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C.1.0 Introduction

Cc.1.1 Program Ob]ect1ves

This appendix provides a description of the objectives, scope,
method of implementation and current status of the CRBRPReliability Program. -
The basic objective for this program is to provide additional assurance
(beyond the normal ‘design process) that the probability of -exceeding the
radiological release guidelines defined in 10CFR100* is acceptably Tow.
The focus of the program is on those safety related systems which act to
prevent accidents which result in potential radiological release.

Licensing requirements and associated Regqulatory ‘Guides currently
in use on thermal reactors are directed towards the goal of ‘prevention of -
significant radiological release. Where those requirements and guides are
applicable to LMFBR's, they are being applied to CRBRP. The basic design
.of the safety related systems in CRBRP therefore provides a level of
protection against radiological release comparable to that provided in
thermal reactors. Features of the safety related systems in CRBRP however
differ in some respects from those in equivalent thermal reactor systems.

In view of these differences, it was considered prudent to devote additional
effort to the design, development testing, fabrication, shipping, installa-
tion, operation and maintenance of the safety related systems for CRBRP. -
The CRBRP Reliability Program is one of the principal vehicles for the app11-
cation of this add1t10nal effort.

Radiological release guidelines are spec1f1ed in 10CFR100* in
terms of the potential biological doses received by individuals located at
the boundaries of the exclusion area and low population zone. A broad
interpretation of the Reliability Program objectives would involve a reli-
ability evaluation of systems having an effect on accidental radioactive-
dose at the appropriate boundary. It is important to note however that
event chains postulated for significant radioactive doses at the appropriate
boundary involve the loss of coolable geometry in components and assemblies
containing radioactive species. The program objective can therefore be
conservat1ve]y restated as one of preventing the loss of coo]able geometry
in components and assemblies containing radioactive species. This more
conservative program objective was adopted to gain the important advantage
of being able to focus the Reliability Program resources on the more impor- -
“tant safety related systems. -

C. ] 2 Re]1ab1]1txﬁPrqgram Focus

A1l sign1f1cant quant1t1es of radiological species in CRBRP are
~housed in one of six locations. These are (a) the ex-vessel storage tank,
(b) ‘the ex-vessel transfer machine, (c) the primary cold traps, (d) the
radwaste system, (e) the primary coolant and (f) the reactor core. Each of

*10CFR100, defines whole-body and thyroid dose guidelines while'equiva]ent’
guidelines for lung and bone doses are used as defined by NRC guidance
received in the letter from Denise to Caffey dated May 6, 1976.

A Amend. 36
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these potential sources for release of radiological species was evaluated

during the initial stages of planning the Reliability Program. The obJect1ve

for this evaluation was to determine where the Reliability Program resources
should be applied in order to maximize the benefit from the program. As a °
result of this evaluation, it was determined that the focus of program ac-
tivities should be on prevention of loss of coolable geometry in the reactor
core. Rationale. back1ng this conclusion are summar1zed in the following
paragraphs. :

Ex Vessel Storage Tank (EVSTL

Fuel assemblies within the EVST are stored in a sub- cr1t1ca1 con-
figuration in sodium filled pots. The centerline spacing of adjacent fuel
assemblies. is in excess of 9 inches. The combination of this centerline
spacing and the additional structural barriers provided by the core component
pots effectively precludes any p0551b111ty of fuel failure propagation within
the EVST.

Heat transfer from the stored fuel assemblies to the cooling sodium

within the EVST will normally be accomplished by forced convection provided by

two redundant cooling loops. In the event that both forced circulation
loops should be unavailable, a third independent and diverse loop is
provided to maintain acceptable temperatures within the EVST. This loop
utilizes natural circulation for heat transfer from the source to the sink
and has no external power requirements. The EVST is also equipped with a
guard vessel which prevents lowering of the sodium level to a point where
cooling of the stored fuel array would be impaired.

_ Based upon these cons1derat1ons, it was concluded that no cred1b1e
mechanism existed whereby a major portion of fission product inventory of the
stored fuel ‘in the EVST could be released to the atmosphere of the reactor
service bui]ding.

Ex-Vessel Transfer Machine (EVTM)

Fuel is transported from the reactor to the EVST .in the Ex Vessel
Transfer Machine (EVTM). During transportation, fuel is housed in a sodium -
filled core component pot within a sealed compartment. Redundant seals are
provided where they cannot be reached by sodium. The EVTM has been designed
such that, even if all the sodium were to leak from the core component pot
and allow fuel cladding melting, the seals will maintain their function
(see Section 15.7.3.1 of the PSAR). Reactor Service Building exhaust:
filtering provides margin to accommodate releases in the event both seals
failed after a release of fission gas 1nto the EVTM.

Prlmary Cold Traps

Each cold trap consists of an economizer and a crystallizer tank.
Primary sodium impurities, including fission products released to the coolant
from failed fuel pins, are condensed and deposited on collector sites in the
crystallizer. The cold trap is located within an inerted steel 1lined cell.

Amend. 36
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For the purpose of assessing the potential magnitude of a release of
radioactive species from the cold trap, a rupture of the crystallizer tank was
assumed followed by a sodium fire. The radioactive inventory in the cold trap
was assumed to be that resulting from 15 years operation with 0.5 percent
falled fuel. Leakage from the reactor containment buliding (RCB) to the
confinement annulus was based upon a very conservative estimate of the RCB
overpressure. The mitigating effect that the confinement annulus has on
|eakage to the atmosphere was neglected. Resulting irradiation doses were
calculated for the site boundary location and a number of downwind locations.
Results from this analysis (provided in Section 15.7.2.7 of the PSAR)
Indicated that large margins existed between the potential doses and the
applicable guideline values. It was concluded that a mal function of the cold
trap system would not result in a violation of the 10CFR100 and equivalent
guidelines previously outlined.

ste Syste

The Ilquld radwaste system utilizes components such as evaporators,
demineralizers and filters whose performance has been demonstrated in LWR's.
Operating procedures and tests will assure that the system is performing as
designed and within technical specifications.

Analysis has been performed for a postulated fallure of a tank containing the
largest inventory of radiocactivity In the liquid radwaste system, i.e., the
radwaste collection tank. This analysis Is provided in Section 15.7.2.5 of
the PSAR. An analyslis of the effects and consequences of the event has been
performed assuming no credit for the cell floor drains or operator actlons.

.Postulated gaseous and |iquid releases associated with this tank fallure have

been shown to be well within specified Iimits.

The gaseous radwaste system utilizes components such as cryostlils and
charcoal absorber beds which process and purify reactor cover gas and, as
necessary, gas from Inerted cells. Selected tests are to be performed during
scheduled plant outage periods to ensure that components are performing
consistently within specifications.

Analyses have been performed for postulated component fallures for equilpment -
which could contain significant inventories of gaseous radwaste. Design
features for the CRBRP include permissible leak rate containment
specifications and testing provisions, as necessary, to achleve off-site
consequences in compliance with Federal gulidelines. Preliminary analyses
provided in Section 15.7.2.4 of the PSAR indicate that off-site consequences
of postulated events for the gaseous radwaste system will be In conformance
with specified limits.

C.1-3
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Primary Coolant

The primary coolant will become radioactive from activation of the sodium and
from release of radioisotopes from fuel pins in the core. A program has been
establ Ished to assure the Integrity of the primary coolant boundary (see
Section 1.6 of the PSAR, Reference 2). A sodium leak detection system is
provided to detect small leaks so that operator action can be taken to limif
leakage. |In addition, inert atmosphere, cell liners and the contalnment
Isolation system 1imit the consequences of postulated leaks to well below' the
specified |imits (see Section 15.6.1.4 of the PSAR).

Reactor Core

Fuel located within the core represents a major I'nventory of radicactive
species. Prevention of the release of radioactive species from the core must
be accomplished by means of the reliable operation of the appropriate safety
related systems. This reasoning led to the emphasis in the Reliability
Program being placed on those systems, the mal functions of which could lead to
a loss of coolable core geometry. Loss of coolable core geometry Is believed
to occur following cladding melting. For the purposes of the Reliability!
Program evaluation It has been conservatively assumed that loss of coolable
geometry will occur at the onset of coolant boiling. b

Postulated events which could lead to the loss of coolable core geometry can
be divided into three categories. These are (a) events which result from the
fallure to shutdown power generation within the core when required, (b) events
which result in a failure to remove the residual heat from the core in its
shutdown condition and (c) fuel fallure propagation. The systems desngned tTo
perform functions which would prevent these fallures are the Reactor Shquown
Systems (RSS) and the Shutdown Heat Removal Systems (SHRS). The focus of the
Reliablility Program activities Is therefore on rel iabil ity enhancement and
verification of these systems (RSS and SHRS). Interfacing equipment and '
systems are included in the scope of the program when their malfunction could
result in a safety related malfunction of either the RSS or the SHRS. Fuel
fallure propagation evaluations presented in Section 15.4 of the PSAR '

el iminate conslideration of that failure mode as a potential initiator of
signlflcanfmradlologlcal release. :

The RSS is comprised of a primary shutdown system and a secondary shufdown
system. As a safeguard against common cause failures, these systems dlffer
substantially both in design and mode of operation of electronic and ;
mechanical components. Major segments of the Reliability Program are devofec
to the primary and secondary shutdown systems.

Shutdown heat removal capabillity Is provided via four redundant heat removal
paths. Three of these paths utilize the three heat transport loops. The
normal short term heat sink for these loops during reactor shutdown is the
turbine generator condenser. In the event of failure of this heat sink, a
backup heat sink Is provided. The backup heat sink utilizes steam release to
the atmosphere and an auxiliary feedwater system to provide an initial high
capacity heat sink coupled with protected air cooled condenser heat exchangers
for long term heat rejection. The protected air cooled condenser heat
exchangers are also used during normal long term shutdown.

C.1-4
Amend. 70
Aug. 1982

{,



The fourth shutdown heat removal path is via the Direct Heat Removal Service
(DHRS). The DHRS makes use of the sodium overflow-makeup system to extract
hot sodium from the reactor vessel and return cold sodium. Circulation of
sodium through the core is achieved by means of forced circulation in the
primary loops. Heat extraction from the sodium overflow-makeup loop Is
achieved via a heat exchanger located in the sodium makeup line. This heat
exchanger is coupled to the EVST NaK cooling loops. Heat sink capabllity In
this system Is supplied by the EVST air cooled heat exchangers.

C.1.3 Program Design

The design of the CRBRP Reliability Program has been dictated by a number of
key requirements and constraints. Some of these requirements and constraints
would be common to any Reliability Program while others are unique to the
CRBRP. The following paragraphs (a) identify some of the more Important
factors considered in the design of the program and (b) indicate how these
factors influenced the selection of program features.

C.1.3.1 Design Integration

A-basic ground rule set prior to the Initiation of design work on the
Reliabil ity Program was that the primary objective for the program would be
reliability enhancement in the RSS and SHRS. The intent of this ground rule
was to ensure a direct integration of the Rellablility Program and the
component/system design activities. The most readily visible program feature

- stemming from this integration are the component level qualitative reliabllity

assessments and the system level Reliability Design Support Documents. These
documents are produced by the appropriate Design Englneering organization for
items listed on the Reliability Related Components List (defined in Section

- C.1.4). The document Is subject to approval by the Rellability organization.

The requirement for the Reliability Design Support Document has the effect of

.ensuring direct Reliability Engineering Involvement in the design process.

Reliability verification was set as a very Important second objective.
Reliability verification is achieved by a combination of component and system
feature tests run under both desigh conditions and overlioad conditions coupled
with qualitative rellability analyses at both the component and system levels
and quantltative analysis at the RSS and SHRS levels.

C.1.3.2 OuallfatJye.ReliablllTv Analysis

The initial step In the qualitative reliability analysis Is a preliminary
total system Failure Mode and Effects Analysis (FMEA) for both the RSS and
SHRS. Results from this analysis are used as a means of providing an Inltial
identiflcation of those system features having a significant Iimpact on the
overall system reliability. '
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Ref inement of the system level FMEA is then achleved by rebuilding it from the ;
component level up. The basic building block used In this process is the ‘
component level FMEA produced as a part of the component rellabllity

I- qual Itative assessments. This procedure for refining the system level FMEA
was adopted as a means of assuring that the technology used In the design of
many CRBRP components Is reflected in an accurate and balanced manner . In: the
rel labll Ity evaluations. Examples of this new technology are the high
temperature design rules used in the design of outlet plenum and hot leg
components and the Irradliation effects (swelling, creep and ductility loss)
technology used In the design of core components. Application of this
technology Is handled by special ists who are experts In thelr particular
field. By requiring that the system level FMEA be reconstructed using FMEA's
produced at the component level, the program assures that all necessary
speclal Ists, especlally those who are experts in these speclial ized areas, are
Involved in the production of the FMEA building blocks. This process
minimizes the potential for failure mode omission In areas of special ist
know ledge.

At the component level, the failure mode critical ity and probabil Ity ratings
(detined In Section C.2.,1) are related only to that portion of the RSS or SHRS
directly impacted by the failure. The component designer does not make final
Jjudgments refative to the total system response to the fallure of his
component. This restriction is imposed to assure- that component level failure
mode impacts are not distorted by judgments based on an Inadequate
understanding of the system design.

The FMEA's contalned In the component level qualitative reliability ‘ T
assessments are used by the system designers and rellabil Ity engineers to - ‘
build system level qual itative assessments. In using the component level
FMEA's to assess the system level effects, the system designer working with
the rellabll ity englneer reviews each component level fallure mode and may
modify Its critical Ity and probabil ity ratings based upon his knowledge of the
total system response to the postulated failure., Typical of the factors
considered in this reevaluation are system redundancy and the potentlal for

| common cause failures. The system level qualitative assessment is :
continuously updated as the component level input data are updated. The | -
component level data are updated as the component proceeds through the various
stages of design, fabrication, etc. System level FMEA's are used to gunde the
appl ication of Rellability Program resources.

‘In performing the system level quallfaflve reliabili+y analysls, special
attentlion is paid to any failure mode or initiating event which has the
potential to produce concurrent failure of more than one element of a system
or more than one system. Fallures in this category are termed common cause
failures. Some of the measures adopted in the Rellabil ity Program to proviide
protection against this type of failure Include (a) imposing a requirement for
diversity In the design of the RSS and SHRS, (b) requiring that essential
safety related systems be redundant and have excess capacity and

(c) performing evaluations and recommending corrective action to ml+lga+e the
consequences of any feature of a system or interfacing component which has

‘l potential suscep+tblli+y to common cause failures,

C.1-6 |
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C.1.3.3 Quantitative Reliability Analysis

Quantitative reliabillty analysis plaYs an Important role In the CRBRP
Reliabil ity Program. Its primary uses are (a) as a tool for the evaluation of
systems (b) as a means for evaluating random independent fallure modes, (c) as

- a decision aid for selecting between alternative designs, (d) as a gulde for

the design of the testing and analysis program end (e) as the basis for
sensitivity studies Yo evaluate the range of unrellability due to
uncertainties. As part of these evaluations, a top level system fallure
probability is calculated.

I+ Is Important to note that all the primary uses for the numerical
reliabil ity analyses are as alds Iin declsion making. The analyses are not
intended to demonstrate compliance with a top level system fallure rate. The
decision not to set a numerical fallure probability requirement for the RSS
and SHRS is a reflection of -the current developmental nature of numerical
reliability analysis in the field of nuclear safety systems.

An update of the reference (3) Preliminary Reliabiilty Prediction for CRBRP
SHRS wiil be available in January 1983. This will be the final SHRS
reliability assessment update based on failure state block diagram model ing.
Subsequent quantitative assessments will be based on the SHRS fault tree model
being constructed for the CRBRP Probabilistic Risk Assessment. The primary
reason for basing future reliability program numerical predictions and studies
on the PRA fault tree model Is the potential for additional level of
resolution being modelied for SHRS and the supporting systems. This level of
model ing will allow more extensive studies of potential for supporting systems
Interactions.

C.1.3.4 TJest Program Rationale

Major objectives for the test program are (a) an identification to the

appropriate design group of potential failure points in the design of the
components/systems, (b) a deterministic evaluation of component/system
performance margins as defined by the difference between the design operating
envelope and the success envelope. as defined by the test and (c) where
possible to generate sufficient statistical data to be able to make meaningful
probabilistic predictions of the component/system performance.

Tests that support the Reliabllity Program can be placed in one of three
categories. These are: (a) component level or system feature tests, (b)
system level tests and (c) materials tests. The tests are chosen on the basis
of the criticality of the fallure modes Identified by the FMEA.

A significant segment of the test program is devoted to component tests and
system feature tests. Tests performed at this level make possible the

investigation of a wide range of conditions including overload conditions up
to the point where failure may occur. A major objective for these tests is

C.1-7
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the identification of any areas of the design where reliability enhancement is
desirable or necessary. The tests also result in the definition of the multi-
dimensional success envelope for the component or system feature. The
boundaries of this envelope can be compared with the boundaries of the design
envelope for the component or system feature. This comparison provides a
deterministic measure of the performance margin Inherent in the componenT/
system feature design.

C.1-7a
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- System level tests are specified as appropriate to evaluate wear related
phenomena, identify any failure modes which are real-time dependent (dormant
fallures), Identify fallure modes related to manufacturing variations,
evaluate the effects of malntenance and operating procedures and identify
failure modes associated with interface features not included in the
component/system feature tests. Particular emphasis In the system level tests
Is placed on providing as exact a simulation as possible of the actual reactor
operating environment (e.g., large sodium loops are used to provide a dynamic.
sodium environment in the case of the mechanical control rod system tests).

" Accelerated |ife system level tests are run to beyond the design life for the
critical system components in order to confirm that the system design |ife
does not lie close to a wear dependent fallure boundary. Output from the
system level tests provides a deterministic confirmation of the margins
between the system design and success envelopes. The schedule for the system
level tests necessarily lags that for the component and system feature tests.
Any system level design problem uncovered In these tests, however, can still
be corrected prior to operation of the plant equlipment. :

C.1.4 Program Implementation Procedures

Top level Reliability Program requirements for the RSS and SHRS in CRBRP are
defined in the overall plant design requlrements documentation. These
requirements are Interpreted by the Lead Reactor Manufacturer (LRM) in
consultation with the CRBRP Project Office (PO) and then placed as mandatory
requirements on the Reactor Manufacturers (RM!'s) responsible for portions of
the RSS and SHRS. The LRM retains responsibility for overall coordination of
the Reliability Program activities within the RM organizations. A key element
of the administrative procedures set up by the LRM to assure the correct
implementation of the Reliability Program activities within the RM
organizations Is the RM Rellability Engineering/Design Engineering lInterface
Definition Chart. When It is determined that Interfacing functions fallling
under the responsibillty of the A& have a negative Influence on acceptable
operation of elther the RSS or SHRS, then the PO will provide the direction to
the LRM and ASE as necessary to reduce or eliminate this Influence. Essential
elements of this interface definition are illustrated in Figure C.1-1. The
balance of this section is devoted to describing the Interface features
summarized in Figure C.1-1 and, where appropriate, providing the rationale
backing the selection of the features. :

An early action required of an RM involved in the Implementation of the
Rellabliity Program Is a comprehensive review of the RM's internal engineering
procedures. The purpose of this review Is fto tdentify all existing RM
englneering procedures which must be updated to assure Implementation of the

C.1
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Rel iabil ity Program requirements. Modiflication of the engineering procedures
makes compliance with the Rellabllity Program requirements mandatory and
assures a Quallty Assurance and program control overview of the program
activities. Included In the |isting of procedures which require modiflication
are procedures relating to configuration control, design approval and supplier
nonconformance/walver approval. Modification of these procedures assures that
Rel labil Ity organizations are involved in the approval of all aspects of the
deslign, fabrication, .shipment, Installation, operation and maintenance of any
item of equipment which is a part of or interfaces with the RSS or SHRS.

The procedures modifications outiined above are prepared by the RM Reliability
Englineering group working with the RM Design Englneering group. In addition
to the modification of existing procedures, Implementation of the rellability
requirements necesslitates that a new procedure be generated. The new
procedure requires and controls the generation and malntenance of a |isting of

the equipment and systems to which the Rellabil ity Program requirements are to

be applied. This llsting Is known as the Reliability Related Components List
(RRCL). The list contains all Items of equipment directly Involved In the
operation of the RSS and SHRS. Important Interfacing, supporting systems are
Identifled separately for appropriate reliabllity review.

Once the RM englineering procedure changes are in place, the Reliabllity
Program requirements are placed on the RM Design Engineering organizations.
The RM Design Englineering, Construction and Operation Organizations must then
implement the Relliability Program requirements through all stages of design,
procurement, fabrication, shipment, installation, operation and maintenance of
the equipment. Verification of the correct implementation of the program
requirements Is obtalned through the Quality Assurance review and audit
activities. Additional verification is obtained by means of (a) a Reliability
Engineering review of deslign review packages, walvers, nonconformance reports,
etc. and (b) by the mandatory incluslon of a rellability review In the formal
design reviews for each Item of equlpmenf on the Reliabllity Related
Components List.

One of the speclal requirements Imposed by the modified RM engineering
procedures Is for the production of a rellability document for each item of
equipment on the RRCL. These documents are used as bullding blocks to
construct a retiability evaluation of the total system.

Coordination of the Rellability Program output from the RM's is handled by the
LRM. The LRM uses this output to assess the overall reliability of the RSS
and SHRS. This assessment is used as an important indicator of the
acceptability of the design of these systems.

All Rellablilfy Program activities performed by the LRM and the RM's are
subject to the direction and overview of the PO. The PO/LRM interface
procedures used by the PO to direct and control the Reliability Program
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activities are simllar In concept to those used to control the interface
between the Reliability Engineering and Design Engineering groups within an RM
organization. Detalls of the PO/LRM/RM interface are given In Figure C.1-2.

C.1.5 Appendix Content

The organization and content of the balance of this appendix are as outlined
below. The intent of Sections C.2 and C.3 Is to provide the background
material necessary to place the subsequent Relliablil ity Program description
sections In the correct context.

Secflon.C.Z provides a description of the analysls and testing techniques
employed in the program.

Sectlon C.3 contains a brief description of each of the systems included in
the Rel lability Program. The functions of the systems are described and the
component parts ldentified. This section Is provided as a convenience to
eliminate the need for extensive reference to the malin body of the PSAR.

Section C.4 provices the system designers' evaluation of thelr portions of the
RSS and SHRS. Areas of system performance uncertalnty are identifled. A
definition Is provided of the Reliabllity Program activities necessary for the
evaluation of the system performance uncertalnties.

Sections C.5 and C.6 contain descriptions of the Reliability Program
activities Initiated to resolve the uncertainties Identifled In Section C.4.
Resul ts obtained to date from these activities are Identified and discussed.
The schedule for the production of results from activities still In progress
is also discussed.

Section C.7 provides an assessment of the overall Impact of the Reliability
Program to date. Principal conclusions and design modifications stemming from
the program activities are identified. The planned use of data from
Reltabll ity Program activities not yet completed Is defined.

Addendum 1 contains a description of the test facilities for primary and
secondary shutdown system tests.
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C.2.0 Program Guidelines

The purpose of this section is to review the process by which aspects of the
RSS and SHRS having potential to degrade safety related reliabil ity are
identified and resolved. Conventional tools of reliabillity evaluation are
being used to accomplish this task. These Include Fallure Modes and Effects
Analysis (FMEA), common cause fallure analyses (CCFA), testing and other
methodology.

Figure C.2~1 shows diagramatically where reliability information is generated
at each level of design and where this information is used. The remainder of
this section provides a discussion of the activities shown In Figure C.,2-1.

C.2.1 Component Level Evaluations

Fallure Modes and Effects Analysis are the basic tool of reliability
evaluation. They form the foundation upon which higher level evaluations are
bullt. Fallures critical to operational success are systematically Identified
and may be ranked according to both severity and probabil ity of occurrence.
These rankings are identified in Table C.2-1, Because of the technology (high
temperature design, irradiation effects, efc.) involved in the design of
Individual components, it Is essential that the component level FMEA be
generated by the component design organization. To assure consistency of
approach and continuity between component and system level evaluations,
Rellabil ity Engineering personnel are assigned to each component to support
the evaluation. In several cases, a vendor with considerable experience in

- building the type of equipment under evaluation, (e.g., instrumentation and

control devices, steam generator modules, etc.) was contacted to support
generation of the FMEA. Typical output of the component level FMEA is:

0 A comprehensive |ist of failure modes
o A list of pofenfial causes
o Component designers view of the failure effect and criticality
o Initial estimate of the probabil ity of occurrence |
This output provides the initial assessment of design weaknesses and may
result in Immediate modifications (refer to Section C.7). It also is the

first step associated with defining a test program. However, although
estimates of criticality and probability of occurrence may be provided,
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they may be modifled when aspects of redundancy and diversity are included In
the system level evaluation. Because of the wide range of component types
(structural members to electrical modules), the means for estimating = |
probabil ity of fallure vary considerably. In some cases, meeting accepted
code requirements may be deemed sufficient to Indicate an acceptably low
probabil ity of fallure. In other cases, considerable analysis may be
required, especially if the fallure has high criticality. Methods which are
being employed to obtain fallure probabil ity estimates Include stress/strength
overiap, generic data and special testing designed to probe particular fallure
mechanisms. A further discussion of how estimates are made Is provided ln
Section C.2.2, :

All components which have the potential to impact successful operation of the
RSS or SHRS are identifled on a Reliability Related Components List (RRCL)
produced by Reliability Engineering. An FMEA Is performed for each of these
components which then becomes the basls for categorizing the components
according to failure mode effects. The reliability evaluation of each
component is.summarized in the Reliability Design Support Document at +he
component, component group, or system jevel.

Each component on the RRCL can be categorized as (a) degrading the functioning
of the RSS or SHRS or (b) preventing the functioning of the RSS or SHRS.

Those components on the RRCL are given a thorough review. Review of RRCL
components includes all malntenance, shipping, instal lation and operation
procedures, waivers and nonconformances as well as design documentation
(specifications, drawings, design support documents, interface control data)
and changes to those documents. Reliability Engineering Is a particlpant In
design reviews for all components on the RRCL.

The Rel fabil ity Design Support Document summarizes the activities performbd to
‘demonstrate achievement of reliability objectives. These reliability
assessments are included as part of the equipment design support packages.

The assessments are similar in character and stage of development to the other
design support analyses in the package (e.g., stress, thermal/hydraulic,
shielding, etc.). Reliability assessments include coverage and interpretation
of all supporting development testing activities. Typical design support
documents include (a) the FMEA's, (b) an assessment of critical failure modes
to show design features to preclude or control the fallure and (c) an
assessment of common cause fallure potential.

C.2.2 .§¥s+em Level Eyaluaf!ons

System level evaluations are performed to relate detailed failure Information
to its impact on system performance. Just as a component designer is most
qual ified to assess the fallure mechanisms associated with his component, the
system designer must place each fallure mechanism in perspective relative to
overal | system objectives. Although a component designer may indicate on an
FMEA a high probability of failure or high criticality, when
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system considerations are Included, these factors could change significantly.
Some important considerations used to Influence a change In criticality
between the component and system level evaluations include:

o Are other components which perform a similar function susceptible to
the same failure mechanlism?

0 Is the system in which the component Is used redundant?

o Can this fallure Initiate other failures that may affect the RSS or
SHRS?

o Can the component fallure Initiate fallure of the entire RSS or SHRS?

A system viewpolnt Is especially important when determining if a design change
Is required to achieve adequate reliability. Both quantitative and
qual Itative evaluations are performed at the overall system level.

C.2.2.1 ] stel syst valuations

Inttially, a numerical evaluation is made based on random Independent fallure
potential using component fallure rate estimates. While it is recognized that
random independent fallure rates constitute only a part of the total fallure
probabil Ity, these assessments serve three Important functions:

1) They provide an indication of the inherent system reliability If
common cause failure potential is eliminated or controlled.

2) Components having greatest impact on predicted reliability are
highl ighted for priority attention in future evaluations.

3) They ald the designer as a declislion-making tool for evaluating design
changes.

The analyfical techniques which have been applied to the system level
numerlcal evaluations are success state, failure state and Markov model ing.

Success state or fallure state model Ing are techniques used to analyze a
system's reliablil ity on the basis of the system's and component's operational
states. A logic block diagram is produced to display the system components
and the logic associated with thelr configuration. From this diagram,

di fferent component failure combinations are evaluated to determine thelr

ef fect on system operation. By evaluating all possible combinations of
operational states of the system components that lead to successful or falled
system operation, It is possible to derive an expression giving the
relfabil ity of the system. This method has had application In both The RSS

"and SHRS. Detalls are reported in References 2 and 3.

C.2-3
Amend. 70
- Aug. 1982



To evaluate repairs or system reconfigurations during the time of Interest
(e.g., a full reactor operating cycle), Markov modeling has been selectively
employed. All states of the system are defined along with the transitions
that can occur between states. This information is mathematically represented
by a series of first order |inear differential equations which define the
various states and the fransitions into and out of each state. This method
has been used in conjunction with success state modeling In the evaluation of
the RSS. It Is also being evaluated for use in the assessment of the SHRS.

Component failure rate data required to support the systems evaluations is
~ obtalned from many sources. Generic data used may be divided Into two broad
‘categories, directly and indirectly applicable to the components considered.
Because certain elements of the RSS and SHRS are not unique to CRBRP, data
~exist which can be applied with little modification. This Includes por+tions
of the SHRS which are on the water side, as well as sodium side equipment
which has been used in FFTF test facilities and sodium reactors such as SEFOR
and EBR-11. In the RSS, considerable data exist on roller nut type control
rod drive mechanisms which are very similar +o the primary system mechanisms.
Further, the design of the PPS electrical equipment is very simllar To that
developed and tested for FFTF. These directiy applicable data are being used
to the ful lest extent possible and are discussed further in Sections:C.5 and
C.6. For other components, because their designs are relatively new, no
significant fallure rate data have been accumulated. It 1s therefore often
necessary to derive component fallure rate estimates from lower level plece
part data. Millitary, industrial and governmental data sources are used in
these evaluations (e.g., WASH-1400, MFQ-HDBK—217B, etc.). These data may be
modi fied using accepted reliabil ity derating factor rules or engineering
Judgment. When modiflications to data are made, the basis Is made visible by
thorough documentation,

Data avallable from components, subsystems and systems which are |like the RSS
.and SHRS elements are being used extensively In the early assessments of the
RSS and SHRS. This approach is particularly appropriate for the electrical
systems because of the large bank of data avallable and the establ ished
acceptabil ity of MIL-HDBK-217B methodology.

As the results from CRBRP test programs become avallable, these data are used
to supplement those currently available. For reasons described later, much of
the CRBRP testing will not yield fallure rate data directly. Information
obtained from some tests will be used to calibrate analytical techniques to
provide greater assurance that reliability characteristics are correchy

model ed. ‘

C.2.2.,2 'Oualifaflve System/Subsystem Fvaluations

Qual itative system assessments are used to determine system adequacy. Common
Cause Fallures (CCF) receive special attention because of their potential to
significantly degrade RSS and SHRS capabilify The first step toward

el imination or
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controlling.a specific fallure mechanism is ldentification. Once the failure
mode and potential causes are identified, corrective action can be defined.
Resolution may take the form of elimination by design alterations, procedural
control or demonstration of an acceptably low probability of occurrence.

Component level FMEA's are the starting point for CCF assessment. They
provide a thorough listing of the failure mechanisms and associated causes for
the elements of the system and Its interfaces. FMEA's are a source of deta
for determining which system elements are susceptible to failure from common
causes.

Past reactor operating experience plays an important part in the fallure mode
fdentification effort. Avallable operating experience is thoroughly reviewed
to uncover common cause initiators underlying previous reactor incidents. The
bulk of experience for hardware systems designed and fabricated to meet
nuclear standards and codes lies in the domain of Light Water Reactors
(LWR's), This body of data serves to identify potential component failure
modes, design errors, operating problems and the actions necessary to correct
these deficlencies. Output of the LWR incident survey includes:

0 Review of repohfed incidents and Identification of the information
source ' :

o Selection of incidents having CCF potential and identification of the
causative mechanism

From these considerations, a |ist of potential causative factors is prepared
which relate to LMFBR operating conditions. These causative factors are used
as the basis for an evaluation of CRBRP component and system designs. This
evaluation employs logic based on specific design features. This approach
provides a systematic method for reviewing each fallure and the relevant
system functions required to successfully mitigate the incident.
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As each failure is reviewed, protection provided agalinst such factors Is = = S
identified. The visibillity of potential problem areas provided by the . . :
approach being employed assures that each design area Is thoroughly.

investigated against the potential factors for common cause fallures,

C.2,3 Testing
The CRBRP Test prbgran has as Its objectives:

1) To,ldehfify to the appropriate design group potential fallure points
in the design of the components/systems

2) To assure the system design margins are adequate to meet the design
speclfications under the anticipated range of operating conditions

3) To determine the desfgn margins agalnst lIdentified system weaknesses
with the potential to degrade RSS or SHRS performance

4) To idenfify unknown system weaknesses

System level reliability evaluations were used to determine required TeS?ing;
Factors evaluated to determine the need for testing include:

o Severity of the failure ef fect

o) Commoh cause failure potential ‘

o Estimated probability of occurrence ﬁ ‘ '
o Avallabil ity of applléable daTa from other sources

o Avallability of ver}fled'analysls techniques for system performance
evaluation :
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A primary purpose of testing is to demonstrate the capability of critical
components to perform thelr function over as wide a range of operating
conditions as practical. |In some cases, tests will be run to failure tfo
establ ish margins above those defined by the operational envelope.

Design performance and most postulated fallures are affected by variations in
the system operating environment. The fractional factorial design of

- experiments approach has been used in a number of instances In planning the

test program to investigate the effects of variations In system environment.

Testing Is performed at the component, subsystem and system level to explore
failure modes of concern. Higher level testing provides maximum feedback of
information concerning multiple failure modes and interface problems. . RSS
testing includes individual tests of the complete Primary and Secondary
Control Rod Systems (drive mechanisms, driveline, absorber assembly and
interface simulation). The electrical subsystem tests include essential
system elements in a prototypic configuration. |In the SHRS, testing above the
level of iIndividual components (e.g., steam generators, pumps, etc.) is
accompl ished at the plant start-up stage. Since the connecting elements
(piping, wiring, etc.) are passive, component testing can provide a large
portion of the information necessary to deterministically confirm system
rellability. Supplemental testing and analysis Is directed toward identifying
and resolving potential interface induced failure modes. An exemple of such
an activity Is the piping integrity report, Reference 4. Where components,
subsystem and system level testing identifies interfacing functions falling
under the responsibility of the A&E which would degrade RSS or SHRS operation,
then the PO will define any additional testing necessary to provide the needed
level of information for use In resolving the identified degradation.

Accelerated life testing is employed to provide early feedback concerning
potential fallures. |In the mechanical systems, this includes cyclic induced
failures associated with the scram function under specified misal ignments.
Thermal cycling tests are performed on electrical subsystem equipment to
accelerate the fallure process involved in parts with latent time dependent
fallure mechanisms. Burn-in tests are used to screen out defective parts.
Some failure mechanisms, however, cannot be investigated by performing
accelerated |ife tests. For example, failure mechanisms related to time or
operating conditions such as creep, self-welding and irradiation cannot be
simulated by such tests. These failure mechanisms require separate tests,
analysis or a combination of test and analysis for resclution. Time dependent
fallure mechanisms are evaluated whenever possible by operation of test
hardware under prototypic conditions for extended periods of time. This
section of the test program includes testing of compliete Primary and Secondary
Control Rod Systems under simulated prototypic operating conditions. In the
SHRS, extended real-time testing of critical components such as the steam
generator tubes will be performed. '
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Certain failure mechanisms will be explored by testing hardware
that is not prototypic. However, this testing provides valid phenomeno-
logical information associated with these failure modes. Data obtained
will be used to verify calculational models which are used to predict
component behavior. Hardware and test fixtures specifically designed
to explore the mechanism of concern are being constructed. Included in
this category are irradiation effects, seismic induced loads and associated.
component interface characteristics, friction couples which influence
unlatching and insertion, thermal striping and weld quality evaluation.

The impact of maintenance and operation on system reliability
has also been considered in the design of the test program. Proposed CRBRP
plTant maintenance and cperation procedures are employed whenever feasible in
the tests. This includes equipment replacement activities that can be
performed on both RSS and SHRS test hardware. Calibration procedures and
repair actions associated with the electrical subsystem equipment are fully
explored. Emphasis is placed on design feedback to reduce the potent1a1 of
failure due to human factors. :

Details of specific tests, rationale for those tests and expébted
outputs are described in Sections C.5 and C.6.
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TABLE C.2-1

FAILURE RANKING CRITERIA
CRITICAL LTY RATING

Definitions
Failure to Perform Safety Function
Degradation of Safety Function
No Effect on Safety but Causes Unscheduled Outage
No Effect on Safety, Repair Deferred until Scheduled Outage
No Effect on Safety or Operation ‘

PROBABIL I TY RATING**
An Off-Normal Condition Which Individually may be Expected to
Occur Once or More During the Plant Lifetime
An Off-Normal Condition Which Individually Is not Expected to
Occur During the Plant Lifetime; However, When Integrated Over
all Plant Components and Systems, Events In this Category may
be Expected to Occur a Number of Times.
An Off-Normal Condition of Such Extremely Low Probability that
no Event in This Category Is Expected to Occur During the Plant
Lifetime But Which, Nevertheless, Represent Extreme or Limiting

Cases of Fallures Which are ldentified as Concelvable.

*¥Initial rankings are provided by the component designer and modified as
appropriate In the system assessment.

*¥%Alternative numbering schemes have been used on certain FMEA forms. The
definitions of the categories are ldentical. In addition, an alternate
approach which has been used is the actual estimated fallure rates,
obtained from the data base, manufacturer's specifications, pertinent
| iterature, previous experience or tfests.
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C.3.0 Systems Descriptions

This section provides a brief description of the functions and component parts
of the systems included in the Reliability Program. This section is provided
as a convenience to eliminate the need for extensive reference to the main
body of the PSAR. ’

C.3.1 Reactor Shutdown System
C.3.1.1 t unct

The Reactor Shutdown System (RSS) consists of two independent and diverse
systems which are capable of shutting down the reactor without exceeding
specified Limits. (See Section 4.2 of the PSAR).

C.3.1.2 Design Description

The systems and components which make up the RSS are shown in Figures C.3.1-1
and C.3.1-2. A brief description of the systems and components follows:

Primary Mechanical Subsystem

The Primary Mechanical Subsystem (PMS) of the RSS includes 9 Primary Control
Rod Systems (PCRS). Each PCRS consists of a Primary Control Rod Drive
Mechanism (PCRDM), a Primary Control Rod Driveline (PCRD), and a Primary
Control Assembly (PCA). The PCRDM is mounted on top of the reactor vessel
closure head and provides mechanical actuation for insertion, withdrawal and
scram functions of the control rod absorber. "The PCRD connects the PCRDM with
the control rod absorber. The PCRD passes through the upper internals .

structure. The PCA is located in the array of core assemblies and consists of
a movable control rod (absorber pin bundle) and an outer duct assembly.

The PMS provides the functions of reactor startup, operational control and
shutdown reactivity control. The primary function performed by the PMS which
is retiability related is reactor shutdown (scram) for all conditions. Scram
action is accomplished via disengagement of the roller nuts followed by

"downward motion of the control rod and driveline. Downward acceleration is

achieved by means of the combined action of gravity and preload from the scram
assist spring. All PMS functions are Initiated by the primary electrical
portion of RSS. '

A. \ Dri PCRD

The PCRDMs are divided into two major sections which are described below:

C.3
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The upper PCRDM assembly is an electro- mechan1ca1 actuating de-
vice which consists of a stator mounted on the outside of the motor tube
and a collapsible rotor and roller nut assembly mounted inside the motor,

" tube. The rotor assembly consists of a bearing mounted rotor tube and two
pivoted segment arms. OCn each segment arm there are two roller nuts.

When the stator is energized, the upper ends of the arms are pu]]ed outward
by the magnetic field and the Tower arms are pivoted inward engaging the.
roller nuts with the threads of the leadscrew.

To produce a scram, the electrical power is removed from the
stator causing the magnetic force field to collapse which releases the rotor
segment arms. Springs separate the lower end of the arms and disengage the
roller nuts from the leadscrew allowing the control rod to drop into the:
reactor core. A scram assist spring in the Tower PCRDM is provided to !
supplement the gravity drop. A synchronizer bearing is provided to assure
that both segment arms separate simultaneously. Anti-ejection pawls in
- the segment arms engage the leadscrew to prevent control rod ejection j
in the unlatched condition. These pawls are spring loaded allowing them.
to move out of engagement during downward motion of the Teadscrew. :

The lower PCRDM assembly consists of an extension nozz]e"toque
‘taker and tube, shield plugs, internal seal system and scram assist spring.

The extens1on nozzle is part of the pressure boundary and mounts
the PCRDM to the intermediate rotating plug. The torque taker and torque
tube constitute a torque restraint located in the space outside of the
large bellows which prevents the mechanism leadscrew, bellows and PCRD
from rotating. Keys on the torque taker slide in keyways in the torque
tube over the full length of the stroke. The internal seal system utilizes
three metallic bellows as well as conoseals to separate the rotor assemb]y
and leadscrew from the reactor cover gas environment, precluding possible
buildup of sodium frost on these components. The shie]d plugs provide
radiation shielding for the PCRDM's and head access area.

B. Primary Control Rod Driveline (PCRD)

The PCRD consists of three concentric shafts: the driveline shaft,
the disconnect actuating shaft and the position indicator rod. The drive-
line is the load carrying member and the outermost shaft. It connects
the PCRDM leadscrew with the control rod. The disconnect actuating shaft
(middle shaft) is used to disconnect the driveline from the control rod |
for maintenance or refueling. The innermost part is the position indicator
rod which is used to verify that the control rod remains fully inserted
during refueling, uncoupling and withdrawal of the driveline.

A dashpot is included in the PCRD to decelerate the dr1ve]1ne |
and control rod during the 1ast few inches of 1nsert10n. The dashpot

| |  Amend. 36
€.3-2 , L March 1977

/



51

consists of a piston and cup with matching tapered fits. The piston is
attached to the driveline shaft and the cup is supported by the shroud
tube of the ‘upper internals structure. ,

‘C. Primary Control Assemb]y (PC4L

The PCA consists of two major subassemb1ies: the outer duct
assembly and the pin bundle/shaft assembly called the control rod. The
outer duct assembly is hexagonal having external dimensions identical
with the fuel assemblies. A hand]ing<socket is provided at the top which
interfaces with the refueling equipment. Two load pads are provided at
the outside to interface with adjacent core assemblies for positioning
and seismic load carrying capability. A shield plug is welded to the

- outer duct at its lower end to provide neutron shielding. The inlet nozzle

for- the PCA is welded to the bottom of the shield plug and contains in-
ternal orifice plates. Two piston rings on the exterior of the nozzle
prevent excessive leakage to the low pressure plenum and insure hydraulic
balance for assembly holddown. The bottom end of the inlet nozzle has

a discriminator post which prevents installation of the PCA in an incorrect
core lattice pos1t1on or installation of an incorrect assemb1y in a PCA '
pos1t1on '

‘The control rod contains thirty—seven absorber pins, spaced
on an equilateral triangular pitch. The absorber pins are sealed stainless
steel tubes containing boron carbide (B,C) neutron absorbing material.
Each pin is helically wrapped with wire 'which maintains the pin spacing
in the rod and promotes coolant mixing within the rod. The bundle of
37 pins is surrounded by a thin hexagonal inner duct which provides a
coolant channel and structural support for the pins.

The control rod shaft consists of a limited motion azimuthal
rotational joint, a solid shaft and a female coupling for attaching the
rod to the driveline.

For further descriptive and functfona] details, refer to Section
4.2.3 of the PSAR.

Secondary Mechanical Subsystem

The Secondary Mechanical Subsystem (SMS) of the RSS includes six
Secondary Control Rod Systems (SCRS's) located in row 7 of the reactor core.
Each SCRS consists of a Secondary Control Rod Drive Mechanism (SCRDM), a
Secondary Control Rod Driveline (SCRD), and a Secondary Control Assembly
(SCA). The SCRDM is mounted on the reactor vessel closure head and axially
positions the control rod and driveline. The SCRD extends through the upper

. internals structure and connects the SCRDM and the latch mechanism. The

SCA is located in the array of core assemblies and contains the movable
control rod.

The SMS provides a Secondary shutdown system for off-normal
conditions. - As such, the SMS is independent of the PMS and is diverse
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in both scram function initiation and insertion assist. Scram :s accomp-
lished by unlatching of the. control rod by a fraction of an inch drop .of
the tension rod and insertion of the control rod into the core by gravi-

tational pull supp]emented by the hydraulic force of the sodium flow.

The SMS scram function is activated by the secondary electrical port1on

of the RSS |
A. Secondary Control Rod Drive Mechanism (SCRDM)

: . The SCRDM contains the mechanisms for “insertion and withdrawal of
the control rod. . These mechanisms include the latch actuator assembly, twin
-leadscrews and motor The latch actuator assembly is mounted to the top of
the positioning carriage at the upper end of the driveshaft. The main
components of the assembly are the pneumatic cylinder, the scram valves,
the sensing tube-.and tension rod position indicating devices. The piston
in the pneumatic cy11nder is coupled to the latch tension rod. The scram
valves provide pneumatic control for latch actuation.

During normal operation, pressure is applied to the bottom of the
piston to hold it in the up position. Pneumatic pressure is controlled by
an arrangement of poppet valves and solenoid operated pilot valves. To
initiate a scram, power is cut to the solenoid valves which opens the
poppet valves to vent the cylinder. This allows the tension rod to fall
which releases the control rod to insert into the core. The solenoids are
normally energized to prevent venting the cylinder. Venting occurs when
power is cut to two of the three solenoids.

Twin.leadscrews driven by an electric motor are provided in each
SCRDM to raise or lower the control rod. Two idler gears from the motor
pinion gear transfer torque to the leadscrews which raises and lowers the
positioning carr1age

A main shaft bellows between the SCRDM housing'and driveshaft ahd
additional bellows between the driveshaft and sensing tube and between the
sensing tube and tension rod protect the internals of the SCRDM from sod1um

vapors.

B. Secondary Control Rod Driveline (SCRD)

, "The SCRD contains the tension rod, sensing tube, driveshaft, drive-
1ine bellows and latch. These provide a connection between the SCRDM and
the control rod in the SCA. The tension rod, sensing tube and driveshaft
are. concentric shafts running the length of the SCRD which move ax1a]1y

with respect to each other

The tension rod connects a latch located at the lower end of the
SCRD to the pneumatic actuator device. The tension rod is surrounded by -the
sensing tube which is used to transmit the position of the control rod
coupling head (when held in position by the latch) to the position sensors
in the SCRDM. The sensing tube is surrounded by the heavy-walled driveshaft
which protects the sensing tube and the tension rod over their entire length.
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The latch is located approximately five feet above the top of the
active core region during power operation. The latch is used to grapple the
coupling head and 1ift the control rod out of the core and to release the
control rod for scram. The latch and the tension rod are the principal com-
ponents in the SCRS for performing the scram release function. A short
downward stroke of tension rod permits the latch grippers to move radially
outward and release the control rod coupling head.

Two pairs of bellows isolate the SCRD internals and the SCRDM
from the sodium vapor-argon cover gas environment below the reactor head.

C. Secondary Control Assembly (SCA)

The SCA consists of a movable control rod enclosed within a
circular guide tube. The gquide tube fits inside a hexagonal duct which is
essentially identical to the fuel assembly ducts. ‘

Internal flow paths are used to direct high pressure sodium flow
against the hydraulic assist piston to generate the hydraulic scram assjst
force. Sodium flow used for scram assist is directed downwards through the

" circular absorber guide tube. Flow channels located in the control assembly

nosepiece vent the scram assist sodium flow to the low pressure passages in
the core support structure. Flow is also provided through the control rod

pin bundle for cooling purposes. The bottom of the channel contains a nose
piece which engages the high pressure plenum of the core support structure.

The control rod consists of a bundle of pins containing boron
carbide (B,C) as the neutron absorber. It is held in position above the
core by means of the coupling head which fits into the latch of the SCRD.
The control rod is free (when unlatched) inside the guide tube so that it
will insert into the core by virtue of its own weight. Extra downward
force is provided by hydraulic assist.

A damper mechanism is used to decelerate the descending control
rod. The initial damping is provided by hydraulic dashpot action and the
final portion of the descent.is controlled by a hydraulic spring damper
device. :

For further descriptive and functional details, refer to Section
4.2.3 of the PSAR. ’

Electrical Subsystem

The Electrical Subsystem (ES) is part of the overall Plant Pro-
tection System. It consists of two independent and operationally diverse
systems, the Primary Electrical Subsystem (PES) and Secondary Electrical
Subsystem (SES) that monitor the condition of the plant and initiate scram
of the primary and secondary control rods, respectively. Each system can
independently initiate shutdown of the reactor. Each system has three re-
dundant instrument channels and logic trains that provide sufficient redun-

dancy to preclude degradation of either the PES or SES through a single failure.
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The three redundant channels of each system are physically and electrically f“\
separated to assure that thelr Independance Is maintalned. The ES is ’ :

I'tlustrated In Figure C.3.1-2,

Electrical plece/part requirements have been defined to assure high
rellabliity. Most resistors and capacitors In the ES comparators, calculation
units, logic and buffers are MIL-SPEC or established reliabil Ity components.
Most transistors and dlodes used in the comparators, calculation units, loglc
and buffers are qualified to Military Standard-S-19500. Most Integrated
circults used are screened, Inspected and tested according to Military
Standard 883A, Method 5004, Level B. The vendor Is also required to use

Mil itary Standard 454 as a speclficatlion for electronic module construction.

To provide added assurance agalnst potential degradation of protection due to
single fallures, functional and equipment diversity have been designed Into
the ES. The PES responds to a different plant parameter than does the SES to
provide protection agalnst common cause fallure of the sensing system. The
only exception to the use of functional diversity is in subsystems which
measure nuclear power. Since nuclear flux is the only parameter indicative of
nuclear power that Is fast enough to provide adequate protection, equlpment
diversity rather than functional diversity Is provided In the power
measurement system. Nuclear flux measurement Is made In the PES using three
compensated ion chambers and In the SES using three fission chambers., Section
7.2 of the PSAR Includes |ists of the ES protective functions and the design
basis fault events and the flrst protective primary and secondary subsystem to
respond to each event. The PES and SES Instrumentation used to determine off
normal conditions are also described in Section 7.2 of the PSAR. ‘ ‘

The output signal from each of the three redundant sensors In each system is
ampl i fled and converted to a standard input signal by signal conditioning
equlpment. Where necessary, calculational units derive secondary variables
from the sensed parameters. Where a single parameter is used In a level trip
type, no calculational unit Is used. Where ratio type trips are used,’
calculational units are used to derive the appropriate ratio. A comparator in
each instrument channel outputs a trip signal when it senses that the
instrument channel analog signal exceeds specified |imits.

For additional diversity, the PES Is confligured using local colncidence logic
while the SES is confligured using general coincldence logic. In the case of
the PES, each instrument channel outputs three redundant signals corresponding
to either the reset (not trip) or trip state. Light emitting diodes and photo
transistors are used to provide complete electrical Isolation between
redundant instrument channels and logic tralns. The three redundant
instrument channels are recombined as Inputs to three redundant ioglic trains
arranged in two out.of three local coincidence. The 2/3 logic modules
determine If two or more trip Inputs are received from the subsystem
comparators and then provide a trip signal to a 1/24 logic module, The 1/24
logic module outputs a trip signal if any of the 24 subsystems in a logic
train have tripped. These signals deenergize primary scram circuit breaker
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undervoltage trip coils. The five primary scram circuit breakers are arranged
so that when two or more logic trains trip, the scram circuit breakers

remove power to the PCRDM's releasing the primary control rods. Manual shut-
down and test capability is provided.

In the SES, each instrument channel comparator outputs a signal to
the 1/16 logic corresponding to either the trip or reset state. The second-
ary logic system consists of the 16 protective subsystems arranged in a
general 1/16 coincidence configuration. If any of the 16 channel A comp-
arators trip, the 1/16 logic module inputs a channel A trip to the 2/3 con-

lfiguration of each of the Six SCRDM solenoid operated valves. Similarly,

a trip signal from channel B or channel C comparators is transmitted to
the SCRDM solenoid operated valves by the 1/16 logic module. The SCRDM
solenoid operated valves are arranged in a 2/3 configuration such that a
trip signal from two or more logic trains vents the latch cylinder, un--
latches the control rod and allows it to be forced to its shutdown position.

C.3.2 Shutdown Heat Remova]ISystem

€C.3.2.1 Overall System Function

Sensible heat in the structures and sodium and core decay heat
are removed from the reactor following reactor shutdown by the Shutdown
Heat Removal System (SHRS). The SHRS utilizes the normal heat sinks or
alternate heat sinks to dissipate sensible and decay heat and prevent 1oss
of coolable core geometry.

Normal heat removal paths are prov1ded through three independent
Joops of the Primary Heat Transport System (PHTS) which transfer heat from
the reactor to three independent loops of the Intermediate Heat Transport
System (IHTS). Heat is removed from the IHTS by three independent loops of
the Steam Genérator System (SGS) to the main condensers. Alternate redundant
heat sinks are provided through the Steam Generator Auxiliary Heat Removal
System (SGAHRS) and the Direct Heat Removal Service (DHRS). SGAHRS provides
an alternate heat sink for the main condensers and DHRS provides an alternate
heat removal path and heat sink connected directly to the PHTS.

C.3.2.2 Design Description

The systems and components which make up the SHRS are shown in

Figures C.3.2-1 and C.3.2-2. A brief description of the SHRS systems and

components follows:

Primary Heat Transport System

The Primary Heat Transport System (PHTS) transports heat from the
reactor to the Intermediate Heat Exchangers (IHX). The three PHTS loops
transport the sodium coolant from the reactor vessel to the IHX's which
connect the primary and intermediate loops. The three primary Toops have
common flow paths through the reactor vessel, but are otherwise mechanically
independent and isolated in separate PHTS cells.
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Each PHTS loop contains a hot leg centrifugal sodium pump, a permanent magnet
flowmeter, a cold leg check valve and an IHX. Detalled descriptions of these
components are contained In Sections 5.2 and 5.3 of the PSAR.

Intermediate Heat Transport Svsfem

The Intermediate Heat Transport System (IHTS) transports heat from the PHTS to
the Steam Generator System. The system consists of three essentially
ldentical, Independent cooling loops operating In parallel to circulate sod} um
from the fube side of the IHX through the steam generators and back to the
IHX.

Each of the cooling loops contains a cold leg pump, an Intermediate sodium
expansion tank, a permanent magnet flowmeter and piping to transport the
sodium from the IHX outlet through the superheater and the two evaporators
back to the IHX inlet. A detalled description of IHTS components Is contalned
in Section 5.4 of the PSAR.

Steam Generator System

The Steam Generator System (SGS) extracts heat from the IHTS sodium. There
are three Independent SGS loops. Each loop consists of three steam generator
modules (two evaporators and one superheater), a steam drum, a recirculating
water pump, a Sodium-Water Reaction Pressure Rellef System, a Sodium Dump
System, a Water Dump System and a Leak Detection System.

The main Condensate and Feedwater System supplles feedwater to the steam
drums. Superheated steam produced by each of the three SGSs loops Is supplied
to the single turbline generator. Feedwater is returned to the three steam
drums from the condenser hot well by two condensate pumps and two of three
main feedwater pumps. '

The Sodlum-Water Reaction Pressure Relief System (SWRPRS) becomes operational
only In the event of a steam tube leak large enough to cause a rapld pressure
rise from a sodlum-water reaction., The system provides protection from over-
pressure on the sodium side of the evaporator modules, superheater modules,
IHTS and IHX by the use of rupture discs on the piping adjacent to the
modules. The Water Dump System accelerates blowdown of the evaporator modules
through quick opening water dump valves at the Inlet to each evaporator module
and reduces the extent of the sodlum-water reaction. The Sodium Dump System
provides sodium dump capabil ity for the IHTS and the sodium side of the
evaporator and superheater modules.

The éfeam Generator Leak Detection System monitors for hydrogen and'oxygen in
the sodium In order to identify small leaks in the steam generator modules.

Detalls of the SGS components and subsystems are provided In Secflon 5.5 of
the PSAR. :
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Steam Generator Aux111ary Heat Removal System

The Steam Generator Aux111ary Heat Remova1 System (SGAHRS) prOV1des
redundant shutdown heat removal paths and heat sinks when the main condenser
or main feedwater supply is unavailable. SGAHRS consists of an Aux111ary
Feedwater System (AFWS), three Protected Air Cooled Condensers (PACC's) and
associated p1p1nq.

AFWS contains the Protected Water Storage Tank (PWST) and three

" pumps. Two of the pumps having one half capacity each are electrically

driven and the third is a full capacity pump driven by a steam turbine using
steam from the steam drum. The AFWS draws water from the PWST and supplies
feedwater to all three steam drums.

The three PACC's are connected to the steam drums and reject the
heat to the atmosphere. Steam from each steam drum rises by natural circu-
lation to a PACC where the steam is condensed. Saturated water is returned
to the drum by gravity flow. FEach PACC utilizes a fan to force air across
condenser tubes. The PACC's are used for long term shutdown heat removal.
when the condensers are out of operation. SGAHRS provides short term heat
rejection by a direct steam dump from the steam drums to the atmosphere
through power relief va]ves. The expended water is replaced by the AFWS.

Details of the SGAHRS components and subsystems are prov1ded in
Section 5.6 of the PSAR.

Direct Heat Remova] Service

A Direct Heat Removal Service (DHRS) is provided to.remove decay
heat in the remote event that all of the steam generator decay heat removal
paths are not available. The DHRS dissipates reactor decay heat through the
primary sodium overflow system, an overflow heat exchanger and the EVST cool-
ing system air blast heat exchangers to the atmosphere. The plant components

utilized by DHRS are the primary sodium overflow vessel, the two primary

sodium makeup pumps, the overflow heat exchanger, the reactor vessel, the
primary pumps and their pony motors, the EVST NaK pumps and the EVST air
blast heat exchangers, as well as the piping and valves which connect these
components. DHRS is shown schematically on Figure C.3.2-2. Details of
DHRS are provided in Section 5.6.2 of the PSAR.

€.3.2.3 Heat Removal Operational Description.

Normal shutdown heat removal is through the PHTS, IHTS, SGS and
main condenser. Each of the three independent heat transport system paths

are designed to remove all short term and long term decay heat from the .

reactor. Pony motor operation of the primary and intermediate system pumps.
are utilized for this mode of shutdown cooling. The PHTS, IHTS, SGS and main
condenser will also provide sufficient heat removal to prevent 1oss of
coolable core geometry following a scram with pump coastdown from full power
operation with three loops at natural circulation flow.
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For the short term, decay heat is to be removed from the main con-
denser whenever it is operational. The plant operator may initiate SGAHRS. s
heat removal via the PACC's for long term heat removal at any time. However, '
due to the heat removal capacity of the PACC's either the main turbine gen- ’
erator condenser (normally) or short term steam venting and AFWS must function
{main condenser or feedwater not operational) until the steam generator heat
tToad drops below the heat removal capac1ty -of the PACC's. During three
Toop shutdown without using the main condenser, steam venting is expected
to cease within one hour after the plant tr1p.

The SGAHRS is designed to provide the ultimate heat sink for all
postulated loss of feedwater or loss of normal heat sink incidents. When-
ever the normal heat removal path is not available in the short term, acti-
vation of SGAHRS will occur automatically with both the AFW and PACC sub-
systems brought into service. The two subsystems will continue to function
concurrently until the heat load is reduced to a level such that steam
venting ceases and the PACC's will remove the entire heat load. Operator
action is only required to shut off the auxiliary feedwater pumps once the
venting and feedwater supply requirements are ended.

The PHTS, IHTS, SGS and SGAHRS are des1gned to prov1de decay and
sensible heat remova1 from the reactor via natural circulation in combination
with steam venting utilizing only the steam turbine driven auxiliary feed-
water pump. The SGAHRS steam turbine driven auxiliary feedwater pump is
sized to provide adequate short term heat removal after full power operation
via one loop without recirculation pump or motor driven feedwater pump
operation. The Protected Water Storage Tank capacity and PACC heat removal
capability are such that the entire long term decay heat load can be carried 9
by a combination of extended steam venting from one SGS loop and operation '
of one PACC with water side natural circulation and air side forced circula- -
tion.” These components have been sized to assure a 30 day supply of pro-
tected water under the most severe accident conditions.

The DHRS is provided to increase the shutdown heat removal reli--
ability by providing additional redundant and diverse shutdown heat removal
capability to that provided.in the three redundant heat transport system '
loops and SGAHRS.

The DHRS 1is initiated by operator action. Hot primary sodium
overflows from the reactor vessel to the overflow vessel. Operation of one
or more of the three primary pump pony motors provides sodium flow through
the core. The primary sodium makeup pumps circulate the hot sodium through
the overflow heat exchanger and back to the reactor vessel. EVST NaK removes
the primary sodium heat in the overflow heat exchanger. The heated EVST
NaK is pumped to the EVST NaK air blast heat exchangers where heat is trans-
ferred to the atmosphere. DHRS capacity is adequate to prevent loss of"
coolable core geometry assuming heat rejection capability is lost from the
PHTS immediately upon shutdown from rated power and active operation of -
DHRS is initiated one half hour after shutdown. Operation of all three
primary pumps at pony motor speed is required in this mode.
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C.3.2.4 Electric Power Considerations

The sources of electric (AC) power for the SHRS are the preferred and reserve
(of f~-site) AC power suppllies and the standby (on-site) AC power supply. The
standby power supply consists of two independent dliesel generators and the
emergency batteries and converter. Power under. normal operation is needed for
the primary and Intermediate sodium pumps and for the steam generator
recirculation pump and the maln feedwater and condensate pumps.

For SHRS operation, standby power Is supplled to the components of the PHTS,
IHTS, SGAHRS and DHRS to assure operation in the event of loss of the malin
power supply. Standby power is provided to the two motor driven auxil lary
feedpumps, the PACCs blowers, the pony motors for both the PHTS and IHTS
pumps, the primary sodlum makeup pumps, the EVST NaK and sodium pumps and the
EVST air blast heat exchanger blowers. In addition, battery power is provided
to the safety~rejated SGAHRS motor operated valves. The standby power supply
Is sufficlent to facll itate and malntain adequate shutdown heat removai.
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C.4.0 Evaluation Focal Points

C.4.1 Reactor Shutdown System

- This section provides the system designer's evaluation of areas of
system performance uncertainty. Failure Mode and Effects Analysis (FMEA)
coupled with FFTF testing and LWR operating experience were used to select
the principal areas for reliability emphasis. The initial FMEA's were
performed during the conceptual design stage. Identified potential scram
failure modes and associated causes were correlated with available test data
and analytical capabilities. Reliability emphasis was placed on credible
failure modes having the greatest impact on scram reliability. Identified
areas of uncertainty are cross referenced to specific tests which are de-
scribed in Section C.5. '

C.4.1.1 Primary Mechanical Subsystem (PMS)

This section describes the principal areas of the PMS identified
as requiring reliability testing and analysis. Emphasis is placed on
assessing areas which could cause failure of the PMS to perform its scram
function. Common cause factors which could potentially lead to multiple
PCRS failures and resultant shutdown failure of the PMS are identified for
reliability emphasis. The PCRS scram function consists of the roller nut
unlatching from the leadscrew and the translation of the leadscrew, drive-
line and control rod. Areas for reliability emphasis are identified
separately for these two critical functions.

Areas Identified for Reliability Emphasis

A. Unlatching

The primary scram function of the PCRDM is to release (unlatch)
the leadscrew upon loss of electrical power to the stator. The magnetic
field of the stator holds the segment arms (rotor) radially outward which
compresses the segment arm springs and engages the roller nuts with the
leadscrew. With the removal of electrical power, the segment arm springs
disengage the roller nuts and unlatch the leadscrew. PCRDM unlatching is
dependent on segment arm spring forces and outward parting load forces gen-
erated at the leadscrew/roller nut interface. Forces retarding unlatching
consist of the magnetic moment based on stator current decay, friction effects
at the pivot pin and leadscrew due to roller nut contact, and inertia of the
segment arms.

Areas for reliability emphasis to assure unlatching include
investigations of: variations in friction coefficients, wear effects, manu-

facturing errors, internal misalignments, debris from leadscrew wear and

relaxation or breakage of the segment arm springs. An analytical dynamic
model is utilized to assure that adequate margins against these failure
causes are included in the PCRDM design. Since FFTF testing has been highly
successful and has provided a basis for analytical model verification,

only prototypic PCRDM testing is considered necessary for reliability

C.4-1 Amend. 36
March 1977



~verification., PCRDM |ife tests beyond the design |ife are used to assess wear
ef fects and to confim operation. Tests at worst case temperature and
pressure |imits establish sensitivity of scram components to PCRDM environ-
mental conditions, These tests are described in Sections C.5.1.2A and B.

Since the PCRS is required to scram during selsmic events, verification of
unlatching capability during seismic excitation Is necessary. Relative
lateral motions of the leadscrew and roller nuts, vertical acceleration and
potential structural fallures are the key areas for rellability evaluations.
Shaker tests are planned to assess selsmic performance and support analy-
tically determined margins for seismic conditions. The PCRS selsmic test is
described in Section C.5.1.21.:

If PCRDM bel lows |eakage occurs, sodium vapor can enter the upper mechanism.
Sodium vapor can affect the unlatching function by Increasing friction
coefficients and sodium solidlfication can occur In tight clearances between
moving parts. A falled-bellows test will be conducted to conflirm accept-
abil ity of operation with a failed bellows., The falled~bellows test is
described in Section C.5.1.2B.

The PCRDM/PCRDs are given acceptance tests at the vendor prior to shipment.

In addition, operational tests are performed prior to Initial CRBRP startup
and scram tests are performed after each refueling. These tests provide a
basis for Identification of manufacturing, Installation and maintenance errors
affecting scram performance.

Human errors could occur during malntenance operations and could adversely
affect scram performance. To minimize the potential for and the effect of
majntenance errors, malntenance procedures and tools will be developed In PCRS
tests. Prototypic maintenance operations will be performed throughout the
PCRS tests to Identify any effects on system performance.

B. lInsertion

The PCRS scram insertion function Involves full stroke and partial stroke
motion of the connected leadscrew, driveline and control rod. The areas where
contact points and minimum clearances could affect scram insertion are: the
leadscrew to PCRDM upper and lower bushings, the PCRD to |ower PCRDM torque
taker keyway, the PCRD shaft to the bottom of the dashpot cup, the PCRD piston
to dashpot cup (over the last few Inches of insertion), the control rod shaft
coupling to the PCA scram arrest flange (over the last portion of Insertion),
the control rod wear pads to the PCA outer duct and the control rod inner duct
to the PCA outer duct. In a seismic event, additional contact points may
occur between the PCRD and the PCRDM shield plug and the PCRD and the drive-
ITne shroud tube. Areas for rellabillty focus are the effects of misalign-
ments, seismic loadings, friction coefficient variation, wear, irradiation and
manufacturing errors.
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PCRS misal Ignments are established from manufacturing and installation
tolerances and clearances between PCRS parts and interfacing reactor system -
components Including the reactor vessel closure head, reactor vessel, core
support structure, core barrel with associated core former rings of the core
restraint system, core assemblies and the upper Internals structure. An
analytical model Is utilized to evaluate PCRS performance under varying

misal ignments for conflmmation of scram Insertion performance. Analysis of
the Interaction loads resulting from control rod system misalignments is a
complex process however, involving three dimensional mixed structural and

mechanical response of the Interfacing components and the driveline/control

rod assembly., Existing structural analysis tools require the application of
englneering judgments to deal with mixed mechanical-structural response of
complex systems. To verify these engineering judgments, test callbration of
the analytical models is required. Misalignment tests of PCRS performance are
utilized to confirmm scram capability.

Lateral selsmlic accelerations leads to a "rattling" effect on the driveline
with Impulsive drag forces resulting from Impact of the driveline/control rod
wilth the surrounding structures, The frequency and magnitude of the Impact
forces are influenced by fluld coupiing between the driveline and guiding
structure, squeeze film fluid effects at impact and dynamic friction
coefflcients. PCRS testing under conditions of simulated seismic excitation
will establish the magnitude of these effects and permit callbration of the
seismic scram insertion analysis, The PCRS dynamic selsmic friction fest is
described in Section C.5.1.2C, and the PCRS selsmic test is described in
Section C.5.1.2.1.

Lateral loads on core assembly outer duct load pads during a seismlc event
could lead to control assembly duct deformation or increased PCRS

misal ignments. The above core load pads are located in a reglon where
substantial irradiation Induced ductility loss is anticipated. Brittle
fracture of the load pads must therefore be considered as a potential failure
mode. A duct crushing test in support of CRBRP core assemblies has been
completed. Analyses of thils test, which showed no brittle failure of
Irradiated ducts under loading conditions prototyplic of CRBRP seismic |oads,
will be used to conflirm PCA design margins. The duct crushing test is
described In Section C.5.1.2L.

Wear effects between moving parts can lead to changes in scram speed as a
result of changes in effective friction coefficients and clearances. Galling
of sliding surfaces can lead to significant friction increases and to selzing
of moving parts. Wear effects can best be evaluated by tests under prototypic
conditions. PCRS testing In sodium loops is planned to evaluate wear effects
on system performance. Testing exceeding the design basis service life

- (number of scrams, feet of travel) will be performed to establish |Ifetime

margin relative to wear effects. Tests to Investigate wear effects are
described in Sections C.5.1.2A and B.
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Control assembly outer duct galling was observed In FFTF testing as a result
of forced contact (beyond design baslis) between the movable pin bundlie wear.
pads and the outer duct. The pattern of galllng marks observed was consistent
with a torsional loading fransmitted from the CRDM to the control assembly
absorber section. A rotational joint has been included In the PCA design to
minimize PCRDM torque transmission and the resultant inner/outer duct contact.
Testing to verify rotational joint performance In sodium has been satis-
factorily completed. The rotational joint test is described in Section
C.5.1.2F. :

Irradiation effects on PCRS scram performance must be considered in the PCA.
Irradiation could degrade scram performance by reducing control rod to outer
duct clearances elther as a direct effect of Irradlation induced swelling or
as Indlrect effects of duct bowing. Reduction In clearances resulting from
fallures of component parts due to ductillity loss or inner duct distortion
from pin bowing or pin ruptures must also be considered. Bowing of the Inner
and outer ducts results from thermal and flux gradients across the ducts
‘leading to differential Irradiation swelling combined with creep effects from
Interactions with adjacent assemblles, Section 4.2.3 of the PSAR provides a
detalled discussion of duct bowing.. Differential bowing between the Inner and
outer ducts could, If the bowing magnitude were sufficlently large, lead to
duct to duct contact with resultant increase In drag forces retarding scram
Insertion. CRBRP programs to verify swelling and creep correlations used for
bowing analyses are underway. These programs together with operational data
from other reactors (FFTF, EBR-1Il, etc.) will provide a basis for establlishing
the magnitude of duct bowing. Analyses have been conducted to assure that -
design envelope duct bows do not result in significant drag forces and that
margins exist against scram fallure. A duct bowing test using prototypic
ducts has established scram |imiting duct bows and determine duct bowing
margins., ’ ’

Absorber pin ruptures could impact scram performance due to reactivity loss
from B,c washout at open cladding areas or due to inner duct deformation from
pin faflure gas pressure pulses, Absorber pins are designed not to fall and
analyzed using conservative deterministic cladding criteria. Washout test
data for B4C pel lets exposed to flowing sodlum must be evaluated. This
evaluation is described In Section C.5.1.1. Rellability emphasis Is placed on
pin rupture effects of mechanical deformations that result from sudden release
of pin Internal pressure. Tests have been performed to determine Inner duct
deformation (bal looning effect) from pin fallure pressure pulses to envelope
worst case effects of pin rupture. These tests have shown that pin ruptures
do not result in significant deformations and have a negliglible Impact on
scram performance. The pin rupture tests are described In Section C.5.1.2J.
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Temperature and flux gradients across an absorber pin produce.pin bowing. Due
to dominance of the temperature gradient with higher temperatures at the
interior side of the pin bundie, the bow is nominally Inward. With wire wrap
point |oad constraints, local outward deflections of the pins will occur,

This outward deflection coupled with pin swelling can close pin to inner duct
clearances and result in an outward pressure on the inner duct. The Inner
duct Is necessarily a thin wall member. It could therefore deflect outwards
under the action of pin bundle/duct interaction loads. Pin deflection effects
on the Inner duct could have an adverse Impact on scram performance due to a
reduction in duct to duct clearances. Analytical predictions of pin to pin
and pin bundle to duct iInteractions are made. Data are available on this type
of Interaction behavior from FFTF fuel pin testing. While not prototypic,
this provides additional support to the analysis for the current design. The
behavior of the pin bundle is characterized by a mixture of structural and’
mechanical response to the applied loading. Models using existing structural
analysis tools are however subject to uncertainties. A pin compaction test
has been conducted to determine Inter-pin loads, pin to duct loads and pin
bundle compressibil ity to envelope the Inner duct deformation that might
result from pin bowing. Testing described In Section C.5.1.2G has provided
the data required to define the pin bundle-duct Interaction analysis.

The impact of the driveline/control rod on the PCA scram arrest flange must be
evaluated to verify that a brittie fracture of the Irradiated PCA outer duct
will not occur. Transmitted and reflected (from core support structure)
stress waves can lead to a stress bulldup and brittie failure of the
Irradiated duct becomes a potential failure mode. The reason for concern with
this fallure mode Is that potential chips or duct distortion from the duct
fracture could retard scram insertion. To support analyses in this area, duct
impact testing was conducted to minimize analytical uncertainties and to

_provide test conflmation that brittle fracture will not occur. The duct

Impact tests are described in Section C.5.1.2K.

The previously Identiflied PCA component testing will provide data at an early
date which is directed at specific areas of reliability emphasis for feedback
Into final PCA design. Based on preliminary analyses, testing Is anticlpated
to conflirm a design |i1fetime of two years. Toc obtain direct irradiation .
behavior data to conflirm PCA |ifetime capability, Irradiation testing of a PCA
‘In FFTF is planned. Post irradliation analysis will provide direct data on
duct bowing, pin pressures, Irradliation induced swelllng, etc. prior tfo
extended power operation In CRBRP, :

Manufacturing, malintenance and procedural errors could affect scram insertion
through factors such as Internal misallgnments of the assembied components,
Incorrectly assembled joints or materials errors. These factors could result
In Increased Insertion drag forces resulting in slowed scram insertion.
Vendor acceptance tests and development tests on prototype and plant manufac-
turing units will be performed. These tests will make maximum practical use
of common materials for both test and plant units,

C.4-5
Amend, 70

Aug. 1982



C. lInterfacing Components

Interfacing component fallures can Impact PMS scram performance by Increased
misal Ignments, temperature effects and flow changes. To identify fallures,

- fallure detection capabllity and effects on PMS performance, analysls of
interfacing component failure modes and their effects are performed. This
analysis together with PCRS performance evaluations agalnst identified fallure
modes Is directed at reliabll Ity enhancement.

C.4.1.2 Secondary Mechanical Subsystem (SMS)

The SMS has been evaluated from a rellabil ity standpolnt and the continulng
rellabil ity efforts will concentrate on the safety related functions, I.e.,
the unlatching and Insertion of negative reactivity Into the core (scram).
This sectlon describes those features of the SCRS where design and rellability
-ef forts are. emphasized. '

Areas |dentified For Reliability Emphasijs

Each of the three components of the SCRS has a function which is necessary for
successful scram performance. The SCRDM scram function Is to release the
pneumatic holding pressure thereby allowing the tension rod to fall. The SCRD
function is to allow the tension rod to drop a fraction of an Inch fto open the
gripper fingers. The functions required to assure successful scram are
control valve and plston/cylinder operation, tension rod translation, latch
release and control rod Insertion. Each of these Is dliscussed pertalning to
factors involved In the SCRS design and environment and areas of expected

rel fabil ity activity.

A. Control Valve, Piston/Cylinder Operation

A pneumatic actuator, connected by the tension rod to a gripper device |atched ’

to the control rod, iIs vented when electrical power is cut off to at least two
of the three solenold operated confrol valves. Venting of the actuator allows
the tension rod to drop unlatching the gripper device from the control rod
coupling head,

Rel labil ity Program activities on the control valves center on eliminating any
potential for jamming, sticking or slow operation. The possible long term
hold periods (up to one year between operations) could result in valve
degradation. Mechanical distortion caused by thermal effects or shock Impact
In the valve assembly could cause binding forces In the pilot valves,
solenolds or maln valves. Deposition of particulates In the pressurizing gas
could also lead to binding as well as to port and/or vent blockage. Thermal
degradation of valve seat material or the presence of gas contaminants could
Jjam or delay the operation of the valves and armatures. Variations in
friction coefficients, wear effects on the valves, manufacturing errors and
Internal mlsal ignments could impact proper valve operation, The effects of
gal ling and wear and the potential sodium vapor effects (caused by bellows
failure) on clearances are areas of reliabil ity emphasis.
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- Tests are planned for the valve/cylinder assembly to provide
proof-of-principle and are described in Section C.5.2.2C. Life tests (see
Section C.5.2.2F) will be performed to confirm operational performance
beyond the design life of the valve/cylinder assembly. Analysis will be
performed to investigate manufacturing variations and to assess variations
in wear and friction effects. A failed-bellows test of a prototypic ‘
SCRDM/SCRD (described in Section C.5.2.2G) will confirm acceptable operat1on
in a poss1b1e sodium- vapor env1ronment ,

B. Tension Rod Trans]at1on

‘The translation of the tension rod, wh1ch connects the actuator
piston to the latch, under conditions of a defbrmed driveline is an area
of uncertainty requiring additional testing and analysis. Distortion of
the driveline tubes surrounding the tension rod is capable of introducing
friction forces which can retard the motion of the tension rod. Tension .

_rod drop of a fraction of an inch is sufficient to permit unlatching of

the control rod, however, simultaneous binding of the driveshaft and sensing
sleeve on the tension rod from abnormal thermal bowing effects or from
excessive external loadings applied to the driveshaft could retard or prevent

‘tension rod motion. The effects of fabrication tolerances and straightness

of the rod and two surrounding tubes on tension rod translation are also
needed to evaluate its reliability. The effects of bowing will be evaluated

“to determ1ne d1sp1acements of SCRD component parts.

C. Latch Release

Reliable operation of the gripper f1ngers is essential for reli-
able scram performance of the SCRS. The latch is therefore the subJect of
a substant1a1 segment of the SCRS reliability program. _

The gripper: f1ngers in contact with the coupling head form a
latch to hold the control rod in the ready position. Potential self-
welding between the gripper fingers :and the coupling head could prevent
insertion of the control rod. Solid material diffusion in liquid sodium
(a function of sodium temperature, contact time and pressure, mating surface

conditions, cleantiness, and the mating materials) may promote self-welding.

This could also result.from mechan1ca1 adherence of the rubb1ng parts as
the end result of galling.
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Confirmation of latch performance will be achieved by means of

verification tests. The choice of latch and 1nterfac1ng cam surface materials .

has been based on analysis of material .interactions in sodium. Verifi-

cation testing will include prototypic tests in sodium to assess material
interactions and to demonstrate performance. These tests are described in
Section C.5.2.2A. Testing to determine the effects of the long-term

hold periods under prototypic environmental conditions will be used to confirm
functioning. In addition, accelerated latch life testing will be performed to
verify that galling and repeated Tatching/unlatching do not degrade unlatch
performance and that margins beyond design life exist. Latch scram testing

is described in Section C.5.2.2D.

Evaluation of the test results will be factored into the design
and fabrication of the SCRS latch and interfacing components. If test
‘results indicate potential for problems or :if performance margins were
not confirmed, corrective design action will be initiated.

D. Control Rod Insertion ..

The guide tube and outer duct of the SCA together form a channel
that guides the control rod during its insertion into the core. Reliability
activity in the area of control rod insertion focuses on assuring adequate
clearances between the rod and its cylindrical guide tube. Hang up of the
control rod in the guide tube or slow insertion may be caused by increased
friction resulting from excessive channel distortion. Channel distortion
can result from thermal bowing effects, irradiation swelling and/or creep
effects, control rod pin-bowing or ruptures, manufacturing errors or seismic
loading effects on the SCA or on interfacing components. Other reliability
activities focus on the hydraulic assist feature and the overall hydraulic

characteristics of control rod insertion. Distortion effects of the hydraulic,

assist feature or particulate deposition in close clearance areas could
~affect the insertion of the control rod.  Slowed control rod insertion.
could result from wear effects between the control rod and guide tube.
Galling of s]1d1ng surfaces: coutd lead to significant friction increases
and/or seizing of moving parts

Significant emphas1s is placed on analyzing and testing the SCRS
to determine the overall impact of distortions on control rod insertion.
Analysis will be performed to determine the thermal bowing of the control
rod, the irradiation swelling of the hydraulic assist piston, the irradia-
tion and thermal bowing of the outer duct and guide tube, the irradiation
creep and swelling of the guide tube cross section and the deformation of
guide tube and control rod under seismic loadings. Results of these anal-
yses will be used to determine potential control rod/guide tube contact
points and to evaluate potential frictional forces. Results will be fac-
tored into SCRS testing. An analytical scram insertion model will be used
to evaluate SCRS performance.
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Verification tests (see Section C.5.2.2J) will provide proof-of-
principle for the hydraulic assist and control rod insertion. Guide tube
deformation tests will be used to determine the effects on rod insertion.
These tests are described in Section C.5.2.2H. Guide tube distortion beyond
the maximum calculated value will confirm that performance margin exists.
SCRS 1ife tests will be used to provide wear data under prototypic environ-
mental conditions. ’

E. Interfacing Components

The successful scram function of the SMS could be affected by
the reactor components which interface with the SCRS's. Interfacing components
could potentially apply Toads to the SCRS or allow displacenments of SCRS
components beyond design envelope misalignments which could prevent scram.
Examples of components which are in these two categories are the upper
internals structure, the reactor closure head, fuel assemblies and the
core support structure. Analysis of each interfacing component to determine
its failure modes and their effects (FMEA) is used to identify areas where
adverse effects could exist. Analyses and test results will be used to
provide substantiation that interfacing components are not potential scram
failure initiators. Where the analyses indicate potential initiators, the
component design will be modified to remove or minimize the potential.

C.4.1.3 Electrical Subsystem (ES)

The systems and equipment covered in this section comprise elec-
tronic and electrical signal conditioning equipment with associated cabling,
instrumentation and switchgear needed to operate the mechanical shutdown
subsystems.

System design features included in the CRBRP ES are similar to
those widely used in LWR's. These equipments are implemented using piece/
parts which have been proven in military programs. The equipment designs
for many of the electronic subsystems, while based on designs for FFTF,
have not been proven in an operating environment. As a consequence, re-
liability analyses and test programs are aimed at providing the same con-
fidence in operational reliability as now exists for similar equipment in
LWR's.

To evaluate the reliability of the operation of the ES, the ES
is subdivided into three major areas of interest: overall subsystem, instru-
mentation sensors, and electronic components and subsystems. These areas
are discussed in turn.. The principal considerations affecting reliability
are reviewed along with the resulting conclusions concerning any additional
needs for analysis and testing. '
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A. Qverall Subsystem ' . . ‘

The Piant Protection System (PPS) design has a close similarity to systems
~used In Light Water Reactors for which there Is an extensive background of
standards, regulatory guides and |lcensing practice almed at Improving safety.
The basis for the PPS .design, the standards used and the supporting analysis
are described In Chapter 7 of the PSAR and are at least as stringent as those
applicable to PWRs. The use of these sfandards, coupled with the similarilty
of CRBRP and LWR designs for the ES, Is a major factor contributing to the
program goal of achieving a level of rellability in each of the ES subsystems
for CRBRP comparable to that achieved In LWR systems.

Rel iabltity is-assured by a combination of design procedures, tests and system
reviews which ensure that the requirements of the standards have been
adequately met both within the ES subsystems themselves and with relation +o
other Interfacing systems and equlipment.

Assurance of rellabillity ‘In design features within the ES has been met- by a
combination of studies of fallure modes and effects (in order to determine the
results of single failures) and of common causative factors which could resul+t
in total system fallures.

The industry standards referenced In Table 7.1 of the PSAR provide for the.

rel lable operation of the ES equipment under accident conditions by placing.

specl fic requirements for separation, environmental qualification and testing.

For instance, In the case of separation of ES from others, full compliance:

with Regulatory Guide 1.75 is required in all relevant system design .
descriptions, Thls has been implemented in the case of the ES by speclally

designed buffer circuits, by requirements for appropriate cable and tray

separation and flnally by the use of separate upper and lower cable spreading

rooms for the primary and secondary electrical subsystem cabl Ing respectively.

The activities described previously are directed at assuring that rellabillfy
Is designed into the ES. The effectiveness of these design measures Is
assessed in the ES reliablility assessment. This assessment Is conducted using
the techniques described In Section C.2. Particular attention is directed to
the reliabil ity evaluation of many ES interfaces with external components.

The ES rellabllity evaluation is summarized in the ES Rellabil ity Design
Support Document.

- Given the use of existing proven industry standards and design and reporting
procedures that ensures their effective Implementation, difference remains
between CRBRP protection systems and those currently l|icensed for LWRs. The
dl fference relates to the design of the protection loglc systems. Although
these systems are .based on the FFTF design, no overall system operating
experience exists for this equipment. To provide the required operating
experience for the CRBRP system, the Reliablil Ity Program plans |ong-term
testing of a complete Electrical Subsystem. A description of this test Is
contained in Section C.5.3.2B. :
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B. Instrumentation Sensors

Instrumentat1on sensors to be used in “the ES are based on designs
in which there is extensive previous experience from either Light Water
Reactors or other sodium systems such as EBR-II, Fermi-I and SEFOR. For
instance, in the case of the Power/Flow trips on which reliability interest
has been concentrated, there are four different types of sensors involved:
Neutron Flux Ion Chambers, Neutron Flux Fission Counters, Electromagnetic
Flow Meters, and Sodium Differential Pressure Meters. The two types of
neutron flux sensors are similar in both construction and functional appli-
cation to sensors used in Light Water Reactors. Their reliability character-
istics are consequently well understood and can be factored into the overall
system design by means of accepted and proven redundancy concepts.

The electromagnetic flowmeters are based on instruments in which
operating experience exists in EBR-II and Fermi and operational sodium test
loops. The design utilized electrodes connected to the outside of pipes
and permanent magnets located again outside the pipes. The simplicity of
these sensors provides inherent high reliability.

In the case of differential pressure sensors, the similarity of
the instrument to those used for similar functions in operating sodium test
loops provides assurance that their failure characteristics are well under-
stood.

In view of these considerations, it was concluded that an adequate
background of relevant experience existed on the sensors to support their
reliable operation in the CRBRP ES application. This conclusion. also
applied to the sensors which initiate the shutdown heat removal system.
These sensors are similar to those now in operation in similar applications
in the industry.

C. Electrical Components and Subsystems

The CRBRP ES design was based on a modification of the design pre-
pared for the FFTF project. A reliability enhancement study carried out
early in the program indicated what improvements could be most effectively
achieved by means of a component reliability program. This component re-

‘Tiability activity has taken the form of rigorous comprehensive specs which

include extensive use of MIL Specs and a component test program.

The component test program has two principal series. First, vendor
thermal screening and functional tests will be used to detect any design.or
manufacturing deficiencies in the modified FFTF components. Second, extended
Tife tests will provide a high confidence level in the long-term re11ab111ty
of the components.
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C.4.2 hutdown Heat Remova stem

This section describes the areas of the Shutdown Heat Removal System ‘(SHRS)
where testing and analysis have been identifled as desirable to support the
adequacy of SHRS rellabiilty. These areas relate to uncertainties associated
with specific components and have been Identifled after an evaluation of the
overal | system. lIncluded are separate sections on the PHTS, IHTS, SGS and
SGAHRS, and DHRS. : ‘

Failure Mode and Effects Analysls, numerical reliability predictions for
conceptual and preliminary design configurations and designer experience with
both sodium and water/steam systems and components were used to select the
initial areas for reliabllity attention. At the initlal stage in the

Rel labil Ity Program, major development test programs existed In the steam
generator systems and coolant boundary areas of the heat removal systems.
These areas were considered for rellabil ity emphasis since defined tests will
provide Information which could impact the rellablil ity of the SHRS. The
initial FMEAs and reliabllity assessments were performed during the conceptual
and preliminary design phase. The fallure modes and fallure consequences and
simplified systems rellabil ity models were used to determine relative
critical ity of fallure modes. During the design detalil phases, the FMEAs and
CCFAs are upgraded to reflect design maturity and changes. These evaluations
confim the appropriateness of ongoing heat transport system component
development tests., ldentified areas of uncertainty are cross-referenced to
speclfic tests which are described In Section C.6.

C.4.2.1 Primary Heat Transport System (PHTS)
Areas ldentified for Rellabi]ity Emphasis

The CRBRP PHTS design basis and operational environment are similar to those
of FFTF. The primary pump and IHX designs as well as plping layout are areas
of major difference. FFTF experlence in design, fabrication, shipping,

Instal lation, Inspection and operation will be utilized In the CRBRP

reliabll ity evaluations and in final design implementation,

One area of criticality to PHTS function during shutdown heat removal
identiflied for reliabil ity emphasis Is the structural iIntegrity of the primary
coolant boundary. The FFTF experience will be significant to assessing the
rel fabil ity adequacy of this boundary and identifying appropriate activities
for assuring Its installed integrity. Retention of the primary system coolant
~inventory has critical importance to transporting heat from the core., Coolant
boundary integrity Is also Important to the successful operation of DHRS since
some plping or vessel leaks may lower sodium {evels below the sodium overflow
level which would terminate DHRS removal of heat from the reactor vessel.

Loss of primary system coolant inventory Is |imited by guard vessels and
elevated loop piping provided to maintaln Independence of primary loops.

Leaks in one PHTS loop will not affect Inventory In the other two PHTS loops.
Test programs have been directed toward assuring adequacy of base material
(SS304, S$S316 and Inconel 718) structural properties and the welded joint
design adequacy. Much of this Information is belng developed under on-going
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Technology programs described in Sections C.6.1.2H and L. Présenf pfograms

‘may not provide sufficlent Information on weld joint reliabil ity and thermal

fatigue at locations where sodium streams with widely differing temperatures
mix. Testing In these areas Is described In Section C.6.1.2A.

Pipe hangers and snubbers impose loadings on the piping and represent
potential failure mode initiators for the primary sodium. boundary. Analyses
of selsmlc response and expansion characteristics assuming failed hangers and
snubbers are being performed. Testing to quallify the hangers and snubbers
wili be performed. The testing Is described in Section C.6.1.2B.

The PHTS sodium leak detection system is a fundamental |Ine of defense in the
assurance of the primary coolant boundary Integrity. Development programs are
in place as described in Section C.6.1.2D0 which will provide diverse sodium
leak detection methods and equipment with appropriate levels of sensitivity.

The PHTS pumps provide forced circulation and are important contributors to
the overall rellabllity of the SHRS. Depending on the time after scram that
the DHRS may be activated, operation of one or more of the primary pumps at
pony motor speed is critical to the operation of the DHRS. Low speed pump
tests have been specified. The primary pump development program includes
tests on pony motor operation and will provide Information on pump bearing
wear characteristics at pony motor speeds. These tests are described in
Section C.6.1.2F,

The main heat transport system is designed to provide natural circulation heat
removal capabillity In all three loops. Testing Is planned to confimm
operation in this mode and Is described In Section C.6.1.26G.

C.4.2.2 . Intermediate Heat Transport System (IHTS)

eas entifle eliabl|l m hasl

The functional requirements for the IHTS and its hardware characteristics are
similar to the PHTS. Therefore, PHTS materials properties testing, leak
detection testing and sodlum pump testing are applicable to IHTS reliabil ity

~assurance activities., The impact of Intermediate system sodium |eaks

Introduces new variables for attention. The ambient air environment and the
material property differences In the transition welds to the SGS and the
extensive [ength of piping runs are key areas of difference between the IHTS
and PHTS., The ambient air environment for the IHTS introduces an Increased
level of corrosion potential around a small sodium leak. Sodium |eak
detection testing must therefore be directed towards sodium to alr |eakage.
The materials property testing for the PHTS, however is applicable to IHTS
rel labil ity assessment,
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The IHTS connections to the steam generator introduce two unique areas of
structural design. The transition weld joint at the piping connections to

. steam generator modules and the mixing tee joInts which tie the modules in one
loop back to a single plpe are areas with potential for loss of coolant .
boundary Integrity. Development tests are underway for these two areas fo
Investigate their potential for being a point of coolant boundary fallure.
These tests are described In Section C.6.2.2.

C.4.2.,3 team Generato stem a team Generato
Remova] Svstem (SGAHRS) '

reas_ldent ed for Reliabliit mphasis

The steam generator systems have common elements in both the normal shutdown
‘heat removal mode, which uses the main steam piping and condenser as a heat
sink, and the auxillary heat removal mode which uses SGAHRS to provlde steam
venting and PACCs as heat sinks.

There are nine steam generator modules of common design, any one of which is
adequate  to remove shutdown heat. The designs potential for common cause
fallures in the modules and their associated systems, and steam generator
coolant boundary Integrity is a primary focus of reliabillty activities.
Steam generator module tests are described In Section C.6.3.2A.

A shell-slde hydraul ic model test is providing information on the potential
for fube or tube sheet vibration in addition to shell~side flow distribution.
The "few tube" model tests provided information about tube expansion during
thermal transients. The potential for thermally damaging the steam generator
tubes as a result of departure from nucleate bollling (DNB) is also being
experimental ly Investigated within the steam generator development programs by
exposing tubes to severe DNB conditions, Descriptions of the steam generator
prototype test and "few tube" test are provided in Section C.6.3.2A.

The leak detection system has the potential for Improving the avallabillty of
steam generator modules for shutdown heat removal. This system Is therefore
of interest to rellability. The leak detection system signals that hydrogen
or oxygen is present in the intermediate system sodium. The operator would
take action to Isolate the water/steam side and may take action to dump the
sodium from the affected foop. Such action would remove the Ioop from heat
removal capability. Early action by the operator may preserve the sodium
Inventory by Isolating the water/steam side. The early action may retaln the
loop for heat removal through the unaffected modules. Testing has been
defined In support of leak detection function and Is described In Secf!on
C.6.3.2B.

The burst discs in the SGS which isolate the SWRPRS from the SGS are receiving
major attention since they introduce a common cause fallure potential for the
three maln heat transport systems. Inadvertent rupture of one palr of these
discs in each loop would eliminate redundancy In the SHRS (only the DHRS would
then be avallable). The SGS development program Is conducting tests to
demonstrate operation of the burst discs within the design specification IImit
pressures. The testing for burst discs is described In Section C.6.3.2C,
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The shutdown heat removal function requires the integrity and operafndn'of the

- steam piping, main steam |ine valves, turbine bypass valves, steam generator

modules and steam drums. All of these components Include levels of redundancy
during shutdown heat removal. Light Water Reactor and conventional steam
plant experience and data as well as acceptance tests will be used to assure
that adequate SHRS reliability can be establ Ished without speclal testing
directed toward these components.,

C.4.2,4 Direct Heaf RemoyaJ Service (DHRS)

dentified for Rellabllit mphasls

The DHRS incorporates two primary coolant flow paths. An Inner loop transfers
heat from the core to the outlet plenum via clrculation In the PHTS. Heat
rejection from the outiet plenum Is accomplished via Injectlion of cold sodium
Into the outlet plenum via the makeup nozzle and extraction of hot sodium via
the overflow nozzle. An essentlial element for the successful operation of
this system is the effective heat fransfer between sodium circulating in the
two paths, This heat transfer takes place by means of mixing of sodium from
the two circulation loops in the outlet plenum, The effectiveness of this
mixing mechanism has been demonstrated in the 1/21 scale water tests performed
at ARD. Further confimation has been obtained from the 1/4 scale water tests
conducted in the Integral Reactor Flow Mode! at HEDL.

The DHRS uses the components of the primary sodium service system and the EVST
cool ing system. The DHRS Introduces only the overflow heat exchanger and
additional valves. The integrity of primary piping and other elements of the
DHRS coolant boundary wlll be supported by the materials testing programs
Identified for the primary coolant boundary in Section C.6.1.2., The perfor-
mance of DHRS will be supported by Information from flow testing of the

-reactor vessel outlet plenum described in Section C.6.1.2A, Other festing

Includes performance testing of active pumps and valves; design verification
testing of the alr blast heat exchangers and manufacturer acceptance testing
of the overflow heat exchanger and the alr blast heat exchangers. The alr
blast heat exhangers are simllar to the FFTF air blast heat exchangers and
thelr rellability will be supported by testing done for the FFTF.components.
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C.4.2.5 Interfacing Sysféms ‘ ' . | - 3
Areas Identified fo eliabli]] _v asls ' ' .

The SHRS has the capablllfy of funcflonlng In +he nafural circulation mode In
the primary, Intermediate and steam/water loops. The requlrement for elec-
trical power is that the battery supply be avallable to operate control
Instrumentation in the SGAHRS. The components of the power supply are of
conventional design, and generic reliabillty data are avallable to suppor+
their rellabillty.
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C.5.0 Reactor Shutdown System Evaluation

A program element essential to meeting the objective of reliability

" enhancement is the timely feedback of data from the program activities to the

plant equipment design, fabrication, installation and operation activities.
In the case of analytical assessments, this is achieved by requiring that the
reiiabl| ity assessments be a part of the design support package for - each
component which is part of the RSS. Assuring timely feedback of data from the -
test program, however, requires careful planning since In many instances test
articles cannot be made available before a number of the design and
fabrication processes have been completed. In recognition of this problem, -
the schedule for the Reliability Program fest activities has been coupled to
that for the plant component design, fabrication, installation and operation
actlvities. All test activities will provide data In advance of operation of
the plant units, The testing schedule is such that positive response is
possible for the elimination from the plant equlpment of any unacceptable
features uncovered In the test program.

The analysis of the RSS includes: (a) qualitative analyses (FMEAs and CCFAs)
which identify potential random independent and common cause failures, (b)
evaluations of failure consequences, (c) numerical reliability predictions of
potential fallure modes to supplement design analyses, (d) evaluation of test
results to provide input to failure resolutions, (e) evaluations of design
changes or updated details for impact on failure modes, (f) continuing
evaluations of critical dimensions or processes through manufacturing and
instal lation to minimize potential errors and (g) assessments of interfacing
components potential failure modes and consequences.

RSS analysis utilizes the preliminary FMEA as a starting point for further
analysis as well as test definition. Based on this FMEA, failures having
common cause.potential for scram fallure of more than one control rod are
identified. Priority is then given to the resclution of the common cause
fallures in both analysis and test efforts. Each failure mode is analyzed to
determine design margins or design features which protect against the failure
mode. Evaluations of test results are also factored into the failure mode
analyses. |If marginal or inadequate protection against the fallure mode is
indicated, the system level consequences of the failure are evaluated to
determine need for additional protection. This process is used o assure .
acceptably low likelihood for the fallure, to determine acceptable
consequences of the fallure or to identify design changes for reliability
enhancement. '

Initial FMEAs were utilized in the preliminary design reviews of RSS
components. Perliodic updates of the FMEAs reflect new analyses, test data,
design improvements, efc. to show that fallure modes are precluded or their
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effects are nullified. Each fallure mode identified §s beIng addressed to
ensure that it will not impact RSS reliability. Materlal and process
specifications and installiation and operation procedures are being evaluated
from a reliability viewpoint. . Design changes, manufacturing walvers and
nonconformances are also evaluated as appropriate to ensure RSS refiability.

C.5.1 Primary Mechanical Subsystem Evaluation
C.5.1.1 Analysis

Analytical models for the unlatching and scram insertion functions have been
developed to assess PCRS reliability. The Impact of design changes or more
detaliled component design features are assessed using these models. Included
In PCRS evaluations are updates of control rod system misal ignments resulting
from interfacing component design changes or updates of reactor system ‘
instal lation details. Design changes not directly Impacting unlatching or
insertion analyses are assessed to assure negligible Impact on the shutdown
systems.

Developmehf of the analytical model to predict pin |ifetime behavior and scram

performance characteristics Is closely allied to the test program. Data from
the control assembly tests, are vital to this model development which will be
used in the reliabillty and design analyses.

The reliability analysis and test evaluations wilil be summarized in the PMS
Reftability Design Support Document. FMEAs for each PCRS component are
prepared for component design reviews. Updates of the component FMEAs are to
be prepared to support significant component milestones (e.g., final design,
test program completion). The PMS Reliabillty Design Support Documents will
be prepared to encompass the entire, complefed series of PMS reliabillity
analyses and testing acflvifles

Table C.5-1 provides a summary of the principal PCRS scram fallure modes
identified from qualitative analyses. Actions to evaluate failure modes .
includes assessments of design features, testing and supporting analyses.
These principal areas are detailed in Table C.5-1. Comments are given in the
last column of the table to elaborate on the Identified areas for failure mode
resolution. Preliminary design analyses Indicate acceptable scram performance
for each of the identified areas. The reliability efforts are directed at
resolution of uncertainties in the design analyses and experimental test
confirmation of the design predictions.

Washout of B, C from absorber pins under assumed failed cladding conditions has
been evaluated. The predicted total loss of B,C from one or two pins results
In only a few percent loss in control rod reac#nvify worth. Washout test data
for B,C pellets exposed to flowing sodium indicated low B,C loss rates.
Therefore, loss of B C from pin fallure is not considered to be a significant
failure mode.
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Numerical Assessments

Numerical analyses have been performed to determine (a) the
unlatching performance for FFTF test units to obtain an indication of the
PCRDM unlatching reliability, (b) the PCRDM time to unlatch and (c) the PCRS
time to insert in order to assess the PCRS probability to meet design
requirements for negative reactivity insertion. These analyses assist
identification of potential problem areas for further design, reliability
evaluation and testing emphasis. Summaries of these analyses are given
helow and overall conclusions are given in Section C.7.1.1.

A. Unlatching Performance for FFTF Test Units

The FFTF CRDM is essentially the same design as the CRBRP PCRDM
except for minor sizing differences to meet CRBRP load requirements and
small changes to the segment arm sprinas and leadscrew bushings to enhance.
the scram reliability. The failure modes challenged in the inteqral CRDM

-unlatching test included those associated with part failures, friction

coefficients, galling, design or manufacturing errors, leadscrew chips and
misalignments. 'On the bhasis of the desiqgn and manufacturing similarity
between the FFTF and CRBRP CRMM's, the FFTF test data provides a valid
indication of CRBRP unlatching reliabhility. No failures have been found in
3513 FFTF test scrams of the test unit. This compares with the 750 scram
events included in duty cycle for the CRBRP CRDM.

B. Unlatching Performance for CRBRP PCRDM

An analytical unlatching model of a CRDM was developed to predict
the CRBRP unlatching time and the standard deviation for the unlatching
time. The analytical model includes variables associated with the stator
field decay time, segment arm springs, friction coefficients and loading
conditions of the CRDM and leadscrew.

. To get an accurate representation of the stator field decay, FFTF
motor test data were used along with FFTF Fnvironmental Life Test data.
These data were used to calibrate the stator current decay equation. A
sinqle decay equation was fitted to'the mean of all test data for field
decay. Standard deviations were obtained by analyzing the spread of test
data compared to the mean curve. Varijations in the field decay due to
temperature and critical current (two or three phase operation) were en-
compassed by the standard deviation. This procedure led to a conservative
standard deviation as the FFTF test variations in input current and stator
coolant flow lead to a broader distrihution than expected for fixed plant
operating conditions for these variables.

Mean friction coefficients hased on material couples tests were
adjusted to improve agreement between calculation and test results for FFTF
unlatching tests. Friction coefficient distributions were defined using
data obhtained from material couples tests. The model and data were then used
to predict FFTF unlatching test results. Predicted unlatching times compared
well with test results. The predicted standard deviation was, however, con-
siderably larger than that obtained from testing.
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The unlatching model was then updated to CRBRP PCRDM design parameters which
included preliminary electric current decay data from PCRDM motor test data.
This procedure changed the mean fleld decay curve but the standard deviations
from FFTF tests were retained as a conservative envelope since the test
results covered a broader range of operating conditions.

The PCRDM mode! was used to aid assessments of scram time fallure modes
associated with the springs, stator and CRDM friction. Analysis predicted a
mean time to unlatch of 0.089 seconds with a standard deviation of 0.010
seconds.  This unlatch time was combined with the scram Insertion times (see
Paragraph C below) to provide a comparison with overall scram time
requirements. Since this analysis was completed, a design change was
implemented to reduce stator wire diameters (increasing resistance) and Thus
decreasing the unlatching time.

C. Scram Insertion With Design Basis Misalignments

This analysis was performed to assess Insertion rellability against potential
failure modes associated with variability of misalignments within the design
envelope, sliding friction coefficients, flow parameters and scram spring
constants. Distributions were assigned to these variables which were then
Monte Carlo sampled to perform probabilistic analysis. The scram spring force
and misal ignment distributions utilized for this analysis were based on the
design specified tolerances for the PCRS and interface components. For
individual parts, uniform probability distributions over the maximum drawing
tolerances were assumed for each gap. This assumption of uniform
distributions is conservative compared to asymmetrical gamma distributions
(pealed towards smaller gap size) typically found for manufactured parts as it
leads to greater probability at the extreme tolerance limits. Since most
parts contributing to these misal ignments have 100 percent dimensional
inspection requirements, There is a very low probability of a part exceeding
drawing tolerances.

These distributions are then combined for all parts, leading to the overall
misal ignment at a given elevation. The resulting distributions at a given
elevation approaches a truncated normal distribution. The extreme tails of
the distribution are, however, included in the analysis for added
conservatism. The flow parameter distribution utilized uncertainties obtained
from the FFTF control assembly flow test. This test was run in water with a
prototypic control assembly. The data was then correlated to flowing sodium
conditions. From this, a friction factor was derived. The percent error
based about the mean value was used to define uncertainties. Friction
cocefficients and associated standard deviations used for gamma distributions
were obtained from material couples friction and wear tests performed under
Base Technology programs.
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These analyses yield the probability of achieving the design requirements for

. scram insertion speed. Combining the unlafching_fime and insertion time

analyses for the time from start of stator field decay to insertion of 1§ of
reactivity yielded a mean time of 0.338 seconds and standard deviation of
0.012 seconds. These results indicate a normal scram probability of >0.999
(per challenge) satlisfying the scram time requirements under operation within
the design basis and no structural failures.

C.5.1.2 Jesting

PCRS tests have been planned to determine possible design deficiencies and
investigate postulated fallure modes. Testing is maximized under those’
operating conditions postulated to cause failure, especially where it is

- desired to supplement current data to determine design margins against

potential fallure.

Manufacturing processes have been considered throughout the test program
planning. Included in this planning are:

1) Plant unit specifications are used for all prototype procurements tfo
assure resolution of potential fabrication problems. No prototype
exceptions have been permitted for the PCRDM/PCRDs. For the prototype
PCAs to be used in sodium loop testing, the only exceptions are non-
prototypic pin internals (no B C) and changes to material standards
(ASME standards substituted for RDT standards) for absorber pin

. cladding and minor non-wear |imited parts. Fabrication, inspection,
and acceptance test specifications are the same for prototype and
plant units.

2) Simultaneous material procurements have been made for prototype and
piant unit PCRDM/PCRDs. Potential plant unit failure resulting from
material variability should be minimized as material deficiencies are
expected to be identifled in the prototype tests.

3) Acceptance tests for each unit will be performed by the PCRDM/PCRD
vendor prior to shipment. These tests will include functional tests
of the PCRDM to compare performance with acceptance requirements.

To minimize potential failures resulting from installation and operation, the
following activities are planned:

1) Prototypic installation employing plant installation tools and
procedures will be used throughout the PCRS test program.
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2) Prototypic testing of all planned PCRS malntenance operations
employing plant maintenance tools and procedures will be used to-
search for human factors or design errors which could lead to scram
fallure.

3) CRBRP startup tests will include functional and scram tests to verify
shutdown performance prior to criticality and during power ascent.

4) CRBRP scram tests will be performed after every reactor refueling
prior to approach to criticality.

5) Normal shutdowns will be completed by a scram test of control rods.
After control rods are inserted sufficiently to shut down the
reactor, the rods will be scrammed to complete InserTlon to test

scram performance.

The following paragraphs identify the individual tests and discuss the
engineering features of each test. The feedback to the plant equipment
development program is identified together with the options available for
responding to the test data. A description of the test facilities to
implement these tests is included in Addendum 1.

A. PCRS Protfotype Design Test

The PCRS Prototype Design Test includes four parts: +the PCRDM Accelerated
Unlatching Life Test, the PCRS Prototype Design Test, the Disconnect Actuating
Tool (DAT) Test and the Maintenance Equipment Tests. [In the unlatching test,
the PCRDM will| be operated beyond the design |ife of unlatch and travel to
assure margins against wear related fallures and to elliminate design defects.
In this test, operating environment extremes such as mechanism misal ignment,
temperature and pressure will be iIncreased beyond design basis conditions to
evaluate design margins. The PCRS Prototype Design Test is a complete control
rod system (PCRDM/PCRD/PCA) test in a sodium environment. PCRDM and PCRS
performance data such as unlatching time and scram insertion time will be used
to assure that design specifications are satisfied under design basis
operating conditions of misal ignment, sodium flow rates and temperatures. The
DAT and Maintenance Equipment Tests provide data which will be used to
thoroughly evaluate the maintenance procedures on prototypic equipment under
plant type operating conditions. These tests are to ldentify weaknesses in

. the equipment design and the maintenance procedures as well as to evaluate any
maintenance related fallures.

Results from this test are available for the period of early 1978 through late
1980. The PCRDM/PCRD Final Design Review was held In. October 1978, and data
from the CRDM Accelerated Unlatching Life Test was avallable for this design
review. By mid 1978, manufacture of all prototype PCRDM/PCRDs was completed.
Fabrication of the plant units progressing in parallel with the testing. Both
the test and plant units fabrication will be completed In [ate 1980. The
overlap of testing and fabrication has permitted PCRDM/PCRD design changes,
Identifled as desirable from the test program, fo be Incorporated into the
plant units. Design changes based on test resuits have been made to
facilitate installation and maintenance. Normal operation and safety-related
performance has exceeded design requirements.
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The System Level Test has elements concenfréfing on different aspects of PCRS"
performance. ’ : '

Part | is the Real Time Test of a prototype PCRDM/PCRD and prototype PCAs.
Representative hold times (inactive periods during which the control rod is
not moved) are interspersed throughout the accelerated operations. The
operating profiles of a Row 4 corner control rod are simulated at an
accelerated rate of cyclic operation because rods at these positions are not
used for daily power control and experience pericds of inactivity during
normal reactor operation. Besides providing additional data to assure
manufacturing variations do not affect design margins against potential wear
related fallures, the hold times generate data to confirm that potential time
related failure mechanisms such as self-welding are not significant. Scram
times and other performance data are used to confirm that design specifica~
tions are satisfied and to assure the rellable operation throughout the test.

Part 1l iIs the Falled Bellows Test and consists of operating a prototype PCRS
for one year with an intentionally failed bellows to determine potential
related fallure modes for PCRDM unlatching and PCRS insertion. Bellows
fallure will expose parts normally in an argon environment to sodium vapor.
Scram release time and wear will be monitored to evaluate design performance
and margins under falled bellows conditions. By observing areas of scdium
buildup or extreme wear, potential failure mechanisms resulting from a failed
beliows will be Identified.

The PCRS flow vibration test, Part ||l of the system level test program,
utilizes accerlerometers on the PCRD and shroud tube in the area of the
dashpot cup and on the PCA outer duct to monitor flow vibration effects.
These data, together with past sodium test examinations of all test
components, are used to verify acceptability of the PCRS design relative fo
flow vibration effects.
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Results from these tests will be available so that any plant unit modifica-
tions can be implemented prior to their shipment to the site. All reliability
testing will be completed prior to initial startup testing in CRBRP. Test
results can be factored into the PCA final design, scheduled for compleflon in
late 1981.

The PCRS System Level Test facilities have been designed for testing at the
extremes of the design operating conditions and beyond to induce fallures and
thus determine design margins to assure relliable performance. Malntenance
equipment including a simulated maintenance pit will be used In the sys?em
level fests.

C. PCRS Dynamic Seismic Friction Test

This test provides two pieces of Iinformation essential to the accurate
prediction of control rod scram insertion performance during a seismic event.
These are (a) the effect of fluid coupling on the lateral transiational
behavior of a driveline and control assembly within their respective guide
members and (b) the effective coefficient of friction between the interacting
components under conditions of short duration contact. Effect (a) is of
importance because it dictates the number and magnitude of the lateral
impulsive forces generated as seismic excitation causes the driveline and:
control assembly to "rattle" within their guide members. The frictional
component of these loads acts to retard scram insertion, hence their number
and magnitude reflects directly on the seismic scram Insertion prediction.
Effect (b) must be evaluated in order to reduce present conservatism in the
friction assumptions used to convert the lateral impulsive loads into axial
loads opposing scram insertion. During the brief period of lateral impact
loading, it is possible that squeeze film sodium lubrication will decrease the
effective friction coefficient.

The test provides data on the translational behavior and impact load behavior
of simulated rod/guide tube features when subjected to seismic excitation in a
fluid environment. The impact load-time histories obtained are used to

cal ibrate analytical models to assure the correct representation of entrained
fluid effects. Drop times are to be measured. These data, together with the
impact load-time histories has been used to determine the effective coeffi-
cient of friction under squeeze film lubrication conditions.
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Results from this test were obtained in the period early 1977 through early
1980. Most of the test results were avallable prior to the PCRDM/PCRD Final
Design Review In 1978. Friction coefficients from the test have been combined
with normal Impact forces from selsmic analyses to show that PCRS seismic
scram speed requlrements are satisfied.

D. PCRS Friction Couples Test

Data will be generated by these tests is used to evaluate friction and

resul tant drag forces that will be encountered during PCRS operation. The
materials used in the PCRS design have been carefully selected, especially in
the areas where contact during operation is anticipated. These tests provide
friction data on the material couples under varying conditions of contact
force, temperature, environment (liquid sodium, argon-sodium vapor and argon),
length of contact surface and time between operations. The maximum friction
developed under these conditions has been incorporated into scram speed
analyses an analytical model to confirm design margins.

The test material samples consist of a pin and plate. These samples are
placed In a facility capable of providing reciprocating motion and recording
friction over the range of conditions specified.

Results from these tests are currently available. These data are utiiized
avallable for both the PCRDM/PCRD and the PCA Final Designs.

E. Control Assembly Hydraulic Test (Flow Test)

This test generates fiow, vibration and pressure drop data to characterize the
hydraul ic performance of a prototype PCA. These data are required to assure
that adequate design margin against control rod flotation is available. Flow
Induced vibration will also be Investigated to check the rod bundle response
to flow turbulence up to 150 percent of nominal flow. The test facility will
be a circulating water Ioop with the required flow and pressure drop
instrumentation.

Results from this test are being utilized in the PCA final design evaluations.

. ‘ . .

The purpose of the Rotational Joint Test was to verify the performance of the
rotational joInt under expected operating environments. The objective of the
test was to measure the torque transmitted through the joint under prototypic
temperatures and loads. In addition, the effect of scram impact dynamic
loads, misal ignment of input and output shafts and sodium soak were :
determined. Finally, the effectiveness of the rotational joint in reducing
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duct wear was determined by purposely Inducing wear pad to duct confacf and
cycling the rod until approximately six times the goal I|ifetime travel Is
achieved. - Wear pad to duct contact was reestablished after every half
lifetime of travel. Data generated by these tests demonstrated the effec-
tiveness of the rotational jolnt to minimize control assembly wear.

G. | o s le S

Data generated by this test [s used to cal ibrate the pin bowing analysis.

. Pre~bowed pins were compressed to the configuration required by the control
rod inner duct. The forces necessary to compact the pins to the bundle
dimensions will be measured and recorded to determine pin contact loads with
the duct and with other pins. These data are combined with analysis to
establ ish potential outward deformation of the control rod inner duct as a
result of forces due to pin bowing. Results from this test are available for
incorporation Into final PCA design efforts. :

H. (o) S - (e) est

Control rod duct bowing resulting from irradiation and thermal gradients Is a
potentlal common cause fallure. To assure that adequate deslign marglins exist
to el iminate this source of fallure, drag load measurements during insertion
and withdrawal were made under varlious bow conditions and environments.
Prototype ducts were bowed In a test facility where the bow, Inner to outer
duct orientation, flow rates and radial milsal ignments between a simulated
lower drivel ine and the outer duct were varled and recorded. The bow

conf igurations that can cause Insertion fallure due to excessive drag forces
were determined and the margin between failure and worst-case design
conditions were establ Ished. This test also showed that the three dimensional
~ mechanical/structural Interactions between the drivel ine/control rod and
associated bushing/outer duct under mlisaligned conditions can be adequately
evaluated by itwo dimensional analyses., Effects of the rotational joint In the
control rod shaft (which reduces both lateral and rotational contact loads
between the control rod and outer duct) were Included in the measured drag
forces. Measured drag forces from this test have shown that duct bowing
causes negligible drag forces for duct bowing exceeding worst-case design
predictions. Bowing does not Induce large retarding forces until the design
criteria Iimlt of forced three point contact between the control rod and outer
duct Is exceeded.

Results from this test will be produced from early 1977 through early 1978.
Data will be incorporated Into final PCA design efforts.

l. PCRS Seismic Test

To provide data that will confirm design margins against scram failure during
an OBE or SSE, a prototype PCRS will be mounted in a test fixture coupled to
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eight vibration generators in a water environment simulating sodium levels.
The unlatch time wlll be measured and recorded with various vibratory inputs.
The PCRDM will be mounted on a three-dimensional shaker table to evaluate the
unlatching performance. The shaker table, together with an additional five
lateral shakers, are planned for evaluation of scram insertion performance.
The data will be assessed to discover design deficiencies and establish design
margins. This test Is primarily oriented toward providing unlatching and
scram insertion data for verification of analysis methods. Sinusoidal inputs
typical of the acceleration levels under OBE and SSE conditions will be .
utilized for these tests. Results from this test will be avallable by late
1979. At this time, the plant unlt PCRDM/PCRDs will have been completed and
will be ready for shipment. Any need for modiflications can delay shipment
since site Instal lation does not occur until late 1981.

J. Pin Rupture Test

. Pressure pulses from absorber pin rupture could result In sufficient inner

control rod duct deformation to cause a scram failure.  Data generated by this
test are combined with analysis to confirm design margins are adequate against
this postulated fallure mechanism. Pins at different locations In the pin
bundle were Intentionally faulted and ruptured in prototypic ducts to obtain
data such as pressure pulse magnitude, duration, pin plenum pressure decay and
duct deformation. The resulting duct deformations have been found to be smal |
and pin ruptures have negligible potential for causing a scram failure.

K. i + Test

A PCRS scram Is terminated by Impact of the driveline and scram arrest flange
at velocities less than 14 inches/sec with the scram arrest flange welded to
the PCA outer duct. Since the PCA duct loses ductility from irradiation,
impact tests on irradiated ducts are planned to assess the potential for
brittle fracture due to scram impact loads. Impact tests In support of the
FFTF program were performed without fallure on an irradiated EBR-1! control
rod thimble at ambient temperature conditions (759F), Tenslle data generated
at temperatures (1000°F-1400°F) higher than the Irradlation temperature

( 700°F) have shown a reduction in ductility which can be lower than the
ambient temperature ductility. Since CRBRP control rod ducts can be Impacted
at up to 1000°F during scram operation after being irradiated at lower
temperatures, Impact test dafa are required to confirm scram Impact
acceptabllity.

The Duct Impact Test simulated scram impact by dropping known weights from
varying helghts on an irradiated EBR-!| duct. The test included impact |oads

resulting in stresses well In excess of stress conditions expected in PCA
ducts. Tensile test data from the ducts were also obtalned to assist post
analysis of the test and extrapolation to PCA conditions. This test wlill be

used to define design margins agalnst PCA duct failure due to scram impact.
Results from this test are currently avallable and are being used to evaluate
PCA design impact.

(

0
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L. D i es : ‘ , ‘Ii‘“
The purpose of the Duct Crushing Test is to investigate the fallure mode of a
" highly irradiated hexagonal duct segment when subjected to lateral loading
similar to that experienced by the above core load pads on CRBRP during
seismic excitation. Material used in these tests is taken from EBR-11| Egnfrol
rod thimbles previously irradiated to a ﬁﬁuence of approximately 1 x 10

total' fluence and between 4 and 5.7 x 10°° fast fluence. The material Is in
the form of hexagonal duct sections, similar in profile to the CRBRP core duct
profile. The test material therefore incorporates the features which
infroduce uncertainty into the duct crush strength analysis. These are (a) a
much .reduced ductility with the attendant potential for brittie fracture, (b)
strain concentrations at the duct corners and (c) plane strain bending
stresses (the available ductility data on irradiated stainless steels have
been obtained from tests in which the stresses were uniformly tensile).

Sections of an irradiated EBR-11 SS304 duct were Ioadéd'ln a transverse

direction between two jaws to simulate In-service seismic loading. In

addition, tensile and bending fest specimens were machined from the duct to

provide basic materials data for use in analytical predictions of duct

response fo transverse loading for subsequent comparison with test data.

Temperature and strain rate were varied over a range consistent with expected

CRBRP conditions to determine if any combination of these parameters would

lead to a brittle fracture. Test temperatures were chosen to be higher than

the average irradiation temperature of the duct, since the results of the

prior EBR-1l duct evaluation indicated a decrease in material ductility with 4
an increase in test temperature above the irradiation temperature. Results ‘
from this test are currently available and are being used to evaluate PCA duct

design.

C.5.2 Secondary Mechanical Subsystem Evaluation
C.5.2.1 An sis

A summary of the principal SCRS scram failure modes identified from

qual itative analyses is provided in Table C.5-2. The areas of testing, design
features to mitigate consequences or prevent the fallure, and supporting
analyses which are important to failure mode resolution are referenced In
Table C.5~2. [dentification and evaluation of these failure modes have
provided guidance for the appropriate corrective or preventive actions to
minimize the impact on SCRS scram function. Further efforts are directed at
resolution of uncertalnties in the design analyses and at experimental test
calibration of the design prediction methods. :
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Available data indicate that the frequency of spurious scrams is highest at
the beginning of operation of a reactor and decreases thereafter because of a
learning process. - The number of scrams which a reactor will see through its
lifetime can therefore be estimated by the use of a mathematical mode!l which
takes into account this learning process. The current reliability assessment
of the SCRS design using this model is that the design is adequate in terms of
safety-related reliability. '

C.5.2.2 lesijng

The testing of the SCRS and its components is orientated to design
verification; i.e., a determination of the capability of the design to meeT
its functional requirements. Data resulting from the design verification
tests will also be analyzed from a reliability viewpoint, and reliability
deductions will be made as the data permits.

The following paragraphs identify the individual fests and discuss the
erigineering features of each test. A description of test facilities for these
tests is included in Addendum 1.

A. atc e ime +

This test permitted evaluation of self-welding in this critical component
early in the development cycle. Environmental conditions for the test were
more severe than those predicted for the latch in reactor service.

The test articles were subjected to less vibration, a constant force, a higher
and more stable sodium temperature and a longer time between scrams than will
occur in the reactor environment. This provided accelerated testing of the
potential for the self-weld mechanism. This test allowed the latch test units
to remain dormant in the latched condition for a full year. A dead weight was
hung from the latch to simulate the gravitational and hydraulic loads of full
power operation. To achieve a baseline for assessing the impact of the
dormant period, friction coefficient were determined prior to the start of the
dormant period.

- This test was successfully completed in January, 1980. There was no evidence

of self-welding or bonding. From the initial evaluation of the results of
this Ttest, including a range of coefficients of friction value, it can be
inferred that the SCRS latch system of the configuration and materials tested
will unlatch in a prototypic environment after prolonged exposure to high
purity, high temperature sodium.

B. t ra s

The Latch Scram Test demonstrated the performance of the latch assembly under
normal and overstress operating conditions. The test also determined the
extent of wear between the contacting surfaces of the latch assembly as a
function of the number of operating scram cycles. Two latch units were tested
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in the final configuration in the test, and other units are belng tested in
the system test. Data from this latch test did not Identify any latch fallure

-modes and established the latch cyclic life capabil ity as belng well beyond
the design life.

Latch/col et assemblles were tested in l'iquid sodium with operating tempera-
tures ranging from 4009F to 10500F. Each test unit was examined before and
after testing to assess the condition and degree of degradation. During the
tests, all externally monitored parameters were checked for out-of=-1!imit
conditions to provide a continuous assessment of test rig and |atch
performance. Latch scram test #1 was successfully completed in early August
1979, after being subjected to 1987 total scram cycles, a number equivalent to
approximately five times the latch service |ife. Analysis of test data,
primarily coefficient of friction values, Indicated no signiflicant effect on
latch performance of wear due to repeated scram cycles. Distributional
characteristics of the data when compared with the speciflied coefficlent of
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friction limits wefe favorable. Post-test examination of the pérfs did not
reveal sligniflicant wear at any of the critical interfaces.

Latch scram test #2, using a different test unit, was successfully compl eted
In mid-September 1979, after accumulating 3795 total scram releases. This

number. corresponds to approximately ten times the latch service [1fe. Nothing

observed during the course of testing, or as a result of analysis of.the
coefflclent of fricrion data indicates any significant affect of wear on scram
performance. Latch release occurred in all cases within the lower third of
the specified range for coefficient of friction.

C. Drlveline Lower Bellows Test

The primary objectives of these component level tests were to assess bel lows
design adequacy and to obtaln Information on component |ife in a prototypic
environment. The tests reproduced the bel lows motion involved in scram

. actuation and recoupling. Test [tems were fully prototypic of the CRBRP SCRS

design in all aspects, including configuration, material construction,
dimensions and clearances.

Two sets of bellows were each tested in three phases. Phase | simulated
refuel Ing conditions, Phase Il simulated full power conditions, and Phase I!|
was the |ife test. Each set of bel lows was cycled more than 3600 times,
equivalent to fen times the design |ife. Based on the successful tests of
both items It has been inferred that the be! lows design Is adequate and that
| ifetime characteristics are satisfactory.

D. e i e inde est

Both cyclic and real time fallure mechanisms are being evaluated In a proto-
typic environment in this test. Units tested are cycled to several times the
design | 1fe.or to failure, whichever comes first to provide failure Informa-
tion and prototypic component performance data.

‘

Pneumatic Valve/CylInder Assemblies are being tested in two phases as fol lows:

1. Cyclic Testing - One assembly was cycled at approximately two-hour
intervals until 900 cycles (flve design service |ifetimes) were
completed. A cycle consisted of ten consecutive poppet valve
checkout cycles followed by a scram cycle. Scram time, valve poppet
opening times, cylinder leak rate, and valve temperatures were
recorded at perliodic intervals.

This test of Valve/Cylinder #1 was successfully completed In March
1980. The test objectives were achleved and no safety-related
fallures were encountered. Nothing observed during the course of the
test would have affected the abll ity of the valve to operate reliably
from a safety (scram) viewpoint in a prototyplc environment.

Rel labil ity analysis of the test data Indicated adequate operating
and design |ife margins. Analyses of valve/cylinder scram time to
provide distributional characteristics showed a high prcbabil ity of
the valve to support the SCRS scram time requirement.
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eal-Time Tes - A second assembly will be held In the operating
mode for about 12 months. At the end of the hold period, the test
article will be. test cycled 900 times or +o fallure, whichever occurs
first. The valve poppet opening time, cylinder leak rate, and
temperature will be recorded at intervals during the cyclic portion
of the test. Scram time at the end of the operational hold testing

“will be measured. Upon conclusion of the test, the resulting data .

will be analyzed and conclusions drawn regarding operating and design
| 1fe margins, standby reliability and performance reliabillity (l.e.,
the abll ity to meet specifled scram time requirements). Checkout of
this assembly commenced in October 1980. '
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"I'L? E. ' : -Exten ts

This test is Intended to evaluate the capability of the design to meet its
functional requlirements for perliods up to 11 months under adverse operating
conditions associated with falled bellows. The main shaft bellows and the
driveline lower bellows protect the Secondary Control Rod Drive Mechanism
(SCRDM)- and Secondary Control Rod Driveline (SCRD) from sodium vapor. The
major concern resulting from a bellows failure is exposure of the SCRDM and
SCRD internals to sodium vapor. Condensed sodium vapor between close-fitting
moving parts could result in potential interferences which could, in turn,
cause degradation in the performance of the latch release action. This test

will be run with both the Malnshaf+t Bellows and the Driveline Lower Bel lows
del Iberately faulted to simulate the expected mode and magnitude of bellows
failure. The test will demonstrate the extent to which sodium vapor can

diffuse through the argon cover gas, onto the surface of moving parts of the
SCRDM and SCRD, and the degree to which performance may be degraded.

Except for the purposely damaged bellows, the test article will be of the
plant unit design. ‘

Testing to be performed includes characterization testing at various sodium
flow rates and temperatures, system hold and scram testing, motor test,
position indication test, LVDT displacement test, and pneumatic scram valve

poppet movement test. Analyses of test data will be made to draw inferences
- concerning safety, design margin, and scram performance. The test data will
' P also contribute to reliabillity assessment of the pneumatic valve/cylinder and
4 the latch.
I. F. 0 ide Tube Bowed Test
This test will determine the amount of deformation that the guide tube can

accommodate without adversely affecting scram time. Distortion of the guide
tube beyond the design limit could degrade or prevent insertion of the control

, rod after unlatching Is completed. This test will provide data regarding

scram times where a control rod is interacting with a deformed guide tube.
Water will be employed as the testing fluid. The guide fube bow will be

] Incremental ly increased untll control rod insertion is prevented or substan- .
tially affected. A scram will be performed for each distortion increment.

The hydraul ic assist force, the water temperature and the argon pressures will

be monitored during the test. The scram time, guide tube deformation, degree

of Insertion of the control rod, and the guide tube and control rod dimensions

will be recorded. The results from this test will be produced in 1981 and

1982. Scram time data wlll be analyzed to assess to probabiiity of exceeding

maximum allowable scram times versus a given degree of bowing.

G. SCRS Protfotype-1 Test

The first SCRS prototype system test (P1) was successfully completed in
December 1978. The objectives of this test were to provide a proof-of-
principle demonstration of the design, to identify operating characteristics
) and provide a basis for assessing operating margins, and to expose fallure
Q mechanisms that had not previously been predicted. The test was carried out
over a wide range of temperature and flow conditions, both above and below the
anticipated operating range. The Prototype 1 test article successfully

Ter g
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. completed 1570 full scram inséffions,'which is more than twice the 700 scrams
expected of the SCRDM over the 30 year plant life.

At the end of these extensive tests, Prototype 1 was still performing within
specification requirements. No safety related failure modes occurred during

~ testing, and there was no evidence of inciplent fallure encountered upon post-
test disassembly and inspection. The test data and the post test
observations, therefore, support the conclusion that the design Is sound and
Incorporates adequate margins for the Intended use of SCRS.

The P1 tfest results identified several areas In which design improvements
could be made to enhance fabricability, maintainability, and performance.
These changes, as well as others, were included in the Prototype 2 test
article.

H. 1 - e

The major objectives of the second system test, SCRS Prototype, are to verify
the ability of the SCRS design to meet its functional design requirements
under expected operating conditions, to identify operating margins, to .
evaluate design improvements incorporated as a result of the P-1 experience.
Testing will be performed to verify satisfactory operating under prototyplc
conditions, and to determine sensitivity to varlations In such operating
parameters as sodium- flow and temperature, control rod elavation, misal ignment
and scram cylinder pressure. Repetitive scram cycles will be conducted at-
various combinations of these parameters. Hold testing will maintain the SCRS
in the ready-to-scram gosifion at combinations of sodium flow rate and

_ temperature of 10%/400°F and 110%/1050°F. A series of scrams will be
performed before and after each hold period. Throughout the test, the

pneumatic scram valve will be perfodically subjected to poppet movement tests.
Data from the P-2 test will be analyzed for inferences pertinent to overall
scram reliability, reliability of safety-related P-2 design changes, safety-
related design margins and operating margins. Data from this test will also

contribute to evaluation of critical componenfs such as the pneumaflc valve/
cylinder, the latch and the bel |ows.

l. SCRS Prototype-3 Test

The objectives of the Prototype 3 (P-3) test are to verify the ability of the
design to meet functional design requirements under design operating
conditions, to identify operating margins by testing in excess of normal
design operations, to expose potential failure modes which may not have been
previously predicted, to evaluate the cyclic failure mechanisms in a
prototypic environment and to demonstrate the ability to perform required
malntenance operations.

During the course of this test, repetitive scram cycles will be conducted at a
variety of sodium flow rates, sodium temperatures, and misalignments. The
effect on scram performance due to these variations. as well as changes in
control rod elevation and pneumatic cylinder pressure will be determined.

Hold testing will maintain the SCRS in the ready-to-scram. poslflon for
combinations of sodium flow rate and temperature of 10%/400°F and 110%/1050°F.
A series of scram cycles will be performed before and after each hold period.
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‘ Throughout the course of the 'reSf, the pneumatic scram valve will periodically
undergo poppet movement tests.

The test data will be analyzed to. provide inferences regarding scram
capability, operating margins, and design margins. Test data will also
contribute to an assessment of the pneumatic valve/cyllnder, the latch, the
bellows, and other safety-related components.

J. SCRS Ecgigiygg:4 Test

The objectives of the Prototype-4 (P4) test are similar to those given for

P-3; This test, however, is the final system test prior to .operation of the
plant units and it Is intended as the final checkout for the system and to

demonstrate the ability to perform required maintenance operations,

The P-4 test article will be scram cycled so that all components undergo a
number of scrams greater than their design service life. Testing wiil be
performed to determine the system performance sensitivity to variations In
operating parameters. The unit will also be held in the parked position for
11 months at prototypic full power conditions to expose passive-state fallure
modes and mechanisms.

Data from this test will be analyzed for infefences concerning system scram
capability, standby reliability, design margins, and operating margins. This
N test data will also contribute to a rellabllity evaluation of the pneumatic
‘ valve/cylinder, the tatch, the bellows, and any other safety related
ﬁ components.
C.5.3 Electrical Subsystem Evaluation
C.5.3.1 Analysis

To supplement a system level FMEA, qualitative and quantitative reliability

] analyses are performed on each module in the Electrical Subsystem. The
qual itative analysis consists of an FMEA at the piece part level which

l considers identiflable failure modes of the plece parts. This analysls lists
assumptions made during the analysis such as piece part fallure state and the
effect of the assumed fallure. The FMEAs will be updafed as needed to
document the current status of the design.
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The qual itative analysis also considers the effects of the assumed failure on
other piece/parts in the circuit and whether the assumed fallure has the
potential to cause additional part failures or overstress conditions in the
circuit and whether these fallures would be safe or unsafe. The quantitative
analysis, using part stress analysis techniques, Is performed on a module
basis. - A reliability prediction of each moduie is being made using MIL- -
.HDBK-217B or other data sources as appropriate. The information from the' FMEA
is then used in conjunction with quantitative analysis to predict the unsafe’
fallure rate of each module.

Numerical Assessment

A current numerical assessment documented in Reference 2 Includes a
quantitative evaluation of the primary and secondary electrical subsysfems In
relation to their abillty to function,

A mode!l was developed to evaluate the reliability of the primary and secondary
“subsystems as they functioned under a specified set of plant operating
conditions and procedures. |Input data to the model consisted of component
fallure rates, test intervals and other parameters characteristic of ES
operation. Fallure rate data used was based on elther detailed predictions
using MIL-HDBK-217B or other reliability studies conducted for the FFTF
program which are appropriate for CRBRP equipment. Other model input
parameters were based on planned operating procedures.

Numerical assessments have been conducted at both the module and system level.
Results from this analysis indicate that the ES is not a significant
contritutor to the safety-related unreliability of the plant. Data obtained
from the ES fest program will provide further support for the failure rates
used In this assessment, . ‘

C.5.3.2 Testing

The test program for the ES equipment is made up of two basic types of tests:
qual ification tests and extended operations tests. Qualification tests will
be performed by the vendor primarily at his facility. Qualification tests
provide evidence that the as-built equipment meets the requirements of the
procurement specification. Extended operations tests will be performed.

These tests provide a means by which extensive operating experience can be
accumul ated, resulting in both reliability growth and reliability
demonstration. Reliabllity growth results from Identifying and correcting any
design, fabrication or maintenance weaknesses before the equipment is
installed in CRBRP.

A. ual i tion Te

The qualification tests can be classified as preproduction, production or
acceptance tests., These tests are described below:
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1) Preproduction Tests

Prototype modules undergo a series of tests to vérlfy that the design.meefs
all the requirements of the procurement specification,

The preproducfion.fesfs are Implemented by first festing each prototype module
so that a set of baseline data can be developed. Later test data are compared
with these baseline data so that any degradiation can be detected.

Each prototype 1Is then subjected to thermal conditioning to detect any
failures due to design, fabrication or workmanship problems. During this
thermal condltioning, each prototype module will be subJecfed to 10 thermal
zcles in which fhe temperature Is varied from -309F to 150°F at rates between
9% /minute and 30°F/minute. The temperature Is held at the high and low
extremes for a minimum of 30 minutes with power applied to fhe modules for
intervals over this range. The modules are then baked at 150 °F for 200 hours.

- These test conditions are substantially more severe than the specific design

conditions for the modules.

After thermal conditioning, each prototype module will undergo functional and
performance checks while subjected to worst case environments including
temperature, humidity, power supply voltage and frequency, electrical noise

- and vibration.

These tests were completed in early 1977. Design and component changes
required as a result of the prototype preproduction tests were factored into
the manufacture of the production units.

2)  Production Tests

- After the project was satisfied that the design and manufacture of the

prototype modufes met all functional, performance, quality and rellability
requirements, the production modules were manufactured. The production
modules include plant equipment, spare equipment and equipment to be used in
the extended operations test. :

Each production module underwent a thermal screen consisting of a 36 hour
period of power off, temperature cycles between the |imits of -4%F and 185°F.
Each module was then subjected to full functional and performance testing to
verify that each module méets its requirements.

These tests were completed in mid 1977 in the case of the reliability units
and in mid 1978 in the case of the plant units.
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3) e Tes

The plant equipment undergoes acceptance tests in addition to the production =
tests. In acceptance testing, the modules are installed in their respective
panels and the complete system wired together. A full set tests which verify
wiring Insulation strength. The equipment will be operated In this
configuration for a minimum of 125 hours. :

These tests were completed by the vendor in early 1980.
B. e (o) [ests

Extended operations tests will be performed. For these tests, the modules are
connected to form a complete electrical system. Additional modules are also
interconnected fto simulate subsystems of the electrical system, such as
additional logic trains. Configuring the modules In this manner allows data
on long-term effects of operations on performance parameters to be collected.
These data can be used to determine calibration and test periods and will be
factored into the plant operating procedures. These long term performance
measurements provide additional supporting data to confirm that the
performance characteristics and propagation delays assumed in the analysis are
conservative.

Maintalnabil ity Information is being generated on these prototypic system.
configurations and can be used to conflrm maintenance design plans and also as
a basis for preparing maintenance procedures. Maintenance and calibration
procedures from the vendor supplled manual will be followed, where
appropriate, to provide assurance of their valldity. Also, trouble shooting
procedures from the manual will be followed when fallures are detected.
Problems detected from use of these procedures will be factored into the
preparation of the plant operations manual.

Functional and performance tests, as listed in Table C.5-3, will be performed
on the primary and secondary subsystem components. The purpose Is to

determine whether they complete their Intended function when called upon to do

's0 and to check If the function Is completed within specifled
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.

time | Imits. The functional tests consist of providing voltage pulses or
switch closures, as appropriate, at the inputs of the test components and
checking the response from the appropriate outputs. The performance test
includes measurement of propagation delay. This is done by inserting voltage
pulses at the Inputs and checking the response of the test systems.

As a minimum, functional pulse testing will be completed on each test
component once a shift. The functional tests which require Input from an
operator (e.g., manual trip, bypass instatement) will be performed once a
week., The flux signal fransmitters will be checked for signal propagation.

The propagation delay tests are performed once a shift In conjunction with the
component functional tests. The propagation delay of the breaker is tested
and recorded weekly. Performance tests are completed once a week on all
components except the flux drawers which are checked daily. The frequency. of
the functional tests will be Increased if the environmental parameters drift

~beyond specified Iimits.

e ortl » sis_an orrectlive tio

"A closed loop fallure reporting and corrective action system has been

implemented to assure that any hardware reliability problems encountered are
corrected and to force reliabil ity growth. Failures and discrepancies
occurring are documented in fallure/discrepancy reports. Reliabil ity
Engineering is the focal point for the failure reporting and corrective action

system. The failures reported will be screened and failure analysis
performed, as appropriate, to identify underlying failure mechanisms. Each
fdentified fallure mechanism will be evaluated to assess the need for
corrective actlon and the type of correction action required.

C.5.4 Interfacing Components Evaluation

C.5.4.1 Analysis _

A Rel fabil Ity Design Support Document wlil include assessment of the faillure
effects of all of the RSS Interfacing components and systems that appear on
the Rel labil ity Related Components List. The interfacing component

- assessments Iinclude FMEA's and resolution of the failure modes through design

margins and system features |Imiting the consequences. Shutdown system
performance evaluations will determine the consequences of potential
Interfacing component fallures. Since the Interfacing component fallures are
potential causative factors for common cause failures of the shutdown systems,
Interface component assessments will be given high priority. The Initlal
relfabll ity reports will be completed, reviewed and updated (as appl icable)
prior to the components' design revlews.,
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Through the FMEA's for interfacing components, fallure modes have been :
identified which have the potential to degrade the combined PCRS and SCRS
insertion function. Examples of these lnclude. .

1) Large and/or»infermedlafe plug rofa?ion with rods wlthdrawn
2) Secondary control assembly flow starvation

3) Upper internals s+rucfure sheds fragmenfs from thermal sfrlplng
effects

Each of these fallure modes has been assessed and has assoclated corrective or
preventive actions to preclude adverse Impact on combined PCRS-SCRS
reliability. The following presents examples of the results of the
assessments.,

.Postulated rotation of either the large or intermediate rotating plugs results
in misal ignment of both PCRS and SCRS. Several degrees of rotation may be
sufficient to influence PCRS insertion. The SCRS, being less susceptible to
misal ignment, requires a larger amount of plug.rotation to prevent insertion.
Action relevant to this fallure mode consists of the incorporation of a series
of mechanical locks installed prior to reactor operation and designed to
resist all forces that could conceivably cause rofaflon including motor
torque.

Hydraulic assist is used in the SCRS to accelerate the control rod downward
during a scram. While the control rod will insert without the hydraulic '
assist, its Insertion time is extended. To assure that the SCRS always
operates at maximum efficiency, it Is necessary to assume that the design:
sodium flow is avallable at the SCA nozzle during power operation. The
required flow is assured by means of features incorporated in the design of
the core support structure. Flow blockage prevention is achlieved by a
combination of debris barriers and auxiliary flow ports. A description of the
flow blockage prevention features is provided in Section 4.2 of the PSAR.

Fragmentation of the metal surfaces of the upper internals structure could be
caused by thermal striping. - Metal fragments could become lodged in any
control assembly duct and adversely affect the rod's ability to insert.
Actions relative to this fallure mode included a design change from stainless
steel to Inconel 718 for upper Internals structure component parts. [tems
such as Instrument posts, chimneys and shroud tubes exposed to thermal
striping conditions are being made of Inconel 718. Analyses of the upper .
internals have shown that margins against this fallure mode are now adequafe.

Each lnTerfdcing component will be analyzed in a rellability assessment as
described in Section C.1.3.2. Fallure modes described above would be
addressed In reports associated with the reactor closure head, core support
structure and upper Internals structure, respectively.
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TABLE C.5-1 PCRS FAILURE MODES AND RESOLUTION SUMMARY

Scram
Component Fallure Mechanlsm

General

Causative Factor

Test

Deslgn Feature Verlflcatlon

Analytical
Verification

Comments

PCROM Excessive retard-
Ing forces pre-
vent or siow un-

latching

Part fallures
prevent uniatch-
Ing :

PCRD Excesslive re-
tarding forces
prevent or slow

Insertion

a)

b)

¢)

d)

e)

a)

b)

c)

a)

b)

c)

Excessive fric-
tlon or wear
Falled bel lows

Misal Ignment

Instal tatlion
and Mainten-
ance Errors
Magnetized
Components

Wear
Selsmic
Manufacturlng

Errors

Excessive fric-
tion or wear
Selsmic

Mlsalignmenf

Increased de-
slgn margin
Purge gas

Increased
bellows con-
volutions -
Rotating plug

locks

Seismic
support

Large clear-
ances

UIS key lat-

Life
Failed
Bel lows

‘Malntenance

Procedures

Real Time
Life

Life

PCRS Selsmic

Prototype
Unlt Testing

Life

Dynamlc
Friction

PCRS Selsmlic

Prototype

eral restralints Testing

Unlatching
Mode!

Increased segment arm spring
force margin

Purge gas minimizes sodlum
vapor |n PCRDM

Bel lows stress and fallures

" .reduced by Increased convo-

Unlatching

Model|

Post Test
Inspection

Margin
Analysls

Manufacturing

Insertion
Model s
Margin
Analyses

Inserflon
Model s

*jutions

Rotating plug locks prevent
accldental plug rotatlon
Maintenance tools and pro-
cadures tested In-system
tevel tests :
Magnetization can be checked

~by Its effect on unlatch time

Testing exceeds requlred wear
I1fe for each CRDM

Shleld and Selsmlc Support
Structure fimlts laterai de-
flection

Testing of units from proto-
type and plant unit manufac-
furing sequences to Identify

potential manufacturing

errors

Life tests exceed requlired

wear |ife

Shaker tests to obtaln friction
data and to callbrate seismic
insertion analyses

Misal ignment test




TABLE C.5-1 (Cont'd)

Component Fallure Mechanlsm

Scram

General
Causative Factor

Design Feature Verlfication

Test

Analytical
Verification

4Comhenfs

PCRD

PCA
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Jamming of dash-

pot cup or piston

Duct deformation
retards or pre-
vents insertion

a) Forelgn parti
cles .

b) Galling

¢) Flow induced
vibration de-
formation

a) irradlation
Induced bow-
ing

b) Scram Impact
on lrradiated
duct

¢) Pressure pulse
from pin fall-
ure distorting
Inner duct

d) Selsmlc loads
on outer duct
load. pads

e) Swelling and
bowing of pins
deforms Inner
duct

f) Weld fallure
due to improper
weld

Startup
fllters

Inlet module

features

Shrouded PCRD

Increased
clearances

Design for
no fallures

Heavy duct
wall at pads

Pin to duct
clearances

Life

Life
PCRS Flow
Yibration

IRFM

Duct Bowling

Duct Impact

Pin Rupture

Duct Crushling

Pin Compact-
lon

Life, FFTF
Irradiation

Test
Evaluations
Test
Evaluations

Bowing
Marglns

Impact

Evaluation

Test
Evaluatlion

Crushlng
Margins
Design and

Test Analyses

Post-test
Inspection

Special core assemblies have
filters for Inltial sodium
cleanup

Inlet modules provide debrls
barriers and stralners

PCRS sodlum |oop

tests provides an extended test
period to evaluate vibration
effects. VYibration measured In
PCRS Flow vibration test phase

“Integral Reactor Flow Model

provides vibration data

Duct Bowing test to establish
drag forces and failure point
for varylng duct bows )
Completed duct .Impact test
shows no fallure even at Im-
pact loads In excess of de-

slgn values

Pin rupture test to establish
Inner duct deformation for
postulated pln fallures

Test provides data support for
analyses of all core assemblles

Test to correlate analyses for
pln Interactions and bundle
compressibility

Qual Ity control durlng welding
to prevent poor welds
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TABLE C.5-1 (Cont'd)

. Scram General Test Analytical .
Component Fallure Mechanlsm Causative Factor Design Feature Verlificatlion VYeriflication Comments
PCA Excesslve retard~ a) Galllng or wear Incorporated Rotational Post-test Added rotatlonal Jolnt with
Ing forces prevent of outer duct rotational Joint and Evaluation supporting test to minimlize
or retard Inser- . Joint Life ) wear pad to outer duct loads
tlon b) Selsmlic Dynamic Marglin Shaker test to obtaln friction
Frictlon Analyses data and to callbrate selsmic
) PCRS Seismlic Insertions analysls
c) Forelgn parti-  Startup f11- Life Life tests will simulate
cles ters and Inlet effects of design basls so-
module features dium Impurlities such as
oxygen content
d) Misal Ignment Passive core Prototype Insertion Passlve core restraint elIm-
restralnt Testling Model s Inates potential for Inad-

vertent errors In core re~
stralnt adjustments



TABLE C.5-2 SCRS FAILURE MODES AND RESOLUTION SUMMARY

Scram General ) Test

Analytical
Component Fallure Mechanlsm Causative Factor Design Feature VYerlflication

Yerification Comments

SCRDM Mal function of

a) Foreign material Oylinder piston Yalve/cylin- Post test vatve/cytinder will be tested
scram valves or bellows seal - der inspection beyond design life.
pneumatic ac~ :
tuator slows Redundancy: SCRS Proto- Valve design Includes testable
untatching. 3 out of 5 type feature for In plant online
poppets to checkout. )
Scram
Part fallures Redundancy: Valve/cylin-  Post test Testing of compohent beyond
3 out of 5 der, SCRS Pro- Inspection design life wiil ldentify
poppets re~ totype, potential fallure modes.
qulired to :
Scram
Manufacturing Valve/cylin-  Post Test Testing of components and
errors der Inspection system wil i Identlfy potentlal
manufacturing errors.
o SCRS Proto- :
o type
83 SCRDM/SCRD Excessive retard- Thermal Large clear~ SCRS Proto- SCRS struc- Testing of units at prototyplc
Ing forces slow effects ances to type tural temperatures to support analysis
unlatching. accommodate analysls
thermal effects
Argon contam- Filter Valve/Cylin-  Post test
ination der Inspection
Buffer gas Failed-Bel-
lows
Excessive fric- Hardened wear  SCRS Proto- Post test Testing of SCRS units will
tlon from wear, surfaces type inspection tdentify potential wear and
galling gallIng.
High actuation Actuation forces are high and
forces will tend to overcome friction
forces
51
©
D~
o -
[
WO
o~
O
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TABLE C.5-2 (Cont'd)

- Scram
Component Faljure Mechanlsm

General

Causatlve Factor

Tésf

Design Feature VYeriflcation

Analytical
Veriflcation

Comments

SCRDM/ SCRD

SCRD Excesslve retard-
Ing forces slow

tenslon rod drop

d)

e)

f)

a)

b)

<)

d)

Falled
bel lows

Manufacturlng
errors

Misal Ignment

Excesslve fric-
tlon from wear,

gallling

Deformatlon of
drivelline (ther-
mal, vibration)

Selsmic

Misal ignment

Redundancy

Limlt stops
and guldes

Rotating plug
locks

High actuation

forces

High strength
materials and

heavy sectlons

Selsmic
support

Rotatlonal
and axlal
guides

Falled
beltows, SCRS
Prototype

SCRS
Prototype

Latch
Scram,
SCRS
Prototype

Post test
Inspection

Structural
and fatigue
analysls

Post test
Inspectlion

Misal Ignment
analysls

SCRS struc=
tural analy-
sis

Post Test
inspection

SCRS struc-

tural analy-
sts

Selsmic
analysis
SCRS struc-

sls

tural analy-

Tenslon rod moves relative to
sensing fube whlch moves
relative to driveshaft.

Components bellows test will
ldentify cycle life

Testing of SCRS units will
Identify potential manufacturing
errors.

Rotating plug locks preventing
accldentai plug rotation

Misal ignment test will Identity
safety margin and compiement
analysis.

Component and system tests wll |-
determine amount of and effect
of wear



TABLE C.5-2 (Cont'd)

Component Fallure Mechanism

General

Causative Factor

Design Feature.

Test
Veriflcation

Anatytical
Yerlflcation

Comments

Gulde tube and Latch, SCRS Post test
rod flexiblli- Prototype Inspection
ty
UIS lateral
. key restraints
e) Manufacturing Manufacturing Post test Testing of components
errors Inspection and SCRS units will Ident(fy

potentlal manufacturing errors.

Excessive fric-
tion siows latch

1718 material
cam surfaces

a) Self-welding

0€-G°2J

2861 :"bny
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pads

release.,
Slight plvot Latch Latch design Results of component testing
of gripper pads and test show no Indication of self-weld-
break potentlal report Ing. :
welds '
SCRS Latch and SCRS unlts
Prototype will .identify effect of
sel f-welding If I+ occurs.
‘Misal Ignment Heavy cross- SCRS struc-
section drive- tural analy-
Iine at latch sls
area
Particulate Plant sodlum Latch and Post test Latch and SCRS unlts testing
depos!tion cleaning SCRS Inspection: In prototypic tiquld sodium
system . Prototype wll| identify effect of poten-
: tlal particulate deposition
Duct or gulde tube a) Irradiation Clearance be- Guide Tube Deslgn Testing wil!l support analysis
deformation slows Induced bowing tween guilde BowlIng Analyses '
tube and con-
trol rod
Selsmlc Heavy duct sec- Guide Tube SCRS selsmic
tion at load ~ Bowling analysls



e

TABLE C.5-2 (Cont'd)

Scram General Test Analytical
Component Fallure Mechanism Causative Factor Design Feature VYerification Verification Comments
SCA c) Swelllng and Low flux at Design
bowling of plns lower pin area analyses
when In parked
position
Stiff bundie
tube
Excesslve retard- a) Excesslve Hardened wear  SCRS Proto- Post test Test wiil determline wear effects
ing forces slow friction from pads type Inspection and operating margins
Insertion wear, galling
Hydraul ic
assist force Design
analysis
Clearance
®) b) Particulate Piant sodlum SCRS Proto- Post test Testing In prototyplic sodium
Ln deposition cleaning type Inspection will tdentify effects of
1 ’ system ’ potential particulate
« deposlition
c) Seismic Hydraulic assist SCRS Seismic
force, adequate analysls
clearance
d) Irradiation Parked posltion Scram clear-
swellIng of ralsed ance analysls
control rod ‘
e) Manufacturing "~ SCRS Proto- Manufacturing Testing of units will Iden-
errors type ' t1fy potential manufacturing
errors.
Pre and post
test Inspec-
tion
Loss of hydraulic a) Flow blockage or Geometry or Exit flow Canponehf and SCRS flow. tests
assist slows In- maldistribution flow path bl ockage will support analysls.
sertion opening min= analysis
- mizes blockages
c
@

0/ "pusuy
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Gravity drop
capabl |1ty
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TABLE C.5-2 (Cont'd)

Scram General Test Analytical .

Component Failure Mechanism Causative Factor Destgn Feature Verlflication Verlflcation Comments

SCA b) Weld fallure Stress Deslign Quall"ry control durlng welding
rel levers analysls to prevent poor welds.
Material
selection

¢) Manufacturing . SCRS Proto- Manufacturing Testing of SCRS unlts will
errors type tdentify potential manufacturing

errors.
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TABLE C.5-3

ELECTRICAL SUBSYSTEM MODULE FUNCTIONAL & PERFORMANCE TESTS

Lomponent Functional Tests Performance Tests

Trip Comparator o Trip/Reset Sequence o Trip/Reset Accuracy
o On-Line Test Sequence* o Propagation Delay*
o Bypass Sequence
o Manual Trip Functlion
o Setpolnt Adjustment
Bypass Comparator o Bypass Permissive Sequence o Bypass Instatement/
o Removal Accuracy
Buffer o Signal Transmlssion : o Accuracy
o lsolation
Calculation Units o Signal Transmission o Accuracy
o Potentiometer Adjustability o Propagation Delay
Logic o Loglc Functlon o Propagation Delay
Breaker o Trip/Reset Functlon* o Propagation Delay*
Flux Drawers o Signal Transmisslon o Accuracy

o Propagation Delay

*These tests are for the primary subsystem only. All other tests
are for both primary and secondary subsystems.
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TABLE C.5-4

MECHANICAL SUBSYSTEM DESIGM DIVERISTY
PCRS SCRS
Control Assembly (CA)
Absorber Pin 37 31
Control Rod Geometry] Hexaaonal Circular
51 | Number of cA2 9 6
Special Feature3 Rotational joint in control rod shaft Latch Tocation at top of CA
Control Rod Driveline (CRD)
Coupling to control rod Rigid_coupling - released only during. Flexible collet - rod is released at
refueling this point for scram and refueling by
internal CRDM action
Connection to CROM CRD leadscrew to CRDM collapsible
rotor roller nuts Permanent connection to CRDM carriage
which traverses only during start up
and shutdown
Disconnect Erom control rod for Manually - requirés special tool Automatic - same-as scram with CROM
refueling deactivation of collet.
Special Features5 Heavy CRD wall in the
Upper Internal Structure and CA part1ng
plane.
]As a result of the difference in control rod gecmetry, absorber loading and enrichment requirements and effects
of transients, the control rod and absorber pin designs in the two systems are completely different.
= 2 The larger number of PCAS generally pruvide for yreater redundancy in shutdown capabilities.
% 3 he PCA rotational joint eliminates CRD and control rod rotational binding.
Ei 4 The SCRD automatic disconnect feature greatly reduces the per mechanism time for preparation for refueling
o 5The SCRD heaV/ wall increases the margin against scram latch tension rod drag due to gross Upper Internal Structure
— to SCA isal fgnment.

(;.



G€-6'2

LL6L UdARW
9¢ *pusuy

C

TABLE.C.5-4 (Cont'd)

PCRS

SCRS

Control Rod Drive Mechanism {CRDM)

Type of Mechanism

_Driving Power6
Axial Position Sustained by:

Axial Position Indication

Stroke Léng-th7

Scram Function
Scram Release

Location of 2/3 ES Logic8

Translating Parts during Scram

-Co11ap$ib1e rotor roller nut

High voltage, multi phase: used con-
tinuously during reactor operation

Application of non-rotating electric
field

Reed switches - full stroke (absolute)
Rotor motion detection - full stroke
(relative)

37II
Magnetic decay with spring assisted

release of CROM roller nuts from
leadscrew.

Circuit Breakers in the Primary Rod
Control Room

" Leadscrew, CRD, control rod

6The type of SCRDM a11ows‘for reduced power consumption and elimination of forced cooling

Twin ball screw with translating
carriage

Low voltage, direét current: used
only during‘startup and shutdown

Sel1f-locking device in ball screw

drive system

Reed switches - 3 positions of stroke
(absolute) '

Rotary encoder - full stroke
{absolute) .

67“

Release of collet in CA. By removal
of electric power to the scram
solenoid valves which vents argon -
pressure from the collet latch
actuating cylinder in the SCRDM:

Sotenoid valves in SCRDM.

Control rod

7The additional SCRDM stroke is required to provide the automatic control rod disconnect feature for refueling
8The SCROM scram solenoid valves are powered-directly from the ES logic output which eliminates the need for

circuit breakers which are used in the PCRDM..
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TABLE C.5-4 (Cont'd)

PCRS

SCRS’

Scram Motion through Upper Interﬁa]sg‘

Scram Ass1st]0

Scram Assist Length
Scram Speed versus Flow Rate
Scram Deceleration

CRD travels the -full stroke

- Spring in CRDM

Initial 27 inches of insertion
Increases with decreasing flow rate
Hydraulic dashpot on CRD

9g *puauy

Flexible collet latch tension rod
travels fraction of an inch” protected
inside the drive shaft

Hydraulic in CA

Full stroke

Increases with increasing flow rate

_Hydraulic damper in CA

981nce in the SCRS only the control rod falls the full stroke into the core and the tension rod is very f]ex1b1e,
the SCRS is less suscept1b]e to failure by system misalignment.

A result of -the 1mplementat1on of scram assist in the two SJstems is that they complement each other with respect

to effects of flow rate on insertion speed.
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TABLE €.5-5
ELECTRICAL SUBSYSTEM DESIGN DIVERSITY

PRIMARY ES

SECONDARY ES

‘Instrumentation’

Nuclear Flux

Sodium Coolant Flow

Core Coolant F Tow

Auxiliary Electrical System

HTS Heat Removal Capabi]fty

Steam &Feed Systems

NOTES:

| Compensated Ion Chambers

Primary Sodium Pump Speed

. Intermediate Sodium Pump Speed

. Core Inlet Plenum Pressure (2 in each

plenum inlet pipe)
Primary Pump Bus Voltage.

Primary- IHX Outlet Temperature

- Steam Ma'ss'Flow Rate

F eedwater Mass Flow Rte

i Fission Chambers

Primary Sodium Mass Flow Rate

Intermediate Sodium Mass Flow Rate

Core Coolant F Tow?

Loss of Offsite Power3

Evaporator Outlet Sodium Temperature

Steam [rum Level

1. This 11st1ng is not comp]ete, PSA R Table 7.2-2, PPS [bs1gn Bas1s Fault Events more fu]]y shows the d1vers1ty prov1ded
_in primary and secondary instrumentation.

Calculated as the sum of the Sodium Mass F]ow_Rates in each of the 3 loops.
Scfams Secondary Rods on loss of electric power to 2 or more HTS Buses.
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TABLE C.5-5 (Cont'd)

PRIMARY ES

SECONDARY ES

Protection System Equipment

9g *pudwy

Ca]cu]ationa]'Jnits

Comparators
Logic Coupling
Logic

Final Logic Actuation

Location of Cable Interconnection

Implemented using Integrated Circuits

Implemented using Integrated Circuits
Infrared Light Emitting COode Coupled
Local Coincidence Configuration

Scram Breakers

Upper Cable Spreading Room

Implemented using Integrated Circuits
different from those used in Primary
Calculational Units

Implemented using discrete components
Direct CC. Coupled. .

General Coincidence Configuration

‘Solenoid operated argon gas valves

‘Lower Cable Spreading Room



C.6.0 Shutdown Heat Removal System Evaluation

The rellabll Ity activity associated with the Shutdown Heat Removal System
(SHRS) Is the Identification of critical fallure modes which Includes common
cause fallure modes. Additionally, through feedback of reliabillty Informa=-
tion and data to englineering, design changes to Improve rellabllity can be

-made. Relliabllity analysis provides an assessment of the adequacy of the SHRS

design to perform its intended functions of decay and sensible heat removal,
according to establ Ished requirements, Confirmmation of design adequacy wil |
be achieved by means of development, acceptance and qualiflcation testing, of
selected key Items,

To assure timely feedback of data from the test program, the schedule for test
activities has been coupled to that for the plant component design,
fabrication, Installation and operation activities. The testing schedule is
such that positive response is possible for the elimination from the plant

- equipment of any unacceptable features uncovered in the test program. The

design and procedural utillzation of data from each of the tests is identifled
at the conclusion of each of the test activity description sections.

C.6.1 Ima eat anspo Syste
C.6.1.1 n sis

Rel labil ity evaluations are being performed on selected SHRS failure modes and
components. Two significant evaluations are presented In References 3 and 4.

Reference 3 Investigates the probabil ity of loss of the total shutdown heat
removal system capablillty. The fallure criterion was assumed to be the bulk
in-vessel sodium temperature exceeding 1250°F. This sodium temperature is too
low to be associated with In-core sodlum boiling and Is assoclated primarily
with the abll ity of reactor “and piping structures to retain a pressure
boundary and to support the core, Further mitigation Is provided by the
Direct Heat Removal Service (DHRS) that |imits the temperature to 1140°F.
Estimates of |leakage and rupture of the PHTS and reactor vessel are very low,
as documented in Reference 4.

Reference 4 provides an overall assessment of primary piping Integrity and
focuses on the design, qual ity assurance, stress analysis and Servlice
conditions of the primary piping In terms of the role that each plays in
ensuring adequate defense against loss of piping integrity. Supplementing
this approach, single point fallure rellability analyses were made for the
worst locations and loading conditions leading to plpe rupture. Under the
assumed presence of a sizeable flaw, calculations of the growth show the
critical crack size would not be reached for conservative imposition of
loadings. Reference 3 and 4 together provide a total reliabllity assessment
of both system and component features of the SHRS. Both of these documents
are updated as the CRBRP Project progresses.

C.6-1
Amend. 70
Aug. 1982



C.6.1.2 Testing

The currently identifled testing relating to the PHTS can be divided. into two
major categorles: (a) component performance and acceptance testing and (b)
material development tests.. Testing In each area has been inltiated during
the FFTF design phase and Is continuing In support of CRBRP. A review of each
of these areas Is provided below. . '

Component Testing

- Component performance and acceptance PHTS tests on the reactor vessel, primary
piping, cold leg check valve, leak detectors, the IHX and the primary pumps
are all contributing Information In support of SHRS rellability.

A. Reactor Vesse]

Component testing supporting the reactor vessel design centers on the outlet
nozzles, the sodium makeup nozzle and the upper internals structure (UIS).
Component tests of vessel nozzles are in progress as part of the "Val idation
of High Temperature Design Methods and Criteria™ test program. The objectives
center on design verification of creep ratchetting due to thermal transients.
Strain histories will be recorded at critical nozzle locations. This work
will be performed at the Creep Ratchetting Test Faclility (CRTF) at ARD.
Testing of nozzle attachments is being performed at ORNL in the "High
Temperature Structural Design" test program. The emphasis of these tests
centers on the Inelastic behavior of nozzle attachments,

Numerical studies have been performed to assess the adequacy of the design for
the FFTF reactor outlet nozzle. However, the design detall of the CRBRP
nozzle liner will be different from FFTF and additional analysis and/or
testing will be required to support the CRBRP rellabll ity assessment,
Supporting analytic studies are necessary to evaluate the ef fect of the
thermal fluctuation. Material properties needed in this evaluation wil! be
made avalilable In a timely manner from planned test programs.

Prototypic 1/21 scale tests to conflrmm the thermal adequacy of the location of
the DHRS overflow and makeup nozzles has been performed at ARD. These tests
have demonstrated that thermal "short circuiting" Is about 5 or 6 percent
which Is considerably less than the 20 percent value to which DHRS is
designed. Therefore, the DHRS Is conservatively deslgned.

The 1/21 scale mode! will also be used in a series of tests to establish the
behavlor of the outlet plenum flow fleld In the region of the makeup flow
Injectlon. This test is designed to assess the potential of thermal striping
Initiated fallure. :

Flow induced vibration has been considered as a potential initiator of fallure
In the upper Internal structure. Outlet plenum flow simulation testing has
been performed at HEDL which involves a 1/4 scale

C.6-2 ‘
Amend. 70
Aug. 1982
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mock—up of thé‘upper internals of CRBRP, termed the Integral Reactor Flow
Model (IRFM). The primary function of these tests is to investigate

~velocity patterns, pressure drops, mixing characteristics, striping

phenomena, gas entrainment and flow induced vibration in the upper in-
ternal structures. In addition, vibration tests of the instrument post,
chimney and control rod shroud tube have been conducted in a 1/3 scale water
model at ANL. ’ '

Experiments have been performed using 0.55 scale (Reference 5),v
1/10 scale and 1/15 scale (Reference 6) models at Battelle-Columbus Labora-

- tory and ANL in which the transient behavior of the outlet plenum following

a reactor trip was simulated. These tests demonstrated that the thermal
transient at the outlet nozzle is less severe if the upper internals struc-
ture has chimneys compared to one without. The addition of chimneys reduces
the transient ramp rates and enhances reliability. Additionally, the 1/10°
scale ANL testing has provided thermal data during simulated normal opera-
tion of the steady state temperature distributions and amplitudes and fre-
quencies of thermal striping.

B. Primary System Piping

~ Flow induced vibration has been considered as a potential
initiator of failure in the primary piping. A study has shown that for the
velocities in the CRBRP design there is no appreciable change of natural
frequency in the first natural frequency of the straight sections of
primary pipe due to the effect of sodium flow. This resulted in the recom-
mendation that the sodium flow need not be considered in the piping design.

Tests have been performed on the horizontal and vertical pipe
clamps to qualify them for use with commercially available hangers and
snubbers. The tests identified clamping preload requirements, temperature

distribution in the clamps and Belleville spring washer compression.

Static and dynamic load testing were also performed. Test results will
provide data to verify the design for thermal loads as well as static
loads and vibrations. Procedures for piping support installation will
be based on the information from these tests.

C. Check Valve

The dashpot in the cold leg check valve was subjected to several
performance acceptance tests. An assembly test was first performed to

-define the dashpot configuration in each of the other. tests. Strength

tests were performed to verify the integrity of the sodium pressure boun-
dary. Thermal cycle tests assured proper dashpot movement at design tem- .
perature. Fill tests were performed to demonstrate that the dashpot will

- fi1l completely. Impact and damping tests confirmed that the dashpot met

the necessary structural design requirements and provides the required

‘damping.

Amend. 47
Nov. 1978
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~D. . PHTS Leak'Detector System

_ Failure modes of the leak detection equlpment can be c]ass1f1ed
as being either a failure caused by hardware-oriented malfunction or a :
failure stemming from lack of sufficient sodium aerosol by-products entering
the detector. This second type of failure is dependent on time, temperature,

moisture content and oxygen concentration in the environment for aerosol

- ment can be designed to detect the magn1tude of the leaks spec1f1ed for

47

production, as well as on the convective currents between the leak and the
detector. PHTS leak detectors have been examined in a series of tests to
determine general trends in the performance of detectors caused by varia-
tions in environmental conditions of temperature, sodium content, humidity
and oxygen concentrations. These tests have shown that leak detection equip-

CRBRP, - Additional verification testing is planned.

E. Intermed1ate Heat Exchanger

Nozzle tests ‘have been performed on a prototype FFTF IHX inlet
nozzle and centered on design verification of creep ratchetting due to normal
transients. These tests were conducted as part of the "Validation of High
Temperature Design Methods and Criteria" test program being performed at™

the Creep Ratchetting Test Facility (CRTF) at ARD. Testing of nozzle attach-

ments is also being performed at ORNL in the "High Temperature Structural

_' ‘Design" test program. The emphasis of these tests centers on the inelastic
- behavior of nozzle attachments.

a7l

The THX has been subject to three flow tests in addition to
testing of the bellows and tube to tube sheet welds. An IHX 3600.

. model primary inlet flow test, an IHX model flow induced vibration and f]ow

47

distribution test and an IHX intermediate flow distribution test have been

‘performed. The results of the 360° model primary inlet flow test aided in -

determining the design and provided verification of predicted flows for the
primary flow distribution shroud. The IHX model flow induced vibration and
flow distribution test verified that no flow induced vibration of the tubes
and baffle plates exists in the IHX. It also provided quantification of the
pressure drop across the baffle spans. The IHX intermediate flow distribu-’
tion test aided in the design of the ring baffle and provided verification
for the predicted flow distribution in the lower hemispherical head. In
addition to the flow tests, the bellows were tested to insure that the
fatigue 1ife and structural integrity will be adequate for 30 year life.
Also, tests of the tube to tube sheet welds were made to identify effects
and fit obtained in the forming process.

Amend. 47 . .
Nov. 1978
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F. Sodium Pumps

- The primary and Intermediate sodium pumps have major development tests

scheduled which will contribute to assuring the reliability of the plant
units. A prototype pump sodium test will provide confirmation of design and
manufacturing. |If unsatisfactory performance is encountered, the data will
provide Inputs for corrective action.to the plant pumps. The corrective
actions will be confirmed by water testing the plant units and in-plant sodium

“testing prior to piant full power operation.

The prototype pump will be subjected to the temperature transients for which
the pilant units are being designed up to the capabillty of the test facility.
Tests will Include endurance runs, thermal transients, speed transients,

hydraul ic performance, control response and coastdown measurements. These
prototype pump sodium tests, curently planned for the time frame late 1981 to
mid 1983, may Impact the design of the plant units. Design and/or fabrication
changes which may be ldentified by the protctype sodium tests would be retro-
fitted Iin final stages of fabrication of plant units. |If the water tests
Indicated problems in the plant units, it would require retrofitting to units
In fabrication prior tousite dellivery.

G. Natural Circulation Verification

The important design feature of natural circulation will be verified through
combined computer model development and test verification. Verification of
CRBRP's natural circulation capability will be provided by validation of the
FORE-2M, DEMO and COBRA-|V computer codes through component test data
(pressure drops, pump coastdown tests, decay heat experiments, etc.) and
extensive analysls of various aspects such as |HX performance at natural
circulation conditions, piping stratification effects, etc. Test and analysis
will provide information to verify that natural circulation through the core,
primary loops, intermediate loops and steam generators Is adequate to remove
core heat to the ultimate heat sink. The natural circulation decay heat
removal verlflcation plan Is presented in Reference 7.

. Material Testing

Numerous development programs are also in progress which contribute in a more
generic way to reliability assurance of the PHTS. The areas of testing
related to reliability include the following:

o Weld joints

o Corrosion effects

o) Erosion effects

C.6-5
o Amend. 70
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o Thermal fatigue
o Creep rupture and fatigue

" Descriptions of the test prdgrans and the data relative to reliabil ity are
provided In the following discusslons.

‘H.  We olnts

in the area of weld rellability, tests are in progress at ORNL to both develop
weld procedures for transition joint welding and study the effectiveness of
nondestructive testing on transition welds. Weld rellablillty is being
Investigated at ORNL as part of the "CRBRP Transition Jolnt Welding Program."
Cr-Mo steel to stalnless steel, Cr-Mo steel to alloy 800H and al loy- 800H fo
stainless steel welds are to be investigated In this sfudy

Testing of weldments to be used In the design of the reactor vessel thermal
liner will be performed at ORNL and ANL. 16-8-2 weld material will be tested
extensively to provide data on hardness, tensile properties, creep-rupture
properties, creep-fatigue properties, fatigue and metal lographic composition.
These data will be used to val ldate the use of 16-~8-2 wel dments,

‘Three additional areas of welding will be closely examined for their effect on
structural integrity.

1) Material behavior Including material properties In the heat affected
zone

2)  Non-uniformities In geometry Including "weld shrinkage"

3)  Weld condition Including porosity, lack of fuslon, cracking and
‘sensitization

l. orrosion ects

Corroslon of LMFBR material Is the subject of three planned test programs,
Inconel 718 Is being investigated under the "Component Materials Compatibll ity
Progran." Also, SS304 and SS316 are being tested as part of the
“"Characteristics of Corrosion Due to Leakage of Sodium from a Pipe into Air
Test Program." Although the PHTS willl exist In an Inert environment,
corrosion rates identifled In alr tests will provide conservative data for
leaks in the inert enviromnment., In addition, stress corrosion cracking in
S§8304 is to be examined under the "Caustic Corrosion Product Assisted Fatigue
Growth Program." Loading frequency and temperature will be varied In sodium
env lronments, ' '
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J. Erosion Effects

Erosion was identified as potentially being significant in many
reactor vessel structural members. Data exists which suggests that there
is no noticeable erosion-effect in sodium flow for velocities below 50 ft/sec.
It was determined that erosion could pose a potential threat to structural
integrity at higher velocities. Consequently, the core flow of CRBRP is
designed conservatively so that the maximum velocity at critical locations
is less than 25 ft/sec., and the maximum core sodium velocity is 50 ft/sec.

K. Thermal Fatigue

_ Quantification of thermal fatique 1imits is necessary for reli-
ability assessments. Characterization of material properties is being in-
vestigated under the proqram entitled "High Temperature Tests for Time-
Dependent Characteristics of Materials in Sodium" at ARD and ANL. The
testing is oriented towards assessing the adequacy of the ASME Code criteria-
and RDT Standards for design of critical CRBRP components in sodium environ-
ments. Tubular and plate specimens are to be tested. Specifically, thermal
fatique will be studied. Additional testing in the "High Temperature
Structural Design Program" at ORNL involves the investigation of thermal
ratchetting in seamless SS316 pipe.

L. Creep Rupture and Fatique

Currently at ARD, creep tests with basic specimens and large
components are being conducted along with testing of pre-exposed specimens
to assess the effect of long-term environmental effects. Conservative
minimum creep failure times are also used in the ASME Code, Section III -
Case 1592 for high temperature design applications. When the phenomenon of
fatigue occurs in high temperature environments, a creep-fatique interaction
may reduce fatiqgue life. The magnitude of the 1ife reduction depends on the
hold times under load in the fatigue cycle. The effect of multiaxial stress
states on creep-fatique on SS304 and SS316 is beind studied at ORNL in the
"High Temperature Design Program." In addition, the effect of long term
exposure on creep-fatigue and multiaxial stress states are under investi-
gation at ARD under the "Component Materials Compatibility Program."

These planned test programs are adequate to support conservative reliability
analysis.

Fatigue has been extensively studied. Current testing at ARD is
oriented towards determining long-term effects on fatigue life by testing
samples of SS316 pre-exposed to sodium. At ORNL, the "High Temperature
Design Program" will provide data from investigations of fatigue at high
temperatures. Currently work is being done at ANL to study Tow cycle
fatigue behavior of SS304 and SS316 at high temperatures. Specifically, the
effects on fatigue of roughness, sodium environment, aging and annealing
are under investigation.
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The analysis of stress rupture depends on the adequate quantification of
material properties. Two programs at ORNL involve testing to determine
tensile stress rupture properties in uniaxial tests. |In the "High Temperature
Design Program" tests, the material behavior of S$S304 and SS316 will be
studied. Another program at ORNL "Mechanical Properties for Structural
Materials" is specifically tailored to study the material characterization of
$S304 and SS316 reference heats. The heat-to-heat variations in mechanical
properties Is alsc under study in this program. The programs in progress
along with existing data will be adequate for rellability data needs.

The material data development programs described under Items H through L will
provide the information to further qualify the materials and weld processes
for the reactor vesse!, PHTS piping and IHTS piping. These programs are a
part of continuing material technology programs that were Initiated for the
FFTF program. The data are expected to Identify additional margin In the
structural components which have been designed on the conservative rules
~established by the early data and in large part embodied in ASME Code Case .
1592. The reactor vessel is in fabrication from early 1976 to early 1980.
The PHTS and IHTS piping spool pieces are expected to be in fabrication not
eariier than 1982. The data from the materials testing programs have been
scheduled to support these.schedules.

C.6.2 _ntermediate Heat Transport System (IHTS)

C.6.2.1 Analysis

The purpose of the IHTS reliability evaluation Is to ldentify those features
of the IHTS which have the maximum impact on system rellability and thereby to
permit design action to enhance the reliability of the IHTS piping, theé
intermediate sodium pump, the expansion tank and the draln valves.

The FMEA for the IHTS is presented in Reference 3. Those failures of the IHTS
which result in fallure to remove decay heat were analyzed. Results of the
FMEA indicate that there are flve failure modes which can prevent or adversely
affect SHRS operation. These fallure modes are: (1) external leakage of -
scdium piping, (2) signiflcant tube leakage in the IHX, (3) external |eakage
of the Intermediate sodium pump, (4) external l|eakage of 1&C penetrations and
(5) external leakage of sodium drain valves. Each of these has been evaluated
and does not significantly affect the SHRS function of the IHTS.

The CCFA for the IHTS and its interfaces is In preparation. The significant
fallure modes which have been identified are: (1) inadvertent operator action
or false signals to the actuators of the dump valves, (2) loading from a
seismic event and (3) extreme pressure tfransients.

Postulated dumping of the sodium In all three IHTS loops due to operator error
or false actuator action requires the assumption of multiple fallures of
equipment or multiple operational errors. At least two operations on separate
equipment are required to dump a single loop. Postulating this simultaneously
for all three loops Is not credible. |t should be noted that the DHRS wil |
adequately remove the decay heat for postulated events involving the draining
of one or more loops.
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The IHTS has been conservatively designed to withstand the effects of a
conservatively speclfied earthquake. Therefore, only seismic events
substantlal ly greater than the SSE could be postulated to potential ly cause
fallure of all three IHTS loops. Therefore, the potential for common cause
failure due to loadings from selsmic events is sufflciently remote. Testing
of speclfic components Is planned to verify the capabillty to withstand the
SSE Imposed loadings (see Section C.6.3.2D).

An extreme IHTS pressure transient could cause fallure of the SWRPRS rupture

.dlscs,

Numerical Assessment -

The quantitative assessment of the probabil ity of fallure of the IHTS was
determined by Inserting predicted equipment failure rates and operational
parameters Into a mathematical model of the system. The predicted fallure
rates and corresponding evaluation are presented in Reference 3. The fallure
probabil ity of the IHTS equipment is low because the mission to remove reactor
heat fol lowing shutdown requires only the natural circulation capabil ity of
the PHTS or the IHTS.

C.6.2.2 Testing

The currently scheduled IHTS testing Included main circulation pump testing
(discussed In Sectlion C.6.1.2), transition jolint development testing and
mixing-tee testing.

A. tio oint We ssel ests

The translition joint development is directed towards obtaining information
which will provide high confldence in the transition weld region of the IHTS
plping. This transition weld Is placed In the plping to reduce the

di fferences In thermal expansion between materials to be joined by welding.
The 2 1/4 Cr-1Mo material of the steam generator nozzle Is jolned to alloy
800H which Is then welded to the $SS316 of the IHTS plping. There are two
groups of tests planned for these joints. A group of joints will be exposed
to temperature and mechanical load transients more severe than those for which
the plant is being designed. The tests will be run to fallure and the
domInant mode of fallure identified. The tests will be accelerated so that
fallure occurs In about one year rather than the design |ife. In addition to
these complete transition weld assembly tests, there are tests being conducted

to establ ish the proper weld design. This work will contribute to producing
weld designs that are appropriate for the transition assembly tests. The
transition joint weld design will be completed in [ate 1978. Fabrication of
all spool pieces will be completed in late 1980.

As a flnal proof test of the transition weld design, prototypic transition

Joints will be fabricated and used In the prototype .steam generator test
program. These joints wil! be exposed to the accelerated testing planned for
the steam generator modules and will provide the deslirable final confirmation

of the transition joint assembly design adequacy.
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B. Mixing-Tee Tests

The mixlng tee tests were conducted to assure adequate mixing of the two
sodium stream flows from each evaporator prior to returning to the
intermediate system pump. The temperature dlfference In the iwo flows Is
normal ly less than 20°F, but can be large If the heat transfer process in one
evaporator Is Interrupted from one of several mal functions. These tests were
conducted to develop a tee which will accommodate these |arge temperature
differences without incurring thermal fatigue failures, should a standard tee
design prove to be inadequate.

The initial tests were being run using an 8 Inch diameter scale model of the
perforated plate mixing tee currently being considered for use in the CRBRP.
These tests were conducted with hot water simulating sodium. Tests conducted
In water have been demonstrated to be a vallid indicator of the mixing
characteristics of sodium. The Information gathered consisted of temperature
fluctuation (amplitude, spatial distribution and frequency), pressure drop
across the tee and perforated plate vibration,

The mixing tee development testing Is completed. This Information, coupled
with other sodium mixing tests which have been reported In the Iiferafure,
will be used to establish the final design.

C.6.3 §+eam Generator System (SGS)
C.6.3.1 Analys s

Analysis of the SGS will consist of (1) a determination of the relative
probabil ity of occurrence of critical fallure modes, (2) further refinement
and veriflication of fallure rate data, (3) evaluation of the rellabil Ity
Impact of repairs and (4) analysis of SGS fallures that Incapacltate one or
more heat transport {oops.

The FMEA presented In Reference 3 Indicates that a potential failure mode of
the SGS Is a water-to-sodium [eakage at the tube to tubesheet weld jolnts.
Other fallure modes with the potential to adversely affect the function of the
SHRS are: (1) external leakage of the steam generator modules, (2) leakage or
inadvertent rupture of the rupture discs in the SWRPRS, (3) Inadvertent water
dump (operator error of false signal of rupture disc burst), (4) leakage or
rupture of water dump valves, (5) leakage or rupture of the sodium draln

val ves, (6) operator action incapacitating SG loop due to a false signal from
the hydrogen |eak detection system, (7) leakage, rupture, or Internal fallure
of the steam drum, (8) external leakage or rupture of the recirculation pump,
(9) external leakage or rupture of the Isolation valves, (10) ieakage or
rupture of the power rellef valves, (11) fallure to close the safety valves,
(12) external leakage or rupture of the steam or water piping and (13)
external leakage or rupture of the Instrumentation penetrations. These -
fallures could potentlally result In loss of one of the three main HTS heat
removal paths, but independence of the IHTS and steam/water |oops precludes
loss of the other two loops. These fallure modes will be addressed In the
design of the equipment and the operating procedures.

A CCFA identiflied that one of the most significant common cause fallures could
be simultaneous rupture of the rupture discs in SWRPRS under selsmic load. A
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fallure of this type could result in draining of the sodium inventory from all
three maln heat transport joops with subsequent inabillity to remove heat.
Rellablllfy and. design veriflication analysis has been .conducted which shows
that adequate design margin. exists between the peak seismic pressure and
minimum disc burst pressure.--. S _

Other slgnificanf_common cause fallures which could adversely affect SHRS
relfability are: (1) inadvertent water dump (false signals to all three
loops), (2) Inadvertent closure of Isolation valves (false signals to all
three loops and (3) water-to-sodium leakage in steam generator moduies.

The fol lowing paragraphs address measures taken to el iminate these potential
common cause fallure modes.

A. ‘nadvertent Water Dum rom False Signals to ali Three lLoops

The water dump valves are in series, and opening requires elther (1)
Individual manual operator switching actions of guarded switches or (2) a
signal indicating SGS reaction products vent flow. Each steam generator |oop
has a separate Class |E logic train for automatic operation making common
fallure of all three loops highly. improbable. Many actions in the proper
palred relationship must be taken by the operator to Initiate this fallure
mode,

B. - advertent osure o solation Yalves om False Signals to All

Three Loops

Isolation valves fall open for both loss of electrical power and pneumatics.
Automatic closure signals result from Indication of Inltiation of SWRPRS. The
most probable cause of Isolation valve closure, a false SWRPRS signal, affects
only one steam generator loop. Simultaneous fallure of all three loops
inttiating circuitry causing closure of Isolation valves In all three loops is
sufficlently remote.

C. MWater-to-Sodium leakage In Steam Generator Modules Due to Excesslve

Therma| Cyciing

Thermal cycling and severe transients produce creep-fatigue damage accumu-
lation In the sodium-to-water boundary. The steam generator design and
analysis accounts for this effect. |In the event that the rate of creep-
fatigue damage accumulation Is greater than predicted, through-the-wall cracks
in the sodlum/water boundary could be generated. The occurrence of a through-

the=wall crack during plant operation will be detectable. The sensitivity of
the detection equipment Is such that, under most cases, the leak will be
detected at a level where the sodium-water reaction will not result in

signiflicant pressure surges. In certain locations, a crack could reach the
through-the-wal | stage such that a pressure surge occurs before the leak is
detected, or before shutdown could be completed. The overpressure protection
system is designed to protect the sodium-to-air boundary and IHX boundary from
excessive |oading from the pressure surge.

In most cases, the leakage rate will be small enough that operation for heat
removal would be continued unless larger leaks developed during the required
normal module shutdown and isolation. Since the initial leakage rate through
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cracks formed by the thermal fatigue mechanism Is very small, and the -
probabl| Ity Is extremely smal| that the through-the-wall stage will be reached ‘
simul taneously In 2 or more locations, the loops would not fall .
simul taneously. This Interpretation of the nature of steam generator sodlum/

water boundary fallure Is consistent wlfh the experlience on LMFBR steam

generator leaks in Europe.

The CRBRP SGS Is designed to mitigate the hazards associated with a sodlum~
water reaction as described in Section 5.5 of the PSAR. ‘

Numerical Assessments

Quantiflcation of steam generator system reliablility has been accompl ished
utilizing (1) block diagrams that del ineate the redundant and sequential
relationships of the SGS constituents, (2) a mathematical model and (3)
appropriate equipment fallure rate estimates. A calculation of the random
Independent fallure probabil ity of the SGS has been made (Reference 3). This
quantitative assessment of steam generator system rellabll Ity was used to
identify key areas of the SGS requiring further attention.

C.6.3.2 Testling

There is in place a substantial development test program addressing the steam
generator modules, sodlum-water leak detection and protection agalnst ef fects
of sodium-water reaction. This program is a slignificant source of information
for assessing SGS reliabil ity. :

A. Steam Generator Module .

There are substantial materials properfies and weld development programs which
support the development of a reliable heat transfer surface for the steam

gege;aror module, For descriptions of the test programs see sectlion
5.1.
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B. ea era ion

The steam generator leak detection system development program includes
development of instrumentation to (1) detect hydrogen in sodium and (2) detect
oxygen in sodium. Programs are in place to develop the detection elements.

The detection levels and decision logic for use in the system will also be
establ ished through these tests. The tests include operation of the detection
system on the "Few-Tube" Test, and at the Experimental Breeder Reactor Il at

idaho Falls, ldaho.
C. urst Di tin

The steam generator development program is providing the information for
assessing the reliability of burst discs. Tests have been conducted by the
manufacturer to confirm that the as-built burst disc design will funtion
within specified burst pressure tolerances for the large size discs required
in CRBRP. Additional tests are being conducted in conjunction with steam
generator component tests. Multiple disc assemblies similar in design to the
CRBRP, are being installed in the large leak test rig. Performance of the
double reverse buckling disc will be measured during these tests. Results are
expected to confirm the design.

C.6.4 Steam Generator Auxiliary Heat Removal System (SGAHRS)

C.6.4.1 Analysis

The SGAHRS provides an auxiliary heat sink for the postulated loss of
feedwater or loss of main heat sink. The SGAHRS evaluation will assess the
reliability of the Auxiliary Feedwater System (AFWS) and the Protected Air
Cooled Condensers (PACCs). The reliability of the main feedwater system and
the main heat sinks was evaluated to properly assess SGAHRS.
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Potential failure modes identified in Reference 3 include (1) failure of the .
two AFW motor driven pumps to start and take load, (2) failure of the AFW )
turbine driven pump to start and take load, (3) failure of the PACCs to ‘
operate (includes associated piping and valve failures), (4) failure of the

AFW isolation valves to cycle open, (5) external leakage or rupture of AFW

piping and valves and (6) external leakage or rupture of the PWST. These

failure modes are being addressed in the design of SGAHRS equipment and will

be fully resolved in the associated Reliability Design Support Document.

Common cause failures have been evaluated regardiess of their probability of
occurrence. Parameters considered were common processes, common design
properties, common location, common handling, human error test and maintenance
acts, external events and extreme environments. Common cause failures
identified to date include: (1) AFW control valves fail to remain open due to
miscal ibration of AFW flow transmitters or 1&C on the steam drum, (2)
insufficient water due to PWST level miscal ibration, (3) AFW isolation valves
tail closed due to operator action and (4) PACCs fail due to environmental
abnormal ities. A major factor contributing to the reliability of the AFWS is
its similarity to systems incorporated in current LWRs. The technology used
in the design of the AFWS for CRBRP is essentially identical with that used in
LWR AFWS design. '
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“The fo]]ow1ng paragraphs address these potent1a1 common cause
fai]ure modes.

'A. AFW Control Valve Failure

- Although miscalibration of AFW contro] instrumentation is possib]e.
surveil]ance tests, periodic maintenance: act1v1t1es, design redundancy and
heat sink diversity make the loss of heat removal capability due to this
cause 1mprobab1e The period of time during which s1gn1f1cant AFw make-up
is required is on the order of 1 to 2 hours. _

B. PWST Level Miscalibration

‘ The failure mode of insufficient water due to PWST level miscali-
bration has been addressed. Water can be transferred from the condensate
storage tank to the PWST by gravity. Steam drum level control instrumentation
consists of a two level system. Motor driven pump flow is initiated by a
low level signal and the turbine driven pump flow is initiated by a Tow-low
level signal. ‘Redundancy and diversity provided in the design of this system
make the probability of failure remote.

C. AFW Isolation Valves Failure

Inadvertant operator action isolating the AFWS has been evaluated.
The main and auxiliary feedwater must be lost to prevent heat removal. A
single (one of three) steam generator module is capable of meeting SHRS heat
rejection needs. A multiple sequence of operator errors must occur to’

“isolate the AFWS, A multiple switch sequence is necessary and a low drum
Tevéel alarm would indicate improper action. The operator has several

minutes to reopen the valve to correct the error. The probability that’
operator isolation of the AFW system will occur and will not be corrected is =

very small.

*D; PACC's Failure

_ The potential for PACC's failure from environmental abnormalities
will be evaluated as part.-of the continuing reliability studies. The air

- intake designs will be reviewed to assess the adequacy of blockage preven-

tion. High temperature effects on components and system 1ife will be
considered. The location of components with respect to cooling or heat
producing areas will be evaluated. The design will be evaluated to find
those portions of the system which have natural frequency coupling, and ,
techniques to separate natural frequenc1es in the three PACC's systems w111

_.  be investigated.

V_ Numerical Assessment

Quantitative evaluation of the SGAHRS reliability indicates an

'acceptably low probability of failure for the conceptual design. The details

of the quantitative analysis are contained in Reference 3.
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A sensitivity study has been made of the: relative impact of uncer-
tainty in constituent failure rates on SHRS reliability. The results showed
that SGAHRS failure is not the controlling factor on SHRS reliability. Low
sensitivity . results from: ‘

_Hl)‘ SGAHRS has internal redundancy, i.e., during short term heat
" removal, the turbine pump is redundant to the two motor driven
- feed pumps and during long-term heat removal, the PACC's are
triply redundant.

2) SGAHRS is redundant to the main feedwater system and main heat
sink. _ v :

3 The DHRS is redundant and diverse from the SGAHRS.

C.6.4.2 Test1n9 _

_ SGAHRS equipment w111 be subJected to acceptance testing at the
equ1pment manufacturers.

C.6.5 Direct Heat Removal Service (DHRS)

C.6.5.1 . Ana]ysis

‘The DHRS utilizes equ1pment which is in operation during normal
p]ant cond1t1ons. Failures of operating equipment are annunciated to the
operator immediately. The only DHRS components not in continuous service
are the overflow heat exchanger and its associated pipes and valving. There-
fore, . re]1ab1]1ty assurance efforts are focused on this component and on
‘assuring adequate repairability provisions for normally operating components.

: DHRS is a redundant heat removal path and sink, but it does not
have specific component redundancy or diversity under the maximum expected
- decay heat load. A DHRS system failure for maximum load capacity can result
from failure of one of several components. Redundancy within the system
exists after about 5 days in the air b]ast heat exchangers and sodium pumps
due to the reduction in decay heat load. Provision is made for in-service"
inspection, testing and maintenance. - Since most of -the subsystems comprising
DHRS are active during normal p1ant operation, they are available and are
monitored. Design margins exist in all DHRS components such that minor
~ failures can be accommodated. For example, all pumps and blowers are rated
for higher than required loads and/or speeds for maximum DHRS service and
.can. tolerate failures that degrade performance without adversely impacting
total heat removal capability. '

Re11ab111ty Assessment

The re11ab111ty assessment for DHRS is presented in Reference 3 and
was used in developing DHRS (improved OHRS). This assessment is being up-
dated to reflect a more flexible analytical model and is be1ng used to iden-
tify .areas for potential re11ab111ty improvement.
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Evaluations have been made of the ability of the PHTS, the reactor vessel and
the gore support structure to sustain an |n-vessel sodium temperature of
1140°F. In-vessel sodium would be over 900°F for less than 100 hours with
DHRS operation. Creep rupture times exceeding 50000 hours for the reactor
vessel and core support structure and 5500 hours for the PHTS were calculated
for the most highly stressed conditions. These results indicate an adequate
lifetime capability for fhe reactor system components under DHRS operating
conditions,

C.6.5.2 Testing

The 1/21 scale outlet plenum mode! tests described in Section C.6.1.2A were
used to initially evaluate DHRS nozzle locations to assure adequate mixing of
the DHRS flow with the PHTS flow. Final confirmation of the thermal adequacy
of the location of the CRBRP reactor vessel sodium make-up and overflow
nozzles for DHRS was obtained by 1/4 scale model flow tests in the IRFM aft
HEDL. The DHRS operation was simulated with flows, femperatures and coolant
conductivity measured at specific points in the model. Coolant and component
surface temperatures.were measured in the outlet plenum region and combined
with loop coolant temperatures and flow measurement data to provide an
analysis base. This experiment confirmed the adequacy of upper plenum mixing
for DHRS. Testing is also being conducted on active pumps and valves.

C.6.6 lnterfacing Systems
C.6.6.1 Analysis

Assessments are being conducted that provide treatment of all potential
failure modes of SHRS interfacing systems or equipment. Preliminary numerical
analyses have focused on critical systems and interfaces. Updating of these
analyses is a continuing effort.

The SHRS depends upon groups of normal plant operating equipment to provide
shutdown heat removal. Important interfaces are described below:

A. - Plant Dependence on Electrical Power

For normal plant operation at power, the main feedwater pumps, condensate
pumps, condenser circulating water, condenser vacuum pumps, steam generator
circulating pumps, primary sodium pumps and intermediate sodium pumps require
AC power which is provided by th~ normal and reserve plant electrical power
systems. All sodium primary and intermediate pump pony motors, protected air
cooled condenser fans, the motor driven auxiliary feed pumps, the DHRS EM pump
and DHRS .ABHX fans are provided with both normal and emergency electrical
power. All essential instrumentation and control is powered from
non-interruptable power supplies."

B. Instrumentation and Control

The reliability of the control and instrumentation involving air supplies,
electrical devices, sensing equipment, efc. will be assessed. The DC and AC
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power subsystems are being: analyzed and comblned with the Instrumentation and .
control rellabillty analysis,

C. nce : Systems

One of the key Interfaces Is the main Condensate and Feedwater System. This
system has been subjected to prel iminary assessments used In current
activities. An assessment to determine the rellability of this system in Its
role as a heat sink during SHRS operation Is being conducted. The Turbine
Bypass valving, the condenser and related BOP components are Integrated in
reliabil ity assessment activities.

SHRS equipment is designed for rellable operation over the full range of

~ operating environments expected within the equipment cells during normal
operation. Environmental conditions beyond those specifled for the cells
could cause degradation of the BOP control systems, The environmental
conditions of concern are temperature and chemical contaminents., The effects
‘of these factors on BOP control system reliability Is being evaluated.

Design, installation and operational features and procedures for these systems
will reflect the flndlngs of the evaluations,

C 6.6.2 Jesting

~Testing Identiflied for interfacling systems Is comparable to that associated

with current LWR practices augmented by consideration of the pofenflal sodium

contamination.
C.6.7 ommo ayse Fallure

Results of the preliminary sys?em level study of common cause fallures are
summarized below.

A. a - atio

Al'l calibration actions are controlled by maintenance and Installation
procedures., These procedures give detalled Information for the cal Ibration
and verification of the checkout of each piece of equipment. In addition to
accurate and periodic cal Ibration of test equipment and test meters to
national standards, calibration of critical sensors to manufacturer's
speclifications is periodical ly performed. - f

Examples of safeguards against inadvertent miscal Ibration included In the

current design are (1) critical instrumentation racks will be locked with one
set of keys under administrative control, (2) all valves left in the test
position rather than run position after checkout will trigger a warning signal

In the maln control room and (3) stem lock needle valves that free wheel until
a set screw Is tightened will be used.

Procedures will be verified during manufacturer's checkout testing, and many
of the procedures will receive trlal usage In the system level rellabillty
tests. Therefore, a miscallbration could only result frfom a series of
systematic errors caused by the persons Involved In the cal Ibration function.
The use of these controls makes the |ikel Thood of miscal Ibration Improbable.
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B. Enyi v Conditi Within Control Room(s.

Included in this category are such factors as temperature and humidity in the
area as well as other factors that might be responsible for some local
abnormal conditions, such as proximity to heated pipes, magnetic disturbances,
etc. Items sensitive to these conditions incliude: (1) power supplies, (2)
switchgears, (3) relays and (4) meters. :

A worst-case environment is assumed in these areas and the equipment [ocated
there is qualified to operate correctly over the range of environmental
conditions specified. Accordingly, as long as the area environment remains
within the worst-case limits, the equipment should not be expected to fail for
environmental reasons.

C. Failure of Common Air Supplies

The probability of an air supply failure can be made negligible by proper
location of equipment and air piping runs. Backup air bottles are provided on
safety-related systems (the turbine bypass valves are not safety-related) that
must cycle during cooldown. Safety-related valves include accumulators and
check valves to protect against an air leak upstream of the check valve(s).

Up to ten cycles of operation are available from these backup air bottles.
Additionally, to assure that proper installation has been obtained and joints
are secure, over-pressure leak checks are planned.

D. i ti e ect

The components sensitive to vibration will undergo vibrational tests during
development testing. Identification of undesirable response characteristics
during testing will result in equipment modification so that equipment (e.g.,
electric equipment cabinets) delivered to the plant will not be inherently
vulnerable to vibration.

E. Electrical Power Supély

Certain components in the SHRS require electrical power for proper operation.
Power is supplied by the preferred and redundant reserve power |ines, the
redundant diesel generators and battery supported buses for certain equipment.

The diesel generators and battery supported buses are designed for or
protected from the effects that could cause simul taneous failure of both
preferred and redundant reserve power |ines (seismic, tornado, grid blackout
and out of tolerance power). The design of the diesel generators and support
equipment to the requirements of |EEE-308 ensures independence of these
redundant equipment. Therefore, the potential for common cause failure of
necessary electrical power has been made sufficiently remote by the design
features included. '
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Due to the critical nature of supplying power, continuing relia- ‘
bility emphasis will be placed on ensuring the sufficient remoteness of com-
mon cause failure as the detailed layout of components and routing of the
wiring develops. '
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C.7.0 Program Evaluation
C.7.1 eacto h Jo] tem
C.7.1.1 im (o) (o) stem

This section summarlzes the princlpal conclusions from analyses and +es+s
performed In support of PCRS reliabll ity assessment,

Analyslg

Rel iabil ity assessments of the PCRS and Interfacing components have verified
the reliabll ity adequacy of the system. These analyses have Identified those
components, features and phenomena upon which the PCRS reliabllity most relies
and/or within which significant uncertainties exist. Supporting analyses and
tests have been Initiated to resolve uncertainties and establ ish design
marglns to conflrm PCRS reliability. Deslgn changes have been incorporated to
enhance reliabil ity by preventing the occurrence of certain fallures or
precluding the fallures from having a significant Impact on scram, insertion,
PCRS design improvements and interfacing component design features for
retiabi| Ity enhancement are given in Tables C.7-1 and C.7-2, respectively.

Numerical analyses performed for the PCRS have led to the following
conclusions:

1) Misallgnments within the design envelope resulted in low normal forces
retarding scram insertion and should not significantly Impact scram
relfability.

2) Sufflicient margins exist on normal scram slliding friction coefficlients
such -that uncertalnties on these data have a negligible effect on
scram Insertion. Existing LMFBR Base Technology programs will provide
acceptable data for CRBRP reliability conflrmmation,

3) Analyses of CRBRP PCRDM uniatching show acceptable design parameters
to achleve unlatching time requlirements.

4) Based on analyses and applicable FFTF test data, random independent
fallure modes for the PCRDM have Insignificant Impact on scram
relifabllity. Emphasis will be placed on resolvlng potential common
cause fallures.

Jesting

Conclusions from these tests are summarized below:

C.7-1
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A. Duct Crus es

The Duct Crushing Test was performed to provide data to support analyses for
crushing of core assembly ducts under seismic loading conditions, This test,
completed at HEDL, Involved transverse |oading of EBR-I| Irradiated ducts.

No brittle fracture was observed in any of the tests. Two bending specimens
were loaded to failure. The crush tests. (transverse loading) Indicated duct
deflection capabll ity exceeded deflections predicted for CRBRP selsmic
conditions. Comparison of avalilable tensile test data for 20 percent CW SS316
and $S304 indicates that SS316 ducts have greater deformation capabllity than
SS304 ducts., The test conditions and loading in this test were based on
radial blanket environments, Control assembly ducts have much less severe
loading conditions and environments, The tests established that load pad
brittle fracture Is not a |imiting factor in control rod system performance.
The ducts can deform to a point where all control rod to duct clearances have
been el Iminated with no evidence of brittie fracture.

B. uc mpac est

The Duct Impact Test to verlfy the capability of the PCA ducts to accommodate
scram arrest impact loads has been completed at HEDL.

In these tests, Irradiated EBR-I11 ducts were impacted by known weights dropped
from a range of heights to simulate prototyplc and overload conditions.
Interim and final examination of both EBR~1| ducts tests revealed no fallure
Initiation or cracking of these components., Straln measurements on the two
ducts were consistent with each other and increased with increasing Impact
ioad. This observation supports the repeatabil ity of the findings. Scanning
electron fractography performed on high fluence tenslile specimen fracture
surfaces at equivalent duct Impact straln rates and test temperatures revealed
that transgranular channel| fracture dominates over all Impact conditions,

Results from the duct impact tests have demonstrated that the PCA ducts are
not susceptible to brittle fracture under prototypic and overload scram arrest
impact |oading. '

C. Rotational Jolnt Test

The rotational Joint feature was Introduced into the PCA design to preclude
the transmission of torsional loads from the PRDM via the PCRD to the PCA
control rod. |t was these torsional loads which |ed to galling of the control
rod outer duct during tests of the FFTF control rods. The rotational joint in
the CRBRP control assembly Is Intended to |imit torque transmission to a
maximum value of 20 In-Ilb. At this level of torque transmission, the control
rod/outer duct interaction loads are too low to produce galling. Test results
have shown that the rotational jolnt feature |imits the maximum breakaway
torque to 17 in-1b., During normal operation, the torque transmitted
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by the joint is further reduced to 8 In-ib max. The fests have demonstrated -
that the rotational joint effectively precludes the potential for galling of
the PCA ducts due to torque loading.

D. c | st

The duct bowing test was conducted to assure that adequate design margins
exlst for worst case duct bowing predictions and to conflmm analyflcal model s
for predicting the effects of duct bowing.

The results of this test show that drag forces resulting from duct bowing are
negl igible ( 25 |bs. or less) prior to the design limit criterion for three
point forced contact between the conitro!l rod and outer duct. Worst case
design bowing predictions are much less than the design Iimit criterion.
Analysls show that geometrical clearance evaluations can accurately (within
0.005 inch clearance) predict the three point forced contact conditions
resulting In Increased drag forces. Analysis methods conservatively predict
the bowing drag forces. Test result show that flow and control rod velocity
have negligible effects on frictional drag forces. The forced contact point
occurs at or near full rod insertion with clearances Increasing significantly
with withdrawal such that negligible drag occurs prior to the last six Inches
of rod insertion. Consequently, large margins exist for bowing induced
fallure to shutdown the reactor from both predicted clearances to forced
contact and that even after forced contact, the control rod would insert
sufficlently to shutdown the reactor.

E. Plp Rupture Test

The pin rupture test was performed to determine the magnitude of control rod
duct deformation resulting from potential fallure of the absorber pins having
high internal pressure due to helium release from B-10 neutron captures.

The test results show acceptable ( 0.030 inch maximum deformation) Inner duct
deformation for ruptures of pins containing pressures up to 5000 psi. At
expected end-of-life pressures of less than 3500 psi, the duct deformations
were even smal ler. Ruptures of Intentionally faulted pins at different
locations within the pin bundle showed no indications of pin deformation as a
result of the pressure pulses, These test results show that pin ruptures have
negligible for causing a scram fallure.

F. | a on _Te

The pin bundle compact test was performed to assess bowed absorber pin
Interaction effects with the inner duct, pin bundle compressibliity and pin to
pin contact loads in order to aid verification of analytical models.

Pins prebowed to conditions exceeding design predictions were compressed to.
design pitch at the top and bottom end caps. Resulting bundle compressibi-
lity, pln shapes and typical pin loads were measured, The test results show
that the pin bundle Is sufficiently compressible that pin bowing will cause
negl igible deformation of the Inner duct and that pin loads are acceptable.
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G. Dynamic Seismic Friction Test

The dynamic friction test was performed to obtain effective friction
coefficlents under iImpact conditions typical of seismic events and to provlde
data to assist conflnnaflon of analysis methods.

Geometries tested were a cylindrical rod In three bushings and a hexagon In
hexagon conflguration. Environments tested were air, argon, water and sodlum.
A shaker mounted to the test vessel provided the vibrational Input at multiple
acceleration levels. Measurements included rod drop times and Impact |oad
time histories at the bushings. Effective friction coeffliclents were obtalned
by simple analyses utilizing the measured Impact loads and rod drop times. +to
check methods used for PCRS seismic scram analyses, these methods were used to
predict the Impact loads. Effective friction coefflicients were than also
obtained by utilizing the calculated Impact loads with measured rod drop
times. . Good agreement was obtained between the friction coeffliclents obtalned
from measured and calculated Impact loads.

The resul ting effective friction coefficients were on the order of 0.5 or
lower. Utilization of these friction coefficlents for PCRS selsmic scram
speed analyses has shown that design requirements for seismic scram Insertion
are satisflied.

H. ictio es Tests

-Pin or plate friction measurements were obtained for PCRS material couples to
obtain sliding friction coefficients for use In normal scram analyses.
Utilization of these friction coefficients In scram analyses has shown that
scram speed requlrements are satisfied even when maxlmum (3 1level) friction
coefficlenfs are used in the analysis.,

I. ECRS Prototype Design Tests

The PCRDM Accelerated Unlatching Test was performed using a prototype PCRDM/
PCRD with a weight simulation for the control rod. Prototypic PCRDM argon and
temperature environments were used with a water fllled vesse|l for the PCRD
dashpot function. More than fwice the design basis lifetime of scrams and
travel were completed by Including 1868 rod drops and 35, 451 feet of travel.
Conditions on nozzle temperatures, nozzle misal ignment, internal CRDM pressure
and stator cooling beyond the design basis were tested and showed no
detrimental effect on PCRDM performance. All tfests met design requlrements
for unlatch time, position Indicator accuracy, dashpot final Impact velocity
and CRDM seal leak rates. Where over twice the service |ife had no
significant effect on PCRDM performance. Post-test inspections conflrmed that
the testing produced no component fallures, no excessive wear and no unusual
or unexpected wear pafferns.‘

Phase | of the PCRS Prototype Design Tests has been completed including 470
scrams and 5962 feet of travel. Prototype PCRS components (PCRDM/PCRD/PCA)
were tested in a sodium environment under design basis conditions for
temperature, flow and misal ignment. Sodlium exposure, wear and a 42 day hold
period had no effect on PCRS performance. Performance characteristics
Including scram times, position Indicator accuracy, dashpot seal leak rates
satisfied design requirements.
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Malntenance tests using a prototype Disconnect Actuating Tool (DAT) and plant
malntenance tools were conducted using draft plant procedures for the tests.
Control rod disconnect, installation, removal and power driveline replacements
tests were performed. Procedure Improvements were identified for DAT and
sodium removal operations., Minor lower PCRDM design changes such as more
extensive diameters and smal | reductions in external shielding diameters were
identified to facllitate installation. These features have been included iIn
plant units and one prototype test unit. No maintenance relation problems
were Identifled that would affect PCRS functional or scram performance.

Je ste eve ests

Phase | for both the Real Time and Falled Bel lows Tests have been completed,
under prototypic conditions. The Real Time Test included 368 scrams and 6053
feet of fravel whife the Failed Bel lows Test included 676 scrams and 9360 feet
of travel. Phase | of the Falled Bel lows Test was performed to characterize
PCRDM performance prior to intentlonally falling the bellows for Phase Il of

“this test. Hold time tests including 35 day and 117 day (30 days at full flow

conditions) hold periods -under various sodlum conditions were performed. For
all hold time tests, scram times before and after the hold were not
significantly (<0,025 seconds to full iInsertion) different with these time
variations being typical of normal variations, Scram times and normal
performance for all tests satisflied design requlirements. Prototypic
malntenance operations for DAT dlsconnects, installation and removal were
performed and showed no impact on PCRS functional or scram performance.

C.7.1.2 Secondary anfcol‘Bod System

This section summarizes the conclusions of the relfabll ity evaluations and
tests performed in support of the SCRS design.

Analysis

Rel labil ity assessments of the SCRS and interfacing components are belng
conducted to verify the reliabillty adequacy of the system. These analyses
have identified those components, features and phenomena upon which the SCRS
rellablil Ity most relies and/or within which significant uncertainties exlist.
Supporting analyses and tests have been Inltiated to resolve uncertainties and
establ ish design margins to conflrm SCRS reliability. Design changes have
been incorporated to enhance reliability by preventing the occurrence of
certain fallures or precluding the fallures from having a significant impact
on scram insertion, SCRS design Improvements and design features for
rellabll ity enhancement are given in Table C.7-3. The Interfacing component
fallure modes and deslign features are |lsted In Table C.7-2.

Numerical analyses have been performed for the SCRS. The following
conclusions have been reached:

1) Sufficlent margins exist on irradiation créep deformation such that
control rod duct and guide tube deformation will not exceed clearances
provided and Impact scram insertion,

2) Based on analyses, random Independent fallure modes are assessed to
have negligible Impact on scram reliability.
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The SCRS relfabll ity evaluation will be reviewed and updated as required’ ‘
throughout the SCRS development cycle as additional data is made avallable
from testing and from the continued data search and analysis effort.

Testing

SCRS testing to date has been directed toward design verification. Four tests
have been compieted and two are in progress. Design tests of the damper, coil
cord, position Indication system and the argon system have been completed.

The results from these tests were used to optimize the design of the
Indlvidual component features. Tests in progress are the Latch Test and Latch
Seal Test. Results of the Latch Test to date indicated that the latch as
currently designed will perform the safety function.
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C.7.1.3 Electrical Subsystem

Rel labll Ity assessments of the ES and Interfacing components have verified the
reliabll ity adequacy of the subsystem. These analyses have Identified those
components, features and phenomena upon which the ES reliabll ity most rellies
and/or within which signlficant uncertalnties exlst.

Numer|cal analyses performed tor the ES have led to Thebfo!lowlng conclusions:

1) Sufficlent fallure rate data exists on electronic components to
perform meaningful assessments of the random Independent fallure rate
for each of the primary and secondary electrical subsystems. This
data Is taken from FFTF prototype, quallification and acceptance
testing results as well as system and module FMEAs and a numerical
module fallure rate prediction (using MiL-HDBK-217B as a data source).

2) The redundancy provided in each ES Is adequate to reduce random
Independent fallure probabil ity to an appropriate level.

3) Instrument channel monitoring provides significant reduction in
dependence on sensor/electronics fallure rates.

4) Components with maximum Impact of reliablllty due to fallure rate were
fdentified for design consideration (e.g., upgraded MIL-SPEC
speciflication and piece/part changes).

Common cause fallure conslderations have resulted In the speciflication of
diverse primary and secondary electrical subsystems. Signiflcant conclusions
for the hardware implementation resulting from common cause failure
conslderations to date are dlscussed in the subsequent section.

A resulting recommendation from ES evaluation was that an extended operations
test should be carried out on primary and secondary electrical subsystems.

These tests will Include all RSS signal conditioning and logic train
subsystems.
e es

A number of rellabliity Improvements over FFTF have been incorporated Into the
deslgn., For example, the number of primary logic tralns has been Increased
from 2 to 3 to add the capabillty for on-line testability without bypass.

Design of the FFTF equlpment has undergone extensive qualification testing and
environmental cycling tests for extended time periods. A rellabliity
enhancement study of the FFTF system was performed by the equipment vendor.
The rellabil ity enhancement study determined that the most significant
relfabll Ity Improvement could be gained by Increasing the piece/part qual ity
levels and/or the levels to which the plece/parts are

C.7-4
Amend. 70
Aug. 1982



screened. Imb]ementing'changes to the CRBRP ES equipment:based on this
study have raised the inherent reliability of the CRBRP equipment.

Piece/part quality levels are provided by using military quality
components in major portions of the ES. The use of MIL-SPEC components
provides assurance of cons1stent quality and contro] during the component
manufacturing process.

Preliminary analysis showed that a 1oss of the -15 volt input to
a comparator would tend to prevent that comparator from tripping when re-
quired. Even though this single failure would not prevent a reactor scram
since the three redundant comparators are powered by separate power supplies,
power supply monitors were added. If -15 volt power is lost, all power to
the comparator would be cut off by the power supply monitor. Since a removal
of all power to the comparator propagates a trip signal on that channel (a
safe failure), the effects of a loss of the -15 volt comparator input has
been minimized.

The comparators have been designed to minimize the effects of
failures in the setpoint circuit. The most likely failure modes for these -
components were determined and the comparators designed to trip (fail-safe)
upon occurrence of these most probable failures.

The packaging of the modules was also modified to increase in-
herent reliability. Early designs of trip comparators had approximately
130 handwired connections in each module. This has been reduced to six
in the present design. Reliability enhancement is realized by the fact
that machined, soldered connections are more reliable than handwired con-
nections. The reduction of wiring also minimizes the potential for human
error either in initial wiring or future maintenance.

C.7.2 Shutdown Heat Removal System

This section summarizes the principal conclusions from analyses
and tests performed in support of the reliability of the SHRS.

Analysis

The analysis that has been completed to date consists of the system
level FMEA, system level assessments and probabilistic and structural
assessments in support of definition of structural failure in the primary -
system. These assessments have contributed to the existing base of design
information available on SHRS and have supported the identification of
changes to design and development programs to enhance SHRS reliability.
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References 3 and 4 provided substantlal design and reliabllity information to :
support the conclusion that large pipe ruptures in the primary system ‘
resulting from crack growth due to materlial flaws can be made sufficiently

Improbable to exclude large pipe breaks from belng a signiflcant problem. The
rTellability evaluations Identifled the Importance of the role of the leak

detection system and qual Ity assurance [In attaining the desirabie [ow

probabll-itles for large pipe breaks.

Reference 3 provides the overall numerical assessment of the SHRS reliabil ity.
In the report are both a single point estimate of the probability of SHRS

‘ performing Its mission and significant sensitivity evaluations., The
assessment is that with proper attention to design and development activities
adequate SHRS reliabil ity can be achieved. The contribution made by DHRS is
Identifled In the report. This finding was part of the Informaflon which
supported upgrading OHRS to DHRS.

Table C.7-4 provides a |list of features which address critical failure modes
which have been identifled. Table C.7-5 provides a summary list of
Interfacing systems fallure modes and design features for relliabll ity
enhancement,

JTesting

Many of the materials testing programs contributing Information to support the

design of SHRS have provided Interim data that have been used in the PHTS,

IHTS and steam generator system equipment design. A major output from these
programs was the 2 1/4 Cr - 1 Mo constituent equations for application to the

design of the steam generafors. . ‘

The shel l-side flow and tube vibration test (hydraulic test model) has been
completed. The test demonstrated that no adverse vibration effects or flow
conditions are present In the reference steam generator module design. Low
ampl ltude (corresponding to low stress levels) vibration was present, however,
It was found to have no effect on the reliabillty of the steam generator
modul e,

The DNB testing for determination of corrosion ef fects has been completed.
Preliminary flndings show no evidence of accelerated corrosion or other
anomol les, '

The Integrity of the Sodium to Water/Steam boundary of the steam generator is
essential for rellable SHRS operation. The use of mlicrofocus x-ray for 100%
examination of steam generator tube-to-tube sheet welds has provided assurance
that the welds are free of defects, which would lead to boundary violation.

Testing of tube-to-tube sheet weld development samples has demonstrated that
the welds are of the same or greater strength than the parent materials.

LLTR tests have resulted In assurance that the maln pressure rellef burst
discs will |imlt over-pressures due to sodlum/water reactlions and that the
dual disc design will provide timely pressure rellef while providing loop
integrity during normal operation. These tests have also shown that multi-

tube leakage Is highly Improbable, even following a guillotine rupture of an .
adjacent tube.
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TABLE C.7-1

PCRS DESIGN FEATURES
FOR RELIABILITY ENHANCEMENT

Fai]ure_Mode'

Design Features

Outer duct galls due to forced -
contact with inner duct wear
pads

STow un]étch1ng time as a result
of high friction or s]ow
magnetic decay

Bellows leaks permitting sodium

vapor in upper PCRDM

Duct distortions retard scram
insertion

- PCA scram arrest flange galls due

to rubbing with control rod
shaft coupling

Chips from leadscrew collect at
‘bushings and retard insertion

PCRDM bushing wear affects mis¥ ‘
alignments or cause.bellows
rubbing

~ Segment arm motion stop and

_segment arms deform bermifﬁing
_motor tube contact

PCA flow blockage or orifice plate
manufacturing variations affect-
ing flow rates and 1nsert1on
speeds

Pin assembly errors affecting rod
worths

C.7-7

Rotational joint incorporated in PCA

control rod shaft to 1imit contact

loads

| Segment arm spring force increased. to

provide margin on friction effects
Smaller stator wire used to increase
resistance and decrease field decay time

Increased number of bellows convolutions

to reduce stresses and improve failure
rate

CRDM gas purge 1ncorporated to m1n1m1ze
sodium vapor in CRDM

Increased inner duct to outer duct and
pin to inner duct clearances to minimize
duct to duct contact

Coupling Tength and clearances with
scram arrest. flange optimized to

minimize rubbing and 1imit contact to
“last 6 inches of insertion

‘Bushings chamfered to m1n1m1ze effect

of chips

Bushing material changed from Niresist
to Stellite to improve wear character-

istics

Hardened segment arms and stop and
increased segment arm to motor tube .
clearance

Orifice plate assembly and shield

design simplified to minimize potential..
for manufacturing assembly errors and
part breakage

Pin assemb]y discrimination features
added to minimize erroneous assembly
of pins into pin bundle and- BAC pellet
enrichment in pin assembly
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TABLE C.7-2

INTERFACING COMPONENT DESIGN FEATURES
FOR RELIABILITY ENHANCEMENT

Failure Mode

_Design Features . L

Rotation of intermediate or large
rotating plugs increase shutdown
system misalignments ‘

Debris collects in small clearance
areas of control rod systems
and retards insertion

Flow bTockages lead to core assembly
overheating and potential
melting ' '

Failure of Upper Internals
-Structure (UIS) support columns
leads to excessive shutdown
system misalignments

Fragments from UIS shroud tubes
lead to debris retarding scram
insertion

Operational mechanical lock and safety
interlocks incorporated in head design
to prevent inadvertent plug rotation-

Core special assemblies used -prior to
initial core assembly loading to
eliminate debris from coolant

Axial debris barrier and auxi]iary
flow ports added to inlet modules

Lengths of'UIS'keys to core barrel
increased to limit tilt of UIS within
capability of shutdown systems

-

Inconel 718 material used in UIS areas
to minimize failure potential from
thermal striping
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TABLE C.7-3

SCRS DESIGN FEATURES FOR REL 1ABILITY ENHANCEMENT

ailjure e

Scram valves jam or stick

Pneumatic actuator piston
sticks due to galling

Bel lows leak permitting

- sodlum vapor In SCRDM

Pneumatic cylinder jams due
To broken spring debris

Tenslon rod binds to sensling
tube/driveshaft due to gal ling

Tension rod binds due to
lateral distortion

Col let gripper flngers sel f-
weld to coupling head

Control rod duct distortion
retards scram

Design Features

Control valve system redesigned with 3
solenoids operating main valves to al low
periodic checkout of each electrical
channel without causing scram,

Dashpot type actuator mechanlsm design
replaced by an all metal bellows type
design so that the sliding seals are no
longer required.

Lower driveline bel lows between fension
rod and sensing tube raised to lower
head area region from above latch tfo
lower temperature.

Sensing tube and pneumatic cylinder
assist springs el iminated.

" Wear resistant guide bushings added to

malntaln position between sliding parts.

Increased driveline cross section to
resist lateral displacement.

Inconel 718 used to resist sel f-welding.
Cam surfaces are curved to cause sever-
Ing of any bonds that have developed.

Duct to guide tube clearance design Is
sufficient to minimize contact.

"Parked" position of control rod ralsed
to a half Inch above the top of the core
to reduce temperatures and fluence.
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TABLE C.7-4
SHRS DESIGN FEATURES

FOR RELIABILITY ENHANCEMENT

Failure Mode

Design Feature

Primary System Leakage

Intermediate System Leakage -

Loss of Cooling Water

Failure of Redundant Forced
Circulation Systems

Common Cause Failure of
Independent IHTS Systems

Failure of Electric Motors
from AC-Power Loss

Failure of all Feedwater
Systems

Guard vessels with elevated piping re-
duced probability of loss of coolant in-
ventory

Three independent intermediate system
Toops are provided in isolated cells.

Three independent steam-water heat ex-
changer systems are provided. Water
supplies are provided to assure supply .
of water to one or all of the three
sodium-to-steam/water heat exchanger systems.

Natural circulation capability in PHTS,
IHTS and steam-water system

DHRS provided to maintain core coolable:
geometry

Battery power supply for short term
forced circulation cooling redundant
to natural circulation and steam turbine
driven AFWS ' '

DHRS provides redundancy. PACC's provide

long term air cooling following initial
cool down. "
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TABLE C.7-5

SHRS INTERFACING SYSTEMS DESIGN FEATURES

FOR ENHANCEMENT OF REL [ABILITY

Failure Mode

Fallure of Coolant Boundary
Component Supports

Off-site AC Power Fallure

Instrument Gas Supply Systems
Fallure

Operator Error
‘Sodium-Water Reaction System
Failure

Sodium Fire in IHTS Cell Which
Degrades PACC Operation

Design Features

Ability of piping to tolerate specified
snubber and hanger fallure.

Redundant diesel generators and short
term battery power supplies.

Fall-safe designs with backup bottle
supply.

Controlled access to critical oper-
ations.

Intermediate System cells provide iso-
lation for independent IHTS systems.

PACC airflow shuts off when Na fire
residues are sensed at PACC inlet to
prevent PACC fouling. Operator can
override erroneous shut-off signal.
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ADDENDUM 1

Test Facility Descriptions

PCRS Test Facilities

This section provides a description of the test facililities used for the
PCRS tests being conducted at Westinghouse ARD. Facilities described
include part of the existing Westinghouse ARD Technology Laboratory Facil-
ities and individual test facilities being built to support the program.

General Faci]ities

A. General Purpose Loop No. 1 (GPL-1)

The GPL-1 sodium test facility is an.operational high temperature
loop designed and fabricated in 1967 in accordance with Section I of the
ASME Boiler and Pressure Vessel Code. This facility provides sodium to
_assorted test sections at temperatures to 1200°F, pressures to 300 psig and
flow rates to 200 gpm.

: The facility has logged more than 25,000 hours of successful
operation in support of steam generator and other LMFBR component evalua-
tion programs. The incorporated linear induction pump, piping, valving,
flowmeters and data acquisition systems are fully operational.

The GPL-1 facility has a gas fired primary heat source capable
of adding 1 MW thermal energy to the 1200 pound sodium inventory. Primary
flow piping is fabricated from 2 inch Schedule 40 Type 304 SS.

The facility is used to supply sodium for Phase II of the- Dynam1c
Seismic Friction Test described ear11er.

B. General Purpose Loop No. 2 (GPL-2) v

The GPL-2 sodium test facility is an operational high temperature
loop designed and fabricated in.1969 in accordance with Section I of the
ASME Boiler and Pressure Vessel Code. This facility provides sodium to
assorted test sections at flow rates up to 2000 gpm, temperatures to 1200°F
and pressures to 300 psig.

--The facility has logged more than 18,000 hours of operation utiliz-
ing a 2000 gpm, linear induction, electromagnetic sodium pump. The primary
piping system is 6 inch Schedule 40 Type 304 SS. The incorporated dump
tank is charged with 27,000 pounds of sodium. With an overall test area of
15 feet x 30 feet x 55 feet. evaluation of full-scale reactor components is’

possible,

The GPL-2 facility has a heating capacity of 1.25 MW through a
gas fired heat exchanger. ‘
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This facility is used to supp1y'36d1ﬁm atuprotdtyplc flow rates,
tenperatures and pressures for. the PCRS System Level Tests described earller.

C. Sod1um Auxiliary Supply System (SASS)

: The SASS is a high temperature medium flow rate system prov1d1ng
closed Toop sodium circulation to each of three test sections. This
system (now under construction) consists of two independent sodium
pump Toops. When combined with the existing GPL-2 pump loop, these
loops provide the capability to vary flow rates, temperature and
pressure on three different test positions.

Each of the two auxiliary pump loops contains an electromagnetic .
pump, a gas fired sodium heater/cooler unit and an economizer system.
Each of these sodium pump loops can independently vary flow from 0 to 120
dpm and supply sodium to the test sections at temperatures up to 1100°F.

A1l sodium containing components are installed within metal
enclosures to mitigate and contain sodium leaks. Each of these enclosures
is kept at a‘slight]y negative pressure to restrict sodium aerosols to
nbrmal work areas in the event of spillage. Instrumentation within these
enclosures will monitor and alarm any changes from adnticipated environmental
conditions.

A sodium purification system will be placed on Tine as required
to maintain purity oxide levels of less than 10 ppm. Determination of
oxygen in sodium will be made by the equ111brat1on method using vanadium
W1¥$sb As a backup, the bypass procedure using the amalgamation method
wi e used,

A1l equipment form1ng the sodium boundary 6f the system will be
: deS1gned and constructed in accordance with national codes and standards:
- the piping per ANSI B31.1, the heaters and pumps. per ASME Section VIII and
‘the valves per ANSI B16. 34 The ancillary system will be equipped with
isolation and select valves to enable GPL-2 to serve the three test sect1ons
should a malfunction affect the aux111ary system operat1on. .

D.. Arqon qup1y System

‘ ‘ The argon supply system consists of a 3000 ga110n cryogenic f1u1d
-_;tank‘equ1pped with an atmospheric vaporizer. Argon gas is piped from this
' storage tank to-the various facilities within the laboratory.

The max1mum working pressure of the system is 250 psi. The tank

conta1ns 337,200 cubic feet of argon at NTP (70°F, 14.7 psi .absolute pressure).j

The system has a withdrawal rate varying with thd ambient temperature and

the length of time of withdrawal. The rate extends from a minimum of 800 cfh
(constant usage in below freezing weather) to a max1mum of 2500 cfh (inter-
 rupted usage during 70° weather).
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A separate argon supply system similar to but of lower capacity than that
described above is provided for GPL-1 because of the remote location of this
facility.

Argon gas from these systems Is sampled periodically for impurities such as
oxygen, molsture, etc., to verify the pur:fy of the gas being supplied to the
Individual tests.

The Argon Supply Facility Is used to provide cover gas for GPL-Z and SASS
sodium supply systems. It is also used to supply purge gas for the articles
tested in these test rigs. The separate argon supply system located at GPL-1
is used to supply cover gas to GPL-1 for the Dynamic Seismic Friction Test.

E. Sodium Cleaning Facility

The sodium cleaning facility is a separate on-site all-weather facility
providing equipment and processes suitable for safe removal and disposal of
residual sodium from various sized sodium loop components or test articles.

The facility is equipped primarily to perform sodium removal by moist argon
(steam), alcohol and deionized water rinse processes. Equipment is also
avallable for draining sodium from components and for vacuum or inert gas
drying of processed components.

The second floor of the facility is equipped with a 2 ton capacity overhead
monorall and hoist system for handling and processing components before and
after cleaning and alsc provides a general equipment storage and clean room .
area for the facility. The first floor features a 350 gallon liquid capacity
stainless steel cleaning vessel (LCV) capable of accommodating components up
to 20 feet long and 2 feet in diameter.

The S&dium Cleaning Facility will be used to clean test articles and equipment
used in the Dynamic Seismic Friction Test and the PCRS System Level Tests.

F. Hydraulic Facility

The hydraulic facility at ARD is a water test fac:lnfy capable of flow rates
up to 5500 gpm at temperatures from 90 to 190 °F and pressures up to 200 psi.
The facility is comprised of the MPHL and TMHL (defined below) test loops to
supply city or demineralizer water at controlled pressures, temperatures and
flow rates to various test assemblies and a DAS (defined below) to accept,
condition, record and analyze a variety of analog data signals.

This hydraulic facility and the remainder of the hydraulic facilities and data
acquisition system described below are used for the Dynamic Seismic Friction
Test, the Pin Rupture Test, the Bowed Duct Test and the Control Assembly
Hydraulic Test.
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G. Thermal Mixing Hydraulic Loop (TMHL)

TMHL is an open recirculation water loop with a-3000 gallon vert1ca1
storage tank, a 2000 gpm, 220 foot head centr1fuga1 pump, 3 inch and 6 inch
orifice flow meter sections and associated pipe, valving and instrumentation
to provide flow and pressure control for a test section. Flow rate can be
controlled and monitored from 26 to 2000 gpm within an accuracy of + 1.0,
percent of the actual flow rate and the pressure drop can be monitored from
0.27 to 100 psid within an accuracy of + 2.0 percent of the actual pressure
difference. The water temperature can be controlled from 90 to 180°F. Pump-
ing power is the source of heat input with the temperature being controlled
by varying the flow rate to a secondary water-to-water heat exchanger.

H. Multi-Purpose Hydraulic Loop (MPHL)

The MPHL 1is an open recirculation water loop with a 1000 gallon
vertical storaqge tank, three 2000 gpm, 220 foot head.centrifugal pumps ,
6 inch and 12 inch orifice flow meter sections and associated pipe,
valving and instrumentation to provide flow and pressure control for a test
section. The pumps can he arranged to provide maximum flow capabilities’
of 5500 gpm at 100 psid pump head or 2000 gpm at 200 psid pump head. The
water temperature can be controlled from 90°F to 180°F. Pumping power is
the source of heat input with temperature being controlled by varying the
flow rate to a secondary water- to water heat exchanger.

I. Data Acquisition System (DAS)

The DAS is Tocated within a controlled atmosphere enclosure in
the hydraulic facility. The system is designed to service various test
assembhlies to provide excitation, conditioning, amplification recording ‘
and analysis of data signals. i

The system contains signal conditioning instrumentation for :
resistance bridge, piezoelectric, eddy current and LVDT types of transducers.

Data recording is pefformed by an FM magnetic tape and an oscillo-
.graph chart. Connectors will be provided on all transducers at the individual
test area to facilitate maintenance and calibration.

A transducer patching system is used to permit maximum utilization
of the signal conditioning for several test programs and to simplify system
calibration. An intermediate patch system will provide quick changeover of
amplifiers for scaling various levels of input signals and will provide input
to the system for high-level transducer signals.

Both the transducer and intermediate patch panels will incorporate

test output and input provisions to facilitate calibration and fault isolation.
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A High-]eve] patching system is used for routing conditioned

signals to the appropriate recording device. The high-level patch permits
routing of data to any channel of the recording instruments.

Recorded FM tape data can also be reproduced on the oscillograph
or spectrum analyzer using this patching scheme.

Component Test Facilities

A. Dynamic Seismic Friction Test Facility

The Dynamic Seismic Friction Test will use a facility capable
of providing (1) support for the test section, (2) a test fluid and (3)
a vibration excitation. The test program is subdivided into three phases
of which Phase I and III use water as the test fluid. These phases will

. be carried out in the Hydraulic Facility with the Thermal Mixing Hydraulic

Loop described earlier as the source of controlled water flow. Phase II
uses a static pool of liquid sodium as the test fluid wh1ch will be
provided by GPL-1.
Other fa;i]ities needed for this test are:
1) Large reaction mass

2) Reciprocating hydraulic actuator (10,900 pound capacity) for
the seismic vibration loads

3) Argon supply system for the Phase Il sodium test
4) Pressure for the water test

5) Pressure vessel for the sodium test

6) Mechanical actuator for lifting the rod

Test data will be obtained by numerous instrumentation sensors
such as accelerometers, displacement and pressure transducers, and strain
gages. Analog signals will be conditioned, recorded and analyzed by the

. Data Acquisition System.

B. Pin Rupture Test Facility

The Pin Rupture Test will use a facility capable of providing
(1) support for the test section, (2) a static pool of water and (3) a
controlled helium pressure capable of bursting an absorber pin. The test
will be located in the Hydraulic Facility described earlier.
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The facllities needed for this test are:
1) Support structure
2) Test vessel
3) .Hellum supply sys+em
4) Boosfér pump for pfessurlzaflon of the pln
This test will be performed In the Multi-Purpose Hydraullic Loop faclllity.

C. Bowed Duct Test Facility

The Bowed Duct Test will use a facllity capable of providing (1) holsting of
and support for the test section, (2) lateral forces for bowing the test
section, (3) a mechanism for inserting and withdrawing the Inner test section
and (4) a water test fluid at controlled pressures and flow rates., The test
will be performed In the Hydrautlc Facil ity with the TMHL as the source of the
water test fluld.

The test facllities needed for this test are:
1} Support structure
2) Test vessel with flexlble end sections
3) Hydraulic actuator with pump, valves and piping
4) Outer duct bowing device
5) Inner duct bowing mechanism

D. PCRS Selsmic Test Facillity

The PCRS Seismic Tests will use a faclllty where a prototype PCRS may be .
mounted In the vertical position under prototyplic support conditions, Seven
electro~hydraul ic shaker will be coupled to the support structure and will
provide vibration Inputs to the PCRS. The test facllity Is currently under
construction, '

E. ontrol Assem drauf ic ow) Test Faclillity

The Hydraulic Flow Test will use a facll ity capable of providing:

1)  Support structure with positioning capablil ity

C.A-6
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2) Water loop to provide flow rates required

. 3) Instrumentation to record control assembly response such as
pressure drop, vibration

F. Control Assembly Pin Compaction Test

‘The test facility will be equipped to provide:

1) Means to pre-bow the absorber pins to specified conditions.
2) Test rig to hold the bottom plate and "blossomed" pin bundle
with a mechanism to compact the p1n bundie to prototypic

conditions.
3) instrumentation to measure pin performance as specifiéd.

G. Control Assenbly Rotational Joint Test

The following facilities are needed:
1) Test vessel for the tofque transmission tests in sodium.
2) Test vessel to complete accelerated 1ife test in sodium.
3) Test fixture to perform impact tests.
.: 4) Cleaning and inspection facilities to perform wear inspection.
4 5) Instrumentation to record specified parameters.

-System Level Test Facilities

The system level test facility is composed of the features described
in the remainder of this section.

A. Test Structure and Enclosure

A tall test structure supports three test control rod test sections
and provides a limited area for maintenance and handling. The enclosure
provides a sealed containment around the entire test structure and a ventil-
lating system maintains a slight negative pressure within the enclosure for
safety purposes.

B. Test Vessel

_ The test vessel houses a completely prototypic PCRS.  Angular
and lateral misalignments of the test articles can be accomplished as
initial conditions prior to testing under a variety of sodium flow, level
and temperature conditions that simulate in-plant operations. Angular and
lateral misalignments are controlled by three separate vessel features.

Amend. 36.
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1) Eccentric Flange Interfaces - The test article vertical centerline
: was offset 1 Inch relative to the vessel vertical center!ine. By
al Igning the drivel ine and control assembiy directly under the CRDM,
the test article can be Installed In perfect vertical alignment. The
clampling conflguration permits any angular dlsplacement position

providing lateral mlsal ignment capabl(ity within a 0 to 2 Inch range
“al lowed by eccentrlcity.

2) Misallgnment Devices - Misallgnment devices are simliar In
conf lguration to the stem and operator of a conventional nuclear
grade valve. Posltioning accuracy was obtalned by using a worm gear
drive to operate a ball screw, which In turn will cause the anti-
rotated ball to transiate to the deslred position. The Irreversible
characteristic of the worm gear automatically locks the poslition of
the ball screw nut.

3) Support/Position Plates - Simple machined gulde plates were deslgned
for both supporting and positioning the lower end of the CA and l|ower
end of the lower shroud tube. Access to adjust or replace these
plates Is obtained by thelr close proximity to the vesse! ledge ring
and retalned by a washer and deformed plin combination that precludes
the use of threaded fasfeners In sodlum.

The CRD test article assembly Is provided with upper and |ower shroud +ubes,
which are prototypic In function and design to the CRBRP plant unlts! shroud
tubes.

The upper shroud tube Is mounted on a support |edge In the vessel head adapter:

and extends downward 213.47 inches where It forms a slip connection socket for
the lower shroud tube. The vessel head adapter mounting provlides capabll Ity
for positioning and al ignment of the shroud tubes relative to the control
assembly. The upper shroud will be fabricated from Type 316 SS pipe. In the
CRBRP, - this shroud tube will be fabricated from Inconel 718,

The lower shroud tube Is mounted In the lower shroud tube guide plate with Its
lower end flixed at reactor baselline elevation (-342.15 Inches). From this
elevation, the lower shroud tube extends upward 128.5 inches to Its slip fIt
connection with the upper shroud tube. The lower shroud tube gulde plate
provides positioning and al ignment of the shroud tube assembly to ensure a
prototyplic clearance envelope around the driveline and +o maintaln a sodlum
Inlet annulus which, in conjunction with exit ports in the upper shroud tube
will ensure profofyplc sodium flow through the shroud tubes. The lower shroud
tube will be fabricated from Inconel 718,

C. Sodlum Supply System and Auxiilary Equlpment

The sodium supply for the subsystems test utliilizes both the GPL-2 and the SASS
described earl|ler, Argon cover gas supply for this test Is provided by the
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Amend. 70
Aug. 1982



Argon Supply System. The plipling system for the test vessels Includes valve
flow meters and expansion tanks. Trace heaters and a control system are
provided for the vessels, piping and auxl!|iary equipmenf.

D. Stator Coollng System

A closed-loop system provides coolIng air to the CRDM stator durlng testing.
The major components of the system are: _

1) A large compressor, operating intermittently, to provlde a static
pressure of 90 psig to the closed |oop

2) A cooler/dryer to cool the alr to 609 and remove molsture

3) A booster compressor (and a spare on standby) to provide the 20 psig
pressure increase necessary to pump the alr around the loop (water-
cooled after cooler will remove the heat of compression and supply air
at 110 psig and 70°F)

4) A second cooler/dryer unit to further cool the alr to 609F

5) A manifold to feed air at 100 psig and 60°F to each CRDM. (the Inlet
Itne to each CRDM contains a Metal Tube rotameter flowmeter and a Cuno
particulate alr fllter)

The system is designed to be able to provide cooling alr to all three CRDMs
simultaneously or In any desired comblnation with a constant mass flow rate.

SCRS Test Facllitles

The SCRS will be tested at the GE-FBRD Breeder Test Facllity (BTF) in San
Jose, California which ¢an accommodate the sodium testing units and the
necessary anclllary equipment. The BTF consists prlmarlly -of the System Test
Loops (4) and the Drlve Test Loop (1).

A.  SCRS Sys Iam_I.esiLmn_f.as.LLLtl_es_ X

The SCRS System Test Loops (STL's) will be used for cyclic scram testing and
real flme testing. _

The SCRS Is mounted at the top of the Ilquid sodium vessel which Is 44 feet
tall and 18 inches In dlameter. The vessel was bullt using standard 18 Inch
pipe with a normal wall thickness of 0.375 Inches. The total Internal volume
of the vessel Is approximately 70 cubic feet. The normal Iilquid sodium level
Is 87 Inches below the top of the vessel., There are two level probes for the
vessel sodium level. The probes sound an alarm whenever the sodium level
falls outside the range of 62 to 112 inches from the top of the vessel.

' Amend. 76
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Near the bottom of the liquid sodium vessel, a built-In socket and pressure.
plenum accommodates the control assembly as in the reactor core. Liquid -
sodium is directed into the plenum reglon from an EM pump. The plenum
provides flow path simulation and a differential pressure In a downward
direction on the control rod. The llquid sodium exits the vessel from both
the bottom of the vessel and an opening in the side of the vessel beneath the
sodium level through flow control valves back to the EM pump. Argon cover gas
over the liquld sodlum surface In the vessel .is pressurlzed at 0 to 12 psig.
Over-pressure protection Is provided for all argon volumes associated with the
STLs by a 4 to 15 psig adjustable pressure rellief valve, 50 psig rupture disks
and pressure Indicators with adjustable alarm polnfs.

The argon supply system Is provided with pressure regulators and pressure
rel lef valves at the source. To protect against fallure of pressure
regulators, each .cover gas space assocla‘red with the STLs Is protected with
rupture disks.

The max [ mum sodfum pressure during operation is expected to be ~130 psig at
the outlet of the EM pump. Nomlnal pump Inlet pressure Is a Il psig and the
outlet pressure Is w135 psig at 100% flow. The Inlet pressure of the vessel
is normal lym 117 psig at 100% flow psig and the outlet pressure 1s ~20 psig.
Nominal flow through the pump is 175 gpm at 1000°F. The return flow to the
pump. from the vessel Is approximately 42 gpm from the side of the vessel and
133 gpm from the bottom of the vessel. The total flow is based on 71,500
Ib/hr at 1000°F,

Prior to fillling with sodium, the system is purged with argon. The argon
filled piping and vesse! are then pre-heated (with trace heaters) to a surface
temperature between 350 to 4009F, Sodlum In the storage tank Is heated (wlth
trace heaters) to a temperature between 250 to 300°F, The sodium fil!
operation begins by opening the test loop draln and Isolatlion valves and
pressurizing the sodium storage tank cover gas. As sodium enters the plping
and vessel It will displace the system argon. Manual operator action to vent
the vessel cover gas wlll malntain maximum system pressure below 25 psig
during the fill operation. After the sodium fill operation is completed, the

system draln and isolatlion.valves are closed and the vessel cover gas pressure

Is adjusted to Just above atmospheric pressure (0 to 2 psig). The system will
then be uniformly heated by increasing the trace heating Input along with
initiation of operation (at reduced flow) of the EM pump. Heat-up rate Is

- Iimited to 759F/hr.

B. Drive Test Loop (DTL)
This facillity is basically the same as the STLs except that 1t is smaller and

its internals have been desligned to accommodate component test article
actuators. DTL-1 wlll be used exclusively for testing of the latch assembly.
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PN ' C. latch Test RIg

The latch test rig Is desligned to accept prototype latch assemblies and is
Instrumented to measure latch actuation forces, release times, applled loads

| and latch position. It Is designed to fit Into DTL-1 and STL-2, where the
prototyplc reactor environment (except for radlaflon and vlbraflon) will be.
simul ated. : v

D. Dﬂ!ﬂllﬂﬁim&-ﬂﬂ“w—w ne Lower E _ |

A lower driveline bellows unit consists of bellows between the driveshaft and
sensing tube and bel lows between the sensing tube and tension rod. The test .
actuator Is designed to accept two prototype lower driveline bellows units.

It is designed to fIt Into STL-2 where the prototypic bellows environment is
simulated.. The test actuator wil | cycle both bellows units +hrough thelr
prototypic deslgn stroke and design cyclic |ifetime.

" E. EkmumEuJs;Jalxﬂlellndﬁr;Ibsi_Blg

This test facillity will be designed to accept the pneumatic valve/cylinder
test articles. Provisions will be made to supply the rig with an
uninterruptible power supply, argon pressure and Instrumentation to monitor
the tests. The main feature of the rig Is the tension rod simulation and
control led atmosphere that enables the test articles to be subjected to
conditlons simulating those of the reactor. This test facllity contains two
test rigs and both utllize the automatic data aquisition system for test
control and data recording.

F. Argon Pressure System

The low pressure argon Is supplied from |liquid argon tanks. It supplles the
sodlum service system storage tank, surge tank and equlliibration device argon
at approximately 50 psig. The pressure is reduced to approximately 25 psig
for the test loop cover and purge gas. The environmental chamber utiiized for
Instal lation and removal of test articles Is also supplied by the low pressure
argon system. :

The high pressure system supplies approximately 300 psig argon to the

env lronmental control system for each test SCRS. The environmental control
system supply pressure Is branched into three |ines supplying approximately
5 psig to the SCRDM housing, 60 psig to the SCRDM driveline and 220 psig to
the SCRDM Ilatch cyllnder.

6. Sodium Storage Facility

The sodium storage facllity consists of two 2600 gal lon storage tanks that

each provide sodium for two system test loops and one drive test loop. Each

of the tanks Is connected fo a sodium service system that consists of cold

traps, plugging Indicators, sodium sampling stations and means for determining
| the Impurity level in the test loops. Cover gas is provided by the argon
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system and trace heaters are affixed to each tank to provide heat to melt the
sodium so that It can be transferred to the test vessels. -

H. Data Acquisition System

The operation of the test facllities and the articles belng tested will be
monitored by a data acquisition system that provides for continuous on-llne
data acquisition, data processing and control. The computer can gather both
analog and digital data on magnetic tape or disc memories. . The high speed
analog Input channels can take high level (1-10 volts) measurement from as
many as 128 points every 10 mllliseconds. These channels can be used for
measuring sodium pressure, sodium flow rate, argon pressure, valve current,
LVDT, load cells, surge tank level and argon flow rates. Low speed analog
input channels can take 800 low level measurements at two points per second
with a printer, 15 polnts per second for alarm scanning. These measurements
can Include temperature, motor current, brake current and sodium purity.
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Supplement 1 to

Appendix C

Fai1Ure Mode and Effects Analysis

for

CRBRP Shutdown System
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STEPS:
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LIST EACH PART OR ASSEMBLY IN THE DESIGN -
LDENTIEY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WMICH THE PART OR ASSEMBLY MIGNT INCUR
FROM EACH FAILURE MODE

4. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE

TABLE C.S.

5. MAXE REFERENCE TO ANY QTHER PART QR ASSEMBLY WHICH THROUGH LN INTERFACE
COULD LEAD TO ANOTHER FAILURE MAKS ANY ADDITIONAL CONTRIBUTING REMARKS

FAILURE MODE AND EFFECTS ANALYSIS
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BUT WHITH NEVERTHELESS, REPRESENT EXTREME OR LIMITING CASES OF FAILURES
WHICH ARE IDENTIFIED AS CONCEIVABLE .

£6487.1

6. ESTIMATE OR CALCULATE THE PAOSABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY :
OFf EACH FAILURE - —_— CRITICALITY ANALYSIS
7. 1DENTIEY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE
"
PA;L:iizﬁaLJeg‘;:;‘oEZ?iu_g Level PPS Input Plant Protection System (PPS) SDD-99 l PREPARED BY B0 [ oAt
. * .
PART, ASSEMBLY|PART, ASSEMBL Y{PART, ASSENBLY . . P
TEN p . . as| = CORRECTIVE ACTION QR PAAT, ASSEMELY OR PROCESS
0. CR PROCESS OR PROCESS OR PROCESS FéllﬂRE MO DE(S) FAILURE CAUSE(S) §§ E 2 FAILURE EFFECT(S) PREVE[‘TIVE ACTION INYEHF_ACINGS AND REMARKS
NUMBER FUNCTION AT ow
1 1 Level Sensol 2 winding _Fails to low or }Open circuitry in 5/2 {(1)Low or zero signal Fallure prevents trip
(3 units) |transformer zero output either winding " Jimplies high sodium of 1 channel. System
in thimble level which prevents essentially reconfigur-
to sense comparator trip. ed into 2/2. Another
sodiun. leve] Failure indicated by failure could cause thi
and convert Interchannel Compari RSS not to trip.
it to a mV Tson Unit.
signal in-
versely proj(2) Fails to high High excitation or 1 1¥2}(2) nigh signal im- One channel tripped.
portional output external voltage plies low sodium System reconfigured intd
to level.- applied level.” 1 PPS compara 1/2. Unscheduled out~
. tor trips. . Fallure age 1if another failure
indicated by inter=~ oceurs, ’
¢hannel comparison
and PPS status board.
Safe Failure.
Sensor 1.8 XHz (1) Fails to low or {Internal supply fail-| 4 ]|5/1{(1) Same as 1.1-1
Power Suppl {cu:renc zero current ure (e.g., output
supply sourde ’ transformer failure,
for level . output capacitor
probe short) .
(2) Fails to high Short circuit 2 | ¥1|(2) Same as 1.1-2
current through test switch Safe Failure
Sensor Transmits (1) Fails to open Loose or severed wiref 2 |5/1 (1) Same as 1.1-1
[wiring sensor sig- circuit :
nal to sen- :
sor trans- {(2) Fails td short Insulation failure 1 2 )5/%{(2) Same as 1.1-1
mitter/in- “eircuit :
verter. ’
PROBABILITY NUMB‘QP-_S DEFINITIONS CRITICALITY NUMBERS . DEFINITIONS
54 AN OFF.NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR 5 FAILURE TO PERECRM SAFYTY FUNCTION
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DURING THE PLANT LIFETIAE HOWEVER, WHEN INTEGRATED OVER ALL PLANT
COMPONENTS AND SYSTEMS, EVENT IN THIS CATEGURY MAY RE EXPECTED 1O 2 NO EFFECT Olv SARETY, REPAIR osssnto UNTIL SCHEDULED
. OCCUR A NUMBER OF TIMES ’
1 AN OFF NORMAL CONDITION OF SUCH EXTREMELY L OW PROBABILITY THAT NO ) NO EFFECT ON SAFETY OR OPERATION Co
EVENT IN THIS CATEGORY IS EXPECTED. TO OCCUR DURING THE PLANT LIFETIME . : *A/B represents criticality to redundant com- .
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 TABLE C.5.1-1

FAILURE MODE AND EFFECTS. ANALYSIS & .
CRITICALITY ANALYSIS - R
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'TEM | orprocess | ORPROCESS | OR PROCESS ~ FAILURE MODE(S) FAILURE CAUSE(S) 23|52  FAnUREEFFECTIS) PREVLATIV: ACTION INTERFACINGS:AND REMARXS
No. NUMBER NAME FUNCTION - : kel el B8 ' —— —
1 4 Level Trans|Inverts mV j(1) Fails to low or }Internal amplifier 4 13/1 1(1) Low or zero sig~ Same as 1.1-2
mitter signal so zero current failure nal implies low sodiu
that increag- level. 1 PPS compara
ing signal tor trips, Failure
corresponds indicated by inter~
to increas- channel comparison an
{ing level PPS status board.
and converty Safe failure.
mV signal tg a
standard (2) Fails 'to high |Interna)l failure or 2 }5/1{(2) High signal ‘Same as 1.1-1
PPS output current application of hot prevents channel trip
short eircuit to on }ow sodium level.
transmitter output Failure indicated by
loose or severed wire interchannel compari-
son.
5 Sensor Transmits }(1) Fails to open Loose or broken wire 2 |3/1§(1) Same as 1.4-=1 Same as 1,1-2
Wiring inverted circuit : Safe faflure. L >
signal from . . : . . .
transmitter |[(2) Fails to short |Insulation failure orf 2 |3/1}(2) Same as 1.4-1 Same as 1.1-2
{te control circuit external short circuid Safe failure. .
room .
6427.2




STEPS:

w

1. LIST EACH PART OR ASSEMBLY IN THE DESIGN

wN

FROM EACH FAILURE MODE

. DETERMINE THE EFFCCT OF EACM FAILURE ON THE PRODUCT PERFORMANCE
MAKE REFERENCE TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH 4N INTERFACE

TABLE C.S.1-2

. tDENTIFY ALL ‘I’M! POSSIBLE FAILURE MODES WHICH TME PART OF ASSEMELY MIGHT INCUR

—_— 3

. IDENTIFY ALL TME POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR .

COULO LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
6. ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY
—_— e .

OF EACH FAILURE

-

. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALVSIS

CRITICALITY ANALYSIS

€-"L'S")

9/61 °bny
GZ °pusuy

P;’;; Angj’ﬁ;g g’g::oc.:?ut ™ Plant Protection System (PPS) SDD-99 ]'R”A"o 8Y Woods ] DATE
” - .
PART, ASSEMBLY PAR‘(,ASSEMBL“PART, ASSEMBLY] &> . > M. "
_';:‘ CRPAOCESS | ORPROCESS | ORPROCESS FAILURE MODE(S) FAILURE CAUSE(S) g5 &r-:§ FAILURE EFFECTIS) co,':‘ﬁfg;l:?;:::’:“ m:::::f;::‘:u?n::::z
NUMBER NAME FUNCTION €888 : o ;
2 1 Permanent |[Creates magq( Demagnetized Physical shock, appli 3/31(1) Low signal in al
Magnet netic field S ) cation of voltage or 3 channels causes com
(1 per loop}through current parator trips and
which sodiug reactor scram.
flows :
High field Application of volt- (2) Depending on
age or current jmagnitude, causes
trip on high signal
or causes loss of
calibration in direc-
tion to retard trip
on low flow. .
2 flectrode {Detects vol Fails to low or |Electrode connection (1) Failure would
(3 per looplage induced zero output to pipe loosens or is cause incorrect {low)
" by permanent broken input to comparator.
magnet pro- Failure could cause.
portional t{ Flux-Flow or Primary-
‘| sodium flow Intermediate Flow trip,
) or could retard channgl
lcomparator trip for
channal specific
events,
Fails to high Application of exter- (2) Failure would
output nal source with prope cause incorrect Chigh
characteristics to input to comparator.
flow detector. Fallure could cause
Flux-Flow or Primary-
Intermediate Flow tri
or could retard channgdl -
comparator ‘trip.
PADBABILITY HUMBERS DEFINITIONS CRITICALITY NUMBERS DEFINITIONS .
54 AN OFF-NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR 5 FAILURE TO PERFORM SAFETY FUNCTION : .
ONCE OR MORE DURING THE PLANT LIFETIME . . DEGRAGATION OF SAFETY FUNCTION
AN OFF M DITION WHICH IND! ALLY Y 0 PECTED TO OCCUR . . N g
22 vu»:.uc'iaas Pt::?t?F;T?ME, HL)CV\'SVEDRY\;VDP:,ENL:.NTESG'\:!A::; OEVCE:ZLSPLANY 3 NO EFFECT ON SAFETY BUY CAUSES UNSCHEDULED OUTAGE
COMPONENTS AND SYSTEMS, EVENT IN THIS CATEGORY MAY BE EXPECTED Y0 2 NO EFFECT Of SAFETY, REPAIR DEFERED UNTIL SCHEDULED
OCCUR A NUMBER CF TIMES . OUTAGE :
1 AN OFF-NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO 1 NO EFFECT ON SAFETY OR OPERATION’
EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME
BUT WHICH, NEVERTHELESS, REPRESENT EXTREME on LIMITING'CASES OF FAILURES *A/B Represents cmticahty to redundant com~

WHICH ARE IOENTIFIED AS CONCEIVABLE

6487-1

ponent (A) and cr1t1cath to system (8)




TABLE C.‘S.'I-2

FAlLURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

¥ L°S")

9261 "Bny
Gz ‘puauy

PART ASSEMBLY DR PROCESS [ : PARED 8Y S DATE
PPS Sodium Flow Input (Cortinued) Plant Protection System (PPS) SDD-99 AIERE ARE P. &, Woeds _l
. |panT, assemsLvfPaRT: AssEmMELY PART, ASSEMBLY ] t . * - CTIVE ACT oﬁ o PART. ASSEMBLY OR rnocssv
ITEM 1 ORPROCESS | ORPROCESS | OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) SEIZE]  ranunecerecrs CORRECTIVE ACT! s ASSE] . ;
NO. NUMBER NAME FUNCTION E :_; E 5 'REYEITW; ACTIO” IRTERFACINGS ,‘\nn RE‘HARKS
2 |3 Detector Transmits. (1) Fails to open Wire loose or severed| 2 5/11(1) same as 2.2-1
Wiring detector circuit ' .
signal to (2) Falls to short |Insulation failure 2 [5/11(2) Same as 2.2-1
cignal trang- .
circuit
mitter and
control rooqg.
5 . Flow Trans-{Amplifies (1) Fails to low or[Internal failure 2 |5/1](1) Same as 2.2-1
mitter and convert zero circuit (e.g., failed tran- .
detector R . sister, capacitor) :
signal to (2) Fails to high [|Internal failure 1 [5/1{(2) Same as 2.2-2
standard PPY current
input signaj}.
5 Power Suppl Suppiies (1) Fails to low or JInternal failure 4 [5/11(1) Same as 2.2-1
25 V. zero voltage (e.g., short circuit,
power for . open circuit, blowm
instrumentad fuse) .
tion (2) Fails to high |[Transformer primary 2 |5/1|(2) Same as 2.2-2
voltage winding short circuit
8487-2




STEPS:

TABLE ‘C.S.1-3

. LIST EACH PART OR ASSEMBLY IN THE DESIGN
IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
. IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR
FROM EACH FAILURE MODE
DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PEAFORMANGCE
. MAKE REFERENCE TO ANY OTHER PART R ASSEMBLY WHICH THROUGH &N INTERFACE
COULD LEAD TO ANDTHER FAILUAE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
. ESTIMATE OR CALCULATE THE PROBASBILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY
OF EACH FAILURE
7. IDENTIFY ANO CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

PN~

na

-]

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

'ST)

S-1

9/61 *bny
Gg *pusuy

OCCUR A NUMBER OF TiMES .
1 AN OFF NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO 1
EVENT IN THIS CATEGORY I35 EXPECTED TO OCCUR OURING THE PLANT LIFETIME *A/B
BUT WHICH, NEVERTHELESS, REPRESENT EXTREME OR LIMITING CASES OF FAILURES .
WHICH ARE IDENTIFIED AS CONCEIVABLE
64871

OUTAGE

P?‘nn’gi@m%"‘u‘jmgnE?eoggsic Power Sensor e Plant Protection System (PPS) SDD-99 J Pn‘EFAREn 8y P.G. Woods P"E
. : * )
PART, ASSEMBLY|PART, ASSEMBLY|PART, ASSFIIILY X < > - . M P :
'::" ORPROCESS | ORPADCESS | ORPROCESS FAILURE MODE(S) FAILURE CAUSE(S) ég §§ FAILURE EFFECT(S) °°,1?v?§¥fv2°:§mn Lﬁi}fﬁfn:sl:&“a::fiﬁ
NUNBER NAME FUNCTION eslod
3 1 Potential 1Senses (1) Fails to low or | Transformer open cir-| 2 3/1-‘ (1) Single channel One channel tripped,
Transformer|13.8KV bus zero voltage cuited. comparator trips. systen reconfigured
voltage Indicated by inter- into 1/2, Unscheduled
channel -comparison outage {f snother
Safe Failure’ failure occurs.
(2) Fails to high Primary to secondary | ! 5/1] (2) Failure prevents Failure prevents trip
voltage winding short circuit single channel compar} - of 1 channel. System [
or short circuit ator trip. Indicated lessentially reconfigur~.
across primary wind- by periodic testing. ed into 2/2. Safe as .
ing Bus voltage would long as no other fail-
normally go to 0 in ures occur
loss of power event
which would trip
channel comparator
even with short cir-
cuit applied.
2 Wiring from Transmits |(1) Fails to open Loose or broken wire | 2 | YY(1) Same as 3.1-1 Same as 3.1-1
|Potential |sensed volt circuit Safe failure
Transformer| age signal )
to UV relay| to under- {(2) Fails to short |Insulation failure 2 1 ¥4(2) same as 31-1 Seme a3 3.1-1
rack voltage circuit ' Safe failure .
relay.
3. Undervoltsgp Determinesf(1l) Output contacr |[Failed UV relay 2 1 3/4(1) same as 3.1-1 {Sawe as. 3.1-1
Relay (incljwhether bus permanently open) : Safe failure :
" uding aux- | voltage has : . : i
iliacy re- |dropped (2) Output contact |Output contacts weldefl 2 | 5/1f(2) Failure prevents Same as 3.1-2
lays) below a permanently ) single channel
given set shorted comparator trip
point. Aux- Indicated by .
iliary relaps. periodic testing
rovide normplly open contracts.
SROBABILITY NUMBERS DEFINITIONS ’ CRITICALITY NUMBERS © pEEINITIONS
5.4 © AN OFF.NORMAL CONDITION WHICH INDIVIDUALLY MAY RE EXPECTED TO OCCUR s FAILURE TO PERFORM SAFETY FUNCTION
ONCE OR MORE DURING THE PLANT LIFETIME . DEGRAOATION OF sAFETV FUNCTION' . :
- . 710t CiDIVIoUA NOT EXPECTED TO DCCUR
vz g::‘::c Jv?ﬁ?:'ttS?t?f‘e‘x?nje‘f'::i::‘,vJervjo ’ NL-‘r:T'ESlaRA‘l'iD OJEREAZL ::.CANT 2 NO £+FECT ON SAFETY BUT CAUSES UNSCHEDULED ouTac
COMPONENTS AND SYSTEMS EVENT IN THIS SATEGORY MAY BE EXPECTED TO 2 NO EFFECT ONv SAFETY, REPAIR osrenéo UNTIL scv«snuuo

NO EFFECT. ON SAFETY OR OPERAT(DN

‘Représents criticality to’ redundant com-

ponent (A) and criticality to system (B)




9-1°§"9

9/61 °Bny

TABLE C.S.1-3

.. FAILURE MODE AND EFFECTS ANALYSIS
"CRFUCAUTYuANALYNS'~

G¢ ©pusuy

”",ﬁ,if;‘f";u%sp’?{g?tsric Power Sensb: "M e ant Protection System (PPS) SDD-99 L I"“”R_ED sy P. G. Woods ]‘D"YE 9/3/74
PART, ASSEMBLY[PART, ASSEMBLYPART, ASSEMBLY ’ . * ’ I . o L
(ATEM | ORFROCESS | ORPROCESS | ORPROCESS FAILURE MODE(S) FAILURE CAUSE(S) SEl2E]  ranvreerrecTis) CORRECTIVE ACTION OR | PART, ASSEMBLY OR PROCESS
D, NUMBER NAME FUNCTION : o g2|g % PREVENTIVE ACTION INTEAFACINGS AND REMARKS
3 4 Wiring from| Transmits (1) Fails to open Loose or broken 2 | 3/1] (1) Same as 3.1-1 Same as 3.1-1
: UV relay open/closedj - circuit. ’ ’ Safe Failure .
panel to contact ’ . o
control signal to |](2) Fails to short Insulation failure 2 }1.5/1] (2) Same as 3.3-2 . Same as 3,1-2
room. - PPS circuit
6487-2




TABLE €.5.1-4
STEPS: 1. LIST EACH PARY OR ASSEMBLY IN THE DESIGN
2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
2 IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR
FROM EACH FAILURE MODE K
¢ DETERMINE THE EFFECT OF EACH FAILURE ON PHE PRODUCT PERFORMANCE
5. MAKE REFERENCE TO ANY OTHER PART DR ASSEMBLY WHICH THROUGH & N INTERFACE - : S :
COULD LYAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS : . "FAILURE MODE.AND EFFECTS ANALYSIS

L-1°S")

9/61 “bny
G2 "puswy .

6. ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY -
OF EACM FAILURE —— e CRITICALITY ANALYSIS
7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE
szi;:ﬁis'ﬂ'e\éof:got‘jtexzxmber Nuclear Input P Planc Protection System (PPS) SDD-99 . IPRE.",RED BY P. C. Woods l DATE
’ T, ASSEMBLY]PART, ASSEMAL Y] . *
Ten | cess | ‘on PADCESS || NP FROCESS FAILURE MODE(S) FAILURE CAUSE(S! Fi 1T P — | CORSECTIVEACTIONOR | PART, ASSEMBLY OR PADCESS
NO. . e5lEZ ECTS) PREVENTIVE ACTION INTERFACINGS'AND REMARKS
NUMBER KAME FUNCTION ATl .
4 |1 . |Conpensated{Converts (1) Fails to low or |Deteriorating detecto{ 4 5/2 (1) Failure prevents T Failure .pre§en:s trip
Ion Chamber{neutron fluy zero output Loose or broken wire . comparator trip. E ‘ of 1 channel. System
measurement Loss of thermalizing | Indicated by Inter- C essentially reconfigw
to electri- -~ |sraphite block. - channel comparison. ) ed into 2/2. Safe as
cal signal : long as no other fail
(2) Fails to high Mechanical movement | 2 l3/2 |(2) Single channel . ) _ {ure-occurs.
.output |inside detector. 1In- comparator trips. One’ channel 'tripped..
sulation deteriorates Interchannel compari- . System reconfigured
. : son and PPS status | . into 1/2. Unscheduled
] jboard. Safe failure. outage if. another fall-.
2 Wiring Transmits [(1) Fails to open Loose or broken wire 2 |s/2J(1) same as 4.1-1 . " : _;::eo::uzsi-l
signal. from circuit : . :
sensor thru .
head com- |(2) Fails to short |Insulation failure 2 |5/2}(2) Same as 4.1-1 . Ysame as 4.1-1
partment to circuit . I . . .
tratsmitter '
13 . . [Compensated |amplifies (1) Fails to low or|Internal failure (e.g{ 2 |s/1 (1) Same as 4.1-1 . Same as-4:1-1
Ion Chamber |and convertd zero voltage transistor failure) : S
{Transmitter [detector . -
signal to (2) Fails to high |Internal failure (e.g} 1 3/L62) Same as 4.1-2 1same’ as 4."1_2 .
standard PP§ voltage transistor failure) " safe failure. BN L
.Isignal R
4 . Compensating Supplies (1) Fails to low or {Internal- failure (e.g{ 2 31 §(1) Channél reads y : Same as &4.1-2
: oltage Powdr compen- . zero voltage transformer or recti- . bhiigh, Same as 4,1-2. ' : T
Supply sating volt~ ) .|fier failure) ) ‘Bafe fatlure. ’
age to ion . . S .
chamber ~ [(2) Fails to high Transformer winding 1 {571 [(2) Channel reads loy " Same as .4.1-1
- voltage . short circuit - ame as 4.1-1. o . : e
N - -
PROBABILITY NUMBERS -~ - " DEFINITIONS ’ CRITICALITY NUMBERS T . DEFINITIONS |
S4 . < AN OFF NORMAL CONDITION WHICH INDIVIDUALLY MAY 8€ EXPECTED TO OCCUR 5 FAILURE TO PERFORM SAFETY FUNCTION -
ONCE OR'MORE DURING THE PLANT LIFETIMF . . . DEGRADAY!ON ‘OF SAFETY FUNCTION
3 T VIS € o
T 23’:’.NZ”f‘l‘Z’iiiﬁ?”?;'gi?-'ﬁsw:}il‘e’i'févif:’,‘;"m?G”F.’i',gé’l,‘fli‘ifi’i‘f;’f 3 NO EFFEGT ON SAFRTY 41 CAUSES UMSEHEOGLED OUTAGE
COMPONENTS AND SYSTEMS, EVENT IN THIS CATEGORY IAAY BE EXPECTED T0 2 - NO EFFECT Ol SAFETY, REPAIR DEFERED UNTIL SCHEDULED
OCCUR A NUMBER OF TIMES . . ouTace
) . AN OFF NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO - o 1 : “NO EFFECT ON SAFETY OR. OPERATION
. EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFCTIME . *A/B Represeats criticality to redundant com-

_BUT WHICH, NEVERTHELESS, REPRESENT EXTREME OR LIMITING CASES OF FAILURES . ponent (&) and criticality to system (B)
WHICH ARE IDENTIFIED AS CONCEIVABLE . .

6487 1



T_ABLE" C.S.1-4

FAILURE MODE AND EFFECTS ANALYS!S
CRITICALITY ANALYSIS

SSEMBLY.OR mucs e,

PIN -

8-1'S"9

9/61 *bny
GZ ‘puauwy

: (Continued) . ] N PREPARED'8Y
nsated Ton Chamber Nuclear Input Plant Protection Svstem (PPS) SDD-99 ] - 9]3/710
PART, ASSEMBLY PART, ASSEMBLY . * ) ]
ORPROCESS | OR PROCESS " FAILURE MODE(S) - FAILURE CAUSE(S) EElEE]l  ranvneerrects . CORRECTIVEACTIONOR | PART, ASSEMELY OR PROCESS
NAME FUNCTION - 3 5 2 . PREVENTIVE ACTION INTERFACINGS AND REMARKS
ow Voltage|Supplies (1) Fails to low or |Internal failure (e.g 5/1}(1) Channel reads Same as 4.1-1
Power Sup- [+15 V DC zero voltage t._ransforme_;, reacti- low. Same as
ply for fier) 4,1-1
Nuclear
Llectronics
(2) Fails to high Tranaformer primary 3/1]|(2) Same as 4.,1-2 ame as 4.1-2
" wvoltage winding short circuit Safe Failure.




STEPS: 1. LIST EACH PARY OR ASSEMBLY IN THE DESIGN TABL E |C . S N ] - 5
’ IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR o
IDENTIEY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

.FROM EACH FAILURE MODE

4. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE

. MAKE REFERENCE TO ANY OTHER PART OP ASSEMBLY WHICH THROUGH £ N INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS . C . : :
6. ESTIMATE OR CAUCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY : FAILURE MODE AND EFFECTS ANALYSIS
PROBABILITY : CRITICALLY

Lol

"

6-1"5"2

9/61 *bny
G¢ ‘pusuy

OF EACH FAILURE - CRITICALITY ANALYSIS
7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE '
PART ASSEMAKLY OR PROCESS B L : . . ' . i .
FiAsﬂmP 'honml\er Nuclear anut Plant Protection System (PPS) SDD-99 TPNEMRED“ P. 6. Woods j DATE
r -
PART, ASSEMBLYIPART, ASSEMBLYIPART, ASSEMBLY] ) * -
ITEM | 0aprocess | ORPROCESS |- ORPROCLSS FAILURE MODE(S) FAILURE CAUSE(S) 3222l anune errecTs CORRECTIVE ACTION OR |  PART, ASSEMBLY R PROCESS
NO. : g Stza PREVENTIVE ACTION INTERFACINGS AND HEMAﬁKS
NUYBER NAME . FUNCTION Y g .
5 1. Fission Converts {(1) Fails to low or [(1) Counter electrode | , sz} Fatlure prevents | ’ Failure prevents tri
Chamber neutron flult ~ zero output or connecting : - comparator trip. of 1 channel Syéte:
measurement . o wire breaks Indicated by . . teconfigured into 2/2.
to elec- i : Interchannel " lsafe as long as no
:1;;;:1 Comparison. other failures occur.
2 i -
) (2) Fails to high (2) Mechanlcil move 2} 3/2] (2 single Channel One channel tripped.
output ment ‘zr nsulation Comparator trips. System reconfigured
deterioration . Indicated by ) into 1/2. Unscheduled -
Interchannel . outage {f another fail
Comparison and ure occurs,
PPS status board.
) Safe failure
2., High Voltagk Provides (1) Fails to low or §1) Internal failure alsnilay s .
ame as 5.1-1 e W1
Power high voltagg . zero voltage {e.g. rectifier, /L Same as 5_1 1
Supply for |necessary fuse, or trans-
Fission ~ | for neutron former failure)
Chamber ‘interaction )
. (2) Fails to high 2) Transformer 21311 2) same as 5.1-2 C
i: f;zsion voltage primary winding Y1) . : Same as 5.1-2
chamber short cireuit
3. Wiring - Transmits | (1) Fails to open K1) Loose or broken 2 s/2] (1) same as 5.1-1 Same as 5.1-1
from : low level |- circuit wire " .
Fission signal . : .
{Chamber -to {from @ :i:i\iizo short 2) Insulation failure] 3 3/24(2) Same as 5.1-2 - Same as 5.1-2
Preamplifierdetector to
© ‘|preamplifief(3) Fails to ground £3) Insulation failure| » 5/1§(3) Same as 5.1-1 Same as 5.1-1
4, Pre- Amplifies (1) Fails to low or Fl) Internal failure 2 s (1") Same as 5.1-1 ' . . Same as 5.1-1
amplifier |low level zero output (e.g. resistor, except only
© - Isignal to linit ) transmitor) couniing and log MSV
noise pick- . ranges are affectpd:
up problems .
PROBABILITY NUMBERS ) DEFINITIONS ' CRITICALITY NUMBEAS " DEfivmioNs )
54 AN OFF NORMAL UONDITION WHICH INDIVIDUALLY MAY 3E EXPECTED TO OCCUR . 5 : FAILURE TO PERFORM SAFETY FUNCTION
ONCE OR MORE DURING THE PLANT LIFETIME . . : DEGRADATION OF SAFETY FUNCTION
42 £ OF F NORSSAI CONDITION WHICH INDIVIDUALLY 15 NOT EXPECTED TG OCCUR . o . € -
TRING THE PLANT LIFFTIME HOWEVER WHEN INTEGRATED OVER AL PLANS 3 ) o EFFEC-Y OYV S{F'ETV BUT CAUSES UNSCHFOULED QUTAGE
LUMPONENTS AND 5YSTEMS, EVENT IN THIS CATEGORY MAY BE CYPECTEC TO 2 NO EFFECT O SAFETY, REPAIA DEFERED UNTIL SCHEDULED
NCCUR A NUMBER OF TIMES . : : ’ . OUTAGE ) ’
v ~5 OFF NORMAL CONDITION OF SUCH EX TREMELY LOW PROBABILITY THAT NO L NO.EFFECT ON SAFTTY.QR OPERATION -
EVEAT N TH'S CATEGORY 1S EXPECTLD T0O OCCUR DURING THE PLANT LIFETIME *A/B Represent ‘.ica!it.\" to redundant com-
T AHICH REVERTHELT S5, REPRESENT EXTREME OR LIMITING CASES OF FAILURES : ponent “(A).

b L 14 ¢ v
WHICH ARE IDENTIFIED AS CONCEIVASLE suieritieality to system (B)

84871



TABLEL.S.1-5

)

FAILURE MODE AND EFFECTS ANALYSIS

CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS

PIN

‘Plant Protection

System (PPS) SDD-99

]m:mi_so 8Y

l DATE.

oL-L°S")

9/61 °bny
G¢ "pusuy .

Fission Chamber Nuclear Input (cpnp ) G, HOODS
TEM PART, ASSEMMBLY|PART, ASSEMBL YJPART, ASSEMBLY :; ol I : ) <) CORRECTIVE ACTIOK OR - PART, ‘RSSEM'B(YCR’RGCESS.
v | omPRocEsS | omeRocess | on pRocEss FAILURE MODE(S) FAILURE CAUSE(S) SSiE Q| FAILUREERFECT! _ PREVENTIVE ACTION INTERFACINGS AND REMARKS

' NUMBER NAME - FUNCTION : & Epe e L

5 4. (2) Fails to high (2) Internal failure | 1 [3/1](2) Same as 5.1-2
‘output (e.g. transistor) except that.trip
- occurs only in
counting and log
MSV ranges.
(3) D.C. output fails (3) Internal failure | 2 |5/1[(3) Same as 5.1-1 .
low or to zero (e.g. resistor, except only power
capacitor) range channel is
affected .
5. Wiring from|Transmits (1) Pulse wiring fail$(l) Loose or broken 2 5/1 {(1) Same as 5.4-1
[Pre~- ’ signal to to open circuit wire
umplifier |main nucleay. ) " 2 Is/1 | (2) same as 5.4-1 *
Lo Mucluar |instrument— (2) Pulse wiring fatl§(2) Insulation
X o to short circult fallurce
Instrument-{ation
ation cabinet (3) D.C. wiring (3) Loose or broken 2 |5/1 | (3) Same as 5.1-1
Cabinet fails to open wire except -only power
eircuit range is affected
(4) D.C. Wiring (4) Insulation failurp 2 |3/1](4) Same as 5.5-3
fails to short
. circuit
6. Wide Range |Amplifies {(1) Fails to low or |(1) Internal failure | & [5/1](1} Same as 5.1-1 but
Counting and convertg zero input (e.g. transistor) only counting range
[Range sensor signdl 1s affected
12 > 9
Flectronics ;;Sg:iniird (2) Fails to high . (2) Internal failure 2 |3/1{(2) Same as 5.1-2 but
P output (e.g. transistor){. only counting
N range 1s affected
. }iide Range lamplifies (1) Fails to low or |[(1) Internal Failure 4 §5/1 (1) Same as 5.1-1 but
hog MSV and converts 1zero output (e.g. transistor) only‘log MSV range
‘Fange sensor signjl is affected
. rlectranicalio srandacd lPPS donue ) ) - _
: (2) .Fails to high (2} Internal failure 3/1 §2) Same as 5.1-2 but
output (e.g. transistor) only log MSV range
. . is affected
8. Power _Pfovide + (1) Fails to low or J(1) Tnternal failure 5/1 {(1) Same as 5.1-1
Supply 153 VDC for zero voltage (e.g. transformer
k:lectronics : rectifier, fuse)
ln all 3 2) Fails to hish 2 1 )
i anges (2) Fails to hig (2) Transformer 371 [(2) same as 5.1-2
voltage primary winding safe failure
short circuic ‘
9. ﬁiring frcr?rén%mit (1) ?gils‘:o epen.  {(1) Lgése or broken 2 1371 (15 Same as 5.1~2
;uulea: -5 \?C circuit wire safe failure
| Instrument—ignal to - | .. L . " 1 .
T npg : (2) Féils.to shorz. {(2) Inmsulation failurd 5 13,7 [(2) Same as 5.1-2 .
Cabinet to fomparators cireuit safe failure
Control
" Room - - - .
6487.2
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"TABLE C.S.1-6

“' STEPS: 1. LIST EACM PART OR ASSEMBLY IN THE DESIGN
2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMELY MIGHT INCUR i
3 IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR ! : . .
FROM EACH FAILURE MODE .
4 DETERMINE THE EFFECT.OF £ACH FAILURE ON THE PRODUCT PERFORMANCE R
. MAXE REFERENCE TO ANY.OTHER PART OR ASSEMBLY WHICH THROUGH 2N INTERFACE : - R

s . .
COULD LEAD TO ANOFYHEA FAILURE MAKE ANY ADb'Y'ONAL CONTRiEUTING REMA“K§
6 ESTIMATE OF CALCULATE THE PROPARILITY-OF OCCURANCE AND THE DEGREE OF CRITICALLY . FAILURE MODE AND EFFECTS ANALVSlS
‘CRITICALITY ANALYSIS

OF LACH FAILURE
. 1IDENTIFY AND CARRY OUY CORRECTIVE OR PREVENTIVE ACTIONS TOPREVENT OR MlN'MIZE THE POTENTIAL FAILURE

~

PART ASSEMBLY OR PROCESS PN i | PREPARED 8Y ; 1 "DATE
Primary Loop Inlaut Plenum Pressure Inp Plant Protection System (PPS). SDD-99 ___P., G, Woods . ,
, : s
PART, ASSEMBLY|PART, ASSEMELY]PART, ASSEMBLY, . * . ) :
';;M QR PROCESS QR PRQ Ct§ QR PROCESS FALLURE MODE(S) FAILURE CAUSE(S) g% 5 '2 FAILURE EFFECT(S) Co:::vc:':;l;:c:;g::,:n : ;:-::;:::;:?;::::::::g -
NUMBER 4 NAME FUNCTION emioo
6 1. Pressure kSergsor (1) Rupture of (1) Defective or worn| 2 | 5/2{ (1) Sodium will plug
B Sensor pressure . bellows bellows in cooler
(2 Per | |through capillary tube
Loop) bellows . line, Sensor
) will not respond
to changes in
pressure,
Auctioneer select}s
high signal from
h 2 inputs, Failure
may prevent trip |
if line plugs
within normal
pressure range.
Indicated by
Interchannel
. Comparison. )
(2) Bellows fail (2) Work or temp- 2 1572 | (2) Slow or no
to move freely erature hardening regponse to chan'ng
. of bellows in pressure.
Failure may
prevent trip.
Indicated by
Interchannel :
Comparison
2, Capillary |Transmits | (1) Capillary tube (1) Defective tube, 1 | 3720-(1) Loss of pressure
Tube pressure ruptures wear, external . driving signal,
from sensor - force Auctioneer selecth ’
to transduc Fr .signal from
redundant sensor.
Safe foilure. l
- SAOBABILITY NUMBERS : ) OEFINITIONS CRITICALITY NUMBERS : . _DESINITIONS
58 AN OFF NORMAL CONDITION WHICH tNDIVIDUALLY MAY BE EXPECTED TO OCCUR 5 FAILURE T PERFORM 'SAFETY FUNCTION
O'Jf'E ORr MORF DURING THE PLANT LIFETIME A FDEGRI\DAYCON of SAFETV FllNCTIDN
» M WH ) i A DT EYPECTE UR
T &fil’r,’i‘.’fé”{:h:f"fi'li?m‘s HOWEVER toHE N 1t 'fclum AN 3 NO €F1ETT ON SAFETY SUT CAUSES JNSCHEDULED OUTAGE
OMBUNENTS AND SYSTEMS, EVENT IN THIS CATEGORY NAY BL EXPECTED TO 2 NO EFFECT O SAFETY, REPAIR Dersnéo UNTIL SCHEDULED
oceva A NUMEER OF TIMES " ouTAGE
) AN OFF NORMAL CONDITION OF SUCH EXTREMELY L OW PROBABILITY THAT NO ' NO EFFECT ON SAFETY °’_‘ OPERATION
EVENT (N THIS CATEGORY 1§ £XPECTED TO OCCUR DURING THE SLANT LIFETIME *AJB . Represents criticality to .redundant com-
BUT WHICH, NEVERTHELESS, REPRESENT EXTREME OR LIMITING CASES OF FAILURES ponent (A) and.criticality to system (B)

WHICH ARE IDENTIFIED AS CONCEIVABLE
54871



TABLE C.S.1-6

FAILURE MODE AND - EFFECTS ANALYSE
CRITICALITY ANALYSIS

215"

| part ASSEMBLY OR PROCESS (Cont.) . Jem- . B i Im:nn!o 14 Iung

ry Loop Inles Plenum Pressure Tnput Plant Protection System (PPS) SDD-99 . . P c w(,q,iq .

PART, ASSEMBLY] PART ASSEMBLY]PART,  ASSEMBLY PES IR e - o
VTEM . PART, . SElgk . ;ORRECYIVE ACTION OR PART, ASSEMBLY OR PROCESS
“NO. OR PROCESS 0R PROBEs CR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) g :_: g 5 FAILURE EFFECT(S) . ?HEVEI’TIVE ACTION IN‘TER' \CINGS AND REMARKS

NUMBER NAME FUNCTION - ' . '
6 2, (2) Capillary tube (2) Pinched tube or 1 |5/2 1(2) Sensor will not
S static failure frozen Nak respond to changed
. in pressure. Same}
results as 6.1-2,
3. Strain Converts (1) Fails to low or |[(1) Internal failure 2 {3/2 [(1) Auctioneer select f
Gauge - pressure zero output signal from ’
Transducer |signal to - redundant sensor,
. low level | - . Safe failure, )
electric . . .
signal (2) Fails to high (2) Crack in pressure 1 15/2 ](2) Single comparator . One channel tripped.
(resistive output plate channel trip . System reconfigured
cas ment ) . prevented. Failuge into 1/2. Unscheduled
measure indicated b : -
' : ' Interchanne.)t' . outage If another fail-
' e .
. Comparison. ' vre oceurs
4, Wiring from Transmits (1) Fails to zero (1). Broken or loose ' 2 |371 {(1) Same as 6,3-1
Transducer |signal from output wire. Insulation Safe fallure. .
to transducer failure. |
Transmitter{to-
(4 leads) |transmitter .
5. Statham - Converts (1) Fails to low or (1) Internal failure 2 13/1 J(1) Same as 6.3-1
Converter |rasistive zero output s . Safe failure
fransmitter imeasurement |5y pails to high  |(2) Internal failure | 1 [5/1[(2) Same as 6.3-2 . Same as 6.3-2
PPS 1input output . :
6. Wiring from|fransmits |(1) Fails to open (1) Loose or broken 2 {3/1 |(1) Same as 6.3-1
Converter |signal to circuit wire ' Safe failure
:;agzmt::jr PZ:tequip- 2) Fails to short (2) Insulation 2 13/1 [(2) Same as 6.3-1
n @ circuit " failure Safe failure
Room
7. Power Supply Provides | (1) Fails to low or {(1) Internal failure 2 1371 }(1) same as 6.3=1
for Statham | DC power : zero voltage Safe failure-
Lonverter for convertk . - . : T ’
brransmitter | cransmicter f2) l_’nils. to hiigh (2) lfnnsfurmer . 4 {5/1 }(2) Same as 6,32 : . . |same-as.6.3~2
) voltage winding short R .
circiut
"487.2 7 - i - i -




. TABLE (.5.1-7

STEPS: 1. LIST EACH PARY OR ASSEMBLY 1N THE' OE$¥GN ]

2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WH'C“ THE PART OF ASSEMBLY MIGHT INCUR

3 IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WN'C" THE PART OR ASSEMBLY MIGN‘V INCUR
FROM EACH FAILURE MODE
. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE

»

15 Rl AR

9/61 ‘6ny
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5. MAKE REFERENCE TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH £ N INTERFACE ) - .
COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS :
6. ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY FA‘LURE MODE AND EFFECTS ANALYS!S
OF EACH FAILURE . CRlTICALiTV ANALYSIS
7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE
PAFC\'T ﬁs}gﬂ;ﬂ\}gpﬂg;ggzﬁsn (Primary and L m Plant Protection System (P_PS) SDD-99 ) ) . l‘PREPAﬁED 8y - ch.)qii- ‘ 1 DATE
PART, ASSEMBLY|PART, ASSEMBLY]PART, ASSEMBLY| ! . N > . :
ITEM y . <> e CORRECTIVE ACTION-OR PART, ASSEMBLY OB PROCESS
N OR PROTCESS DR PROCESS QR PROCESS ‘ FAILURE MODE(S) FAILURE CAUSE(S) E;:“ E 2 FAILYRE EFFECT(S) PFEVENUVE‘A‘I:IHDN- 1 INTERFACINGS AND REMARKS .
NUMBRER NAME FUNCTION ) S .
7 1 Pulsing Changing (1) Loss of one or {Mechanical failure orf 1 F/l (1) Affected pump
Digital reluctance more gear teeth | external force speed sensor will
Tachometer |of rotating R indicate low. Fail-
(including ] gear teeth . ure may trip channel
toothed geal on pump ’ : comparator or will bel
on pump shaft is : , ' indicated by inter-
shaft and . jmeasured by}. channel comparison.
3 EM-prox~ |EM proximit] _ - ' Failure may prevent
imity sen- |sensor aand - ) ' trip if coupled with
sors per converted ) change in correspond-
loop) to electri- : ing -loop speed (i.e.,
cal signal . if primary speed in~-
: dicates. low and inter
_{mediate speed is low,
. comparator will not
trip as it should).
(2) Foreign material]Dirt, metal fillings | 2 |5/1 J(2) Affected pump
in air gap bet- |buildup, short cir- speed may read high
ween sensor and |cuiting two gear or low depending on
gear teeth, permeability of
material, Results
same as 7,1-1.
. C}(3) EM proximity Internal failure 2 |5/1 J(3) Same as 7.1-1.
. L sensor fails to- S : . .
low or zero out- ’ . .
put ’ : i
(4) EM proximity Internal failure 1 |5/1 J(4)  Affected pump
sensor fails to speed sensor will
high output ’ indicate high. Same
: results as 7.1-1. ;
PROBARILITY NUMBERS s DEFINITIONS . CRITICALITY NUMBERS o DEFINITIONS
5.4 . AN OF F.NOAMAL CONDITION WHICH INDIVIOUALLY MAY BE EXPECTED TO OCCUR . . s . FAILURE TO PERFORM SAFETY FUNCTION
. ONCE OR MOAE DURING THE PLANT LOFFTIME . ) DEGRADATION OF SAFEYY FUNCTION
(ke H ¥ V! U . .
» A or YoRMAL CONDITION Wil WDIVIDUALLY 15 T SX¢ECTED 1O Crcun J | NOERFECT ON SAFETY BUT CAUSES UNSCHEDUL ED OUTAGE
. COMPONENTS AND SYSTENS, EVENT IN THIS CATEGORY MAY 8¢ Expicfﬁo 70 . 2 NO EFFECT Ol SAFETV REPAIR DEFE“ED UNTlL SCNEDULED
: . OCCUR'ANUMBER OF TIMES ) . . ouTAGE
3 .. AN OFF NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO L . “NO EFFECT ON S“FEW oR 0"5“AT‘°N
, © EVENTIN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETHAE ’ *A/B . Represents’ cmtlcali:y to redundant com-
BUT WHICH, NEVERTHELESS, REPRESENT EXTREME OR LIMITING CASES OF FAILURES - _ ' ponent {(A) and criticality to system (B)

WHICH ARE tDENTIFLED AS CONCEIVABLE
84871 :



TABLE. C.S.1-7

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PL-15"9
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PART ASSEMBLY OR PROCESS . ”m N : U R ‘| PrEPARED BY
Sodium r’ur:\p Speed Input (Px‘imary and N Plant Protection System *(PPS) SDD-99 . ['“5,‘“ o8y 2,.G, WO% IDA“
1rem [PART,ASSEMBLY[PART. ASSEMELY ’.’“::;:fc?a“ : $2l2 8l anuneereec CORRECTIVEACTIONOR | PART, ASSEMBLY OR wrocess |
No OR PROCESS 0 PROCESS | O CESS FAILURE MDDE(S) FAILURE CAUSE(S) FEEE URE T(S) PREVENTIVE ACTION m'.r.nc'ncs AND n““”
' NUMBER NAME - FUNCTION emlow
bl 2 Wiring from{Transmit (1) Fails to open Loose or broken wire | 2 |3/1[(1) Affected pump ' - One channel tripped.’
sensor to |electrical circuit : SPee‘? sensor will . : System reconfigured.
transmitter|signal from indicate zero. Singl into 1/2. Unscheduled
sensor to . comparator channel . outage 1f another
transmitter » trip. Safe failure. failure occurs.
(2) Fails to short |Insulation failure 2 |3/1](2) Same as 7.2-1 Same as 7.2-1
circuit ’
3 Sodium Pump|Amplifies |(1) Fails to low or |Internal failure 2 | 5/1§(1) Same as 7.1-1
Speed Transland convertd zero output
mitter digital .
speed signa}(2) Fails to high ° {Internal failure 1 |5/:{(2) Same as 7.1-4
to standard output ’ :
analog in=-
put for PPS
4 . Wiring from{Transmits {(1) Fails to open Loose or broken wire | 2 |3 4(1) Same as 7.2-1. | ’ Same as 7.2-1
: transmitterianalog sig- circuit h ’ .
to control |nal from . . . : . :
room transmitter [(2) Fails to short |Insulation failure 2 {3/1)J(2) Same as 7.2-1. : |same as 7.2-1
Jto control circuit ’ ’ . -
room
5 Power Suppl Provides |(1) Fails to low or |Internal failure 4 | s/ Same.as 7.1-1
. for Trans- .|power for zero output . : ’
mitter transmitter . . . . .
electronies{(2) Fails to high Internal failure 2 15/ 2) Same as 7.1-4 .
- - ) : output | 0 )
6487.2 7 v .



.. LIST EACH PART OR ASSEMBLY IN THE DESIGN

2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PARY OF ASSEMBLY MIGHT INCUR

" IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICN THE PART OR ASSEMBLY MIGHT INCUR
FROM EACH FAILURE MODE

. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE

. MAKE AEFERCNCE TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH (N INTERFACE
COULD LEAD TO ANOYHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS

“TABLE C.S.1-8

. ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CﬂlTlCALLV

FAH.URE MODE AND EFFECTS_ ANALYS!S

§1-1°S"9

" OF EACH FAILURE . CRITICAUTY ANALYSIS

7. IDENTIEY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE
MRTsArses::thf: l?locc:siace Inpur M plaut Protection System (PPS) 5DD~99 1'“"““‘“ 8y v l DATE

. o G, Woods ;

PART, ASSEMBLY{PART, ASSEMBLY[PART, ASSEMBLY] . . ' T, .
WEM 1 oRPROCESS | ORPROCESS | OR PROCESS FAILURE MO DE(S) FAILURE CAUSE(S) 2xlz= FAILURE EEFECTIS) CORAECTIVEACTION OB | PART, ASSEMBLY OR PROCESS
NO. NUMBER AME FUNCTION gg ES PREVENTIVE ACTION INTERFACINGS A'{D_REMARKS

8 1. gifferenda ::?:es i.(1) Fails to low or |(l) Internal failure 2 Affected sensor
ressure erentia zero output
Transducer |pressure.acyoss P Y:ilsé::;c;izw_.
z;ncuri Failure may trip |
ow tube channel comparato
i:dtconverts or will be
L elec?rizal Indicated by
Interchannel
BRI 5_18‘“1 Comparison, .
Failure may prevegt
comparator trip
if corresponding
* decrease in
feedwater flow
. occurs.,
2) gitlztto high (2) Internal failure Affected sensor
P will indicate
high steam flow.
Results are the
same as 8.1-1
except that
comparator trip .
may be prevented .
. if a corresponding
increase in feed=-
water flow occurs |
2. Temperaturd Senses (1) Fails to low or [(1) Open circuit in Same as 8.1-1.
Sensor steam temp: zero output temp. sensor .
:2:?:’5:25 (2) Fails to high (2) Application of Same as 8,1-2.
n2ss flow output ) hot short circuit .
rate

9261 *Bny
G2 *puswy

PROBABILITY NUMBERS

5.4

32

64871

DEFINITIONS

AN OFF. NORMAL CONDITION WHICH INDIVIOUALLY MAV SE EXPECTED TO OCCURA
ONCE OR MORE DURING. THE PLANT & lFET:'VIE

A% OFF NORMAL CONDITION WHICH INDIVIDUALLY 1S NOT EXPECTED TO OCCUR
DURING THE PLANT LIFETIME: HOWEVER WHEN INTEGRATED OVER AlLL PLANT
COMPONENTS AND SYSTEMS, EVENT IN THIS CATEGORY MAY BE EXPECTED TO
OCCUR A NUMBER OF TIMES

AN OFF NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAY‘ NO
EVENTIN THIS CATEGORY 1S EXPECTED TO OLCUR DURING THE PLANT LIFETIME
BUT WHICH NEVERTHELESS, REFRESENT EX TREME OR LIMITING CASES OF FAlLURES
WHICH ARE IDENTIFIED AS CONCEIVABLE

CAITICALITY NUMBERS.

N W oa

1
*A(B

 _DEFINITIONS
FAILURE TO PERFORM SAFETY Fut&c‘non

. DEGRADATION OF SAFEY\' FUNCTION

NO EFFECT ON SAFETV BUT CAUSES UNSCHEDUL £D ouucs
NO EFFECT Ofv SAFETY, REPAIR DE ;snén UNTIU scusouq.eo
OUTAGE

NO-EFFECT-ON SAFETY on OPERATION

Represen_ts eriticality to redur’qdant com=
ponent (A) and criticality to.system (3)




TABLE:C.S.1-8 L RN+
L --FAILURE . .MODE AND- EFFECTS' ANALYSIS
CRITICALITY ‘ANALYSIS“ '~ -~ . .

g91-1"S"J
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PART ASSEMBLY QR PROCESS ; : : . lmsnnzn‘uv ) . 'DATE" -
Steam Masg Flow Rate Input (Cont.) Plant Protection System (PPS) SDD-99 - i . +.G. Woods . L
. . . . N * . N : . B - S .
PART, ASSEMBLY|PART, ASSEMBLY]PART, ASSEMBLY, X X X
rem , J . ; &xf - CORRECTIVE ACTION 08 PART, ASSEMSLY OR PROCESS
wo. | ORPROCESS .} ORPROCESS 0R PROCESS FAIWLURE MODE(S) FAILURE CAUSE(S) S35 3] FAILUREEFFECTE) PREVENTIVE ACTION INTERFACINGS AND REMARKS
: NUMBER NAME FUNCTION £aloco - S . k
8 3 Pressure Senses (1) Fails to low or | (1) Rupture in press) 2 [5/2 | (1) Same as 8.1-2,
Sensor stean - zero output sensor
B ) pressure tof - 2 (2) § 8.1-1
. tonpensate | (2) Fails to high (2) Special internal| 1 |5/2 } (2) Same as ,
. ovtput failure
gsteam mass
flow rate
4. Wiring Transmit (1) Fails to open (1) Loose or broken 2 {3/1 ]| (1) Single comparatod One channel tripped.
From transducer circuit wire channel trip. System reconfigured
Transducer | 54gnal to ' Indicated by into 1/2.. Unscheduled
to ) transmitter Interchannel - outage if another
Transmitted . Comparison or failure occurs
PPS Status board,
Safe failure.
(2) Fails to short (2) Insulation failurg 2 |3/1 ] (2) Same as 8.4-1 - Same as 8.4-1
circuit Safe Failure
5. , |viring Transaits | (1) Fails to open (1) Loose or broken | 2 15/11(1) same as 8.1-1,
from Temp. | temp. signal eircuit wire )
Sensor- to to ; :
Transmitted transmitcer] (2) Faitls to short (2) Insulation 2 {s/3 (?) Same as 8.1-1.
circuit failure
6. Wiring Transmits | (1) Fails to open (1) Loose or broken 2 [5/44 ) Same as 8.1-2,
From . pressure circuit wire . :
Pressure signal to 2 {51 . -
Sensor to J transmitrer (2) F:ilsito short ) inﬁla:ion /1| (2} nge as’ 8.1-2,
Transmitte : cireu ailure .
.
6487-2 ) i}
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. ) d . : . ]

TABLE C.S.1-8"

L1-1°S°)

. : ) . ‘ : o o FAILURE MODE AND EFFEC‘!’S ANALYSIS
_ - . . CRITICALITY ANALYS!S
PARY Aesas‘g LYO%"I“ ?gte Input (Cont.) ‘-".. Plant- Protection System (P'P_S) SDD~-99 . : -IPREPAREDBV \ .G VOods l A.“' a o
PART, ASSEMBLY|PART, ASSEMBLY]PART, ASSEMBLY] . . -
ITEM . SO : <>l . = CORRECTIVE ACTIONOR | PART ASEMILV OR PRDCIB
RPROCESS |. ORPROCESS FAILURE MODE FAILURE CAUSE sk =
wo | ORPROCESS | ORPRO ! &) £ CAUSES) o S|E 3|  FAILUREERFECTE) _ PREVENTIVE ACTION INTERFACINGS AN AEMARKS
NUMBER NAME FURCTION LN O B D !
8 7. Steam Flow | Compensatesd (1) Fails to low or [(1) Internal failure 2 5/2 (1) Same as 8.1-1.
’ Transmitted differentiafl.  zero output
press. SIZM}2) Fails to high  [(2) Internal fatlure | 1 [5/2 {(2) Same as 8.1-2.
or temp. i
. - output .
and
pressure
Amplifies
and converts
signal to
standard
PPS input, ) . .
3 Yiring Transmits’ | (1)- Fails. to open (1) Loose or broken 2 [3/1](1) Same as 8.4-1 . Same as 8.4~1
From differentiall circuit . wire safe fallure. .
Transmitter pressure . : ) ! : :
: (2) Fails: to-short 1(2) Insulation 2 |3/1 [(2) same as 8.4-1 .. . C }Same as 8.4-1
to Contlrol 5181".’1 eircuit C : failure safe failure,” - -
Room from’
7 | transmitter ’
to.control
room
9, Stean Flow | Provides (1) Fails to low or {(1) Internal failure 4 |5/1 (1) Same as 8.1-1,"
Transmitter] gowver to zero output, .
Pover dif.ferengial(z) Fails to high (2) Transformer 2 [5/1 [(2) Same as ‘8.1-2,.
Supply pressure : .
output winding short .
- { transmitter; .
. circuit

¢ 6872
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TABLE C.S.1-9
. UST EACH PART OR ASSEMBLY N THE DESIGN
. IDENTIEY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
. IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR-
FROM EACH FAILUREMODE
. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE

5. MAKE REFERENCE TO ANY OTHER PART OR ASSEMBE Y'WHICH THROUGH £N INTERFACE IR ;
ESTIMATE OF CALCUCATE THE PROBABILITY OF OCCURANCE 233’7’?.‘2‘;22‘&2‘0’1‘2‘5%%' FAILURE MODE AND EFFECTS ANALYSIS
6. ESTIMATE OR CALCULATE . 1B RUDE
OF EACH FAILURE I ] CRITICALITY ANALYSIS
7. IGENTIFY AND CARAY OUT CORRECTIVE OR PREVENTIVE ACTIONS TG PREVENT O MINIMIZE THE PO FEWTIAL FAILURE
PART ASSEMALY OF PROC L) ) PARED 8Y - )
Feedwater Mass v Rrate Input Plant Protection System (PPS) SDD-99 j PREPARED 8Y ». G. Woods l DATE
. * .
Tem M:J 'P:sos:zms:” ":; 'r:?::;w 'ﬁ'}'&rfﬁ?:“ FAILURE MODE(S) FAILURE CAUSEIS} SEI2El  eanuneerrecrs CORRECTIVEACTIONOR | PART, ASSEMRLY OR PROCESS
No. . . ] g =lz= k PREVENTIVE ACTION INTERFACINGS AND REMARKS
NUMBER NAME FUKCTION a@mOL -
9 1. [Differentia)Senses (1) Fails to low or (1) Internal failure 2 Is/2 |(1) Affected sensor
Pressure differential] zero output ; will indicate low
Transducer Jpressure . feedwater flow.
across . Failure may trip
venturi flow . - channel comparatoy
tube and or will be indicaged
converts it . by Interchannel
to an elec~- . Comparison.
trical Fallure may prevedt
signal comparator trip 1if
corresponding
decrease in steam
flow occurs,
(2) Fails to high (2) Internal failure 1 [5/2 |(2) Affected sensor
output : . : will indicate’
. : high feedwater
flow. Results
are same as 9.1-1
except that
comparator trip
may be prevented
- if a corresponding
increase in- steam
flow occurs.
2, Ffemperature {Senses steacf(l) Fails to low or |[(1) Open circuit in 2 |5/71 [(1) Same as 9.1-~1.
Eensor temperature zero output temperature oo i
to compensatje : circuit L
?:::mr‘:izs (2) Fails to high (2) Application of 1 {5/1 J(2) same.as 9,1-1.
output "~ hot short circuit :
PROBABILITY NUMBERS . DEFINITIONS CRITICALITY NUMBERS - " _DEFINITIONS
54 AN OFF.NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR 5 sAuLuns 10 PERFORM SAFETY FUNCTION
ONCE OR MORE DURING THE PUANT LIFETIME . DEGRADATION OF: SAFETY FUNCTION
32 CAIRING THE PLART LIFETIME HOWEVER, WHEN INTEGRATED EVER ALL PLANT. 3 WO EFFECT GV SAEETY BUT CALSES UIRCHEGULED DUTAGE:
COMPONENTS AND SYSTEMS, EVENT IN THIS CATEGORY MAY BE EXPECTED TO N 2 NO EFFECT O SAFETY, REPAIS DEF E“f" UN"‘ SC”“I-“-ED
OCCUR A NUMBER OF TIMES - B o OUTAGE - ) e
1 AN OFF-NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THATNO . : 1 © NOEFFECT ON:SAFETY.OR. °"“‘"'°“ - i
EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME *A /B Represents’ cri:igglicy to redundant com-
BUT WHICH, NEVERTHELESS, AEPRESENT EXTREME OR LIMITING CASES OF FAILURES : . ponent (A) “and criticality to system (B)
WHICH ARE IDENTIFIED AS CONCEIVABLE ) : : . ’ N



TABLE -C.S.1-9

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PARY ASSEMBLY QR PROCESS
Feedwater M

Uem

Plant Protection System (PPS) SDD-99

l PREPARED BY

P, G, Woods

]DATS

61-1°570

9/61 ‘bny
Gz ‘puawy

PART, ASSEMBLJ

1sg Flow Rate Input (Cont.)

PART, ASSEMBLY-OR PROCESS

Tem |TART. ASSEMBLY PART, ASSEMBLY] -84 - CORRECTIVE ACTION 0
'ND ORPROCESS | ORPROCESS | ORPROCESS FAILURE MODE(S) FAILURE CAUSE(S) SS|E2 FAILURE EFFECT(S) PREVENTIVE ACTIO. INTERFACINGS AND REMARKS
) NUMBER KAME FUNCTION I&|58
9 3. Wiring From|Transmits (1) Fails to open Loose or broken 2 13/1§(1) Single comparator One channel tripped.
Ttanducer |transducer circuit wire channel trip, System reconfigured
to signal to Indicated by into 1/2. Unscheduled
Transmitter|transmitter - Interchannel outage 1f another fail-
Comparison and ure occurs.
PPS Status Board.
Safe failure.
(2) Fails to short Insulation 2 13721(2) Same as 9.3-1 Same as 9.3-1
circuit failure safe failure.
4. Wiring Transmits |(1) Fails to open Loose or broken 2 15/1}(1) Same as 9.1-1
From temperature circuit wire
Temperature{signal to B )
Sensor to Jtransmitter|(2) Fails to short Insulation 2 |5/1](2) Same as 9.1-1
Transmitter . ecircuit failure
5. Feedwater |Compensates |(l) Fails to low or Internal failure 2 |5/1](1) Same as 9.1-1
Flow Rate [differential 2ero output
Transmitter|pressure .
signal + for §(2) Fails to high Internal failure| 1 [5/1](2) Same as 9.2-1
temperature output .
Amplifies
and converts
-{signal to
standard PPY
input )
6. Wiring from|Transmits [(1) Fails to open Loose or broken 2 |3/1](1) Same as 9.3-1 Same as 9,3-1
[Transmitter|differential circuit wire ) safe failure -
;zoﬁcntrol gze:i;r;rém (2). Fails to short Insulation 2 13/1{(2) Same as 9.3-1 Same as 9.3-1
i gna edreuit failure 'safe failure
transmitter Jto
. _leontrol. room. B . -
7. Transmitter|Provides (1) Fails to low or ) Internal failure| 4 {5/1](1) Same as 9.1-1
Power power to zero output ’
SupD; X g .
uPRLY :ii;:z:zna] (2) Fails to high Transformer 2 15/1)(2) Same as 9,1-2
iransmi:ter, output winding short
- circuit
6487.2




TABLE C.S.1-10

LIST EACH PART OR ASSEMBLY IN THE DESIGN

0¢-1°S°)

svers: 1.
' 2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
3. IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR
FROM EACH FAILURE MODE
& DETEGMINE THE EFFECT DF EACH FAILURE ON THE PRODUCT PERFORMANCE
5. MAKE REFERENCE TO ANY QTHER PART OR ASSEMBLY WHICH THROUGH &N INTEREACE
COULD'LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS : FAILURE MODE AND EFFECTS ANALYSIS
6 ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY IT :
OF EACH FAILURE CRITICALITY ANALYSIS
7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT O MINIMIZE THE POTENTIAL FAILURE
PART ASSEMELY OR PROCESS P/IN PREPARED BY DATE
Steam Drum Level Input Plant Protection System (PPS)-SDD 99 l ‘. P. G, Woods
*
PART, ASSTMELY{PART, ASSEMBLY[PART, ASSEMBLY . .
STEM . ; <> CORRECTIVE ACTION OR PART, ASSEMBLY CR PROCESS
R PROCESS OR PROCESS OR PROCESS FAILURE MODE FAILURE CAUSE @l o= FAILURE EFFELT(S) y
NO. ¢ ot 0 _‘S) 5 es E = ¢ PREVENTIVE ACTION {L.TERFACINGS AND REMARKS
NUMBER NAME FUNCTION ad|Jdo - :
0 1 HifferentiallUsed as statl (1) Column fails td(1) Operator maloper+ 2 |5/2 ) Steam drum level failure prevents trip
Pressure ic water low water level ation (inadver-— appears high.and of 1 channel. System
Column column to tent drainage of prevent single essentially reconfigur—
neasure column). (Column comparator channe) ed into 2/2. Safe as
idifferentiall leak trip on low steam long  as no other fail-
bbressure drum level. ures occur.
2 hifferentialSenses dif- | (1) Fails to low or [(1) Strain gauge | 2 73/2 Single comparator One channel tripped.
Pressure ferential zero output failure channel trip. System reconfigured
[fransducer (pressure . safe failure into 1/2. Unscheduled
- hetween (2) Fails to ‘high (2) Cracked strain |outage if another fail-
static wa :exJ output gauge plate ure .occurs.
column and - : 1 |5/2 k2) same as 10.1-1 Same as 10.1-1
steam drum :
level and
converts it
to electricafl
jindication
of steam
Hrum level
» .
3 Pressure #enses steam} (1) Fails to low or |(1) Rupture in pressurp 2 13/2 Steam .drum level Same as 10.2-1
Sensor drum pressurp " zero -output gensor appears low.Single
o compensatp comparator channel
A steam drum trip. Safe fail- .
flevel ure.
(2) Fails to high (2) Special internal 1{s/2]i Same as 10.1-1 Same as 10.1-1
output failure
ZSOBABILITY NUMBERS . ) DEFINITIONS - CRITICALITY NUMBERS ) DEFINITIONS
54 AN OFF NOSIAL CONDITION WHICH lNDlVlDUALLV MAY BE E‘(PECTED T0 OCCUR Y . FAILURE TO PERFORM SA*ETV FU‘NCTION- .
_ ONCE OR MORE DURING THE PLANT LIFETIME o DEGRADATION OF SAFETY FUNCTION
1.2 AN OF F NCILIAL CONDITION WHICH INGIVIDUALLY IS NOT EXPECTED TO OGCUR
DURING T ANTLUEETIME MOWIVER WHEN 'NTEGRATED OVER ALL PLANT 3 NO EFFECT ON SAFETY BUT CAUSES UNSCHEDULED: OUYAGF
COMPUNE' S AND 5YSTEMS, EVENT IN THIS CATEGORY MAY BE EXPECTED TN 2 NO EFFECT ON SAFETY, aem«m DEFERED UNTIL scneom.so .
. OCCUR A NUMBER OF TIMES OUTAGE :
3 AN OFF NOHMAL CONSITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO ) " NO EFFECT ON SAFETY OR OPERATION
EVENT IN THIS CATEGOAY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME . Represents criticality ‘to redundant com=

BUT-WHICH NEVERTWELESS-REPRESENT EXTREME OR LIMITING CASES OF FAILURES
WHICH ARE (DENTIFIED AS CONCEtVABLE

64874

*A/B

ponent (A) and. crl:icality to sys:em (B)




12-1°S°)

9/61 “bny

FAILURE. MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYS|S Lo

output

ing short circuit

TART ASSew ; - . — e e
SteamsslgrngfgvPealocIE:gut (cont "'Plant Protection System (PPS)-SDD 99 JP"'A“D 5 P, G, Woods . ]M’YE w
PART, ASSEMBLY]PART, ASSEMBLY{PART, ASSEMBLY] « > . > ) X
l:‘;M ORPROCESS QR PROCESS OR PROCESS * FAILURE MODE(S) FAILURE CAU_SE(S) E :3 E ’:‘: ) FAILURE EFFECT(S) cu':;ivc:,::fv:c:clgro:a ’ ;&1‘;{:3:::::“0::;:::?5
NUMBER NAME FuUXCTION s bl .
10 4 Wiring frogTransnits (1) Fails to open (1) Loose or broken 2 13/1 |(1) Same as 10,2-1 Same as 10.2-1
transducer Jtransducer circuit beive . safe failure
to trans- |signal to
@ mitter cransmitter.| (2) Fails to short _|(2) Insulation fail- | 2 |3/1 |(2) Same as 10.2-1 Same as 10.2-1
' circuit re . Safe failure
s Wiring frog Transmits (1) Fails to open (1) Loose or broken 2 13/1 {(1) Same as 10.3-1 Same as 1J.2-1
pressure pressure circuit . lwire Safe failure. S
sensor to |} signal to A
transmitted transmitter] (2) Fails to short |(2) Inaulation 2 13/1 K(2) Same as 10.3-1 Same ‘as 10.1-1
’ circuit fallure : safe failure . : '
) Steam . drum } Compensated (1) Fails to low (1) Internal failure 2 |3/1 {(2) Same as 10.2-1 Same as 10i2~1
tevel trand steam drum | or zero output : safc failure LT e
mitter level for . - B
: steam drum | (2) Fails to high (2) Internal failure | % [3/1 [(2) Same as 10,1-1 Same as 10,1-1
pressure. | output o
Amplifies
and con~
verts sig-
nal to
standard
PPS input
7 wiring from Transmits [K1) Fails to open (1) Loose or broken | 2 |3/1 K1) Same as 10.3-1 .{Same as 10.2-1
transmitter} steam drum § circuit wire Safe failure : : .
to control | level from | ’
room transmitterf2) Fails to short (2) Insulation 2 13/1(2) Same as 10.3-1 Same as 10.2-1
to control § circuit failure Safe failure .
room
] Ste"m drum |Prevides (1) Fails to low or {(1) Internal £ 11 4 13/1 {{1) Same as 10.3-1 Same as 10.2-1
level power|power to zero- output tailure Safe failure
el t £ ire
suppLy transmitter
electronics }(2) Fails to high (2) Transformer wing- 5/1{(2) Same as 10.1-1 ‘|Same as 10.1-1

Gg *pusuy




9/61 ‘bny

¢¢-1°S°)

GZ **puawy

srers:

TABLE C.S.1-11

A\

1. LIST EACH PARY OR ASSEMBLY (N THE DESIGN
IDENTIEY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR .
IDENTIEY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT |NCUR

; FROM EACH FAILURE MODE . N

. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE

. MAKE REFERENCE TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH £ N INTERFACE
COULD LEAD TO ANOTHER FAIL URE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS

. ESTIMATE OR CALCULATE THE PROBABILITY,OF OCCURANCE AND THE DEGREE OF CRiTICALLY

FAILURE MODE AND EFFECTS ANALYSIS

OF EACH FAILURE CRITICALITY. ANALYSIS
7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE ’ .
PART ASSEMBLY OR PROCESS PIN o - I PREPARED BY [ DATE
Primary Comparator Plant Protection Svystem (PPS) SDD-99 P, G, Woods
v - *
PART, ASSEMBLYIPART, ASSEMBLYJPART, ASSEMBLY : >
ITEM >l - CORRECTIVE ACTION OR MART, ASSEMBLY OR PROCESS .
NO. ORPROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) §‘§ Ei vFAILURE EFFECT(S) PREVENTIVE ACTION INTERFACINGS A_ND"RE’MARKS -
NUMBER NAME FUNCTION -] RTX* ) . . . .
11 1. Primary Compares (1) Fails to Cripped (1) Open or short 2 13/1}'(1) Comparator Pne logic train tripped
. Comparator | input output circuited out- ’ ' transmits trip Pystem reconfigured in-
signal with put or internal signal to 1 to 1/2. Unscheduled
fixed or failure channel of each gf putage if another fail-
calculated ] -3 logic trains. ure occurs '
set point, Failure indicated
when by PPS.Status
comparison Board. Safe failure .
1
8 (2) Fails to reset (2) Internal 1 | 5/1] (2) pisables 1 . Failure prevents trip
unfavorable =
comparator output Comparator channel in each pf 1 logic train,- ]
is tripped failure of 3 logic traing. Bystem reconfigured in-v
. to zero Failure indicated to 2/2. Safe as long
output. by periodic testihng. las no other faflures
o : bceur.
When comparison
is faorablg,
output is .
positive
) (reset). ) )
-2, Power Supplies pg (1) Fails to low or | (1) Internal Failure § 4 |3/1| (1) Same as 11.1-1
Supply voltage to zero voltage (e.g. fuse, except all 24
comparators rectifier) of A, B, or C
comparators fail
safe failure.
Indicated by PPS
Status Board.
(2) Fails to high (2) Transformer 2 {3/14 (2) Overvoltage
voltage primary winding monitor trips
short circuit. power supply off)
results as 11.1-1.
Safe failure .

ROBA

BILITY NUMBERS

DEFINITIONS

AN OFF.NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR
ONCE OR MORE DURING THE PLANT LIFETIME

AN OFF NORMAL CONDITION WHICH INDIVIDUALLY 1S NOT EXPECTED TO OCCUR
GURING THE PLANT LIFETIME HOWFVER WHEN INTFGRATED OVER alLl PLANT
COMPONENTS AND SYSTEMS, EVENT N THIS CAIFCORV MAY BE EXPECTED 10,
OCCUR A NUMBER OF TIMES

v AN OFF.NORMAL COND!TION OF SUCH EXTREMELY LOW PROBABILITY THAT NO
EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME
BUT WHICH NEVERTHELESS REPRESENT EXTREME OR LIMITING CASES OF FAILURES
WHICH ARE IDENTIFIED AS CONCEIVABLE

5.4

3.2

v 64871

CRITICALITY NUMBERS

. 1
#A /B

DEFINITIONS
FAILURE TO PERFORM SAFETY FUNCTION
DEGRADATION OF SAFETY FUNCTION
NO EFFECT ON SAFETY BUT. causes umcnsoumo ouTaGE

NO EFFECT O SAFEYY RE PAIR DEFENED UNTIL SC"EDULED ’

QUTAGE *

NO EFFECT.ON SAFETY OR'OPERATION o
. Represents cricicality te redundant co'n—
ponmc (4) and crlticality to system (B)




TABLE C.S.1-11

" FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS - »

PART ASSEMBLY OR PROCESS
Primarv Comparator

{Continued)

Plant Profection System (PPS) SDD-99

' ‘m’énh:n K

DR C.'Woods

[om :

PART, ASSEMBLY} .

QR PROCESS
FUNCTION

FAILURE MODE(S)

FAILURE CAUSE(S)

PROBA-
BIUTY
CHiT)-

CAUTY

FAILURE EFFECT(S)

CORRECTIVE ACTION OR
PREVENTIVE ACTION

PART, ASSEMBLY.0R PAOCESS” |
- INTERFACINGS AND REMARKS .}

£€2-1°S°)

Provides
input to
bypass
comparator

Fails to bypass
(no voltage)

Fails to unbypasd

(bypassing
voltage Inadver-
tently applied
to comparator)

(I)IOpen bypass circui]

(2) Total short circuf

around bypassing
switches and
permissives

~

No bypass of
comparator. A
false scram may
result should’
another failure
occur,

Failure prevents
comparator trip.
Failure indicated
by bypass light.

‘9761 *Bny
52 *puswy




TABLE C.S.1-12

STEPS: 1. LISY EACH PART OR ASSEMEBLY IN TNE DESIGN
2 IDENTIFY ALL TME POSSIBLE FAILURE MODES WHICH YHE PART OF ASSEMBLY MIGHKT INCUR
3. IDENTYIFY ALL THE POSSIBLE FAILURE CAUSES WHICN THE PART OR ASSEMBLY MlGHT INCUR
FROM EACH FAILURE MODE .
4, DETERMINE THE EFF ECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE . . .
5 MAKE REFERENCE TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH 4N INTERFACE . - -

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS FA'LURE MODE ANDEFFECTS ANALYS{S
6. ESTIMATE QR CALCULATE THE PROBABILITY OF‘OCCURANCLAND THE DEGREE OF CRITICALLY | . . . . CR'T'CALITY ANALYS‘S'

OF EACH FAILDORE

y2-1°5"9

9761 *Bny
GZ °pusuy

7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACYIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE ,
{PABLASSEMELY %?pa?“tsor PN plant Protection System (PPS) SDD-99 l’f“""""’ B 6 Wods l DATE
. -
E PARY, ASSEMBLY|PART, ASSEMBLY]PART, ASSEMBLY : 1> N
ITEM | 5 <> =~ CORRECTIVE ACTION OR PAR, ASSEMBLY OR PROCESS
NG, aR PHDCE;S OR PROCESS DR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) § "E' Eg FAILURE EFFECT(S) PREVENTIVE ACTION INTERFACINGS AND REMARKS
NUMBER NAME ‘FUNCTION S .
12 1. Secondary | Compares (1) Fails to tnpped (1) Open or short 2 |3/1 | (1) Comparator out- One of 3 general coin-
Comparator | input output circuited puts trip signal cidence logic trains
signal with output or internsfl to 1 of 3 generdl tripped. System re-
fixed or fallure coincidence logid configured into 1/2.
calculaced channels. Failurp Unscheduled outage 1if
set point. annunciated by another failure occurs.
When PPS status board. .
comparison Safe failure
s unfavora %'Z’) Fails to reset (2) Iarernal 1 §5/1§(2) 1 out of 3 genersh, Fallure prevents trip.
comparator : : . incidence legic £ 1 cotn-
trips to output comparator failurp coinciden o8 of one general co
. channels for 5ubsystem cidence logic trains.
zero output . A .
when cannot trip. System essentially
comparison Failure indicated reconfigured into 2/2.
is favorabl by pariodic Safe as long as no
[ testing. other-failures occur.
output is .
positive
(resec).
2. Power Supplies DC| (1) Fails to low or | (1) Internal fatlured & |3/1}(1) Same as 12.1-1 Same 25 12.1-1
Supply voltage to . zero voltage (e.g. fuse or except that all
secondary ' rectifier comparators A L
comparators ' . connected to powe]
supply are affecﬁa
Safe failure
(2} Fails to high (2) Transformer ' 2 {3/1 | (2) Overvoltage monitbr Same as 12.1-1
voltage primary winding: trips power supplly
short circuit off. Results
same as 12.2-1,
Safe failure

PROBABILITY NUMBERS

DEFIN)TIONS

CRITICALITY NUMBERS

" _DEFINITIONS

54 AN OF F-NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR 5 FAILURE TO PERFORM SAFETY FUNCTION ‘
: ONCE OR MORE DURING THE PLANT LIFETIME 4 DEGRADAT'ON OF SAFETV FUNCTION .
12 AN OFF NDAMAL CONDITION WHICH INDIVIDUALLY IS NOT EXPECTED TO OCCUR FEECT-ON SAFETY BUY
) DURING THi I"LANT LIFETIME HOWEVER WHEN INTEGRATED OVER ALL PLANT 3 NOE C O s . TCAUSES UNSC”EDUL£D OU1AGE
COMPONENTS AND §YSTEMS, EVENT IN THIS CATEGORY MAY BE EXPECTED TO 2 NO EFFECT o SAFETY, REFAIR DEFERéD UNTIL SCHEDULED
OCCUR A NUMBER OF TIMES QUTAGE
1 AN OFF NORMAL CONDITION Of SUCH EXTREMELY LOW PROBABILITY THAT NO 1 NO EFFECT ON SAFETY OR OPERATION
EVENT INTHIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME *A/B Represents criticality to redundant coms’

6447 1

BUT WHICH, NEVERTHELESS, REPRESENT EXTREME Oﬂ L|M|TING CAS&S OF FAILURES
WHICH ARE IDENTIFIED AS CONCEIVABLE = 7~ - o

ponent (A) and criticality to system. (B)
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8L61

TABLE C.S.

1-12

-FAILURE. MODE

-AND_ EFFECTS

. MoD! ANALYSIS
‘CRITICALITY ANALYSIS '
StGCa—. : SIS A a————
PARY ASSEMBLY OR PROCESS PN . K : : . ) : . L oy . R - t
Serondary Tomparate r(Continued) Plant Protection Svatems (PPS) SDD-99 JP‘RE}A!‘ED!Y G, Woods. . ) _ln-‘"E
banT. assemsLvlrant, AssemervlPanT, Assemsiy ' o L r , , o o
1ITEM P ; " L8 Ry CORRECTIVE ACTION OR PART, ASSEMSLY.OR _'HDGE_S»
wo. QR PROCESS QR PROCESS OR PROCESS FAILURE MODES) ) FAILURE CAUSE(S) 85 E 2 FAILURE EFFECT(S) PREVENTIVE ACTION IHTERFACINGS AND NEMANKS
NUMSER NAME - FUNCTION . ES[53S . : S _
(12
f
3. Secondary JProvides |(1) Fails to bypass (1) npen bypass 2 {3711() No bypass of Eame as 12.1-1
Comparator Jinput to’ {no voltage) circuit comparator. A .
3ypass ‘fbypass - false scram may @
Clreuft comparator result should
another failure
. ) accu . -
(2) Tails fo unbypassj(2) Total short 1 §5/1}(2) failure preverits : fame as 12.1-2 .
(bypassing circuit around comparator trip.
voltaee inadvertegtls tvpassing switcheg Fiilure indicared
anplicd to : and nermissives hy bvpass ligh* .
- comparator).

64872
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TABLE C.S.1-13

STEPS: 1. LIST EACH PART OR ASSEMBLY IN THE DESIGN

IDENTIEY. ALL TME POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR’

IDENTIFY ALL THE POSSTBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT mcun

£POM EACH FAILURE MODE

& DETEAMINE YME EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE

S MARKE REFEPENCE TOANY OTHER PART OR ASSEMSLY WeiICH THROUGH &N INTERFACE
COULD LEAD TO ANOTHER FAILURE MAKE ANY ADOITIONAL CONTRIBUTING REMARKS

$. ESTIAATE OR CALCULATE THE PROBABILITY OF OCCUAANCE AND TME DEGREE OF CRITICALLY

pe

FAILURE 'MODE AND EFFECTS ANALYSIS

OF EACH SAILURE CRITICALITY ANALYSIS
7 IDENTIEY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE . . :
T T » L2 o :
'P‘rﬂi‘s‘as:s;v!_‘;;iock ‘1520:1[:5 Plant Protection System (PPS)SDD-99 ]PREPAQED BY P, G. Woods I oATe 9/3/74
3 " e
- |PART, ASSEMBLY|PART ASSEMBLY|[PART, ASSEMBLY] , s
'::" preaocess | omprocess | onPROCESS FAILURE MODE(S) FAILURE CAUSE(S) 55 2% FAILURE EFFECT(S) m,':x;,::fv:?g;,:" ::;:L::f:;:.?;:::m-
) NUMBER NAME FUNCTION £5{S3
13 1 Enterrack [Transeits (1) Fails to open (1) Loose or broken 2 3/1 K1) Trip signal to One logic train tripped
wiring frow pomparator circuit wire 3 b logic train. Indi- : System reg'cmﬁgured
. pomparator pusrut to rated by PPS Status - into 1/2. Unscheduled
ko primary phcto trans—|. Board. Safe faflure 7 outage if another faile
hogic ‘!istor input i ) ‘fure occurs.
(2) Fails to short (2) Insulation fafl-} 5 3/1X2) Same as 13.1-1 Same as 13.1-1
circuit ure fafe fallure :
2 Fhoto transqlsolates (1) Output fails to (1) Photo tramsistor! 3/1{(1) Same as 13.1-1 Same as 13.1-1
Hstor instrument trip szate failure afe failure
channel r
signals be- }-(2) Output fails to | (2) Hot shorec 1 [5/1§(2) Single logic trair Fallure prevents trip
fore combin- reset state 1111 not trip. Fail- 1of single logic tratm.
ing them in . ire indicated by PPS |Svstem essentially re-
2 of 3 logld . honitor. configured .into 2/2.
' Safe as long as no
3 wiring frogiransmits (1) Fails to open (1) Loose or broken 2 |3 K1) 5ame as 13.1-1 other failures occur.
phototransfoutput of cireutit wire Kafe failure Same as 13:1-1
istor %o Ibhoto trans- ) . .
jogic istor to (2) Fails to short (2) Insulation fail-] , |3/1K2) Same as 13.1-1 Same as 13.1-1
trains Bogic train.}circuit ure bafe failure :
4 Primary Combines (1) Output fails to | (1) Internal Failure{, [g,) K1) Same as 13.2-2 Same ' as *12.2~2
Logic Trairkomparator |reset state
(includes putputs in
. 12/3 and P/7 logic (2) Output fails to | (2) Internal failure| , |} 3,)K2) Same as 13.1-1 Same as 13.1-1
1/24 mod- fkoincidence { trip state . kafe fajilure -
ules)
PROBABILITY NUMBERS : ) DEFINITIONS CRITICALITY NUMBERS LT T T oERNITIONS
9 AN OFF-NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED T0.0CCUR s FAILURE YO PERFORM SAFETY FUNCTION
ONCE OR MORE OURING TME PLANT LIFETIME : DEGRADATION OF SAFETY FUNCTION
12 AN OF E.NORMAL CONDITION WHICH INDIVIDUALLY 1S NOT EXPECTED TO OCCUR P - :

OULRNG THE PLANT LITETIML, MOWEVER WHEN ‘NTEGRATED OVER ALL PLANT

a4
1 MO EFFECT ON:SAFETY BUT CAUSES UNSCHEOULED OUTAGE
COPMPONENTS AND §+STEMS, EVENT [N THIS CATEGORY MAY BE EXPECTED TO 2

9/61 *bny
62 " puauy

OCLUR ANUMBER OF TIMES

AN OFF NOKMAL COYDITION OF SUCH EXTAEMELY LOW PROBARILITY THATNO

EVENT IN THIS CATEGORY 14 EXPECTED "0 WCCUR DURING THE PLANT LIFETIME

BUT WHICH NEVEﬁY"fLESS REPREYENT E2 TREM( OR LIV"YING CASES OF FAtLURES c -
WHICH ARE IDENTIFIED ASCONCEIVARLE

AA/B

ND EEEECT ON SAFETY REPAIR DEFERED UNTIL SCHEDULED
ouTAGE .

T NOEFFECT- ')N SAiEYV ‘on OFE&A'ION N
Represer

rnncant\ to todundnnl con-
and. :r‘.('calu\ r.o svsten (3)-




TABLE C.S.1-13

o FAlLURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

£2°1°8")

9/6L *bny
~GZ *puauy

"é‘,'ii.‘ii}“"'tog | PROCE K ~:'¥Lm: Protection System (PPS)SDD-99 Immn:p (14 5. G Woods., _ l,n 75.,9)””.
1. . . * .
PART, ASSEMBL Y|PART, ASSEMBLY|PART, ASSEMBLY] . | ! a»1. > . .
ITEM . @l CORRECTIVE ACTION-OR PART, ASEHBLV OR PHOCE§
iy OR PROCESS OR PROCESS oR PROCFS FAILURE u_onzm FAILURE CAUSF(S) 23 .E = FAILURS EFFECT(S} PREVE“T\_VE‘ACTmi "nQMAc"ms ARD' REHARKS
NUMBER NAME FUNCTION : adlao
13 5 Primary Logj Amplifies | (1) Fails to low or |(1) Internal failure | 2 {3/1 {(1) One channel of . Same .as 13.1-1
: ic Drivers signal fror] zero output scram breakers trip.
: logic trairf | ‘ ) Failure indicated by
to-scram ) : ’ PPS Status Board.
_breaker UV ' ) Safe failure
‘coil : o )
.(2) Fails to high (2) Transformer wind-| 1 [5/1 |(2) Same as 13.2-2. " Same as 13.2-2
output ing short circuit : ’ .
6 Primary = |Provides (1) Fails to low or (1) Internal failure | 4 [3/1 {(1) Same as 13.1-1 . {Same as 13.1-1
Logic Power |necessary dd zero voltage transformer, rectifiej Safe failure ’
Supplies voltages fod . : . or fise) A
logic mod- ’ : . - ) A :
ules (2) Fails to high (2) Transformer wind-| 2 {3/1 [(2) Over voltage mon~ o Same as 13.1-1:
voltage " ling short circuit : itor on power supply o I ’
. trips voltage off, '
Same’ results as 13.1-]
%afe Failure.
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STEPS:

wN e

. LIST EACH PART OR ASSEMBLY IN THE DESIGN
IDENTIFY ALU.THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
. IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE -

" a

. DETERMINE THE EFFECT OF EACH FAILURE ON TNE PRODUCT PEﬂFORMANCE
. MAKE AREFERENCE TO ANY OTHER PARYT OR ASSEMELY WHICH THROUGH £ N INTERFACE

"TABLE C.S.1214

COULD LEAD YO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
6. ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGNEE OF CAITICALLY
———— ———
OF EACH FAILURE

7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENY!VE ACTIONS TO PREVENT OR MINIMIZE THE POTEMTIAL FAlLUﬂE

FAILURE MODE-AND EFFECTS ANALYSIS.
CRITICALITY ANALYSIS

PASRngi%E;IIrE}.Y %F;;izoc'f:z‘n "F!'lant Protection System (PPS)SDD 99 I'%E'Q?EV ods l Oate 9/3/74
. : *
PART, ASSEMBLY|PART, ASSEMBLY|PART, ASSEMBLY] . > .
ITEM a»]| . ¥ CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESS
. OR PROCESS OR FRO[IZES OR PROCESS FAILURE MODE(S) F.All.URE CAUSE(S} é 5 5 2 FAILURE EFFECT(S! PREVENTIVE ACTION INTERFACINGS AND REMARKS
RUMBER NAME FUNCTION L =R E
14 1 Interrack | Transmits (1) Fails to open (1) Loose or broken 2 13/1)(1) Trip signal to 1 One logic train trippedf
writing comparator |circuit wire logic train. Failure System reconfigured in-
from com- }output to | indicated by PPS to 1/2. Unscheduled
parator to {logic train Status Board. Safe outage 1f no other
logic failure failure occurs
(2) Fails to short (2) Insulation fail- 2 {3/1}(2) Same as 14.1-1 Same as 14.1-1
circuit ure Safe failure.
2 Secondary | Combines (1) Output fails to | (1) Internal failure 2 13/11(1) 1 logic train Same as 14.1-1
lLogic Train| 1ike out trip state trips. Failure indi- )
(1/16 mod~ puts from - cated by PPS Status
ules) lai1 16 . Board. Safe Failure
comparators . -
(2) Output fails to- | (2) Internal faflure | 1 15/1|(2)1/16 1n§ipab1§ gf- Failure prevents trip
reset state scram, Indicated by of 1 logic train. Sys-]
o : periodic testing. tem reconfigured 1nti - b
3 Logie driv-]| Amplifies (1) Fails to low or { (1) Internal failure 3/1}(1) Same as 14.2-) 2/2. Safe as long as
er . { necessary {zero output Safe failure no other fallures ocecur
signal for ) - . !
final acti~}(2) Fails to high (2) Transformer )
vation output {winding short circuit] 1 }5/1{(2) Same as 14.2-2 Same as 14.2-2 )
logic : ’ °
4 Secondary |Provides (1) Fails to low or | (1) Internal failure 4 1 3/11(1) Same as 14,2-1 ~ Same as 14,1-1
Logic necessary zero.voltage {eg transformer, rec- safe failure
Power voltage for tifier or fuse fail- .
Supplies logic train yre) 2 +'3/11(2) Overvoltage mon- -{Same as .14.1-1
itor on power supply
(2) Fails to high (2) Transformer wind- trips-voltage off.
voltage ing short circuit same results as 14.2-~
1. Safe failure.

PROBABILITY NUMBERS
54

32

6487-1

AN OFF-NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR
ONCE OR MORE DURING THE PLANT LIFETIME

AN OFF NORMAL. CONDIT!ON WHICH |ND|VDDUALLY 1S NOT EXPECTED TO OCCULR
DUHKING THE #LANY LIFETIME, HOWEVER, WHENINTEGHATED OVER ALL PLANT
COMPONENTS AND SYSTEMS, EVENT 1M THIS CATEGORY MAY BE EXPECTED TO

OCCUR A NUMBER OF TIMES

AN OFF.NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO
EVENT IN THIS CATEGORY 4S EXPECTED TO OCCUR DURING THE PLANT (IFE TIME
BUT WHICH, NEVERTHELESS, REPRESENT EXTREME OR LIMITING CASES OF FAILURES
WHICH ARE IDENTIFIED AS CONCEIVADBLE

CRITICALITY NUMBERS

—

H

a
3
2

1
*A/B

DEFINITIONS

. FAILURE TO PERFORM SAFETY FUNleON
" DEGRADATION OF SAFETY FUNCTION ~

NO EFFECT ON SAFEYV 8UT CAUSES UNSCNEOULED OUTAGE
NO EFFECT Ofv SAFETY REPAIR DEFERED UNTIL SCﬂEDULED_

OUTAGE

NG EFFECT ON SAFETY OR OPERATION
Represents criticality to redundan‘: com=
ponent (A) and -criticality to system (B)
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TABLE C.S.1-15

" STEPS: 1. LIST EACH PARY OR ASSEMBLY iN THE DESIGN
2 IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR . :
3. IDENTIFY ALL THE POSSIBLE EAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR . . . : T
FROM EACH FAILURE MODE . ) NEETIEE
4. DETERMINE THE FFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE ) ! Lo T
5 MAKE REFERENCE TG ANY OTHER PART OR ASSEMBLY WHICH THROUGH £ N INTEREACE . . B
COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS - : ¢ 1. Y Q1€
6. ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY : _FA‘»L.U-H.E MODE AND E.FFECTS_ ANALYSIS
OF EACH FAILURE - : CRITICALITY ANALYSIS L )
7. IDENTIEY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL: FAILURE : ' ) ' S .
PART-ASSEMBLY QR PROCESS . PIN L o C _ | rREPARED BY : A pate
Primary Calculational Unie _Plant Protection System (PPS) SDD-99 . . l P, G. Woods ‘D 9/4/74
* . o )
PART, ASSEMBLY|PART ASSEMBLYIPART, ASSEMBLY . - B
ITEM y arl.e CORRECTIVE ACTION OR PART,d ASSEMBLY OR PHOCESS
.y OR PROCESS OR PROCESS oR _PROCFS.) FAILURE MODE(S) . FAILURE CAUSE(S) a3 E s FAILURE EFFECT(S} PREVENTIVE ACTION INYERFACINGS AND REMARKS
NUMBER NAME FUNCTION £3| 83|
15 1, "{Primary Derives (1) Fails to low or | (1) Internal failure| 4 |5/1f(1) Failure may be
: Calculatfionpl secondary}{ =~ zero output - safe or unsafe
Unit trip : . . depending on the
parameter * particular pro-
for comparafor - : . . tective function
{e.g., flux - ) _considered. 1
delayed ‘L o -channel affected
flux, flux 3y ;
-\/_‘riEa—u?;' (2) Fails to high (2) Internal failure | 4 [5/1](2) Same as 15.1-1
pres * output : .
primary- . .
intermediatg L .
speed, .
steam-feed~
water flow)
2, Primary Supplies |(1) Fails to low or | (1) Internal failure [ 4 |5/1}(1) Failure may be
Calculationpl power 'to © * zero voltage .- safe.or unsafe
Unit Power |primary : : ’ . .depending on
Supply calculation S ' ) . the. particular
. units 1 . ’ protective
: ’ function considerpd.:
Failure affects
all calculational s
units of train .1
. : A,"B, or C. p
(2) Fails to high (2) Internal failure | 2  {|5/1[.(2) Same as 15.2-1
output ' : - .
PROBABILITY NUMBERS ) DEFINITIONS . o . s CAITICALITY NUMBERS _ ’
54 AN OFF.NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTEOD TO occuﬂ . L T » FAILURE TO PERFORM SAFETY. FUNCTION
. ONCE OR MORE DURING THE PLANT LIFETIME B s " DEGRADATION OF SAFETY FUNCTION S
12 AN OFF NORMAL CONDITION WHICH INDIVIDUALLY IS ~ov EXPECTED TO oCCuR . S . NO EFFECT ON SAFETY BUT.CAUSES UNSCHEDULED OU¥ ¢
DURING THE PLANS LIFETIME, HOWEVER, Wit N INTEGRATED OVER ALL PLANT -
COMPONENTS AND SYSTEMS, EVENT IN THIS CATEGORY.MAY BE £XPECTED TO . 2 ND EFFECT Oiv SAFETY, ‘REPAIR Dsssnén UNTIL scnsoun.tb :
OCCUR A NUMBER OF TIMES OUTAGE
) AN OFF NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO 1 .- . NOEFFECT ONSAFETY.OR ov:nn.on :
EVENT IN THIS CATEGORY IS EXPECTED T0 OCCUR DURING THE PLANT LIFETIME *A/B ' Represents < riticality to. redundant com~
BUT WHICH, NEVLHTHELESS, REPRESENT EXTREME OR.LIMITING CASES OF FAILURES - - ponent (A) and criticality to system (B)..

WHICH ARE IDENTIFIED AS CONCEIVABLE
64871
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SYEPS: 1. LIST EACH PART OR ASSEMBLY IN THE DESIGN
2 IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
3. IDENTIFY ALL THE POSSIBLE f_A_ILU__RM_Sj_S WHICH THE PART OR ASSEMBLY MIGHT INCUR
FROM EACH FAtLURE MODE
4. DETERMINE THE EFFECT OF EACH rmwas N ThE ‘PRODUCT PERFORMANCE
5. MAKE REFERENCE TG ANY OTHER PART OR ASSEMBLY WHICH THROUGH &N INTERFACE : . :
COULD LEAD TC ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS © . ‘FAILURE MODE AND EFFECTS ANALYSIS
6. ESTIMATE OR CALCULATE THE PHOBABILITY OF OCCURANCE AND, THE DEGREE OF CRITICALLY R
OF EACH FAILURE CRlTlCALITY ANALYSIS
7. IDENTIFY AND CARAY OUT CORAECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE
PART ASSEMBLY QR PROCESS . P/N ) R . PREPARED 8Y g . < 1 0ATE - )
Secondary Calculational Unit . Plant Protection System (PPS) SDD-99 l . P, G. Woods " 9/4/74
- - - - - - — -
_ |PART, ASSEMBLY|PAAT, ASSEMBLY]PART, ASSEMBLY - B ' . e o y on | -sanT ; f 3
ITEM p f g of R CORRECTIVE ACTION OR PART, ASSEMBLY oR PROCESS
NO. OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) = E S FAILURE EFFECT(S}  PREVENTIVE ACTION _INTERFACINGS AND REMARKS
NUMEER - NAME FUNTTICN . az@lco - .
16 1. Secondary perives (1) Fails to low or |(1) Internal failure 4 S/1% (1) Failure may be
Calculatiomnl secondary zero output safe or unsafe
Unit krip . - - : depending on the o .
parameter fof particular pro- :
omparator tective function
(e.g. modifipd : - considered. 1
tuclear rate} : channel affected
ff lux-total X . -
flow, primary (2) Fails to high (2) Internal fatlure ] 4 |5/1] (2) Same as 16.i-1.
Entermediate output
If Low)
2. Secondary Pupplies (1) Fails to low or |(1) Internal failure 4 5/11 (1) Failure may be
Calculationpl power - zero voltage ’ ) safe or unsafe
Unit Power ko secondary . ) depending on the
Supply Falculational . particular
pnits . | functicn considened.
+ Failure affects
all calculationalf
units of train
. A, B, and C.
(2) Fails to high (2) Internal failure | 2 |5/1] (2) Same as 16.2-1
voltage
PROSABILITY NUMBERS . . DEEINITIONS S CRITICALITY NUMBERS " pEFINITIONS
54 AN OF F-NORMAL CONDITION WHICH INDIVIDUALLY MAY 8¢ EXPECTED TQ OCCUR s - FAILURE TO PERFORM SAFETY FUNCTION
. ONCE OR MORE DURING THE PLANT LIFETIME . . DEGRADATION OF SAFETY FUNCTION .
3.2 - AN OFE.NORMAL CONDITION WHICH INDIVIOISALLY IS NOT EXPECTED TO OCCUR N .
© DJRING THL PLANT LIFETIME HOWEVER WHEN INTEGRATID OVEA ALL PLANT 3 NO EFFECT ON SAFETY BUT CAUSES UNSCHEDULED OUTAGE
COMPONENTS AND SYSTEMS, EVENT IN THIS CATEGORY MAY BE EXPECTED TO 2 NO EFFECT on SA‘"V AEPAIR'DEFERED UNTIL SCHEDULED
OCCUR A NUMBER OF TIMES . : . OUTAGE
l AN OFF-NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO N i ) . NO'EFFECT'ON SAFETY-OR OPERATION
EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME - *A/B Represents criticality to redundant com-
BUT WHICH, NEVERTHELESS, REPRESENT EX THEME OR LIMITING CASES OF F AILURES ponent (A) and criticality -to system (B)

WNlCN ARE IDENTIFIED AS CONCEIVABLE
64871 . .
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TABLE. C.S.1-17

1. LIST EACH PART OR w tN THE DES'OM

2 IDENTIFY ALL TME POSSIBLE FAILURE MDOEEWH’CH THE PART OF ASSEMBLY MIGHT INCUR

3 IDENTIFY ALL THE ?OSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHY INCUR
FAOM EACH FAILURE MODE

4, DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE

5. MAKE REFERENCE TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH AN INTERFACE . ) ) o
COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING R EMARK§ FAILURE MODE AND EFFECTS ANALYS'S

6. ESTIMATE OP CALCULATE THE PAOBABILITY-OF OCCURANCE AND THE DEGREE OF CRITICALLY S
) Co CRITICALITY ANALYSIS

OF EACH FAILURE
. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS YO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

~

PART ASSEMBLY OR PROCESS PIN ) PREPARED BY : <] oare . :
Qeram Actuation Losic . Plant Protection System (PPS) SDD-99 . r . P. G. Woods 19/4/74
. i *
PART, ASSEMBLY[PART, ASSEMBLY|PART, ASSEMBLY] . L e . y
ITEM . . : . ¥l g . CORRECTIVE ACTIQN OR PART, ASSEMBLY QR PROCESS
X0, OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) §’:' Ei FAILURE EFFECT(S) PREVENTIVE ACTION INTERFACINGS AND-R!MAR!(S
NUMBER NAME FUNCTION edloa ) I ' )
17 . Wiring frod Transmit (1) Fails to open (1) Loose or broken 2 §3/1 (1) One bresker : . One logic train tripped.
Logic voltage circuit : wire - channel trips. _ System reconfigured in-
Drivers‘ frc?m logic : Safe failure . to 1/2. Unscheduled
;:1:35 :1-1!1::§ac: (2) Fails to short (2) Insulation 2 |371 {(2) same as 17.1-1 outage 1f another fail-
B 3 -‘ ¥ cireuit - failure Safe failure ure occdrs. )
Same as 17.1-1
2, Manual Manual (1) Fails to . (1) Loose or broken 2 |3/1 (1) Same as-17.1-1 |Same as 17.1~1
Scram interruptich . deenergized wire Safe failure ’ . .
Relays to voltage | ~ position .
v )
on rela)?z) Fails in energized(2) Insulatiou failurd 2 }3/1 |(2) Manual scram will -
position or welding of g0 to completion
relay contacts ) through redundant
relays. Automatid
scram not affected
3. Manual Permit (1) Fails in scram . |(1) Mechanical 2 J3/3 (1) Reactor scram
Scram ‘manual " position failure ' Safe failure
Swizches seram bY oy pag1s in reset (2) Mechanical 2 1571 }(2) Failed switen
operator
position . failure cannot initiate
reactor scram.
Redundant scram
switch not
affected. :
4, - { Scram Trip (1) Fails to open - |(1) Loose or broken 2 |3/1 }J(1) Same as 17.1-1
Breaker actuator circuit wire Safe failure
Undervoltage ' . :
C:il o g scfz; [(2) Fails to short (2) Insulation 1 2 {371 (2) same as 17.1-1
‘ breaker circuit ) failure ‘Safe failure -
PAOBABILITY NUMBERS ‘ DEFINITIONS ) CRITICALITY NUMBERS ~ ~ © o:smmoa:s
5.4 . AN OFF-NORMAL CONDITION WHICH iNDIVIDUALLY MAY BE EXPECTED TO OCCUR s FAILURE TOPERFORMSAFETY wmcnon '
ONCE OR MORE DURING THE PLANT LIFETIME ’ e " bEGRADATION OF SAFETY FUNETION
32 AN OFF-NCAMAL CONDITION WHICH INDIVIDUALLY 1S NOT EXPECTED TO OCCUR . : NO EFFECT-ON SAFETY BT RAUSES U'\HCHEDU\.EDDUMGY
DURING THE PLAN] LIFETIME HOWEVER WHENINITEGRATEO OVER ALL PLANT h
COMPONENTS AND SYSTEMS, EVENT iN THIS CATEGORY MAY B8E EXPECTED TO 2 NO EFFECT-OWSAEETY, REFRIR DEFERED UNTIL SCHEDULED
OCCUR A NUMBER OF TIMES . . OUTAGE
1 AN OFF-NORMAL COMDITION OF SUCH EXTREMELY LLOW PROBABILITY THAT NO R : NO EFFECT ON SAFETY OR'QPERAnoN-
EVENT IN THIS CATEGORY 15 EXPECTED TO OCCUR DURING THE PLANT LIFETIME *A/B Represents criticality te redundant com-
BUT WHICH, NEVERTHELESS, REPRESENT EXTREMY OR LIMITING CASES OF FAILURES : . ponent (A) and <riticality to system (B)

WHICH ARE IDENTIFIED AS CONCEIVABLE
64871
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TABLE C.S.1-18

"I STEPS: 1. LIST EACH PART OR ASSEMBLY'IN THE DESIGN : .

2. IDENTIFY.ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR

3 IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR
FROM EACH FAILURE MODE

4. OETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE

5. MAKE REFERENCE TO ANY OTHER PART OR ASSEMBLY WMICH TMROUGH £ N INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS i FAILURE MODE AND EFFECTS ANALYSIS
6. ESTIMATE OP CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CHITICALLY
OF EACH FAILURE - — . CRlTlCALITY ANALYSIS
2. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE ’
PART ASSEMBLY OR PROCESS #IN } . i = g . B . PREPARED BY 3 . . DATE -
Heat ’rran sort (HTS) Shutdown Logic Plant Protection Svstem (PPS) SDD-99 P, G, Woods 9/4/74
. 3 =
yrem [ ART. ASSEMBLYIPART, ASSEMBLYIPART, ASSEMELY EAILURE CAUSE(S) x| .k CORRECTIVEACTIONOR | PART, ASSEMBLY OR PROCESS
%0 OR PROCESS 0R PROCESS R PRUCESS' FAILURE MODE(S) Al 8% E 5 FAILURE EFFECT(S) PREVENTIVE ACTION INTERFACINGS AND REMARKS
N NUMBER NAME | FUNCTION ] Ky : S
& 1. Auxiliary (Initiate HTS (1) Contacts fail ) (1) Poor electrical 2 3/ 1) 2/3 contact obénilgs—
Cuntacts shutdown on | open Contact are required for
on Scram eactor scrap ' HTS shutdown,
; . Breakers ’ Safe failure
(2) Contacts fail (2) Insulation 2 §'5/11(2) 1 channel cannot
closea . breakdown open., HTS Shutdoyn
. from other channel
) . . - coatacts,
2, Shutdown [oil indicatd«(1l) Fails to de- (1) Relay coil open . { 2 | 3/1/(1) Same as 18.1-1
Relays cram energized positidn circuited (loose |. - Safe failure
breaker or broken wire)
. position ’ .
(2) Fails to energizgd(2) Relay blocked. 2 |5/1§(2) Same as 18.1-2
position : »
3. HTS fnevgizing | (1) Fails to open. (1) Loose or broken 2 ] 5/1§(1) Coil incapaﬁle'of
Breaker pither ) circuit’ wire . : © breaker trip.
Trip Coils primary or Secondary coil or
Secondaz.'y redundant breaker
trip.c01l. must provide trip.
-+ i’pieHTS (2) Fails to short (2) Insulation 2 15/12) Same as 18.3-1
prearer circuit failure
l 4, Wiring Fransmits (1) Fails to open (1) Loose or broken 2 §5/1(1) Same as 18.3-1
i "lfrom . krip voltage circuit wire
! Sh signal ¢ .
Futdawn s‘i%na. e (2} Fails to short |(2) Insulation 2 | 5/14(2) Same as 18.3-1
Relay TS shutdown: p . . *
" : - circuit- failure
Panel to  preaker
HT13 Breaker|
frip Coils
PROBABILITY NUMBERS i ‘ } "DEFINITIONS 