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1. Scope

These criteria establish minimun reouirements for the cafety-related func-

tional performance and reliability of electrical equipment for stationary
nucicar reectors producing stean for eleciric pover geraration. For
purpuses of these criteria, the nuclear pover genevating station safety
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ety Class 1 Electrical Equipment would apply ts eny electrical

eqiipment contained in an electrical system the failure of which

covld cavse an ANS Cendition ITI or Condition 1Y loss of reactor coolant.
There is no elecirical equipment in Sofety Ciass 1 and, thus, re- ‘
quirements for Safety Class 1 Slectrical Equipwent have not been ceveloped.

Safety Class 2 Electrical Equipment epplies te the electrical equipment:

a. That is required to periom thewe safely sysiem functions:
shutdown the reactor, isolate the reactor containment,
cool the. reactor core, ceol the reacter conteinrent, main-
tain hydrogen inside the reacior containment to within
acceptable limits, and paintain radgivactivity inside or
outside the reactor coniainment to within acceptable limits.
b. That is provided in the wey of interiocks to prevent an
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accident,

c. That is required to maintain the plant in & safe end secure
shutdown condition.

d.  That is required to eachls the oporator to ieke manval action
€q i
essential to safety durine ihe course of an accident or during
post accicent contrel,



e. That is requived to remove decay heat from spent fuel,
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the functions of Items 2 through ¢ above.

required to provide and distribute energy for

Safety Class 3 Electrical Equipment applies to the electrical equip-
ment not in Safety Class 2:
a. Tual is requived o verify that plant operati a
are within limits assumed for the safety analysis of the

planti.

b. That is reguired to indicate the status of safety system
bypusses that are not automatically removed as part of the
saiely system operation.

c. That ic required to monitor radioactive effluents to assure

) that release rates and total releases are within limits
[ ; ' ,“. . established for plant operation.
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k ( Z. Definitions

The devinitions in this section establish the meanings of words in the con-
text of their use in these criteria.

Electrical Equipsent. Electrical equipment applies to electric motors,
electric gencrators, and other equipment which employs electro-mechanical
principles sech as conirol rod drive mechanisms, circuit breakeis, and other
herdware. It applies alsc to electrical and electronic devices and preumatic

and hydraulic instrumentation and actuators necessary to the functioning of
b hsboned i

AR Lremenialion or scivalor svatems

Safety System. A safely system in these criteria is any systen periorining
the functions listed in the Scope under Safety Clars 2 item (a).

Safety Related Electrical Equipment. Safety related elecirical equipnent is
equipment in safetly classes as defined above.

Comporants., Ttems Trem whlch the system is assembled (ior exanple, resis-
torc, capacitore, wives, commectnrs  tranciciors, tuhes, swilches, springs. etc.).

Fodule. Ay assenbly of interceanected compenents which constitutes an
identifiable dovice. instrumcnt, or picce of equipment. A wodule can be



disconnected, removed 23 @ unit, and replaced with a spare. It has defineble
perforuence characteristics which nennit it to be tesied as a unit, A module
could he a card or other subassenbly of a larcer device, provided it meets
the requirements of this definition.

Chennel. /An arrangement of cesponentis and modules as required to gencrate

a single informetion signal to monitor a generating station condition or

to generate a single signal to actuate safety related equipment when required
Ly a genevating station condition.

System.  The word system refers to an assembly of clectric and mechanica!
devices and circuitry (including sensors) involved in performing a particular
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Train. A train of cquipment refers to a portion of a system which i capzble
of independently performing @ safety function at some fraction of the capa-
bilitly of the entire system. Redundant trains may be provided in order that
the porlion of & system which remains operable following the failure of onz
trein will in @11 cases be sufficient to maintain applicable nuclear safety
Timils.,

Type Tesls. Tests made on one or more units to verify adequacy of design.

3. Requirements

’

Protection Systems are considered to be Safety Class 2 electrical equipment.

ihe design requirements for Protection Systems are given in IELE Standavd
279-1971 "Criteria for Protection Systems for Nuc]ear Power Generating Stations".
The requivenents vhich follow apply to Safety Class 2 and Safety Class 3

- electricel equipmenti other than the Protection Systems,

3.1 Gener2l Functional Requirement. The nuclear power generaling station
safety related electrical equipment shall, with precision and reliability,
perform its cafety related functions. This requiﬁement applies for the
full range oqunvi}onmcnta1 and plant conditions under which the equip-
et hes & safety function.
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3.2 Single Faiiure Criterion. 1o single failwe shall prevent any safety

w

related electrical sysiem (or coubination of elecirice] ystens) irom
periorming its (or their) wininua sefely relaied Tunction, For Safety
Class 3 electrical systems, the single failure criterion need not ba

met provided the piant cen be put inte a condition where tho equipment
lost as a result of the failure is net vequived. lowever, the reliability
of the system design should minimize forced restrictions in plant opera-
ticn due to & failure, Tor Safcty Ciass 2 olestrical syctoms, identifigd
postulated single failures wiicn coutd vesule wn the Yosc of a sajciy
function shall be detectable. A pestulated failuve mode cap be made
detectable by the use of appropriate alanmis or by providing means for
periodic testing., 1f alarms are used to meet this criterion, the equipment
and each status alarm related to that cquipment must be separate to the extent
required to assure that a postulated failure cannot cause failure of both the
system and the related alann. For information systems, failures can also
be made detectable by the use of redundant channels to monitor the seme
p*:ﬂnpfnr ar h;r tha ver of nna channed +n menstap Anp .n“f::“—f:w- and on
appropriate backup channel to monitor another functionally equivalent
parametler. In these cases, a faiiure can be detected by comparing one
channel display againsi a second channel display. ‘Kmsingic failure
includes such events as the shorting or open-circuiting of interconnecting
signal or power cables. It also includes single credible malfunctions

or events that cause a number of consequential component, module, or
channel failures. For example, the overheating of an anplifier module

is a single failure even though scveral transistor failuies result.
Mechanical damage to a mede switch would be a single failure although
several channels might become involved.

Quality of Components and Modules. Components and moduics shall be of

a quality that is consistent with minimun maintenance requiremenis end

low failure rates. Quality levels shall be achicved through the
specification of requirciments kneon to prunote Ligh qualiily, such as
requirements for design, for the derating of conponents, for manufactuiring,
quality control, inspection, calibration, and test. ;
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3.6

Equipment Qualification. Type test data or reasonable engineering extra=-
polation ba:cd'on test dota shall be available to verify that safety
related equipnent shall meet, on a continuing basis, the safety per-
fonmance requirements. Safety Class 3 equipment need not be qualified
for accident enviromaents or for seismic evenis provided that the piant
can e put into a condition where the equipwent is not required fol-
lowing either an accident or seismic event.

Safety System Integrity. A1l Safety Class 2 equipment shall be designed
to maintain functional capability under extremes of conditions (as
applicable) relating to eavironment, energy supaly, accidents, and
seiswic evenils. Safely Class 3 equipmeni need notl be desigued W main-
tain funcilional CapaB;H;ty following an accident or seismic event
provided that the plant can be put into 2 condition where the equipment

15 not required following either an accident or seismic event.

System Redundant Channel or Train Independence. Redundant channels o
trains of Safety Class 2 couipment that provide the sare safety function
shall be wndependent and physically separated to accomplish decoupiing

of the cffects of unsafe environmental factors, electric transients,

and physical accident consequences, and to recuce tie likelilicod of
interactions between redundant channels or trains of equipment during
maintenance operations or in the event of a malfuncticn in one redundant
channel or train. For Safety Class 3 systené vhere the requirements

of Section 3.2 are met by the use of redundant chennels or trains of
equipment, the redundant channels or trains that provide the same safetly
function shall be electrically independent tb acconplish decoupling

uf the eifecis of eleciric Lransients and 1o iredvce the likeliliood of
interaction between redundant channels or trains durirng maintenance
operations or in the event of equipment malfunction. Redundant channeis or
trains of Safety Class 3 equipment need not be physically separated provided
the plant can be put into 2 condition where the equinment is not roqu1rLd
should ali redundant channels or trains be physically damaged.
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In Tieu cf providing independent and redundant channels or trains for
the performance of one satety function, an appropriate backup may be pro-
vidad bV another system which nerforvms an enuivaleng cafety function., The

sysiem used to provide the safety function and its furctionally cguivelont
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backup sysiem should be separaie and independent to the same extunt
'

as required for redundini channcls above.

Interiaces bebicen tquipment of Gue Saiciy Ciess and that of ¢ Lower

Safety Class,

3.7 1 Classification of Equipment. Equipment shall be classified
in a Safety Class consistent with its most impcrtant function

related o nuclear safety,

Isolation Devices., The transmission of signals or power frow
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Safety Class 2 equiprent to equipient of a lower safely class
(ineluding nen nuclear safety eauipment) shall be throtgh
isolation devices which shall be classified as Safety Class 2
and designed to the criteria applicable to Safety Class 2
equipment. No credible failure at the output of an isclation
device shall prevent the equipment in Safety Class 2 from
maeting the mininum performance requicements. Exemples of
Srsdib s St tures ing
grounds, and the application of the maximum credible ac or de
potential. A failure in an isolation device is evaluated in

the same manner as a failure of other equipment in Safety
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Class 2. The trensmission of signals or power from Safety

Class 3 equipmeni to non nuclear safety equipment need be through
isolation devices only if the iscolation is required to mtet

the criteria of Section 3.2.
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Physical Interaction Petween Equipment in Different Safety
f Saf
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& rhyvsiral location o ety Class 2 and 2

equipment and non nuclear safety equipment must be such that
any physical interaction between equipment in a lower safety
class (including non nuclear safety cquipment) and equipment
in a higher safety class shall not prevent the equipment in
the higher safety cless from meeting the minimun performance
requircménts. The effects of physical interaction on Safety
Ciass 2 equipnent must include any interaction resulting f.om
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applicable accidenis and from seismic events. The efiects of
physicel interactivn on Safely Cless 3 equipment wced not
include interaction vesulting fruw accidents or scismic
events provided that the plant can be put inlo a condition
where the equipnent is not requirved following an accidenl or
seismic event.

3.7.4 Single Random Failure. Where a single random failure can cause
a condition requiring the use of safetly related equipment and
cen also prevent proper perfoncaonce of one or more channels
or trains of safety related equipnent, the remaining safeuy
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velated ¢ of performing the minipum

required functions even when degraded by a second rendom failure.

3.8 Darivalion of Sysiem Inputs. To the extent feasible and precticai,
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3.10

inputs to safety related equipment shall be derived from signais that
are dgirect weasures of the desired variables.
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indcpendent of off-site power availability unless @ documcated design
basis is prepared demons trating that operabilily without off-site power

is unnecessary. Safety Class 3 equipment necd not bz capeble of operating
independent of off-site power availability if the plent can be put in a
condition where the equipment is not requived Tollowing a loss of off-site
power, "

Capability of Sensor Checks. Means shall be previded for checking,
with a high cegree of confidence, the cperaticnal availebility during
reactor cperaiion of each sensor vsed o provide fapu! for any safety
related electrical equipment.
This may be acconplished in various ways, for example:
1. by varying the monitored variable; or
2. Dby introducing and varying, as appropriate. o substitute input

to the censor of the same nature as the measured varicble; or
3. by evoss-checiing betugen chaipels that boay & known reiationship

to cacin ciher and that bave readouis available.
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3.2
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3.4
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CAp:bi]ity.{or Test and Calibration. Capability shall be provided for
testing and craibrating safcty related electrical equipment. For equip-
ment vhere the required interval betveen testing will be jess than the
nomal Lime inlcrval between generoting station shutdouns, there shall,
to the maximum cxient possible, be copcbiiity for testing during power
operetion.

Safety Fauipment Rypass or Removal from Operation. Safety Class 2
equipment shall be arranged in systems such that one channel or train of
equipment con be maintained, and when required, tested or calibrated
during power operation without interfering with plant operations. .Safetly

ielotled equipment av o redundant channels or trains is per
mitied to violaie the single failure criterion during bypass of one channel
or irein provided that acceptable reliability of operaticn can be
otherwise demonstrated. The bypass time interval allowed for a main-
tenance opzvation will be specified in the plant Technical Specifications.
Safely Clasc 3 equipment need not be provided with sufficient redundancy
tn stioa hennes and mayetonance ot ane channel o trawn durwng hower
operalion provided the plant can be brought to a conditicn where the
Safely Class 3 equipment is not needed should bypass and maintenance

be reaquired.

Access to Means for Dypassing. The design shall permit the administre-
tive control of the means for manually bypassing safety related equipment.

ficcess o Setpoint Adjustments, Calibration and Test Points. The design
shall pernit the administrative control of access ta all setpoint adjust-
ments . equipment calibration adjustments, and iest points.

Identification of Redundant Safety Equipment Trains. Safety Class 2
redundant equiprient channels or trains shall be identified down to the
ciannel or train level. Safety Class 3 redundant equipment channel or
trains shall be identified down to the channel or train level if for the
particular equipnzat involved the design basis requires physical separation
of the redundant chamnels or trains. This identification shall distinguish
between vedundent voriions of the safety class svstem. In the $nstalleg
cquipments, conponenis or modules mounted in asccmolics that are Clearly
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identified as being in @ safety class do not ihensclves require identi-
fication,

htivimalion Reeuoui. O of Uie chantiels used L0 imonitor each paraiewer
providing the information required to perform the function 1is*.d in the
Scope under Safety Class 2 item (d) shall be recorded to pr .de a

historical record of the behavior of the pavancicy. The equipment used
to record information need not be redundant nor meet the single failure

criterion. A failure of the recordina equipment should not ncgate the
operability of the remaining portion of the information channel.
Repair of Safcty Relaied Equipment. Safety related equipment shall Le
cesigacd to facilitate the recognition, location, replacement, repair,
or cljustuent of malfunctionirg components or modules.
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| Single Detectability Electrical Physical Seismic
t  Failure of Postulated Seperation Separation Qualification
3' (Sys tem Failures (Sy< tem System (Fquipment
i Requirement) (System equirament) Requirament) Pant 1rn~~:*\
! | Peouirement) | é '
- T - : ’ - o ianaled
i
: {
Safety Class II Yes i Yes Yes g (es Yes
] ' | { !
1 Safety Class 11l No, provided | Yes ‘ Yes. where Ne, previdad No, provided
| the plant can ' red:ir dancy th2 plant can the plant car
| be put into or uiversity | be put into 2 be it into ¢
{ a condition | is rs2d to i coaditicen #hore condition wher
| where the ! ree: the l th2 equipman: the oquirment
\ equipment ‘ fai vre f is net recui ed is 10t required
lest as 2 , crizeria. [ shauld it be folleaing
| result of e : ! physicaily seismic event.,
: \ the failure | danaged.
| is not
required. . ! |
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| Accident 1 | Independent ! Color
Envircnment , Quality ! of 07f-Site j Cedeod
i Cualification t Assurance ! Jever ! Redindanzy
tquipment Requirement) i (Equipment Requirement) | (System “equirement Sys tem Requiremed
e quipm ! ' i | Y
: {
{ | , ?
| |
Sefety Clase II For any accicent Yes | Y25, un'ess Zos
durin: which ! reason fo:
equipwent is not is docu-
required. mented in
' cesig¢n basis.
Safety Class III No, provided Y28 Ne, rrovided No, unlass
the piant can th? tlant ¢an pnysical separa-
: be pgt.into a he put into tion of reduadan
cond1:19n wherg a corndition ‘ or diverse
: the e”u1pmcnt is wiare the cnannels or
not reouirad : eqiuipment is trains i3
Tfoliotring an i net reguited | reqgus red.,
! accident, ) | Toilewing a
| . | Tess of o'fsite
: i peer.
: g | [
| |
! {
|
{
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