 : Instrumentation. for.Earth- 100% 100% The ‘intent of this Guidé is consistent with
© " quakes -{formerly Safety 10 CFR 50.36(c), which applies equally to
Guide 12) ) any nuclear pover plant.
? The provisions set forth in this Guide relat-
! ing to a suitable program for the seismic
instrumentation required are. considered
- : : ‘equally applicab]e’to the CRBRP as appropriate,
“ F113 07 Fuel 'Storage-Facility Des1gn -100% 50% The intent. of. this Guide is cons15tent with
B . Basis (formerly Safety - - o GDC 61 of the’ Proposed CRBRP' GDC.
Guide 13)
The detaxled provws\ons of thxs Gu1de would
be 90% applicable- to an LMFBR plant using
| ex-containment water pool spent’ fuel storage.
| - The only modification requ1red would: be
i related to Provision C.4 in that the inventory
i of radioactive materials available. from
i leakage should:be based on: assumpt1ons con-
sistent with the characteristics, of an LMFBR; -
o rather than.Requlatory Guide 1.25 {also see
) evaluation of Regulatory Guide 1,25 below).
f The CRBRP is presently using an ex-contain-
J ment sodium-cooled EVST desiagn.  Consequently
; the detailed provisions of this Guide is :
! estimated to be about 50% applicable.
o i To make the Guide fully applicable to:the
. i CRBRP, appropriate changes are required to

: supplement and/or modwfy Prov1srons C: 3 o

- ' ; B C.4 and C.8.

1.14 Reactor Coolant Pump Flywhee] 0.0 0.0 (This Guide is related to flywheels of reactor

t lntegrit{ (formerly. Safety : coolant pump motors in LWRS ~and is not
‘Guide 14 o P applicable to the CRBRP.) - i

1.15 Testlng of Re1nforc1ng Bars 1002 - 100%
for Category 1 Concrete Y ] This Guide is wholly applicable to the CRBRP
Structures (Revision 1)

12/28/72, of former Safety
Guide \5)




TABLE I (Cont'd)

TITLE - ' .'% RATING OF APPLICABILITY :

Potential Radiological Consequences |
of a Fuel Handling Accident in the
Fuel Handling & Storage Facility fo
Boiling & Pressurized Water Reactor:
(formerly Safety Guide 25)

Yo REASONS FOR APPLICABILITY AN?/OR IDENTIFI-
' NTE} : CATIONS OF CHANGES REQUIRED (OR REASONS
INTENT DETAILED :
| PROVISIONS FOR NOT BEING APPLICABLE)
B }
1.16 Reporting of Operating Informa- 100% i 50% This Guide is partially applicable
tion (Revision 1, 10/73, of - ! to the CRBRP.
former Safety §u1de 16) f The changes reguired include the
: ; following: )
- . 1. The parameter 1ist in Provision
! C.1.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
1 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
i applicable. This in turn depends- on the
' materfals selection for the vessel
) system which is not yet firm in certain
) : areas. )
V.17 Protection of Nuclear Plants 100% t 100% This Guide is considered fully applxcab\e
: Against Industrial Sabotage, ‘ to the CRBRP.
(Revision 1, 6/73, of former
. Safety Gu)de 17) -
1.18 ~ Structural Acceptance Test for - - 0.0 0.0 The containment design selection is steel
. -.Concrete Primary Reactor Con- so that this is not applicatle to the CRBRP
- tainments (Revision 1, 12/28/72 :
_ of former Safety Guide 18) . ; N )
N . X . or the hottom liner in the concrete base
1.19 Nondestructive Examination of ?
’ ‘Primary Containment Liner Welds 100% 0.0 ASME-ILI, Division 2 provisions will be
(Revision:1, 8/11/72, of former followed. -(Wote: This is so \n order to be
. Safety Guide - 19) - ) c&nswtteenttmfthh[{ SpGec)d
. e inten
1.20 Vibration Measurements on Reactor 100% - 50% however theote:t};q gétii%i 2?3;;c:e;eﬁnr
In;ernals (formerly Safety Guide anpropriate to LMFBR's
20 : .
1.21 Measuring ‘& Reporting of Effluents 100% 75% The intent of this Guide is equally applicable
from Nuclear Power Plants' (formerly to the CRBRP.
Safety Guide 21) The provisions in this Guide are only
o ' . applicable to the CRBRP, where appropriate.
1.22 Periodic Testing of Protection 100% 100% The intent of this Guide is consistent with
System Actuation Function (formerly the Proposed CRBRP GDC. .
Safety Guide 22) _ - S
1.23 Onsite Meteorological Programs R 100% 95% The intent and provisions of this Guide are
(formerly Safety Guide 23) S 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 fuide have no .
requirements strictly and exclusively based
upon these two LWR gquides. (Also see Regula-
) tory Position C.6.d of this Guide.)
1.24 Assumptions Used for Evaluating the 100% 0.0 This Guide was specifically prepared for PWR
. Potential Radiological Consequences plants, although the basic intent is cons1dered
. of a Pressurized Water Reactor Gas . generally applicable.
Storage Tank Failure (formerly ;
Safety Guide 24)- ! The detailed provisims are considered
: not applicable to the CRBRP. " ;
1.25 Assumpt1ons Used for Evaluating the | 50% 0.0 For app11cab111ty to LMFBRs, major chanaes in

Provisions C.1 and C.3 of this Guide are i
needed. -
Due to basic differences in fuel handling and |
storage designs between the CRBRP and the LWRs,
the detailed proyisions of the Guide are !
largely not applicakble.

SVA-42



TABLE I (Cont'd)

= T T : i
P’O. TITLE ] .% RATING OF APPLICABILITY REASONS FOR APPLICABILITY AN?/OR IDENTIFI- !
- - i REQUIRED (OR REASONS
i INTENT | DETAILED CATIONS OF CHANGES
! : ICABLE !
. PROVISIONS . . FOR NOT BEING APPLICABLE)
1.26 ; 'Qual)ty Control Classifications “100% 25% The 1ntent of this Guide is equally appli-
© et i & Standards (formerly Safety o o ) cable to the LMFBR plants.
- Guide 26) The detailed provnsxons of this Guide are
: : basically not-applicable to the CRBRP.
! . . . . .
| , This will be addressed in the PSAR per
. R ’ - . Section 3.2.2 of the SFAC,
3 . . .
1.27 Ultimate Hedt Sink-(fofmer]y 100% 100% The intent of this Guide is considered qen-
- Safety Guide 27)- erally applicable.

) . : ' : ’ Due to design differences, however, the de-
tailed provisions of this Guide are appli-
cable only where appropriate.

. o - . This Guide is maynly to concur On the
-1:28 ; . Quality Assurance Program 100% 0.0 requirements as set forti in AHSI Wd5.2.11
‘Reéquirements (Design & Con- ’ : {braft Ho. 3, Rev. 1, July 1973). The
: IR struct1on) (formerly Safety intent is applicable. For the detailed
. . | Guide 28} . provisions the CRBRP Q4 program will be
| : $ $F3 3 . followed.
t 1,29 - Seismic Design Classification .
i : (Revisgon 1,93/73, of former 100% 50% © The basic ‘intent of this Guide is equally
I . Safety Guide 29) - : app11cab1e to the CKBRP.
! - : . : In their present version, the detailed
i B provisions. described in this Guide are
] not -directly applicable to the CRBrP.
This will be addressed in the PSAR per
Section 3.2.1 of SFAC
1,30 Quality Assurance’ Requ\rements S LU 0.0 The intent {s applicable. For the detailed
c- o for-the Installation, Inspection, } . provisions, the CRBRP QA Program will be
Sk Testing of Instrumentation & . followed.
. Electric Equipment (former]y ’ :
- i Safety Guide 30) - } .
1.31: Control of Stainless Steel Weld- 100% 100% Although this Guide wagvpfepared for
. ing (Revision 1, 6/73, of former application to LWRs, it is-equally
- Safety Guide 31) P applicable to the CRBRP,
1.32. Use of ‘IEEE Std 308-1971, "Criteria 100% 100% The intent and provisions of this Guide
. for Class.IE Electric Systems for . are equally apm1cab1e to the CRBRP, as
Nuclear Power Generation Stat1ons appropr1ate.
: {formerly Safety Guide 32}
: 1.33°  Quality Assurance Program Require- 100% 0.0 The intent of this Guide is applicable.
i . ¢ ments (Operation) (formerly Safety For the detailed provisions, the CRBkP
Pt Guide 33§ QA Program will be followed.
}
: . 4
i Sl : :
- i I I R S S
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TITLE

% RATING OF APPLICABILITY

INTENT

DETAILED
PROVISIONS

REASONS FOR APPLICABILITY AND/OR IDENTIFI-
CATIONS OF CHANGES REQUIRED (OR REASONS

~ FOR NOT BEING APPLICABLE)

1.38

Control of E)ectroélag Weld
Properties (12/28/72)

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

_ Nommetallic Thermal Insulation for
Austenitic Stainless Steel
t2/23/73)

Quafity Assurance Requirements for
- ‘Cleaning of Fluid Systems and
‘Associated Components. of Water-

" : -.Cooled. Nuclear Power Plants

1.38

!_:________ ;;_1;_t A,_.T.A.'_',_“

. (3/16/73)

Quality Assurance Requ1rements for
Packaging, Shipping, Receiving,
Storage, & Handling. of -Items for
Water~Cooled Nuclear Power P]ants
-(3/16/73)

100%

0.0

100%

0.0

100%

100%

! 0.0

: 50%

0.0

0.0

|
|
i
i
i

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 appllcable
to the CRBRP.)

This Guide addresses the se]ect1on and

use of nonmetallic Thermal insulation

to minimize promotion of stress-corrosion
cracking in the stainless steel portions
of -the reactor coolant boundary and

other systems 1mportant to safety. Parts of
the detailed provisions of the Guide are
applicable where appropriate to the CRBRP.

" 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 Guide, refers, if
any, will be m1n1ma1 and will be done by
hand, .

Reranse of the above ressnns
is not rated.

, this Guide

The intent of this Guide is consistent with

-Appendix B to 10CFR50, "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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TITLE

% RATING OF APPLICABILITY,

INTENT

REASONS FOR APPLICABILITY AND/OR IDENTIFI-
‘CATIONS OF CHANGES REQUIRED"(OR REASONS

:'DETAI[ED‘ : "FOR NOT BEING APPLICABLE)
: . PROVISIONS
1.39 Housekeéping Réqﬁiremehts for 008 0.0 The intent of this Guide is consistent thh {'
Water-Cooled Nuclear Power : : Appendix B to 10 CFR 50, - - . i
?]énts,(3/]6/73) For the detailed provisions, the CRBRP !
B ) QA Prcgram will he followed.
1.40 >Oddlﬁficat1on Tests of Continuous- 100% 25% This Guide is intended mainly to concur
Duty Motors -Installed Inside the on the requirements set forth in IEEE Std-
‘Containment of Water-Cooled Nuclear 334-1971, subject to additional provisions.
_qugr_P\ast,(3/\6/73) The basic intent of the guide is generallv
H ’ ‘ " applicable. However, changes and supple-
i ments to [EEE Std-334-1971 aporopriate to
: LMFBRs are needed in order to be applicable
: A : to the CRBRP. ,
1.41- - ‘Pregperational Testing of Redundant 100% 1002 This Guide describes an acceptable method
;  On-Site Electric Power Systems to’ of verifying the proper assignments of
i -Verify Proper Load Group A551qnc ’ redundant load uroups to the related on- SItJ
..ments (3/16/73) power sources.
a It is considered eaually: annllcable to the
‘ ' CRBRP. N
Az lnter'm L1cen51n9 Policy, on. As Low 50% 0.0 The detailed.provisions, developed primarily
" iAs Practicable, for G ( for LWR plants, d not apply to the CRBRP,
ioding Releases from Light-Water- . . '
B .Cooled. Nuclear Power Reactors
- (6/73)_‘ =
1.43 1- Control of Stainless Stéel’Held ;160% 100% This Guide is related to selection and
", .0 Cladding of Low-AHoy Steel control of welding processes used for clad-
"-Components (5773) - ding ferritic steel components with
austenitic stainless steel.
It is equally applicable to the CRBRP, as
appropriate.
Control of’ the Use of Sensitized 0.0 0.0 The intent of this Guide relates to control |

1.44

~Stainless Steel (5/73)

. The solution is therefore mainly to rely

SVA-45

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 componénts in the CRBRP,
sensitization will occur. -On the other
hand, the high operating temperatures
limlt the use of materials of low carbon
content.,

upon control for cleanliness and protection
against contaminants.
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TITLE
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|
i

" DETAILED

'j}% RATING OF APPLICABILITY

PROVISIONS

REASONS FOR APPLICABILITY AND/OR IDENTIFI-
CATIONS OF CHANGES REQUIRED (OR REASONS

.FOR NOT BEING APPLICABLE)

1.48 -

)

‘Bypassed and Inoperable Status

" Power' Levels of Nuclear Power

Reactor Coolant Pressure Boundary 50%
Leakage Detection System (5/73)

Protection Against Pipe Whip 1002

Inside Containment (5/73)

100%
Indication for Nuclear Power
Plant Safety Systems (5/73)

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

1002

100%
PJants_(Revision 1, 12/73)

Contro! of Preheat Temperature 100%
for Welding of Low-Alloy Stee]

(5/73)

anerv1ce Inspect1on ‘of ASME
Code Class 2 and 3 Nuclear Power
Plant Components (5/73)

100%

T

0.0

0.0

100%

50%

100%

100%
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The basic intent of this Guide is cons1dered
generally applicable, but the Guide was
prepared to address the LWR coolant systems,

The detailed provisions of this Guide are

- largely not.appticable to an LMFBR plant,

The basic intent of this Guide is considéreda
generally applicable. |

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

This Guide is cons1dered equal\y applicable
to CRBRP.

The basic intent of delineating acceptable
design 1imits and appropriate combinations
of Toadings associated with normal opera-
tion, postulated accidents and specified
seismic events for the design of Seismic
Category I fluid system comporents 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.

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.)

This Guide describes an acceptable method
with regard to the control of welding

for low-alloy steel components during

initial fabrication. It is considered i
applicable to CRERP, as appropriate.

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 recard 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 will ‘be met. :

However,. certain significant differences
exist between LWRs and the CRBRP (e.q.,

~ low pressure system) and some spec1f1ed

examination methods (e.g., volumetric) have
been found not feasible due to certain com-
ponent material (e.a., 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 pract1cable & justifiable
will be considered & proposed,

[Ep——
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tha CRBRP QA Program will be followed.

\
I

. No. TITLE & RATiNG OF APPLICABILITY 'AREASONS FOR APPLICABILITY. AND/OR- IDENTIFI-—
’ - = T . CATIONS OF CHANGES REQUIRED (OR REASONS
INTERT DETAILED FOR NOT BEING APPLXCABLE)
: " PROVISIONS .
-1.52 - Design, Testing, & Maintenance 100% 100%
: Criteria for Atmosphere Clean-
-up System Air,Fi]tration and
absorption Units of Light-
- Water-Cooled Nuc\ear Power
‘Plants (6/73)
]f53' App]tcatvon of the Single-Failure 100% 100% This Guide is considered applicable to
Criterion to Nuclear Power Plant CRBRP.
~ Protection Systems (6/73) o o . )
© 1.54  Quality Assurance Requirements ~100% 0.0 The intent of this Guide ¥s.considered
’ for Protective Coatings Applied . applicable, For tie detailed provisions,
to Water-Cooled Nuclear Power ! tne LRBPP A Program will be tollowea. i
Plants (6/73) ; ) ) i
1.55 Concrete Placement in Category 1 100% ! 100% This Guide is cons1dered equally appli-
. Structures (6/73) . ; ! cable to ‘any nuclear power plant.
1.56 . Maintenance of Water Purity in 0.0 | 0.0 (This Guide was developed for BWRs and is
‘ Boiling Water Reactors {6/73) ] ! not applicable to the CRBRP.) !
1.57 vesign Limits and Loading Combina- 0.0 i 0.0 This Guide was specifically prepared for
tions for Metal Priniary Reactor Lon- - i ’ ; and Timited to those LWR plants of which
tainmént System Components (6/73) i the containment- ‘system comprises .a metal
R o : containment that is completely enclosed -
; i within a Seismic Category I structure (e.g.)
B ¢ a concrete shield building). It is, there-
: : fore,_generally applicable to those plants
b i which use“this particular type of contain-
- i, i " .ment system.
S i Due.to containment selection, this Guide is
. ;' not rated as it is not app]vcable
’ SR ‘ ' i ’ % i 1**- \b of this Gvice 35 conzidersd
1.58 8¥:l;f}ﬁ:;;gzig: Ng:;;?:az?xﬁr qu% i 0.0 : ao;licable For tne detailed provisions,
’ il | i ! " t
‘ % Testing Personnel (8/73)." P : nP Lnan QA Program will be fol]owed
1.59 Design Basis Floods for Nuclear joo% ' 1002 | - This Guide is equally applicable to CRBRP
N Power Plants (8/73) o i ; as appropriate.
1.60 Design. ﬁesponse Spectra for 100% ; 1002 This, Guide is corsidered equally appllcable
: Seismic Design of Nuclear Power ' to CRBRP, as appropriate.
~ -Plants (Revision 1,.12/73)
1.61 ° Damping Values  for Seismic Desion 1002 100% ;' This Guide is equally appllcable to CRBRP,
of Nuclear Power Plants (10/73) as appropriate.
].52" Manual Initiation of Protect1ve - 100% 1002 This Guide describes an acceptable method
- Actions (10/73) ; for complying with the requirements of
. [ JEEE Std 279-1971 (Section 4.17). It is
. S - considered equally applicable to the CBBRP.
“1.63- "+ Electric Penetration Assemblies ~00% “100% This Guide concurs with 1EEE Std 317-1972
© '+ in Containment Structures for and ‘supplements it.with four add1t1onal
" Water-Cooled Nuclear Power Plants provisions.
(10/73) 1t is considered equally applicable to CRBRP,
) S _as’ appropriate. !
1.54 Quality Assurance Program Require- | - 100% 0.0 The “ntent of this Guide is considered
ments for the Design of Nuclear ' applicable. For the detailed provisions,
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No. TITLE . % RATING OF APPLICABILITY|" REASONS FOR APPLICABILITY AND/OR IDENTIFI-
. .. -CATIONS OF CHANGES REQUIRED (OR REASONS
INTENT DETAILED. FOR NOT BEING APPLICABLE
] . - PROVISIONS : |-
1.65 . Materials & Insbéctibn for 0.0 0.0 .This Guide was prepared primarily for LWRs.
Reactor Vessel Closure Studs . fens
(10/73) Due to differences in loading characteristics,
it is considered essentially not directly
) . : applicable to the CRBRP. )
1.66 | MNondestructive Examination of 50% 50% - This Guide was develgped and intended pri-
- Tubular Products (10/73) marily for application to tubular products.
. R used for ASME-III Code Class Y components -
on LWRS.
The correspond1ng 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 producina
meaningful results. The CRBRP, however, is
anticipated to meet the requirements as set
forth in NB-2550 of ASME-III for the exam\na~
tion addressed by the Guide.
. 1.67 Installation of Over-Pressure - 100% 50% Code Case 1569, which forms the basis of this
-Protection Devices (10/73) 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 considere
as partfally applicable to the CRBRP in terms of
- ) ] . the detailed provisions.
1.68 .'Preoperational & Initial Start- 50% 25% This Guide was deve]oped pr\mdrlly for LWR"
L " up-Test Programs for Water- plants.

Cooled ‘Power Reactors (1]/73); In order to properly cover the LMFBR plants,
the detailed provisions of this Guide need to
be supplemented and modified by takino into
consideration characteristics of LMFER
plants. !
Specifically, this includes modificatiuns of
and supplements to appropriate items included

. } : . in Appencices A and C to this Guide.
1.69 ] Concrete Radiation Shields for 1005 100% This Guide is considered apnlicable to CRBRP.

Nuclear Power Plants (1/74) - : :

1.70.1] Additional Information-Hydro- 100% 100% The provisions of this Guide have already been
- Togical ‘Considerations for Nuclear incorporated in the “Standard Format & Content

Power Plants (12/73)-To: . Standard of Safetv Analysis Reports for Nuclear Power

Format & Content of Safety Analysis.| Plants - LMFBR Edition”, issued Februarv 1974,

Reports of Nuclear Power Plants

(Revision 1, Requlatory Guide

1.70, 10/72) o

1.70.21 Additional Information-Air Fil- 50% 25% - Provisior B.] set forth in this Guide is con-
: tration Systems & Containment sidered applicable, as appropriate. .
< g . .
z???;3;°r Nuclear Power Plants In particular, in order to make Provision B.1
plicable to LMFBRs, major and appropriate
cRanges are required with regard to the Posi-
tions in Regulatory Guide 1.52 which is
referenced. ) o
] - ) Provision B.2 is considered not applicable.
1.70.3§ Additional Information - Radicactive]  100% 100% - This Guide is considered aenerally applicable
- | Materials Safety for Nuclear Power | : to all nuclear power plants.
Plants - . : . .
1.70.4] Additional Information - Fire Pro- 100% - 100% This Guide is considered generally applicable
. tection Considerations for Nuclear to all nuclear power plants.
Power Plants- .
1.7) { Welder Qualification for Limited 100% 100% This Guide relates to control of welding
: Accessibility Areas (1/74) : - for nuclear components and is considered
* qgeperally applicable. R [
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TABLE 1 (Cont'd)

" [% RATING' OF APPLICABILITY

No. .} TITLE - _ REASONS FOR ‘APPLICABILITY AND/OR IDENTIFI-
-t : L —— — CATIONS OF CHANGES REQUIRED (OR REASONS
INTENT . DETAILED - FOR NOT BEING APPLICABLE)
' C "PROVISIONS " © . - .
1.72{ Spray Pond Plastic Piping. '
;e ??7;{) ond Plastic Pipjng 0.0 0.0 It s anticipated that there wvll ‘be no spray
' : pond in the CRBRP. . i
1.73 Qualification Tests of Electric 100% 75% This Guide is mainly based upon IEEE Std. j
. Valve Operators - Installed Inside 382-1972 and is considered equally applicable |
;?e Containment of Nuclear Power to any nuclear power plant, where appropriate. i
ants (]/74) ) In order to be properly applicable to LMFBRs,
modifications and supplements to IEEE
Std. 382-1972 appropriate to LMFBRs are
) ' _ , required.
1.74 Sgilzkg Assurance Terms and Defi- 1002 0.0 The intent of this Guice is app]icab]e.
i . : This Guide is not-rated since tﬁ LWR

1.75]. Physical Ind —— —— 2 e vendors
Sygteﬁs :I" ependence of Electric are still discussing its implications with REG,

176} Design Basis Tornado for Nuc]ear . 100% 100% This Guide describes desian basis tornadoes,

. Power Plants for nuclear power plants, acceptable to the

: Requlatory for three regions within the conti-

- quous United States.
" It-is generally applicab]e and is applicable

E . ) . . ) to the CRBRP as appropriate.

.Assumptions Used for Eva1uat1ng a. 0.0. 0.0 This Guide was specifically prepared for PWR

. ;_Contro] Rod Ejection Accideqt for - plants in regard to acceptable analytical
. Pressurized Water Reactors. methods ‘and assumpt1ons that may be used in
‘ : evaluating the consequences of a rod eJect1on
accident in uranium oxide fueled cores.
. B o o It is.not applicable to the CRBRP.

1.78] Assumptions for Evaluating the 100% 50% This Guide describes acceptable assumptions
Habitability of a Nuclear Power. . and criteria to be used in the evaluation
Plant_Contro) Room During a Pos- of control room habitability during and after
‘tulated- quardous Chemvcal a postulated hazardous chemical release. :
Release Requirements of the Guide are dependent upon |

actual or projected presence of certain
specified chemicals within 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 toxlctty will be -

} assessed. .

1.79} ‘Preoperational Testing of Emer- 0.0 0.0 This ‘Guide was specifically prepared-for PUR
gency Core Cooling Systems for plants in regard to acceptable preoperat1onal
Pressur1zed Water Reactors - test1ng programs for ECCs.

- § R o - ‘ . 1t is not applicable to the CRBRP.

]‘SO Pregp:fat1onal‘Teseing of Instru-- 0.0 0.0 This Guide describes an acceptable preopera-
‘ment Air Systems tional testing program for verifying the opera

: C bility of safety-related instrument air system.
On the CRBRP, except those portions pemetra-
i ting the containment-and being considered as
. parts and appurtenance thereof; safety-related
R instrument ‘air system parts are yet to be
i " identified. ;
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TABLE 1 (Cont'd)

- No.

TITLE

% RATING OF APPLICABILITH
—

INTENT

DETAILED
PROVISIONS

" REASONS FOR APPLICABILITY AND/OR IDENTIFI-

CATIONS OF CHANGES REQUIRED (OR REASONS
FOR NOT BEING APPLICABLE.

Nt

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

8.0

0.0

0.0

0.0

- 0.0

0.0

This Guide addresses the USAEC's requirements
with regard to the sharing of onsite emer-
gency and shutdown electric systems for

‘multi-unit nuclear power plants.

It is not applicable to the CRBRP.
This Guide abplies to PWRs only.
It 1s not applicable to the CRBRP,

-This Guide applies only to PWRs.

1t is not applicable to the CRBRP.
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RELIABILITY PROGRAM

C. 1 0 Purpose

-The purpose of th1s Appendix is to descr1be the. the CRBRP Relia-
b111ty 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 Des1gn is a sat-
: 1sfactory basis for 11cens1ng :

C.l.] Introduction

~ - Appendix C contains three basic sections. Section C.1 prov1desta
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 achleved :

_ Sect1on C. 20ut11nes the reliability methodology utilized for
~this. program and prov1des the current re11ab111ty assessments

' *) . ' - Sect1on C.3 presents the basic aspects of the planned ver1f1cat1on,'-
. . process which includes additional development activity, a confirmatory test

- program and key milestones to be met, as well as a description of ava11ab1e
test facilities.

- C.1.1.1 Def1n1t1ons of Terms Used in this Appendix

 Reliability |
o Character1stic of an item expressed by the probab11ity that it W1]1
perform a requ1red funct1on .under stated" cond1t1ons for a stated per1od of
time.

.Unre]fability

Numerica] compliment of reliability.

' Ava11ab111tx

Character1st1c of an item expressed by the probab111ty that it will
be operat1ona1 at a selected future 1nstant in t1me :

'Unava11ab111ty

Numer1ca1 comp]ement of ava11ab111ty

‘) - o SVB-1



. Common Mode Failures

Mu1t1p1e failures wh1ch result from a single 1n1t1at1ng 1ndependent_'

random cause. such as a common property, common process, common environment,
or common external event. As such, they form an 1mportant sub-set of the
v range of independent random fa1]ures :

Redundancx

means

bDiversitx7'

- The. performance of . the overa]] funct1on by two or more. 1ndependent

' Performance of the same funct1on by two or more d1fferent and in-"

dependent means.

"Random Independent Failure Rate

The expected number of fa1]ures of a given type.in a g1ven t1me in--

terva1 where1n each fa11ure is mutua]]y 1ndependent of the rema1nder of the

".fa11ures

' 'Safe/Unsafe/Fa11ures

Safe fallures are

those fa11ure events wh1ch do not affect the ab1-

:.]1ty to perform the safety function when required. Unsafe fa11ures are those
»fa11ure events wh1ch can degrade the safety- funct1on }

-,Mean T1me to Fa1]ure .

Ar1thmet1c mean of the t1mes to fa1]ure

'C 1 2 Summary

The overall des1gn safety approach for CRBRP is described in Sect1on

_,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-

a31 approach addressed in this append1x are:

e To identify those extremely un11ke1y events having the po-
tential to exceed 10 C F. R 100 guidelines

e To confirm through assessment des1gn and conf1rmatory analysis
and testing that all such events are of sufficiently low pro-
bab111ty to Just1fy exclusion from the CRBRP des1gn bases.

App1y1ng this approach has resulted in the 1dent1f1cat1on of events

wh1ch should be included

- be excluded. The events
. Chapter 15 of the PSAR.

in the CRBRP design basis and those which should

included in the design basis are identified in
Analysis of those events and the assurance that

. they are conservatively accommodated by the CRBRP des1gn is prov1ded in

the appropr1ate chapters.
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L Those events 1dent1f1ed as hav1ng the potential to exceed 10
C F. R 100 guidelines and which have not been inluded in the plant

"~ design bases  are treated in ‘this Appendix.  The basis for exclusion

- consists -of a-logical ‘process of establishing. criteria, allocating
goals, -performing conservative assessments and implementing testing,

' des1gn and analysis activities as required. These: activities are pursued. .
using traditional reliability methodology to achieve a high level
of_conf1dence that predeterm1ned goals are met.

The overal] goal- estab11shed for the Re11ab1]1ty Program 1s

) The probab111ty of exceeding guideline values sha]l be 1ess
‘than one chance in a million per reactor year.

: Initial re11ab111ty assessments 1nd1cate that the CRBRP will
meet this goal. The details of and bases behind this goal, its allo-
cation and the assessments are presented in Sect1on C.2 of th1s

. rappend1x

_ The Re11ab111ty Program furnlshes des1gn ver1ficat1on and |
‘conf1rmatory ‘data through a test program which utilizes ‘accepted
reliability eng1neer1ng methods to assure: proper tests are con-

- ducted; proper selection of test articles; and identification of =

- ‘those ‘components 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

des1gn approach described in Section 1.1 of the PSAR.
C.1. 3 Re11ab111ty Program

"This section prov1des a descr1pt1on of the Rel1ab111ty 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.1.3.1. 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
v be achieved by each system contributing to success. This allocation _
~is discussed in €.1.3.3. The Reliability Program plan which implements
the methodo]ogy necessary to assure that the overall. re11ab111ty goal
is ach1eved is d1scussed inC. 1 3.4,

The bas1c obJect1ves of - the Re]1ab111ty Program are:

o To 1dent1fy those extreme1y un11ke1y events having the potent1a1
to exceed 10 C.F.R. 100 guidelines.
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- o To eonfirm through assessment, design and confirmatory analyses
- and testing that all such events are of sufficiently low pro-.
»babtlity to justify exclusion from the CRBRP design bases.

*The Re11ab111ty Program elements are or1ented 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,
.jt 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 exp°r1ence and
data from closely comparab]e e]ements w111 be used to the max1mum
. extent possible.

(C.1.3.1 Reliability Criterion’

‘ In the absence of spec1f1c gu1de]1nes for the ass1gnment of
- ‘events into an LMFBR design basis envelope, the literature on
~reliability safety assessment was researched..-Several sources were

- consulted, :ncludlng pr1nc1pa1 References 1-6. It was recogn1zed
“.that ‘the -applicability of these. and’ other documents to LMFBR's and,
in. part1cu1ar, to. the CRBRP. var1ed -Each.was reviewed to. provide - .

-~ guidance in_the ‘selection. of .a re11ab111ty¢cr1ter1a, which-could:be
- .used to meet the objective of the Re11abnl1ty Program.. The most.

comprehens1ve and relevant treatment of the subject was - presented
in Section II of Reference 1. o [ o

. Based on the evaluation of th1s 11terature and the first-of-a-
kind nature of this plant, the Project concluded that assurance against
Tow probability accidents for the CRBRP should be. as stringent as other
commercial _power ‘reactors. Accordingly, the Project re11ab111ty criterion
is based upon the overa]] safety objective that:

" The 11ke11hood of exceed1ng gu1de]1ne va]ues ‘
~ should not be greater than one.chance in:one
_ million per year

C.1. 3. 2 Event Ana]ys1s

‘ A The second stage of the Re11ab111ty Program was tm 1dent1fy
events whtch appear to have .the potential to: exceed 10CFR100 guidelines,
- and 'to compare the probability of such occurrences with the reliability
criterion established above (C.1.3.1), Based on the results of this
compar1son judgment.was made on those events which should be included
in the CRBRP des1gn bas1s

SvB-4




- Events which have the potential to exceed 10CFR100:guidelines
~involve those .components. and systems of the plant 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 1iquid 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 10CFR100. Analyses to
confirm this conclusion are presented in Sections 15.5, 15.6, -and-15.7 of
this PSAR. o :

_ -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
10CFR100 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 their: extremely low probability. The initial
~analyses.for these events is presented in Section 15.6. .

~ reactor core. In:order for these events to lead to excessive releases
of radioactivity, it would-be necessary to violate the three containment =
barriers; i.e., the fuel cladding, 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.1%1) 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:

~ The final source having the potential to exceed 10CFR100 is the -

Total loss of Heat Removal Capability to the Core
following scram _ ‘
Transient without Scram . . o
Transient beyond the capability of plant protection
. system I
Assembly-to-Assembly Failure Propagation.

These initiators were thus'inc1uded-for'éVajuatibn by the Reliability
Program. ' : o ' . : ' v

SVB-5



- 'Thus,-:the.c

C.1.3.3 Initial Goals and Alloeation Mode1

A Based on the evaluation of initiators. discussed above, it .has. been
determined that the event which has potent1a1 to exceed 1OCFR100 gu1de11nes
: 1s ]oss of in- p]ace coo]ab]e geometry

' The cr1ter1on wh1ch was establlshed for the probab111ty of exceed1ng
10CFR100 guidelines can be related to the probab111ty of loss of in- place
coolable geometry, cons1der1ng the comb1nat1on of a]] the fo]]ow1ng o
:-_probab111t1es :

probab1]1ty of loss of in- place coo]ab]e geometry, and
probab111ty that loss of in-place coo1ab1e geometry leads to
2w~ breach -of. the PHTS and the::icontainment (either by phys1ca1,
”=tdamage or by excessive. 1eakaqe) and = -
o probab111ty of excessive act1v1ty re]ease to the env1rons, and

, -probab111ty that th1s re]ease 1eads to a rad1o1og1ca1 dose at
v];s1te boundary greater than 10CFR100 gu1de]1nes

L : Wh11e it is certa1n that the 1ast three of these probab111t1es
,'are each Yess-‘than one,. credit for this-has-not been-taken :at this time.
riterion established in Section €.1.3.1 is conservat1ve1y

..modified to.relate. d1rect1y to loss -of in-place coolable geometry rather
“than the potent1a1 to exceed gu1de]1ne values and ‘becomes: .

The probab1]1ty of 1oss of in- p1ace coo]ab]e geometry in the
core shall. be Tess than one chance 1n a m1111on per reactor year.

- The rema1nder of Append1x C uses thlS as the re11ab111ty cr1ter1on
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Selection of test articles in quantities for reliability conf1rmat1on 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
availablé.  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
ph1losophy under which the CRBRP test planning is done, thus assur1ng

max imum resu]ts from any test to be conducted.

It is expected that the test resu]ts will conf1rm that the pre- = -

"'establwshed 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 part1cu]ar, it will
add to the evaluation of component and subsystem failures which occur at the
onset of the "bath tub" characteristic such that provisions will be madée -
to assure that essential ‘component and subsystem failure rates will have -

-reached constant value. Projection of wear-out failures will be included
-in.maintenance and replacement planning to ensure replacemént 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 analysis and
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 Fa11ure

: The potent1a1 for -common mode fa11ures w111 be 1dent1f1ed by
a detailed Common Mode Failure Analysis together with:rigorous: Fa1lure
Mode ‘and Effects Analysis (FMEA). .and.Fault Tree Ana1y51s (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 diversity, diversity in component fabrication-procure-
ment - sources, enhanced testability, reduction .in the conditional .
probability of common mode failures after a casual évent 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. COmp1ement the
. failure mode and effects and fault tree analyses. Special tests will
- be. performed under abnormal conditions.to verify the absence of common

" mode failure mechanisms. These tests.will be designed to assist.in

‘ﬂthe 1dent1f1cat1on of potent1a1 common =mode fa11ures re]ated to

_'ja) 1nterna] and externa] env1ronments
'b) design deficiencies .
¢). functional def1c1enc1es - :
~-d)- -operating.and ma1ntenance def1c1enc1es

The components test program will verify that common mode failures
-w111 ‘not. be 1ntroduced via design- deficiencies at the component level.

Test1ng w1th1n the SHRS- Re11ab111ty Program will have the same -

' _obJect1ve, namely to help define potential common mode failures. 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 1mportant common mode fa11ure data relating -

- to steam generator tubes.

Add1t1ona1 deta11s concern1ng the methods to be emp]oyed in the
area of common mode failures are provided in Section C.3.l.l.2.
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Confidence'Limits

analysis.

-~ The method of computing conf1dence 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 require 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 portjon of the reliability program, in which confidence
Timits 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 1imit determination is provided below, with emphasis on the
approach be1ng initiated in the Shutdown Heat Removal System re]1ab111ty

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.

_Appropr1ate ‘techniques will be applied to develop a probability density

function where the probability density function directly y1e1ds a confidence
1nterva1 or probab1]1ty band. _

It must be rec09n1zed ‘that a definition of confidence Timits 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 mak1ng Therefore,
confidence Timits will be attached to the exper1menta1 and analytical - =
results from the reliability program by best engineering utilization of the - .

 methods available from probabilistic ana]ys1s state- of—the art and the

data wh1ch is available.
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.1.4, Goals "(Numerical)

. ‘Initial numerical re11ab111ty a]]ocat1ons have been made which
are consistent with the overall goa] and which provide the des1gner
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 constra1nts of
the overa]] goa] s

-c.1'4 1 Shutdown System Goal o

For the shutdown systems the success cr1ter1a is addressed by
a goa] to provide a design such that the unava11ab111ty of the two
systems 1s 1ess than : .

 Primary ' <1Q*4‘ .
Secondary <5 x 1074

,for trans1ents wh1ch w1thout scram, could resu]t 1n loss of in- place

d'_,fcoolab1e geometry

“The above goa] is based on “the obJect1ve of 1ess ‘than 10- 7 SDS
failures per year that could lead to Toss of in- p]ace coolable geometry v
For the ideal case of complete elimination of common mode failures between
the Primary and Secondary Shutdown Systems, the above goals would provide
an-unavailability of less than'5 x 107S. However, it must be recogn1zed
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 cha]]enges expected

S An - est1mate of the number of times that the protect1on system is
cha]lenged to prevent loss of 1n p]ace coo]ab]e geometry per year is
determ1ned by _

0 Def1n1ng wh1ch duty cycle events cause the hot channe] sod1um
temperature to exceed 17000F in 10 minutes or less w1thout
- protection;

. Summ1ng the number of occurrences of these events over ‘the
plant l1ifetime; and

® Dividing the total by 30 to determine the average aumber of
Challenges per year.
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~This approach is based on the fo1lowing.considerations:

sf First, the onset of sodium boiling in the hot channel

is not a sufficient condition for loss of in-place coolable
geometry, further, all primary f]ow events which result

. in pressure decreases that perm1t sodium boiling be]ow -

1800°F are included in the "must scram” category. (Note
that the sodium boiling temperature at pony motor flow -

v; conditions is >1720°F). For these events, the 1700°F
“criterion is conservat1ve 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

v 1700°F as the temperature for onset of boiling prov1des

s1gn1f1cant margin since the boiling temperature in the

' core exceeds 1800°F for all of these events

o Second operator react1on to s1gn1f1cant disturbances
* which affect multiple critical parameters would be

expected in less than five minutes. - However, to assure

~conservatism in the ana]ys1s a delay of ten minutes . ,
" 'has been assumed. The only operator action necessary is to
-~ “manually depress the scram button which is located
.in 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
re]1ab111ty assessment :

Third, the duty cycle overstates the total number of-

‘events to assure adequate therma] transient de51gn

'Based on th1s approach, a2 cha]]enges per year are spec1f1ed

for the shutdown system. These two cha]]enges arise from the _f

J,fo]]ow1ng two sources:
- (1) The upset events listed in Table C.1- -1.

lé(2) Five emergency events over the 11fe of the p]ant (provided,in

Appendix B).

: 0Of the upset events in Table C.1- 1 the fo]1ow1ng events result o
in’ overcoo]1ng of the core prior to scram and do not result in a potential
challenge to the Shutdown System from the standpo1nt of losing coolable .
core geometry: - U1, U2a, U2e, U7, U13, U15, U20 and U21b. No further
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cons1derat1on of these events is requ1red because the event plus postulated
failure of the Shutdown' Systems ‘does not. result in reaching a 1700°F hot
channel:'sodium temperature.,hEvents 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 automat1ca]1y started which prevents
significant sodium temperature changes. Event U2d and U2f ‘are defined to
term1nate w1thout reach1ng fu]] core AT

- The fo1low1ng events resu]t in an 1ncreas1ng pr1mary cold leg
temperature: in one ‘Toop due to a partial or complete loss of heat removal

- capability through one loop: U4a, U4b, UT0, UT1, U12, U14, U19, U2la,

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 events-are enveloped by:the coastdown event. For the
intermediate pump coastd wn, ‘the vessel inlét temperature rises one third
of the loop AT in"approxi mate]y 77-"1.5 minutes due to the increase of

- one primary cold Teg* temperature to approx1mate1y hot'Teg . 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 10 m1nutes the inlet temperature has risen
less than 150°F, This results in a hot channel sodium temperature of
less than 1500°F at approx1mate1y 10 minutes. Since an intermediate
flow, three separate primary co]d 1eg, and three separate primary hot
leg temperature alarms and all prec1s1on 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 s1gn1f1cant1y reduce the- temperature reached and whose action is
independent of the pump failure., Therefore, these events do not exceed
“the sodium boiling limit within ]0 minutes.

Event U3a-involving a part1a1 loss of primary f]ow in. one loop
_'results in a maximum hot channel sodium temperature of less: than 1450°F
since ‘the core flow is on]y reduced ‘to 90%. ‘The other events (U2c,

U2b (with unlimited power increase), U3b, USb, U6, U16 (with unlimited
power increase) and U18) may result in exceed1nq a 1700°F hot channel
sodium temperature in less than 5 minutes

~The rationale for 1nc1ud1nq flve emergency events in the plant
duty ¢ycle is prov1ded in Appendix B. ‘The sum of the frequenc1es of the
events as given in Table C.1-1 plus the additional five emergency events
is sixty-six over. the th1rty year plant life. Since the individual
event frequencies . are’ conservat1ve a conservat1ve estimate of the
.frequency per year 1s «:2 o .

SVB-14




¢

around the world, an unavailability of ~'10"

The Secondary Shutdown System availability qoa]
‘has been made less stringent than the Pr1mary
for the: fo]low1ng reasons:

_o":To prov1de des1gn f]ex1b111ty for 1ncreased

-~ 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 exper1ence 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 w111 be 1ower for the Secondary '
System ' -

In (Ref. 1), the Regulatory Staff d1scusses at 1enqth the

‘reT1ab111ty of current shutdown systems based on available data. It

is. shown that on the basis of operating expe£1ence from 228 reactors

(based on monthly testipg)"
can be deduced for state-of-the-art single shutdown system 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 1ndependent 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 mechan1ca1), one can. reasonably expect .
that the potential for common mode failure of both systems is significantly.
Tess than that for common mode failures within single systems already

shown to-have- unava11ab111t1es of less than 10-4

To prov1de confidence beyond that gained from 11ght water

‘reactor field experience that the CRBRP shutdown system can achieve

the stated goals, a preliminary estimate of the failure probab111ty has
been performed for ‘the dual shutdown system of CRBRP and is described
in Sect1on 3 1 :
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The numerical goals-specified are consistent with the philosophy

. presented in.this Section. ":Retiability 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

':h will provide data" necessary to substant1ate ach1evement of" the specified -

. mechanical subsystem. : i

l

o ~ An a]]ocatidn of" the Pr1mary and_Secondary Shutdown System
~ random independent failure goals has been made for the electrical and

' 'goals.

' Unavailability Goal

~ Primary Shutdown System | , 1 x 1074
Mechanical ==~ - ‘ 7.5 x.10°5
 Electrfcal -~ -~ . - . 2,5x105

Secondary Shutdown System . 5 x 1074
 Mechanical- - - o R 3-8f*”]0-4
Electrical ',d'.,;.,f'; o 'I'] 2 x 10-4

o Suba]]ocations w1th1n the subsystems w111 be ‘made by the respons1b1e
.des1gn groups to assure ach1evement of these goals.

~C.1.4.2 Shutdown Heat Remova] Sy;tem Goal

\ The goa] of the Shutdown Heat Removal - System is to v
confirm that the probab111ty of loss of in- -place core coolable. qeometry
due to failure to remove post-shutdown heat is less than ~8x10~/ per
reactor year. In achieving this. goal, analysis.and testing of the :
Shutdown Heat Removal portion of the Reliability Program will cover thase
components whose failure would lead to lack of adequate core cooling
following shutdown and for wh1ch fa11ure related data are Judged to be
most cr1t1ca11y needed. Lo

. _ The heat removal systems re11ab111ty assessment based on’ . :
ana]yses to date is presented in. Section C.2.2. This assessment. prov1des
... reasonable assurance that the reference design meets the stated safety
objective. The activities of ana]ys1s and testing w111 be. descr1bed
in detail in Section C.3.2,. P .

Three examp]es of deve]opment proorams externa1 to the re11ab111ty
program which will prov1de data of 'direct interest are the steam generator
development program, the bellows testing port10n 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 1ncorporated 1nto the re11ab111ty analysis as
1t becomes available.
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o The current reliability assessment concludes that the plant meets the
-overall objectives presented in- Section C.1.1. 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.
methodo]ogy and hardware reliability 1nformat1on as
presented in Section C.1.4.1 3

2. The'qua11tat1ve re11ab111ty activities within the Project
which impose a systematic and d1sc1p11ned method of
- plant design. This approach serves to.minimize the
"~ Tikelihood of design oversights, and in particular to
identify common mode failure potential. These activities
are discussed.in Section C.1.4.2. L

3:_'The presence of redundancy and d1vers1ty in essent1a1
design features in the systems of interest. These
aspects of the design are described 1n_Sect1on‘C.1.4.3.

4. Capability to incorporate design'and procedural changes
to enhance reliability. The 1ntegrat10n of reliability
. in the design dec1s1on process is detailed in Sect1on ‘

C. 1 4.4, - -

C.1.5.1 1Numerica1 Assessment

- In-this section, the results of the initial numerical assessments
are presented The current assessments 1nd1cate‘dmt the ooa]s will be
achieved in the CRBRP.

'c 1. 51 N Shutdown'System

, o An 1n1t1a1 re]1ab111ty assessment of. the Shutdown Systems has

~ been completed and is described in detail in Section C.2.1. Results

of this analysis provide confidence that the SDS meets the numer1ca1
reliability goals associated with the prevent1on 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 adequate]y meet the goal of

<0’ .
‘Table C.1-2 summarizes the results of the analysis and compares

the a]1ocat1ons to the various subsystems with the current numer1ca1
assessments for those subsystems.

SVB-17



: The results of the 1n1t1a1 re]1ab111ty assessment presented in.
. detail in Section:€,2.2, of the shutdown heat removal system is‘that . =

. the probab111ty 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 10~7 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 1imit. The criterion which was applied was that sodium bulk '
‘temperature within the reactor vessel should not exceed 1250°F. This -
temperature would not produce a loss of jin-place coolable geometry, but it
represents a lower bound of- a temperature ‘above wh1ch Tong term
- integrity of theprimary system is not assured. Analysis is cont1nu1nq

"~ to confirm the acceptab111ty of this limit. However, work to date
“establishes that the 1250°F limit is technically acceptab]e for the

time required for shutdown heat removal. Analysis is underway which is
expected to justify a higher temperature limit. 0per&t1on of portions"

of the heat removal equipment at this temperature is, of course, treated

as a faulted:-condition, therefore some: of the equ1pment my not be-

" reusable after be1ng exposed to 'the" 1250°F env1ronment dur1ng a given

E»shutdown.v.

1. 5.2 Quahtatwe Rehabﬂ1ty Assurance Act1ons S | E ‘

A second source of conf1dence in the re11ab111ty 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 fa11ure 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.
-re11ab111ty analysis. An especially important objective of these: analyses
- is to locate potential common mode failure sources, which are then
eliminated or consciously, w1th adequate managment attent1on. aCCORY
in the des1gn. e , .
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' _C 1 5 3 Des1gn Redundancy and D1vers1ty '

A further cons1derat1on in support of the conc]us1on that these

'.systems meet the stated objective of extremely high reliability is the
- 1nherent redundancy and dlver51ty 1n the system des1gns '

: C 1 5. 3. 1 Shutdown System S

A s1gn1f1cant factor in support of the h1gh re11ab111ty assessment

‘ -of the shutdown systems is the redundancy and diversity in the systems de-

sign. ' The systems consist of two independent 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 prote¢tion 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 protect1on aga1nst any part1cu1ar fault cond1t1on not
'be1ng sensed .

As noted above, ‘the secondary contro] rod ‘systen. concept has -been

.:selected with the intention of providing a shutdown system'which is diverse
v_re]at1ve to the primary shutdown system. Table C.1-3 compares those prin-

cipal features of the secondary control rod :system and primary control rod
system which are different between the two systems. The 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

' -ma]funct1ons such ‘as life induced d1stort1ons common to the two systems

C.1. 5 3. 2 Shutdown Heat Remova] System

, The key elements of shutdown heat remova] system redundancy and
d1vers1ty are: _

Post shutdown heat removal can fo]low any one of three para]]el
paths (the three heat transport loops) immediately after scram,
and any one of four paths (the normal heat transport Toops: p]us
the overflow heat removal service [OHRS]) beg1nn1ng about one -
hour after scram.

When heat is removed through the norma] heat transport 1oops, »
mu1t1p]e u1t1mate heat s1nks are ava11able ' '

'a) Beyond the sod1um/water heat exchangers three heat s1nks
. 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 hour after scram, the
protected air-cooled condensers (PACC) for steam-to-air heat
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_2'hftransfer Comp]ete redundancy does not ex1st among these
'j[gcomponents because of such th1ngs as.-common piping runs.

b) Within the steam/water system, two sources of stored feed-
. water are ava11ab1e, as well as a.main and an auxiliary
- feedwater pumping system. The auxiliary feedwater system .
has both motor-driven and steam turb1ne-dr1ven pumps wh1ch
- add.diversity. : Ny o

A redundant and d1verse path’ to the heat transport loops for

decay -heat removal is the OHRS. The OHRS utilizes a 11qu1d

. metal-to- -air heat exchanger and 'is therefore diverse in this
s .1mportant regard from the sod1um/water 1nterface in the norma]‘

'}'heat transport paths :

'“1'Qa) Within OHRS “all. pump1ng is by e]ectromagnet1c pumps d1-
verse - from the mechan1ca1 pumps in, the heat transport system
’ 1oops . S

~ 'b) At 1dent1f1ab1e t1mes after scram, the OHRS becomes 1nterna11y

'-“‘a"redundant that is, halfiof its- heat removal capacity.is ade-
. quate'to dissipate the' decay heat production load. Equipment

L rrangements (principally: pumps-and heat exchangers) are. such

- “that’ true redundancy exists ‘with the ‘exception of e1ements
Tike 'some common -piping runs. T

= Diesel: generators are. prov1ded as redundant. and. diverse sources
of power for heat transport and OHRS equ1pment requ1rements

C 1 5 4 Igplementat1on of Re]1ab111ty Requ1rements 1nto De51gn

- Des1gn, fabr1cat1on assembly, and. operat1on are the contro]]1ng o
factors in attaining ‘the. des1red level of safety and re11ab111ty in_any
complex technical undertaking. Since these 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 as the safety-related aspects
being emphasized in this appendix) consistent with the appropr1ate prov1s1ons
of RDT Standard F2 9T, "Reliability Assurance".

e To ensure that the objectives .and goals of the. Re]1ab111ty Program
together with the forego1ng des1gn/re11ab111ty interaction tenets are imple-
mented within. the design: process, the CRBR Proaect has . evolved design and
reliability procedures which:

- 1) Focus eng1neer1ng and management attent1on on the requ1re-
) “ments of" re11ab111ty, :

2) Ensure that reliability is “treated as a des1gn factor of equa]
- importance with other performance:factors by a close collabora-
- tive effort between design and re11ab111ty eng1neer1ng personnel
'”on a day-to day bas1s,

3) Alert management as. we]] as des1gners throughout the program
~ to:all re11ab111ty d1screpanc1es that may requ1re management
dec1s1ons
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) - L Within the project, an effective monitoring program exists which
- "assures.specific-management- cognizance-and approvals to prevent an inade-
: quate des1gn proceed1ng 1nto deve]opment test and product1on :

, The spec1f1c means by wh1ch these obJect1ves are realized and re11a- :
b1l1ty requ1rements 1mp1emented in des1gn are descr1bed below.

Two maJor functions are 1nvo]ved in 1mp1ement1ng the Rellab111ty
Program

1) a ver1f1cat1on funct1on to assure the program is effect1ve1y
- implemented -

2) integral design eng1neer1ng act1v1ty to assure re11ab111ty is
incorporated into the product during.the course of. component
~design, fabrication, assembly, and operat1on '

: In implementing both functions, maximum use is ‘made of existing
Quality Assurance procedures and organizations. The intent is to avoid
~duplication ofrprior-effort or -of personnel required to perform similar
functions,. and thus to minimize the administrative burden of the program.
Spec1f1c 1mp1ementat1on is ‘being carr1ed out as identified be]ow

. ;]) Reliability Assurance activities are conducted in para]le]
"~ with Quality Assurance act1v1t1es dur1ng the project design,
o deve]opment and test1ng phases

N o ,;Vf-""é) Re11ab111ty Assurance documentation requ1rements are specified
> T ~and -incorporated into existing Quality Assurance documentation
- wherever feasible.

3) Engineering holds are required for reliability reasons and are
_'1ncorporated into the existing engineering ho]d procedures.

- 4) “Reliability Assurance audits are performed in a manner similar
to Quality Assurance audits.

5) Re11ab111ty design review requ1rements are part of existing
design rev1ew procedures. '

'.C 1. 5 4.1 Component Re11ab111ty Contro] Po]1cy

The 0bJECt1VE of the component re11ab111ty contro] po]1cy 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 requ1rements 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 re11ab111ty requirements will be based on effort
~ controlled by reliability engineering personnel within the principal or-
ganizations 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 des1gn organ12at1on
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-7 - Suppliers of electrical and'meéchanical equipment designated on the
reliability.critical items list will ‘be 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 . o
organizations, '

: --C<];5,4,2,,Administrative Controls

" “The administrative controls which will be implemented to assure re--
liability goals are met by each piece of equipment and therefore by the plant
are: T - -

“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 by
- specification of reliability requirements (including definition
of any faulted conditions which are presumed to be acceptabie
~“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. o :

" 3) Reliability review and approval of Type 1 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,pra;tipes,h,ThiS.tuj
. torial function will include management product assurance, ergi-
: .- neering, and equipment supplier personnel as appropriate.
. -“5) - Development of reliability analysis procedures for uniform appli-
“toe cation within the project (see Section €.3.1.1.1).. ‘
. 6) Preparation of a Reliability-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 1like 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: = L ‘ o

o A.:GI)H,A:requirement that well=defined supplier orgaﬁizati0n7résponsi- _
w0 o 2'bilities for reliability assurance are assigned wherever design -
- .and analysis are the responsibility:of the supplier. o
~2)--Emphasis on design provisions for equipment access, inspection,
© - and repair. ' ’ '

3) .. Preparation of an FMEA according to an established project pro-
“ cedure. :When 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. B

- 5) Time]y and'complete'reporting of equfpment failures in test or
' ~ operation, including analysis of the failure and recommendations
« for corrective action. s o

' C.1.5.4.4. Implementing Documentation

" The fop level implementing document is the Ré]iabiiity,As$urance

~.portion of the Management Policies and Requirements document, which is

presently 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 p]an covers the
fo]]oW1ng 1tems

Q;Management too]s (Reliability Assurance Index Re]1ab111ty—
-Critical Items List, ‘Engineering Hold-Plan) '

- Specific concentrated rel1ab1]1ty programs (Shutdown System
and Shutdown Heat Remova] System Re]1ab111ty Program)

More broadly applicable reliability des1gn,and ana]ys1s tasks
Reliability testing o |
f*Spec1f1cat1on contro1s (SDD and'engineering‘Specification
'jcontent) ' L ‘ ‘ '
" Fa11ure ana]ys1s and report1ng
Mon1tor1ng procedures
The next lower level of implementation is the generationcof detailed

engineering or product assurance procedures. Existing project procedures
~will be modified or augmented as required.to specify all necessary relia-

_,,b111ty/ma1nta1nab111ty aspects. -

S The lowest: Tevel 1mp1ement1ng document is the Re]1ab111ty Manual
- for L1qu1d Metal Fast Breeder Safety Programs’ (hereafter-ealled Reliability
“-Manual - see Section C.3.1). This:document when complete will “include de-
tailed instructions on all aspects of reliability engineering methodology,
such as reliability apport1onment failure modes and effects ana]ys1s,
fault tree analysis, common mode failure analysis, Bayesian priors, testing
planning (including acce]erated testing and data sensoring), -and structural
reliability analysis.  This document, for which GE-FBRD ‘has lead and coordix
nating: respon51b111ty, is already. ava11ab1e in the form of a- first-draft.
The first formal.issue is scheduled for mid-1975. A ‘designated- act1v1ty at
each design contractor will be to issue and maintain control copies of the
Re11ab1]1ty Manual for the use of design. groups.

JVC 1 5 4 5 Re11ab111ty Enaneer1ng,P1ann1ng

S The program for 1n1t1at1ng and conduct1ng re11ab1]1ty eng1neer1ng
activities to assure that the safety objective can be met will 1nc1ude the
_fo]]ow1ng _

1) Eva]uate the cr1t1ca11ty of each p]ant system and se1ect those
-+ items for which re11ab111ty eng1neer1ng act1V1t1es are appro-'
- priate. :

:‘ZXMfPerform stud1es or organ1ze ex1st1ng data for each se1ected
" qtem to 1dent1fy probable types of failure and their effects.

3) Select those items meeting the definition of reliability criti-
" .¢al items-and determine if redes1gn of -the components -or systems
: f'nOV 1f a ma1ntenance program can ‘reduce the 1eve1 of cr1t1ca11ty

N
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C.1;5.4 6 Integration of'ReliabiTity Planning and Scheduling with Design

- This sect1on describes the 1nteract1on between re11ab1]1ty and de-
sign activities. ' In addition, schedules are shown which provide perspective
between reliability. output and design decisions. This interaction”occurs

- dn two situations: . that in which input from reliability allocation, assess-

ment, testing, and data collection impacts the normal design evo]ut1onary

- 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 fa11ures
could directly affect plant safety.

Figure C.1-2 111ustrates how the re11ab111ty program interfaces with

the design activities, using the primary shutdown system as an example. Com-

plementing (not shown.on Figure C.1-2) are the 1nterfaces from the design
act1v1t1es back into the re]1ab111ty program. B
of part1cu1ar importance to the-proaect 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 .

' re11ab111ty goals..

F1gure C.1-3 presents this phasing of the re11ab1]1ty and design

.act1V1t1es of the systems. The relation of the Reliability Program mile-
-stones with significant decision points on the Project Schedule is also

shown. . To assure that progress is being made toward the overall relia-

- bility goa]s decision criteria are identified as one phase of the relia-
-~ bility program . .

- C.1.86 Programs for Ver1f1cat1on 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 des1gn which w11] increase ‘the marg1n relative

to the goals. _ _

C.1.6.1 Shutdown System

The Shutdown System Re11ab1]1ty Proqram is described in Section
€.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-

't1cu1ar, that a failure to scram concurrently with any plant transient

is of suff1c1ent]y Tow probability that such a comb1nat1on of ‘events shou]d
not be treated as a bas1s for design.

The program provides a balanced effort of qua11tat1ve ana]yt1ca1
assessment with component, subsystem, and system test1ng to provide adequate
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‘data for system. re]xab111tz quant1tat1ve eva]uat1on -Fourfmajor tasks
. can be identified W1th1n this: effort = -

A comprehens1ve set of re11ab111ty methods .is be1ng co11ected
- and. developed jnto.a manual for project-wide use. “Included”
. in this effort are: procedures for management of the relia-
vfb111ty 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 re11ab111ty analys1s task uses two: approaches

Sa) Qualitative Analysis - to establish the fault paths 1ead1ng
to potential failure; to identify.the potential for common
mode failures; and to integrate the component and subsystem
failure mode ana]yses into system level ana]ys1s to 1dent1fy

‘ fa11ure po1nts within each system.

‘b)- Quant1tat1ve 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 provide bases for test
. Coprograms - and 1nterpretat1on of test results; to define a’
Copriority 11st1ng of component, subsystem, and system im-
“iﬁ_provement areas.

" The data bank . deve]opment task consists of the co]]ect1on of
reliability data, including applicable abnormal operating ex-
perience and maintenance problems.from:-all types of reactors,
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 svstems reliability when this data
is “integrated by the reliability analysis with .information from
other sources. These sources include component; part, FFTF,
and CRBRP design verification test data. The test p]an 1nc1udes
-test1ng at component subsystem, and system levels.

- C.1.6. 2 Shutdown Heat Remova] System

- The Shutdown Heat Removal Retiability Act1v1ty is 1ntended to con-
firm .the re11ab111ty 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 orlg1na1]y p1anned with a few minor
fmod1f1cat1ons to the proposed tests :
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3-' 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. _ o o :
. 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.]g623, Pjping'Integrity

| .”'Piping'integrity'is one identified source which fits into thevcategdry -
of'gthgrmfau1ts which could Tead to Toss of in-place coolable geometry.
Reliability studies to establish the integrity of primary loop piping are

- ‘under way. This work, which emphasizes piping integrity under reactor
- power 0pera?1on, 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 aqalysis draws on the results of this testing and the piping :
strgss;aqa]ys1s. 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

thgipipihg-jntegrity reliability analysis are presented in Section C.3.3.
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C. 1 7"Re1iabi]ity Program SUpport of Goal Achievement
'_’C 1 7 1 Shutdown System Goa] Program N

,h'- Ach1evement of the reliability goals for the shutdown’ systems will
have increasing support from the re11ab111ty deve]opment program “for the
fo]]ow1ng reasons:

S The re11ab1]1ty conf1rmat1on test program to be 1mp1emented for the

: mechan1ca] ‘shutdown system is based -upon confirmation of an individual rod un-
ava11ab1]1ty of at Teast 0.01 for both the primary or secondary system. As

is shown in Section C.2.1, an ‘individual rod unavailability of 0.01 provides
more than the. necessary system level availability because of rod redundancy
considerations in each system. -Individual rod unavailability w111 be con-
firmed by a combination of large sample tests and supp]ementa] .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 test1ng together with analytical efforts will be utilized to

 confirm shutdown system re11ab111ty for potential problem areas not totally

-gnepresented in ‘the Tlarge 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 env1ronmenta1 cond1t1ons
not 1ncorporated 1n the 1arge samp]e tests. ‘ :

Bayes1an stat1st1cs w111 be used in: the numer1ca1 1nterpretat1on of
«data assoc1ated ‘with- variables to which the shutdown 'system ‘performance
has Tow sensitivity. Consequently, component level testing in these areas’
can ‘be used to focus on providing qualitative information. to support the

engineering. ana]ys1s used to develop Bayesian priors and failure:rates
for. final system re]1ab111ty estimates. Typical variables that will be

treated this way in the subsystem tests are irradiation effects, interfacing
components performace, non-wear related real time effects, potent1a1 common
~mode effects, and acceleration mu]t1p11cat1on factors. :

- Section C.3.0 gives the deta1] of tests -currently planned to support
the reliability confirmation effort. Tables C.1-4 through 10 describe the
jmpact 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 p]an are st11] ‘being formulated some mod1f1cat1ons 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 us1ng data
obta1ned from component Tevel test1ng combined w1th ana]ys1s S

. The initial assessment-descr1bed in Sect1on 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. re11ab111ty 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 test1ng 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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' add1t10na1 400 scrams- w111 be completed by -the middle of 1975. For the
. secondary shutdown system preliminary results .on the coil-cord test and

latch test will be available; the damper test will be completed by mid-1975.
Both the primary and secondary systems will also have performed development .
tests up:-to and including subsystem testing in a prototypic environment pro-

“ viding additional confidence that the reliability confirmation will be suc-
: cessfu] prior to its initiation.

The confirmation process associated with the prev1ous]y defined re-

"; 1ia5111ty 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 1ndependent 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,

 if required, 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 ach1evement of - the’
' re11ab111ty goal. .~ .

As part of the detailed test plan now in preparat1on (see F1gure

"C 1= 2) the role each test plays in the overall numerical réliability
" confirmation will be provided. This plan will contain an-initial relia-

bility growth curve showing confirmed re11ab111ty as a funct1on of time

-:_1n the program and provide the basis for that assessment. An updated

vers1on of this curve will be ava11ab1e pr1or to a decision on the C.P.

The test act1v1t1es beyond the Construct1on permit decision po1nt

“will serve to provide an additional margin in the assessment confidence.

In conJunct1on with an estimate of the degree of conservatism provided

- for in the analysis it is- expected that the follow-on testing will
*-prov1de a significant increase in the assessment 1eve1 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 _.f-

‘by. construction and operational practices, this portion of the program w111
‘be” cont1nua11y updated through Initial: Cr1t1ca11ty ‘

E C ] 7 2 Shutdown Heat Remova] System

The Shutdown Heat -Removal System Re11ab111ty Program will prov1de -

;s1gn1f1cant input relative to p1ant reliability to support the major plant -

construction decision points, namely, the Construction Permit, FSAR, and
Initial Criticality. Progress of the program in providing data for decision-

making and generally advancing toward achieving f1na1 program goa]s will
f011ow the pattern of: -
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1. Explicit re11ab111ty analysis refined in sequent1a] updates to
R ._1nc1ude more precise modeling and failure rates. ' S

o 2}1 InJect1on jnto the des1gn process of v1s1b1e and exp11c1t
.o, treatment -of reliability matters with formalized, systemat1c
- reviews of component and system design, and- ;

3. Testing of components: Judged to be most cruc1a1 in the re11ab111ty

analysis to provide an improved basis for failure rates used in
the analysis, with significant potential for the added benefit
of identifying’ weak features of the tested components.

The f1rst element of the program, the explicit re11ab111ty ana]ysxs,
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.1. 4.1.2

“and is described in detail in Section C.2.2. The analysis aspresented 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.

' "“-;ana1y51s refinement which-are underway and will be reflected in updated

~analyses are .a more:precise_ representation-of component repairability; . -
“more detailed-component: failure analysis to set a more firmly grounded.

;f;‘_sod1um temperature limit as ‘the shutdown heat removal practical failure
. critérion, and incorporation of more certain failure rates. The improve-

“ment in fa11ure 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. Unquest1onab1y, other. app11cab1e test data will ‘also be
available,:.é.g., from deve]opment testing in th1s country and: from -

European operatlng exper1ence 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 repa1rab111ty repre-
representat1on, and more detailed analyses to define a realistic :
temperature 1imit. 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 w111 be -

A ava11ab1e before the F1na1 Safety Ana]ys1s Report.

: The second genera] area. of the program covers measures to 1nJect
imore d1sc1p11ned component- design ‘development into the engineering process.

The measures include analytic tools :developed during the course of’ re11ab111ty .

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 potent1a1 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
Jevel of . effectiveness. These analyses consist of Fa1]ure Mode and Effects
"Ana]ys1s wh1ch w111 be. performed on all the systems of 1nterest, namely,
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the primary and intermediate heat transport systems, the steam generator -
system, the steam generator aux111ary heat removal system, the feedwater
and condenser system, the main and auxiliary feedwater system, and reactor

-enclosure systems, and the overflow heat removal service. These FMEA's will

treat those aspects which are related to the 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 the: same 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 qua11tat1ve_
and part1a1]y quantitative tools are e]ements of a more organ1zed eng1neer1ng o
des1gn review. .

The third element of program contribution toward the re11ab111ty
objectives is the-test program. The test program as presently planned is

based on current best knowledge of compohent test data priorities. The ﬁ
‘test program is subject to changeas dictated by progress with the qualitative

and quantitative analyses of the heat removal systems. It will be seen that

- all: the:data will add to‘the certainty of the failure rates used in the

ana]ys1s Statistical interpretation 'of the data from the p]anned testing

- will be. max1m1zed, including combining the collected data with prior under-
“v_stand1ng 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 re11ab111ty assessment and for the FSAR
“.Spec1f1c jtenis p]anned for tests are addressed in Section C.3.2.2.

€.1.7.3 Piping Integr1ty

The piping 1ntegr1ty re]1ab111ty ana1ys1s is p]anned in such a way -
as to provide pertinent input for both the pipe integrity fa11back des1gn
decision po1nts as well as for CRBRP licensing m11estones

The first analysis will be comp]ete to support the p1pe 1ntegr1ty

fallback conceptua1 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 réfinements in the analysis, along with their

success criteria, their timing, and the elements of refinement over the
precedlng 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. 'Initiai“Réliability’ASséssmehf |

o a. Success cr1ter1on - Probab111ty of pipe rupture occurrence
“is within the goal of <10~/ for other faults leading to loss
‘of ‘in-place coolable geometry. This is based on a realistic
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probab111st1c ana]ys1s using best ava11ab1e 1nput '

- data and. methodo]ogy

T1m1ng - P1pe s]eeve concept se1ect1on (see Append1x E)

Updated Re11ab111ty Assessment

- a.

: Success cr1ter1on - Conf1rmat1on of pipe rupture -

within the goa] set’ in 1.a. above.

fT1m1ng - Construct1on Perm1t and pipe s]eeve pre]1m1nary

de51gn

.. Ref1nements

i 1) Stress ana]ys1s Fresults ut111z1ng more néar f1na1

Toads.

2)_yImproved ¢ritical (unstab]e) crack 1ength def1n1tion
+ . 1in actual- e]bow geometry :

. _v3):;Expanded data on cyc11c crack growth (S/N data) and

..growth: morpho]ogy (through thickness. growth versus
_tangentlal extenSIOn) for. actual elbow: geometry

4) Conc]us1ons on degradat1on of fracture toughness '
by caustic env1ronment . .

aIS):UAssessment of 11ke11hood of not detect1ng f]aws of

spec1f1c sizes.

The Updated Re11ab111ty Analysis may pred1ct a rupture probab111ty
Tower than 1n1t1a11y predicted, which would increase conf1dence in the .
p1p1ng 1ntegr1ty .

: 3;_

A,

F1na1 Re11ab111ty Assessment

Success cr1ter1on - Conf1rmat1on of p1pe rupture -

. .w1th1n the, <10-7 goal with improved confidence
. over the Updated Re11ab111ty Assessment as

1nd1cated in c.

;:.T1m1ng 71FSAR,and s1eeyeiinstaT1ation decision.

Réfinements:

1) Final stress analysis results with final 1oads'

. 2). Testing. to failure of a full.size we]ded PHTS p1p1ng“

" elbow and a ‘PHTS nozzle in the, Multi-Loading Test
Fac111ty at operat1ng temperature. The measurements
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will pr1nc1pa1]y confirm the adequacy of the stress
analys1s used in the re11ab111ty assessment

he final assessment 11kew1se has the potent1a1 of a pred1ct1on of
‘even h1gher re11ab111ty
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Ge-gAS

upset Event
U-1a
vU-ib’
U-Tc
U;éaM
U-2b

U-2¢

v O ,
. - )
\\J/

TABLE C =1

UPSET EVENT FREQUENCIES AND MAXIMUM TEMPERATURES

MEvent

Reactor tr1p‘from fu11 power w1th norma] decay heat
Reactor tr1p from fu]] power ‘with minimum decay heat
Reacfbrvtrip from part1a] power w1th minimum decay heat
Uncontro]]ed red'ihsertibh B

Uncontro]]ed rod withdrawal from 100%:power'M

Uncpntro]Jed rodﬁwithdrawal from start-up with automatic .

o trip

U-2d

U-2e

u-2f.

U-3a -
i
U-3a
U-4b
U-5a -
U-sb

u-6

Uncontrolled . rod w1thdrawa] from . start -up to tr1p p01nt

with delayed manua] tr1p

':P1ant.ioaa{ng at max rod w1thdrawa] rate

Reactor start up w1th excess1ve step power change
Part1a1 10$s of pr1mary pump ' '
Loss of power to one pr1mary pump

Part1a]\1oss of one 1ntermed1ate pump

Loss of pbWep:to one intermediate pump

Loss of AC power to one feedwater pump mofor

Loss of feedwater to all steam generators

-Loss of flow in two sodium Toops

. Frequency
(30 years) -

.
0
10 .

10

10

10

0
50

-2 per 160p‘

5 per Toop

2 per loop.
5 per loop'

10
R-. g7
10

. -

-‘Max. Temperature T
w1th1n 10 M1nutes

<1400 '

<1400

<1400

<1400

>1700

>1700

<1500

<1700
<1700
f;1500

51700

<1500

<1 500

<1500

51700

©s1700



9c-gns

EVent_ ‘

U-7a
Ut
U8

g
'eribq -
U-10b
' Uéidc
~u-10d

U-11a

U-11b

e

u-12

u-13°

U4

U-15a

. Upset EVénfs”(contiﬁued)'
) Primary'pumpAspeed'increaee”'“
'Intermediete'pump épeed’fncreese"

Intermed1ate pump pony motor fa11ure

.Evaporator modu]e 1n1et 1so]at1on va]ve closure

‘Superheater modu]e 1n1et 1solat1on va1ve closure

Evaporator module out]et 1so]at1on va]ve

Superheatergmodulenoutlet isolation valve closure.

- Water side isolation and dUmp of both evaporators
- and the superheater ' _ :

Water s1de 1so]at1on .and dump of evaporator j

~ module
'wa£Er SidefiSolatioh and:dump'of superheater .
'_Ldés of feedwater flow to one steam generatpr

© Feedwater throttle valve failed open

Loss of one recirculation pump

'4Turbine trip (without reactor trip)

TABLE C.1.1 (qohtinued)f

Frequency

(30 years)

i

Max. Temperature

w1th1n 10- M1nutes ;

5

5 per pUmp

5 per:pump :

4 per7lodp
2 per loop
4 per Toop

2 per loop -

6/loop

6/1o0p

-3 per loop
3 per loop
6 per']obp

50

8 per'loop

<1400

<1400
i
<j500
<1500
<1500
<15Qd

<1500

<15Q0m'

<1500
<1500
<15Qb )
<1500
<1500




' Upset Events(continued)

—.

N

CTABLE C.1.1 (continued) -

e

Event -

U-15b

u-16

U-17

U-18

LE-GAS

U-19a

U-19b

U-19c

U-20a

-U-20b

U-21a

u-21b

u-22

U-23

Turbine trip with reactor trip (loss of main _‘r'

condenser or similar prob]em)

Operat1ng bas1s earthquake

 Three loop natural circulation
';Loss of preferred and a]ternate preferred power

Small sodium-water leak: faulty evaporator moduleﬁi
_identified ' ‘ g

Small sodium-water leak: unable to identify
which module is faulty : U

Small steam-sodium leak: 1identified as super-

- . heater leak

Inadvertent opening of_one'turbine_bypass va1Ve

trip

Inadvertent opening of evaporator outlet safety/
power relief valves .

Inadvertent opening superheater outlet safety]f
power relief valves ‘

‘Inadvertent opening of drum valve (blowdown

valve, safety valve or SGAHRS velve)

: Inadverteht opening of evaporator inlet dump yalve_f

Turbine bypass valve fails open following reactor

- Frequency

- (30 years)

0

5 w1th 10 cyc]es

each - -
10
6
3/1oop}‘

3/1oop.

3/100p

5/100p
3/1065
3/Toop

3/1oop

@

Maximum Temperature

‘within. 10 minutes

<1500
51700
- NA -
~- . >1700
‘<i500‘;
<1500
<1500
<1500
<1500
<1500
<1500

- <1500

<1500 .



TABLE C.1-2

“RESULTS OF CURRENT UNAVAILABILITY ASSESSMENT
FOR SHUT DOWN SYSTEMS

Electrical

Mechanical ~ System
Primary Allocated Unavailability 2.5 x 10°5 7.5 x 105 1.0 x 1074
~ System _ ' ' .
Current Assessment - 5.x 107 2x 107" 7.0x 107
»Unavqilability '
- Secondary ' Allocated Unavailability 1.2 x 107% 3.8 x 10-% 5 x 1074
- System e - e . '
" L " Current Assessment 6 x 107

' Unavaﬂabﬂif_ﬁy o

“** ‘Based on individual rod unavailability of 0.01.
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TABLE C. I 3.

SHUTDOWN SYSTEM DIVERSITY OF. DESIGN

Control Assembly (CA) =

Control Rod
Guide Geometry :
No. of Control Rods

Control Rod Driveline (CRD)

Coupling to CA
Connection to CRDM -

Disconnect from CA for.Refueling

Control Rod Drive Mechanism

Type of Mechanisms.

Overall Mechanisms Stroke "

Scram Function

Scram Release

Scram Assist ‘
Scram Speed Versus FIow Rate -

Scram Ass1st Length”
Scram Deceleration

Scram Motion through Upper Internals

’___.xPr-imér., .
37 p1h'buhd1é _

,Hexagona]
15

Rigid Coupling

CRD Leadscrew to CRDM Roller -

Nuts

Manual

Collapsible Rotor-Roller Nut
- 37 Inches

Magnetic, Release CRDM Roller

Nuts
Spring in CRDM

Increases with- Decfeas1ng Flow -

Rate
14 Inches ‘
Hydraulic Dashpot ,
Full Stroke

Secondary

19 pin bundle
- Cylindrical

4

Flexible Collet Latch
CRD Attached to CRDM ,
Carriage with Pneumatic
Activation of CRD Latch

through SIender Rod

‘-.Automat1c

Twin Ball Screw with Trans-

lating Carr1age

69 Inches =

’Pnéumatic, Re]easé‘CRD

Latch in CA
Hydraulic in CA

‘Decreasing with Decreas1ng

Flow Rate

~-Full Stroke.
‘Hydraulic Spring
0.25 Inch -



TABLEC.1-4
© ASSESSMENT NUMBER 1, PSAR SUBMITTAL

FACTORS LEADING TO INCREASED CONFIDENCE IN RELIABILITY ASSESSMENT:

For details and summary of ASsessment, see Section C.3.1.
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‘ L . TABLE C.1-5

- ASSESSMENT NUMBER 2 -”JULY,‘1975

" FACTORS LEADING TO INCREASED CONFIDENCE_IN RELIABILITY ASSESSMENT: -

:System-

' Pke]iminary'System Level FMEA Completed for Common Mode“Failure,Identificatidn.

Primary Control Rod System

Increased design and configuration deta11

Preliminary FMEA completed

First calculation of individual rod re11ab111ty completed
Preliminary PCRS Reliability model completed

Pre]1m1nary vendor assessment of PCRDM re11ab111ty comp1eted

. FFTF subsystem test completed - subsystem a11gnment, m1sa11gnment
nd 'gross m1sa11gnment tests completed

‘\ B Secoh‘défy Cor’itrd]l R'od S,yétem
: Intreased design and configuration detai1
" . Preliminary FMEA completed
First calculation of individual rod re]1ab1]1ty comp]eted
" Preliminary SCRS reliability model completed

»Pre]1m1nary fault tree analysis completed
Design review completed for CRDM/CRD/CA flrst prototype (pre11m1nary)

Primary:and SecondaryAE]ectrica1 System

FFTF electronic component (vendor) demonstrat1on test comp]eted
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.1-6"
ASSESSMENT NUMBER 3 FIRST QUARTER, 1976

'FACTORS -LEADING TO INCREASED CONFIDENCE IN RELIABILITY. ASSESSMENT:

_Primary Control Rod System

" Design feviews completed for:
Upper Internals (final)*
- Core Former Ring (final)*
- CA and CRDM/CRD (prellmlnary)
Fault Tree Ana]ys1s comp]eted a
FMEA and CMFA updated -

'_SécqndafwaGhtroI“Rod System

| ) THe’de]owing Design Verification Tests wi11 be combleted:

‘Secondary Control Assemb]y Static Flow Test
Latch Test

FMEA and CMFA updated
FTA updated

Primary and SerndéAy Electrical System

Detailed FMEA comp]eted ' :
~ Initial group of e]ectron1c components beg1ns Re11ab111ty Conf1rmat1on
- test : , : g

ke interfacing,component5~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 ContnoT‘Rod'System“"

Comp]ete FFTF failed bellows test

- Information will be ava1]ab1e from the f0110w1ng Re11ab111ty Component

Tests:

CRDM scram assist spring test (comp]ete)
CRDM bellows test (complete)

Dynamic friction test (preliminary)
Bowed Duct drag force test (complete)

Informat1on w111 be available from the following Des1gn Ver1f1cat1on f

Tests

CRDM life test (pre11m1nary)
CRD dashpot (complete)
Stat1c friction test (pre]1m1nary)

__Cont1nu1ng FMEA resu]ts

Secondary Control Rod System

Des1gn Verification Test _
The secondary flow test under scram conditions will be completed
Component Reliability Test . .
The upper driveline bellows will be comp]eted

The updated fault tree analysis will be completed

Pr1mary and Secondary E]ectr1ca] System

nF1na1 design review w111 be comp]eted

60% of electronic components will have entered test | _
In1t1a1 data will be available from-reliability conf1rmat1on testA
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TABLE c.1-8 |
- ASSESSMENT NUMBER 5 FIRST QUARTER 1978

FACTORS “LEADING TO INCREASED CONFIDENCE IN RELTABILITY ASSESSHENT:

Primary Control Rod System

Information will be.available from the following Component Re]1ab111ty
Tests

- CRDM life tests (completed)
Pin rupture test (completed)
Duct impact test (pre11m1nary)

Final FMEA completed
Final CRD/CRDM design review comp]eted
jDeSTgn Verification Tests

DynamTc Friction (comp]eted)

Prototype subsystem test (preleTnary) _ o

" CRDM- performance (completed) E ' S
“CA flow (completed) : A ’

Re]TaleTty Subsystem Tests -
500 scrams completed in subsystem r911ab111ty confTrmatTon

Secondary Control-Rod System

FTna] FMEA w111 be comp]eted
The - fo]]oWTng Design VerTchatTon Tests w1]1 be comp]eted

Nose piece and shield flow
Prototype secondary control rod subsystem test for component
. Tnterference problems and overall subsystem effects.

The fo]]oWTng DeSTgn Limit Tests will be comp]ete:':

Contaminated argon cy1Tnder valve actuatTon
Driveline crushing limit

(Cont. )] 7»
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TABLE C.1-8 (continued)

 The foiloWihg 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 Secondaty:E1écfriéa1:System

" A11 electronic componehts entered into Reiiability Confirmation Testing
"Reliability Confirmation Testing 25% complete

. ¥ <corable scrams are included in the statistical reliability confirmation;

non-scorable scrams are. performed at conditions near and -exceeding design
Timits 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.1-9 |
ASSESSMENT NUMBER 6 FIRST QUARTER, 1979

* FACTORS LEADING TO INCREASED CONFIDENCE IN RELIABILITY ASSESSMENT:

-Pr1mary Control Rod System

F1na] FMEA completed
Reliability Confirmation tests .

* 1200 scrams completed (see Table C.1-4)

. Pre]1m1nary data will be available from mlsallgnment subsystem tests
. Des1gn verification tests :

Prototype ]1fe (comp]eted)

'Secondary Control Rod System

The CRDM/CRD/CA design review will be comp]ete
_The f0110w1ng Des1gn L1m1t Tests w111 be comp]ete

Gross fa11ure of main- shaft be]1ows 1nc1ud1ng test1ng w1th no
‘bellows ,
M1sa11gnment lHimits

"The fo]]ow1ng Re11ab111ty Tests will be comp]ete

Latch-co]]et, 1500 additional component level scrams (2000
cumulative scrams) A :

Sub-system test - shortened driveline (the equivalent of
-approximately seven years of real time testing w11]
have accumulated at this point)

Accelerated subsystem test, 200 additional scorab]e scrams
and 300 additional non scorable scrams (600 cumulative
scorable scrams and 400 cumulative non scorable scrams)

- Primary and Secondary E]ectrical'System

Reliability confirmation test 60%'comp1ete

¥ vepresentative of early wear évg-dsﬁ




TABLE C.1-10

ASSESSMENT NUMBER 7 FIRST QUARTER, 1980

© FACTORS LEADING TO INCREASED CONFIDENCE IN RELIABILITY ASSESSMENT:

Primazy Contro1 Rod System

- Final CA design rev1ew completed *

1500 scrams complete (see Table C.1-4)
(Subsystem common mode failure and misalignment tests w111 be
completed in 1980)

“Design verification tests:

- B,4C Irradiation (completed)
FFTF Irradiation (preliminary)

'Secqndary Control Rod System

The.guide tube deformation and bowing Design Limit Test will be complete.
_vThe fo110w1ng 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

'.Re11ab1]1ty Confirmation Test 80% completed '
“* Electrical subsystem re11ab111ty goal confirmed to an est1mated

70% conf1dence

* 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 lvel. This option will not be

. necessary when the confirmation test is complete.
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LOSS OF COOLABLE |-
GEOMETRY OF THE .

CORE

TOTAL LOSS OF

" HEAT REMOVAL

CAPABILITY
TO THE CORE

TRANSIENTS
WITHOUT SCRAM

TRANSIENTS BEYOND
CAPABILITY OF THE
PLANT PROTECTION

~ SYSTEM

ASSEMBLY TO
. " ASSEMBLY
FAILURE
PROPAGATION

CONSIDERED BY.

THE SHUTDOWN
HEAT REMOVAL
SYSTEMS
RELIABILITY
PROGRAM.

/\

. CONSIDERED
BY SHUTDOWN
SYSTEMS
RELIABILITY

PROGRAM.

TO BE CONSIDERED -
IN APPROPRIATE

RELIABILITY PROGRAM.

Figure C.1-1. Fault Tree :

SECTION 15.4 OF PSAR.
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TOTAL L0SS OF
HEAT REMOVAL

TOTAL LOSS OF

HEAT REMOVAL

CAPABILITY TO
THE CORE

TOTAL LUSS OF
HEAT REMOVAL
CAPABILITY WHEN

CAPABILITY AFTER

e
SHUTOOWN SHUTOOWN
o 1 ]
FAILURE OF . FAILURE OF FAILURE OF AUXILIARY WAIN STEAM &
LOQP 3 2 HEAT PLANT QVERFLOW LOOP# I HEAT FEEDWATER FEEDWATER
REMOVAL SHUTDOWN HEAT REMOVAL REMOVAL SYSTEM SYSTEM
‘CAVPABILI'V . $ERVICE CAPABILITY FAILURE FAILURE

REACTOR HEAT
TRANSPORY SYS.
FAILURE

CALLED UPON 10

I

REACTOR HEAT

TRANSPORT SY§.
“FAILURE

STEAM
GENERATOR

- sy © SYS/FAILURE. |

INTE RMEDiAfﬁ
HEAT REMOVAL
SYS. FAILURE

! —1
STEAM PRIMARY HEAT
GENERATOR AEMOVAL SYS.
SYS. FAILURE FAILURE

PIPE MECH. COMP
RUPTURE FAILURE |

MECH COMP.° PIPE
FAILURE RUPTURE

CORROSION MANUF

DEFECT-

OR INSTAL °
OEFECT

[\

MANUF X f coRRoSION
OR INSTAL. DEFECT - |
DEFECT ,

Lo MAIN STEAR & |:
SGAMR SYS, FEEDWATER |
-FAILURE . SYSTEM .
T " FAILURE
SHORT TERM LONG TERM HEAT

HEAT REMOVAL
SYSTEM FAILURE

REMOVAL SYS.
FAILURE
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MAIN STEAM
AND FEEOWATER
SYSTEM®
FAILURE

=

MAIN STEAM

SYSTEM
FAILURE
FAILURE OF
MAIN
CONDENSER
1SOLATION OR ” PIPE RUPTURE
BYPASS INLET SIDE MAIN
VALVE FAIL. «_ CONDENSER
MAIN
CONOENSER
RUPTURE
LOSs OF
VACUUM

CORROSION

DEFECT

2

MAIN FEEDWATER
SYSTEM
FAILURE

PIPE RUPTURE
QUTLET SIDE MAIN
CONDENSER

(SOLATION
VALVE
CLOSURE

T
FAILURE

LOSS OF
POWER

BEARING
FAILURE

AIR
EJECTION
FAILURE

RUPTURE -
DISC. -

FAILURE

LOSS OF
CIRCULATION
WATER
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SHORT TERM -

HEAT REMOVAL

'POWER
RELIEF VALVE

FAILS TO
. . OPEN

AUXILIARY
FEEDWATER

.-SYSTEM FAILURE

* BOTH STORAGE
" TANKS
RUPTURE -

CORROSION

722968

Ly

ISOLATION
VALVE
CLOSURE

PUMP
FAILURE

PIPE
RUPTURE

TURBINE DRIVE
PUMP FAILURE

"Figure C.1-1. (Cont.)
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=

. : - LONG TERM HEAT
: REMOVAL
SYS. FAILURE

ISOLATION
. VALVE CLOSER TO. PACC. Tor{;;::ﬂmﬁsm
OR FROM STEAM . FAILURE 3
DRUM ’ DRUM

FINNED TUBING
FAILURE

INSTRUMENTATION
FAILURE

BOTH FANS FAIL
O OPERATE -

) mLETE ELECTRO. DAMPERS REMAIN _EXTERNAL .
e MECH, FAIL. CLOSED LEAKAGE

ELECTRO..
MECH.
FAILURE

' COMMON
JAMMING

' ' 1
Figure C.1-1. (Cont.) - _ : o Sheet § of 5
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STEAM
GENEHATOR
. $YS. FAILURE

MECHANICAL -
FAILURE OF
RUPTURE DISC.

FAILURE OF
HEAT TRANSFER
'COMPONENTS

REMOVAL OF SERVICE
.DUE TO SODIUM/

" WATER REACTION

SHELL ASSEMBLY RUP,

OF SUPERHEATER OR
ONE OF TWO EVAP.

PUMP, PIPE, OR VALVE
PRESSURE BOUNDARY
FAILURE

CORROSION
: DEFECT

]

STEAM
DRUM
RUPTURE

VALVE
FAILURE

SHELLING
RUPTURE

ISOLATION

DRAIN

" VALVE
CLOSURE

. Y. VALVE |
RELIEF VALUES OPENING ~

WON'T OPEN

RELIEF
VALVE FAILS
TOCLOSE .

INCREASE
IN
PRESSURE

TuBE
FAILURE IN.ONE
OF TWO EVAP.

TUBE
- FAILURE IN .
SUPERHEATER

MANUF
OR

INSTAL.
DEFECT

" Figure C.1-1. (Cont.) Sheet 6 of 15
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MECH. COMP.
FAILURE

DRAIN VALVE
OPENING

PUMP TANK
RUPTURE

PLANT
SHUTDOWN

l

1HX

FAILURE

FAILURE OF
FIRST LOOP
CAUSING
SHUTDOWN

SHELL
ASSEMBLY
RUPTURE

DEFECT

FLOW DIST.
BAFFLE
BLOCKAGE

[\

TURBINE FAILURE

CAUSING SHUTDOWN

LOSS OF FIRST
LOOP'S HEAT
REMOVAL
CAPABILITY

MECH, COMP.
FAILURE

DRAIN
VALVE
OPENING

Figure C.1-1. (Cont.)

PUMP TANK
RUPTURE

1HX
fuse
FAILURE
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FAILURE OF
OVERFLOW HEAT
HEMOVAL
SEHVICE

!

FAILURE
AIR BLAST HEAT
EXCHANGERS

OF BOTH

BOTH SHELL
ASSEMBLIES
RUPTURE

INTTIAL
DEFECT

CoRmOSION

o PUMP

baILURE

" FAILURE OF

TVWO N PUMPS

AIR COULING
SYSTEM FAILURE

FAILURE

_Louven
FALURE

PRIMAHY SODIUM
OVERFLOW VESSEL
FAILURE

" FAILURE OF
HEAT EXCHANGER

CORROSION
OEFECT

Figure C.1-1. (Cont.)

CORROSION
DEFECT

VALVE
FAILURE

SMELL ASSEMBL Y
RUPTURE

CORROSION
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" TRANSIENT
WITHOUT SCRAM

[

PLANT PROTECTION

RANDOM
FAILURES OF

SYSTEM

N o

FAIL. OF PRIM.
SHUTDOWN
SYSTEMS

" NO. OF PRIM.-RODS

FAIL. OF SUFF.*

TO SCRAM -

FAILURE OF .

PRIM, ELEC.
SUBSYSTEM

FAILURE OF*
SUFF.NO. OF -
PRIM. CRDM'S
TO UNLATCH

FAILURE OF*
SUFF.NO. OF
PRIMARY RODS
TO INSERT

. FAILURE OF SEC.

1

SHUTDOWN
SYSTEMS

1

COMMON MQDE
FAILURE TO PLANT
PROTECTION SYSTEM

‘MODE FAILURES *

EVENY COMMON

COMMON ELEMENT -

{EQUIPMENT)
COMMON MODE
FAILURES

FAILURE.OF*

SUFF. NO. OF FA"; L:Z sec.
SEC. RODS TO
SCRAM SUBSYSTEM
- A 1
FAILURE OF* FAIL. OF SUFF.* . .
SUFF. NO. OF NO. OF 2/3 LOGIC ;3:}‘”:20;,
- SEC. MECHANISMS -MODULES TO PASS RODS TO INSERT

TO UNLATCH SCRAM SIGNAL .

AN

JAN

:

I 1
- inTermepiaTe: | |- | ¢ EXTENSIVE .
M PLUG e o DEFORMATION
" TO UPPER
ROTATION o

EXTENSIVE -
DEFQRMATION OF
MULTIPLE CRDM'S

BY MISSILE

*IT IS RECOGNIZED THAT DIFFERENT RODS MAY FAIL SIMULTANEOQUSLY FOR DIFFERENT REVASONS THE TREE SHOWS GENERAL COMBINATIONS
WHICH CAN RESULT IN FAILURE OF ONE OR MORE RODS, TO FAIL THE PRIMARY OR SECONDARV SYSTEM WOULD REOUIRE SUCH COMBINATIONS
OCCURRING SIMULTANEQUSLY TO THE SUFFICIENT NUMBER OF RODS,

Figure C.1-1. (Cont.)
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FAII,URE oF
PRIMARY ELEC.
SUBSYSTEM

FAILURE® -
OF SUFF.NO.
" OF INSTRU.
CHANNELS

FAILURE"
. OF SUFF.NO. OF
2/30L0GIC -
DEVICES

FAILURE®
OF SUFF.NO. OF .
TRIP BREAKERS

FAILURE® FAILURE®
- OF SUFF.NO. OF

LOGIC TRAINS

CALC. UNITS

FAILURE OF SECOND.

SUESVSTEM

7229-57

FAILURE®
OF SUFF.NO. OF
INSTRUMENT.
CHANNELS

FAILURE".
OF SUFF.NO. OF

1716 LOGIC .
MODULES

FAILURE*
OF SUFF, NO. OF
LOGIC SIGNAL
GENERATORS

FAILURE®
OF SUFF. NO. OF
LOGIC DRIVERS

FAILURE®
OF SUFF. NO. OF
COMPARATORS &
CALC. UNITS

*IT IS RECOGNIZED YNA' DWF!I‘IEN' Nws MAY FAIL SIMULTANEOUSLY FOR DIFFERENT READNS. THE YREE suows GENERAL COMBINATIONS
WHICH CAN RESULY IN FAILURE OF ONE OR MORE RODS, TO FAIL THE PRIMARY OR SEwNDAﬂV SVSTEM WOULD REQUIRE SUCH COMBINATIONS
OCCUkﬂIMO S’MULYANEOUSLV 'D TNE SUFFICIENT NUMBER OF RODS.

Figure C.1.1. (Cont) Sheet 10 of 15
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- : EVENT.COMMON
MODE FAILURES

COMMON
EXTERNAL
EVENTS

ZEARTH. -
7" QUAKES, FIRES,

MFGRG.
INSTALLATION
' ERRORS

OPERATOR |
€RHOR

- TEST
AND REPAIR
ERNORS

DESIGN
ERRORS, INCLUD.
SOFTWARE -

Figure C.1-1. (Cont.)

.
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" INTERNAL
EVENTS

|

" INTERACTIONS BETWEEN COM-

' PONENTS MODELED AS
INDEPENDENT. FAILURE OF
ELEMENT INCREASES LOADING
UPON REMAINING ELEMENTS
IN ASSEMBLY
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v
FAILURE OF SUFF.
_ #OF PRIMARY © -~
CRDM'S TO UNLATCH -

ROLLER NUTS DO NOT

DISENGAGE FROM
LEADSCREW IN'SUFF.

ANTI.EJECTION
PAWL DOES NOT

THAN REQUIRED

. DISENGAGE FAOM LEAD--
# OF CRDM'S ’ SCREW IN SUFF.
OF CROM'S
'
. *IT'1S RECOGNIZED THAT DIFFERENT.RODS MAY FAIL SIMUL-
’ TANEOUSLY FOR DIFFERENT REASONS, THE TREE SHOWS
M _ SEGMENT ARMS DO. GENERAL COMBINATIONS WHICH CAN RESULT iN FAILURE .
ROLLER NUTS T 'NOT MOVE TO OF ONE OR MORE RODS, TO FAIL THE PRIMARY OR SECONDARY-. -
SEIZE TO RELEASE THE SYSTEM WOULD REQUIRE SUCH COMBINATIONS OCCURRING
LEADSCREW © ROLLERNUTS SIMULTANEOUSLY TO THE SUFFICIENT NUMBER OF RODS.
. SEGMENT ARMS
SEGMENT ARM SPRING - UNABLE TO MOVE
* FORCE ISLESS ’

SEGMENT ARM
.- $PRING
FRACTURES

SEGMENT
ARM SEIZES TO
PIVOT PIN

- DEBRIS
PREVENTS
.MOTION

SEGMENT -
ARM SPRING
RELAXES

SYNCHRON-
IZER BEARING
ASSY. FAILS .

RESIDUAL
MAGNETISM
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FAILURE OF SUFF.
# OF PRIMARY
RODS TO INSERT

I
INSUFF, FORCE TO
MOVE DRIVELINE
- DOWNWARD FOR SUFF, o
# OF RODS.

. 3

1

g
EXCESSIVE RESISTANCE
TO DRIVELINE
DOWNWARD MOVEMENT

‘FOR SUFF. # OF RODS

1

MOVEMENT

EXCESSIVE

INSUFF. INSUFF. ™~
SCRAM ASSIST ASSEMBLY X e o CAL " UPWARD HYDRAULIC
SPRING FORCE WEIGHT FORCE

GALLING
AT CONTACT
POINTS

. DucT
DEFORMATION

LEADSCREW
BOWING

DEBRIS
AT CONTACT
POINTS

EXCESSIVE
COMPONENT
MISALIGNMENT

BELLOWS
INTERFERANCE

*iT 1S RECOGNIZED THAT DIFFERENT RODS MAY FAIL SIMULTANEOUSLY FOR DIFFERENT REASONS, THE TREE SHOWS GENERAL COMBINATIONS
WHICH CAN RESULT IN FAILURE OF ONFE OR MORE RODS, TO FAIL THE PRIMARY OR SECONDARY SYSTEM WOULD REQUIRE SUCH COMBINATIONS
OCCURRING SIMULTANEOUSLY TO THE SUFFICIENT NUMBER OF RODS. .
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FAIL OF SUFF -
HUMBER OF SEC
CROM'S TO
UNLATCH

1

SUFF. NO. OF*

—

SUFF ND. OF*
COUPLING PISTONS AND
FINGERS FAIL CYLINDERS
JAM
' =

COLLET
FAILURE

FINGERS
SELFWELD TO
GRIPPEAS

FRICTION
FORCES TOO
HGH

IMPURITY IN
GAS USED TO LIFT
- PISTONS

g OVER PRES.
OVER TEMP.IN GAS
suPPLY

POOR INSTAL,

OR
MANUF. DEFECT

PiSTON RODS
BECOME JAMMED
WITH DRIVELINES,

*IT IS RECOGNIZED THAT DIFFERENT RODS MAY FAIL SIMULTANEOUSLY FOR DIFFERENT REASONS, THE TREE
SHOWS GENERAL COMBINATIONS WHICH CAN RESULT IN FAILURE OF ONE OR MORE RGDS, TO FAIL THE

PRIMARY QR SECONDARY SYSTEM WOULD REQUIRE SUCH COMBINATIONS OCCUARING SIMULTANEQUSLY TO

THE SUFFICIENT NUMBER OF RODS.

Figure C.1-1. (Cont.)
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Sheét 14 of 1.5




96TL

¢9-4AS

. FAILURE OF SUFF.
NUMBER OF SEC. -
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CONTROL ROD
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CULLET
FINGER BREAKS &
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_ Figure C.1-1. (Cont.)
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WELDMENT

" IRRAD.
CREEP -
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Figure C.1-3. Phasing Of Reliability And Design Activities



