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7. INSTREUOMENTATION AWND CONTROLS

7.1 INTREODOCTION

Thiz chapter presents the wvarious plant instrumentation and
control systems by relating the functional performance regquire—
ments, dezign bases, system descriptionsz, dezign evaluations,
and teztz and inspections for each, The information prowvided

in thiz chapter emphazizes those instrumentz and as=sociated
equipment which constitute the protection sy=stem az defined in
IEEE Standard 272, Criteria for Protection 3ystems for Huclear
Power Generating Statioms,

The primary purpose of the inztrumentation and control systems
iz to provide antomatic protection and to exercize proper con—

Me g EAEEFE0 EE SAELE FHdul MY

trol against un=afe and improper reactor operation during steady—

gtate and tranzient power operationz (American Nuclear 3ociety
[ANSZ) Condition= I, II. III) and to provide initiating signal=

to mitigate the conzequences of faulted condition= [ANS
Condition I¥)., AN3 conditiom® are-discugsedin chapter 15,
Conzequently, the information presentedin this chapter empha—
gizez those inztmimentation and control systems= which are cen—
tral to assuring that the reactor can beoperatedto produce
poweT in amanner that enzures no undues Tisk to the health and
gafety of the public,

It iz shown that the applicable critéeria and codes. such az the
J3NRC General De=sign Criteriaand IEEE Standard=s. concerned
with the safe generation of miclear power, are met by these
=y stems,

A, Definiticns
Terminology uzed in thi=z chapter iz bazed on the
definitionz given in IEEE 3tandard 272 which i= listed
in subzection 7.1.2, In addition, the following
definitions apply:

1. Degree of Redundancy — The difference between the
number of channelz monitoring a variable and the
number of channelz which, when tripped. will
cauze an antomatic zvstem trip.

2. Minimum Degree of Redundancy — The degree of
redundancy below which operation iz prohibited
or otherwise restricted by the technical
gpecifications,
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3. Cold Shutdown Ceondition — When the reactor is
subcritical by at least 1 percent Ak/k and T,
iz =200°F,

4, Hot Shutdown Conditicn — When the reactor iz
subcritical by an amount greater than or equal
to the margin to be specified in the applicable
technical specification and T,,.g 15 greater than
or equal to the temperature specified in the
applicable technical specificaticon,

B, Phaze A Containment Isclation — Closure of all
nonessential procesz lines which penetrate
containment initiated by the zafety injection
gignal,

6. Phaze B Containment [soclation — Clozure of remain-—
ing process lines, initiated by containment Hi—3
pressure Zignal (processz lines do not include
engineered zafetv featurez (ESE)lines],

B, 8vsztem Rezponse Times

1. Reactor Trip Sy=stem Response Time — The reactor
trip sv=tem response time shall be the time
interval from when the monitored parameter
exceeds itz trip setpoint at the channel zenzor
until loz=s of voltage tao the stationary gripper
coils,

2. Engineered Safetvy Featuresz Actuation S¥sztem
Responze Time — The interwval required for the E3F
gequence to be initiated subzequent to the point
in time that the appropriate variable(=) exceed
get points, The rezponze time includes senzor’
process (analog)] and logic (digital) delay plus
the time delay az=sociated with tripping open the
reactor trip breakers and control and latching
mechanisms, although the ESF actuation zignal
occurs before or simultaneously with ESF zequence
initiation [=zee figure 7.2—1. sheet 8],

i
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2, Reproducibility

Thiz definition iz taken from Scientific Apparatus
Mamufacturers A=z=sociation (JAMA) 3tandard PMC—
20.2—1973, Process Measurement and Control Termin-—
clogy ¢ "the clozeness of agreement ameong repeated
meazurements of the cutput for the zame value of
input, under normal operating conditionz over a
period of time, approaching from both directionz."
It includez drift due to environmental effects.
hysteresiz. long—term drift, and repeatability,
Long—term drift (aging of components, etc.) iz not
an important factor in accuracy requirements zince,
in general, the drift iz not significant with respect
to the time elapzed between testing, Therefore,
long—term drift may be eliminated from thiz defini—
tion, EReproducibility, in most cazes, is a part of
the definition of accuracy (2ee below),

D, Accuracy

Thiz definition iz derived from Scientific Apparatus
Mamifacturers Az=sociation [(FAMA) 3tandard PMC—20.1—
1973, Process Measurement andControl Terminology.
An accuracy statement for a device fallsunder

Note 2 of the 3AMA definition of accuracy. which
means reference acouracy orthe accuracy cfthat
device at reference operating condition=: “"Refer—
ence acouracy includes conformity, hysteresis, and
repeatability.," To adegquately define the accuracy

of a system, the term reproducibility iz useful as

it coverz normal operating conditions, The follow—
ing terms, "trip accuracy" and "indicated accuracy"
gtc,., will then include conformity and reproduci—
bility under normal operating conditionz, Where the
final re=ult doe= not have to conformto an actual
process variable but iz related to another walue
egtablizhed by testing, conformity may be eliminated,
and the term reproducibility may be substituted for
ACCUTACY.

E. Normal Operating Condition=s

Theze conditionz cover all normal process temperature
and pressure changes, Al=Zo included are ambient
temperature changesz around the transmitters and
racks, Accuraciez under pozt—accident condition=z are
not included,

8 s
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F. EReadout Devices

For conzi=ztency, the final device of a complete
channel iz considered a readout device, This
includes indicators. recorders. isolators (non—
adiustable] and controllers.

3. Chamnel Accuracy

Thiz definition includes accuracy of primary element,
transmitter. and rack modules. It does not include
readout dewvices or rack environmental effects. but
does include process and environmental effect=z on
field—mounted hardware., FRack environmental effects
are included in the next two definitions to aveoid
duplication dues to dual inputs,

H., Indicated and/or Recorded Accuracy

Thiz definition includes channel accuTracy, acCUTACT
of readout devices, and rack environmental effects,

I. Trip Accuracy

Thiz definition includes comparator accuracy. channel
accuracy for each input, andTack environmental

effectz. Thiz i= the tolerance expressed 10 Drocess
terms (or percent of span] within which the complete
channel mu=t perform its intended trip function, Thi=
includez all instriment eTrors bit no procezs effects,
such az streaming, The term “actuation accuracy™ may
be uzed where the word "trip" might cause confu=ion

[for example, when starting pumps and other equipment).

J., Control Accuracy

Thiz definition includes channel accuracy, accuracy of
readout devices [izolator. controller), and rack
environmental effects, Where an izolator separates
control and protection =ignalz, the izolator accuracy
iz added to the channel accuracy to determine control
accuracy. but credit iz taken for tuning bevyond thi=
point: i.e., the accuracy of theze modules (excluding
controllers) iz included in the original channel
accuracy. It is zimply defined as the accuracy of the
control signal in percent of the span of that =zignal,
Thiz will then include gain changes where the control
gpan iz different from the span of the meazured varia—
ble, Where controllers are involwved, the control span
iz the input span of the controller, Noerror is
included for the time in which the zystem iz in a non—
steady—state condition,

Tl



= oM wBarIEEANEEF0 EE SAHELRE Edu 2 L

TGN 1& 2 F3AR

Ho

INTRODOOCTION
7.J1.1 IDENTIFICATION OF SAFETY—-RELATED 3Y3TEMS3

T.1.,1,1 Safetv—Eelated Systems

The inztrumentation that iz required to function to achieve the
Fystem responzes asmumed in the safety evaluationz, and thoze
needed to shut down the plant safely, are given in this subzection,

Table 7.1—1 provides a tabulation of design responsibility and
reference plant for plant instrumentation systems,

71.11.1 Reactor Trip Sy=stem

The reactor trip sy=stem [RT3) iz a functionally defined system
described in section 7.2, The equipment which providez the
trip function= iz identified and dizcuszed in section 7.2,
Design bazesz for the reactor trip s¥stem are given in sub—
paragraph 7.1.2.1.1, Thi=z s¥yztem iz shown in fiqure 7.1-1.

71.11.2 Engineered Safety Features Actuation Sy¥ztem

The engineered zafetw featurez actuation sy¥ystem (ESFA3) iz a
functionally defined sy¥=ztem described in zection 7.3, The
equipment which provides the actuation funttions iz identified
and dizcu=sed in section 7.3, Dezignbases for the ESFAS are
given in subparagraph 7.1.2.1.42,

7.1.11.3 Instrumentation and Control Power Supply 3yztem

Design bazes for the instrumentation and control power supply
gystem are given in subparagraph 7.1.2.1:3. -Putther dezcription
of thiz syztem iz provided in subzection 7.6.1,

7.1.11.4 8Zwztems Required for Safe 3hutdown

3vystems required for zafe shutdown are defined az tho=e ezzential
for pressure and reactivity control. coolant inventory makeup,
and removal of residual heat once the reactor has been brought
to a subcritical condition,

Identification of the equipment and syztems required for safe
shutdown is provided in section 7.4, Additional information
regarding hot standby provizionsz for shutdown from outzide the
control room is also provided in section 7.4,

i
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T.1.11.8 Zafetv—Related Dizplay Instrumentation

Dizplay inztrumentation provides the operator with information
to monitor the rezultz of ESF action following a Condition I1,

IIl or IV event, Section 7.8, table 7.5—1, identifie=s the
gafety—related dizplay information,

T.1.1.1.6 All Other Instrumentation 3ystems Required for Safety

The other inztrumentation system=z required for zafety (other
than the RT3, the ESFA3, safety—related dizplay. and the zafe
shutdown systems] are discussed in =ection 7.6, They are thoze
gystems and components that have apreventive role in reducing
the effects of accidents, 3Jingle failures in thes=e syztems will
not inhikit reactor trip. E3F actuation, or functions required
for zafe shutdown, The other instrimentation systems= required
for zafetv conzizt of the following:

Inztrumentation and control power mupply system
Rezidual heat removal izsolation walve interlocks
Refueling interlocks

Acoumul ator motor— operated walve interlocks

H g oo e

Emergency core cooling 3ystem [ECC3) switchover from
injection mode torecirculation mode

F. Interlocks for RCS:pressure control during low tempera—
ture operation

G, Isolation of non—Seismic Category I Piping from
geizmic Category I cooling system,

Design bazes for instrumentation and control power supply system
are given in paragraph 7.1.2.1. Further description of thi=

gystem is provided in sub=ection 7.6.1 and section 8.3, ItemC

iz described in zubsection 9.1.4. and the remaining items are
described in =zecticn 7.6,

7.1.1.,2 Instrumentation and Control 3ystem Desiqners

All zyztems dizcuzsed in chapter T have definitive functional
requirements developed on the bazi=z of the Westinghouse N335
dezign. All equipment necezsary to achieve the functions
zhown on the logic diagrams, fiqure 7.2—1. are mupplied by the
N353 except where noted on the diagrams as being BOP supplied,
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7.1.1.3 Plant Comparizon

Fystem functionz for all systems= discuszed in chapter 7 are
zimilar to thoz=e of the EORI Nuclear Unitz 3 & 4 ([ERN 3 & 4)
application, A comparizon table iz provided in zection 1.3,

7.2 IDENTIFICATION OF SAFETY CRITERIA

Paragraph 7.1.2.1 gives design bazez for the sy=ztems= listed in
paragraph 7.1.1.1. Dezign bazes for nonzafety—related systems
and other zafety—related svstems are provided in the =ections
which describe the s¥stems. Conservative considerations for
instrument errors are included in the accident analv=zez pre—
gented in chapter 15, Functional regquirements, developed on
the basiz of the results of the accident analyses, which

utilize conservative azsumptionz and parameters. are u=ed in
designing theze zystems, and a preoperational testing program
verifies the adequacy of the design. Accuracies are given in
section= 7.2, 7.3, and 7.5,

The documents lizted in table 7.1—2 were conzidered in the
design of the s¥stems given.in paragraph 7,1.1.1, In general,
the scope of each document iz given'in the document itzelf,
Thiz determines the system or parts of systems towhich the
document is applicable., A discuzsion of compliance with each
document for systems within it=s scope iz prowided in the
referenced section=, Because zome documents were izsmued after
design and testing had been completed, the equipment document
may not meet the format requirements of =ome standards,
Justification for any exceptions taken to each document for
gystems in it=s scope iz provided in the referenced zections,

TJ1.2]1 Design Bases

7.1.21.1 Reactor Trip 3ystems=

The reactor trip system act= to limit the consequences of

Condition II eventz [faultz of moderate frequency ), such a=

lozs of feedwater flow by, at most, a shutdown of the reactor

and turbine, with the plant capable of returning to operation

after corrective action, The reactor trip system features

impo=e a limiting boundary region to plant operation which

ensures that the reactor zafety limit= are not exceeded during
Condition Il events and that these events can be accommodated
without developing into more severe conditions, Reactor trip
zetpoints are given in ITS Chapter 1. ddd

The design requirements for the reactor trip system are derived
by analyses of plant operating and fanlt conditionz where
automatic rapid control rod insertion is neceszary in order to

Arnendiment 543
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prevent or limit core or reactor coolant prezsure boundary
damage, The dezign bases addreszsed in Section 3 of IEEE
Ftandard 279 are discuz=ed in subsection 7.2.1. The dezign
limit=z specified for the reactor trip sy=tem are:

A, Minimum departure from nucleate boiling ratio (DNBR]
shall not be lezz than 1,30 az a result of any
anticipated tranzient or malfunction (Condition II
faults),

B. Power den=zity¥ shall not exceed the rated linear
power denzity for Condition II faultz, See
chapter 4 for fuel dezign limits=.

C, The stress limit of the reactor coolant system [RC3)
for the varionz condition= shall not be exceeded a=
gpecified in chapter B,

D, Releasze of radicactive material shall not be suf—
ficient to interrupt or restrict public uze of thoze
areas bevond the excluzsienradiuz asa.result of any
Condition IIT fault.

E. For anv Condition IV fault; releaze of radioactive
material shall not result in andndie risk to public
health and =afety.

71.21.2 Engineered Jafety Features Actuation Sy=tem

The engineered zafetv featurez actuation-=y=stem (E3FA3)] act=
to limit the conzequences of Condition III events (infrequent
faultz such as primary coolant leakage from a zmall rupture
which exceeds normal charging sv¥=stem makeup and requires
actuation of the safety infection =¥=stem). The E3FAS actsto
mitigate Condition I¥ events (limiting fanltz. which include
the potential for significant releasze of radiocactive material],

The design bazes for the EAFAS are derived from the dezign
bases given in chapter 6 for the EAF., Dezign bases require—
ments of Section 3 of IEEE Standard 272 are addre==ed in
paragraph 7.3.1.2. General de=ign requirements are given
below:

A, Automatic Actuation Regquirements

The primary requirement of the ESFAZ iz to receive
input signalz from the variou= procez=es within the
reactor plant and containment, and antomatically

i
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provide, az output, timely and effective ziqnals to
actuate the various components and mubsy¥ztems com—
prizing the ESF zyatem.

B, Manual Actuation Regquirements

The EAFAS has provizions in the control room for
mamally initiating the functionz of the E3F system.

7.1.21.3 Instrumentation and Control Power Supply System

The ingtrumentation and control power supply 3ystem provides
contimionz, reliable, requlated zingle—phasze ac power to all
instrumentation and control equipment required for plant
gafety., Details of thiz zvstem are provided in section 7.6

and chapter 8. The dezign bases are given below:

A, Each inverter or requlating tran=sformer haz the capacity
and requlation required for the ac output for proper
operation of the equipment supplied,

B. Redundant loads are assigned to different distri—
bution panels which are supplied from different
inverters or requlating transformers.

C, Auxiliary dewices that are requited to cperate
dependent equipment are supplied from the =ame
diztribution panel to prevent the lo=s of electric
power in one protection set from causing the lozs of
equipment in another protectionset, No =zingle
failure shall cause a lo=s of power supply to more
than one distribution panel,

D. Each of the distribution panel= has accesz only to
itz respective inverter or requlating transformer supply
and a standby¥ requlating tran=former power supply.

E. The zystem complies with IEEE Standard 308, Paragraph 5.4,

T.1.2.1.4 Emergency Fower

Design bazes and sy=stem description for the emergency power
supply are provided in chapter A,
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T1.2.1.5 Interlocks

Interlocks are discusszed in zecticn= 7.2, 7.3, 7.6, and 7.7.

The protection [(P)interlocks for the reactor trip svstem and
the EAFAS are given in tablez 7.2— 2 and 7.3— 2, respectivel,

The zafety analyzes demonztrate that even under conzervative
critical conditionz for either postulated or hypothetical
accidents, the protective zystems ensure that the N333 will be
put into and maintained in a safe state following an ANS
Condition II, III, or I¥ accident commensurate with applicable
technical specificationz and pertinent AN3 criteria, Therefore.
the protective sv¥stems have been dezigned to meet IEEE
gtandard 279 and are entirely redundant and separate, including
all permizssives and blocks, All blocks of a protective function
are automatically cleared whenever the protective function
would be required to operate in accordance with General Design
Criteria 20, 21, and 22 and Paragraphs= 4,11, 4,12, and 4,13 of

IEEE Standard 279, Control interlocks (C)are identified in
table 7.7—1. Because control interlocks are not safety—related,
they have not been specifically dezigned to meet the requirements
of IEEE Protection Sv¥=tem Standards,

T.1.21.6 Bypasses

Bypasszes are dezigned to meet the requitements of IEEE 3tan—
dard 279 Section= 4,11, 4,12, 4.13. and 4,14, A'discusz=icn of
bypasses provided iz given in zectlons 7.2 and 7.3,

71.21.7 Equipment Protection

The criteria for equipment protection are given in chapter 3,
Equipment related to zafe operation of the plant iz designed.
constructed, and in=stalled to protect it from damage, Thizi=
accomplished by working to accepted standard=s and criteria
aimed at providing reliable instrumentation which iz available
under varying condition=z. In general, all BOP zafety—related
equipment and certain N333—supplied equipment are zeismically
qualified in accordance with IEEE 3tandard 344, During construc—
tion, independence and separation iz achiewved, az required by
IEEE 3tandard 272, IEEE 3tandard 384 and Requlatory Guide 1.75
gither by barriers or physical separation or by analysis or

test., Thiz zerves to protect against complete destruction of

a gyatem by fires. misszile=s or other natural hazard=s, A
dizcuzzion of the overcurrent relaving az applied to Clazss 1E
electrical equipment is given in subparagraph A.3.1,1,2.11,

FeTEl
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T.1.2.1.8 Diversity

Functional diversity haz been dezigned into the ESFA3 and the
reactor trip s¥ystem., Functional diversity iz dizcuss=ed in
reference 1, The extent of diverse s¥ystem variables has been
evaluated for a wide variety of poztulated accidents az di=—
cuszed in reference 2. Generally. two or more diverse protec—
tion functionz would antomatically terminate an accident
before unacceptable conzequences could occur,

For example, there are automatic reactor trip= bazed upon
neutron flux measurements, reactor coolant loop temperature
measurements, presmurizer pressure and level measmarements,
reactor coclant pump underfrequency, and undervoltage measure—
ments, as well az manually, and by initiation of a safety

injection zignal,

Regarding the E3FAS for alozs—of—coolant accident, a safety
injection zignal can be obtained mamially or by antomatic
initiation from three diverse parameter meazsurements,

A, Low pressurizer pressure

B. High containment pressure {Hi—11

C, Low gteam line pressure,

For a steam line break accident, diver=zity of safety injection
gignal actuation iz provided by:

A, Low compen=zated steam line pressure

B, Low pressurizer pressure

C, For azteam break inzide containment. high contain-—
ment pressure (Hi—1)] provides an additional parameter
for generation of the =zignal,

All of the above etz of signals are redundant and phy=ically
geparated and meet the requirement= of IEEE Standard 273,

7.1.2.1.2 Trip 3et Points

The quidelinez of Requlatory Guide 1,108, Rev, 1 [11/78), are
followed with the clarification described below,

The protection sy¥stem will antomatically initiate appropriate
protective action whenever a condition monitored by the s¥ystem
reaches a preset condition or zet point.,

Fudihd:
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Threes groups of valuez are used in determining reactor trip
and E3F actuation et points,

The first group of wvalues will be the safety analysis limits
agsumed in the accident analw=zes [chapter 158). These will be
the least conzervative values,

The zecond group will conzizt of limiting values az listed in

348 IITS Chapter 1, Theze will be the maximum/minimum "All owable
¥alues" for limiting safety sy¥=ztem setting= (L333) and Limit—
ing condition=z for operation (LCO), Limiting values will be
obtained by subtracting a zafety margin from the accident
anal¥ziz values, The safety margin will account for instru—
ment error. calibration uncertainties, and procezs uncertain—
tiez such as flow stratification and transport factor effects.
etc,

The third group will conzizt of the nominal values zet into the

equipment, Thezse valuez will be obtained by subtracting

allowances for instrument drift from the limiting wvaluez, The

nominal valuez will allow for normal expected insgtrument =zet

point drift such that the technical specification "Allowable

¥Values" will not be exceeded under normal cperation, Thesze
343 |wvaluez are given as the "Trip 8et Points" in I T8 Chapter 1.

Az illustrated above, the trip set point will be determined by
factors other than the mest accurate portion of the inztru—
ment's range. The only requirement onthe instrument's acocu—
racy value iz that over the instrument span. the error must
alway¥s be legs than equal to that azsumed in the accident
anal¥zes. The instrument does not need to be the most accurate
at the trip set point value az long az it meetz the minimum
accuracy requirements,

Range selection for the inztrumentation will cover the expected
range of the proces= variable being monitored conziztent with
itz application. The deszign of the protection syztem iz sach
that trip set point=s donot require process transmitters to
operate within & percent of the high and low end of their
calibrated span or range, Functional requirements established
for every chamnnel in the protection system =tipulate the
maximum allowable errors on accuracy, linearity, and repro—
ducibility, The protection channel=z have the capability to
ensure and to be tested to ascertain that the characteristics
thronghout the entire span are acceptable and meet functional
requirements zpecifications,

Armendment 543
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In thiz regard it should be noted that specific functiconal
requirements for rezponse time, set point, and operating =pan
will be finalized contingent on the results and evaluation of
gafety studie= to be carried out u=sing data pertinent to Eorea
Muclear Units 7 and A, Empha=si= will be placed on establishing
adequate performance requirements under both normal and
faulted conditiom=. Thi= will include consideration of
process transmitter marginz such that even under a highly
improbable zituation of full power operation at the zafety
limit= that adequate instrumentation rezponse iz available to
ensure plant safety,

71.21.10 Engineered 3afety Features Motor Specifications=

Engineered zafety features motor specifications are dizcu=sed
in chapter A,

T1.2.2 Independence of Redundant Safetv—Helated 3v=stems

The gafety—related svystems listed in paragraph 7.1.1.1 are
designed to meet the independence and separation requirements
of Criterion 22. of 10 CFR 80 Appendix A, General Design Cri—
teria, and Paragraph 4.6 of IEEE 3tandard 272,

The electrical power supply,instrimentation, and control con—
ductors for redundant circuits have ph¥sical separation to
preserve the redundancy and to ensurethat no single credible
event will prevent operation of the ag=ociated function due to
electrical conductor damage, Critical circuitzand functions
include power, control, and analog instrumentation associated
with the operation of the reactor trip svystem or E3FAS, Cred—
ible events include, but are not limited to, the effects of

short circuitz, pipe rupture, mizziles, fire, ete.. and are
conzidered in the bazic plant de=zign.

71.2.2.1 General (Including IEEE 364 and Requlatory Guide 1.75)

Description of the field wiring for redundant circuitry i=
provided in zection 8.3,

The ph¥zical separation criteria for redundant safety—related
Fystem zensors, senzing lines, wireways, cables, and components
on control boardsfracks for the N335 meet recommendations con—
tained in IEEE 384 and Requlatory Guide 1,75, with the following
Comments:

A, Beparation recommendation=z for redundant instrumen—

tation racks are not the same a=s thoze given in
Paragraph Cl6 of Requlatory Guide 1,75, Revizion 2,

88 g
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for the control boards containing redundant circuits
which are required to be physically separated from
gach other. Howewer, since there are no redundant
circuit= that szhare a single compartment of an N333
protection inztrumentation rack, and =ince these
redundant protection instrumentation racks are
phwzically separated from each other, the phyzical
separation requirement s specified for the main
control board donot apply.

Howewer, =ince izolator verification test= did not
include cabinet wiring, the NEC 3taff expreszed con—
cerns about the operation of the devices az installed
in the cabinetsz The concern was that the electri—
cal wiring, to [input) and from (output) the izo—
lators, because of heir close proximity to each
other in the az—built equipment, might permit
control—=side faults to enter the protection system
through input—ontput electrical coupling and in
effect bypas=zing the izolator,

To demon=strate the adequacy of the dezigns. Westing—
housze conducted te=t programzs-tozupplement the
izolator verification tests in order toas=ess any
effect= due to the manneriinwhich i=olators were
wired in the protection cabinets,

Westinghou=e tegt programs have demonzstrated that
Clazs 1E protection systems, miclear instrumentation
gystem [NIZ), =olid-=gtate protection svstem (33FP3],
and 7300 procezs control System (7300 PC3), are not
degraded by non— Clazz 1E circuits sharing the zame
enclosure, Conformance to the requirement= of
IEEE—273 and Requlatory Guide 1,75 haz been eztab—
lizhed and accepted by the NRC,

Tests conducted on the as—built designs of the NI3
and 33 P3 were reported and accepted by the NRC in
support of the Diablo Canyon application [Docket
Nos, B0— 276 and B0—323), Westinghouse considers
thesze programs as applicable to all plants, includ-
ing¥GN 1 & 2, Westinghouse tests cn the 7300 PC3
were covered in a eport entitled "7300 Series
Process Control System MNoize Teztz". subsequently
reizsued as WCOAP—0092 [reference 3), In a letter
dated April 20, 1377, R, Tede=sco to C, Eicheldinger.
the HEC accepted the report,

The ph¥zical separation criteria for instrument

cabinetz within Westinghou=e N333 scope meet the
recommendationz contained in Paragraph 6.7 of

IEEE—384,

T.1—14

INTRODOOCTION
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For balance of plant equipment. conformance to the
recommendationz and requirements contained in IEEE 384
and Fequlatory Guide 1,78, iz discuz=sed below,

Izolation devices are uzed to ensure that failures in
nonzafetv—related equipment do not prevent safety—
related equipment from performing their az=igned
actionz, Switches, relays, optical and electronic
couplers are uszed for digital =ignal=s, Amplifier=.
transducers, current transformers and fuses are used
for analog =ignal =,

Isolation dewvices are dezigned to meet the criteria
for dezsign of Clasz 1E equipment specified in sub—
gection 7.1.2 and subparagraph 6,1.5.2.2, The i=clation
function shall not be impaired by overcurrents, short
circuits, abnormal voltages, abnormal ambient, nor
other credible events as specified for individual
application=, All isolation devices are qualified by
tests andfor analyziz., The gualification of izolation
devices are bazed on criteria specified inm sub—
gection 7.1.2 and subparagraph A, 1 5.2.2, The separa—
tion in connection with iselation devices iz discus=ed
in paragraph 6,3,1.4,

T1.2.2.2 B8pecific Flectrical 3eparation Criteria

The electrical conductors for power supply. inztrumentation,
and control circuits have phyzical and electrical zeparation
to preserve redundancy and to ensure that no zingle credible
event will prevent operation of the required safety s¥y=ztem
functions, Credible events include, but are not limited to.
the effects of fire, short circuits, pipe Tupture, misziles,

gtc, Electrical separation required for protection against
plant events are included in the bazic plant dezign in accord-—
ance with IEEE—3684 and Requlatory Guide 1,75,

Channel independence i=s carried thronghout the system, extend—
ing from the senzor to the devices actuating the protective
function., Physical separation iz used to achieve zeparation

of redundant tran=zmitter=s, Separation of wiring iz achieved
uzing separate wireways, cable trays, conduit runz, and con—
tainment penetrationz for each redundant protection channel

e R A
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zet, Redundant analog equipment i= separated by locating

modulez in different protection rack =ets, Each redundant
channel set iz energized from a zeparate Clazs 1E ac power

SOUTCE,

There are four separate process analog protection =zets,
Jeparation of redundant analog channel= beginz at the process
genzors and i=s maintained in the field wiring, containment
penetrationz, and analog protection cabinets to the redundant
train=z in the logic cabinet, EREedundant analog channels are
geparated by locating modules in different protection =zets,
gince all equipment within any cabinet iz az=sociated with a
gingle protection =zet, there iz no requirement for =eparation
of wiring and components within the cabinet,

In the nuclear instrumentation swstem, process systems, and
the zolid—state protection zwstem (38P3 ). input cabinet= where
redundant channel instrumentation are physically adiacent.
fire barriers, conduit, or wire duct iz utilized and this

ensures that a fire resulting from electrical failure in one
channel would not propagate into redundant channel=,

Independence of the logic trains i= discus=ed inreference 2,
Two reactor trip breakers are‘actuated by two zeparate logic
matrices which intermipt power tothe control rod drive mecha—
nismz. The breaker main contactsare connected in'zeries with
the power supply 2o that'opening either breaker interrupt=
poweT to all full length control rod dTive mechanizms, per—
mitting the full length rods to free fall into the core,

Tl1.2.2.21 Reactor Trip 3vstem

A, Beparate routing iz maintained for the analog sens—
ing zignalz,. bistable output zignals, and power
suppliez of the four basic RT3 channel zet=, Sepa—
ration of theze four channel =et=s iz maintained from
genszors to instrument racks to logic s¥stem cabinets,

e R
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B, 8eparate routing of the reactor trip zignal=z from
the redundant logic system cabinets iz maintained,
and in addition, they are separated (by spatial
zeparation or by provizion of barriers or by sepa—
rate cable trays or wirewayz) from the four analog
channel =ets=,

Tl.2.2.2.2 Engineered Safety Features Actuation Svstem

A, Beparate routing iz maintained for the four basic
getz of ESFAS analog =enzing signal=, biztable
putput zignalz, and power supplies, Separation is
maintained from =ensors to instrument cabinets to
logic gyztem input cabinets,

B. 8eparate routing of the ESFAS from the redundant
logic gystem cabinets iz maintained, In addition.
they are =eparated by zpatial separation, by pro—
vizions of barrier= or by separate cable trays or
wireways from the four analog channel set=,

C. Beparate routing of control and power circuits azso—
ciated with the operation of E3F equipment is
required to retain redundancies provided in the
gystem dezign and power supplies,

7.1.2.2.2.3 Instrumentation and Control Power Supply 3vstem

The separation criteria presernted alzoapply to the power
suppliez for the load centers and buzses distributing power to
redundant component= and to the control of these power supplies,
Reactor trip s¥=tem and engineered zafety features actuation
gystem analog circuits may be routed in the zame wireways pro—

vided circuit=s have the zame power supply train and channel
zet identified.

The ph¥zical identification= of zafety—related equipment are
given in paragraph 6.,3,1.3,

S Rt
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The phwzical identification= of N335 protection channel zet=
have been azsociated to the following separation groups:

Jeparation Group

N333 Protection Channel Set See paraqraph 8,3,1.3
I A
II E
III C
Iv O

T1.2.2.24 Electrical 3eparation

A. General Electrical Jeparaticn

Geparation of redundant circuitz conformz to the
requirements of IEEE—384, Standard Criteria for
Independence of Clazs 1E Equipment and Circuits,

Train A and Protection Set-I do not reguire physical
geparation from each other except 45 de=scribed in para—
graph B below,

B, Separation of Redundant (Cla=zz 1E) Circuits |
Geparate routing ig maintained for the four reactor
protectionfengineered safequards channel=z,  Theze
channelz are dezignated as I, II. IT1, and I¥ and
include sen=zors, process-and nuclear instrumentation
cabinet=z. and provide input= to the =olid—=tate
protection zwstem,

Geparate routing iz maintained for the two redundant
protection trains, Thesze trains are designated A
and B and include zignal=s for reactor trip and =zafe—
guards initiation,

The safequards actuation zignals hawve phy=sical
geparation from the four reactor protectionfengi—
neered zafeguards channels and the reactor trip
zignals,

i g
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Post—accident monitoring signals from =ensors to
instrumentation cabinet= are identified as Channel=s I,
II, III, IV and are separated and routed in accor—
dance with the requirements for reactor protection/
engineered zafeguards channel signals az dezcribed
in paragraph B.

Theze signals are izolated at the output of the
instrumentation cabinets and are ronted to the main
contreol room,

Cable Jeparation by Potential

Power and control conductors operating at potentials
of 600 volt= or lesz are not placed in cable travs

with conductors operating at potentials of more than
600 volt=,

For Cla=zs 1E circuits, analog or other low level
gignal conductors (potentials les= than 100 volt=),
are not routed in cable trays containing power or
control cables (potential= greater than 100 volt=),

Analog or other low level siqnal conductors for non—
Cla=s 1E circuity are notTtouteddn cable trays with
conductorz with potentials thatexceed 120V ac and
125V dc,

INTRODOOCTION

These considerations are in conformance with the inter—

face requirement= eztablished in reference 3,

Additional cable zeparation by potential requirements are

provided in subparagraph A.3.1.4.1.

Other Electrical Separation REequirements

Prezsurizer Backup Heaterz — The two redundant groups

of pressurizer backup heaters uzed for maintaining
the plant at hot shutdown obtain power from =zeparate
gtandby diezel generators,

Muclear Instrumentation Sy¥stemsz (NIS) — All cables
between the NIS cabinet=z and the senzors, including
thozse azsociated with pre—amplifiers, are contained
in four conduit group=: One group for each redun—
dant protection channel, Only NI3 cablez are con—
tained in the=ze conduit=s, The minimum zeparation
from the conduits and containment penetrations to
electrical noize sources such as power sources of
120% ac, and higher. or circuits with switched loads=
such as relays or 3CR=iz 2 feet, or iz suitably

Tl kS



= oM wBarIEEANEEF0 EE SAHELRE Edu 2 L

TGN 1& 2 F3AR

Ho

INTRODOOCTION

shielded to reduce noize to an equivalent value,

The minimum Zeparation between 4160% cablez and the
above power cables iz 6 feet or iz suitably shielded
to reduce noi=ze to an equivalent walue,

Non—Class 1E Circuits — Circuits not clazsified as
reactor protection/engineered safequards channel =,
reactor trip signals, safequards actuation signals

or post—accident monitoring signal= are conzidered
non—Clasz 1E circuits and are separated from redun—
dant circuitz as required by [EEE— 3684,

71.2.2.3 Beparation of H333 Instrument Lines [Senzor
to Process Connections)

The minimum =eparation between redundant instrument impulse lines
iz at least 18 inche= (46 centimeters)in air in both horizontal

and vertical directions in non—mi=szile or jet stream areas and

iz maintained from it= starting point at the root valvezs to the
vicinity of the inztrument, If thiz zeparation iz not pozsible,

then a suitable barrier shall be uzed and it shall extend at

leazt 1 inch (28 millimeters) bevond the line of zight between

the redundant impulze lines,

Where potential mizsiles can be identified, additional separa—
tion, mizsile shieldz, andfor barrierz shall be u=sed,

Where redundant instrument impulze lines penetrate a wall or
floor, the penetrationz are separated by a minimum distance of

168 inchez in non—miz=sile or jet stream areas, If separate pene—
trations are not poszible for the multiple lines, then thew may

be Tun through one common penetration provided that the follow—
ing condition= are met:

A, Redundant instrument impulze lines shall be protected
from postulated effects of failure of one another by
a suitable barrier, such a=z a gquard pipe.

B, A missile shield shall be provided around the instru—
ment impul=e linez until the minimum zeparation
diztance of 18 inchez iz achieved between the dif—
ferent redundant impul=e linesz,

In thoze few places where it i= impractical to provide redundant
tapz (i.e,. on an elbow flow element for example), the zignal tap
zhall be protected from credible sources of common mode damage,
and the "split" to redundant impul=ze linez shall be a=z cloze as
possEible to the process,

i ol
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Fipe whip cauzed by nearby fluid systems piping shall be con—
zidered a credible event for all adiacent lines azs required by
the criteria described in subsection 3,6.1. Protection againszt
adiacent pipe whip may be accomplizhed by restraining the
adiacent pipe or by shielding the impul=e line,

Tl.2.2.4 Fire Protection

For electrical equipment within the N333 =cope of supply. the
M383 supplier specifiez non—combustible or fire—retardant mate—
rial and conducts vendor—supplied specification reviews of this
equipment which include az=surance that material=s will not be
uzed which may ignite or explode from an electrical =zpark.

flame, or from heating, or will independently support combustion,
Thezse reviews alzo include assurance of conzervative current
carrying capacities for all instrument cabinet wiring, which
precludes electrical fires resulting from exceszsive over—
current [I®°R) losses, For example, wiring used for instrument
cabinet conztruction has teflon or tefzel insulation and will

be adequately sized based on current carrying capacitiez =set
forth by ICEA and NEMA 3tandards, - Braided sheathed material

iz non—combu=stible,

Additional detail= of fire protection, including the fire
protection considerations for BOP electrical equipment and
garly warning protection s¥stem, are provided in subzection 9.5.1,

Panelznot in the N335 scopeof supply-are requirted to meet
the following conditions=:

A, All panel materialz used, including terminal blocks,
Taceways, Wwireways, wire cleats, cable ties, and
receptacles, shall not support combustion,

B, Paints andfor other applied surface preparations
shall contribute minimally relative to the total
combustible potential of materialz or components in
or on the panels, No preparation or material shall
releaze toxic gases or dense smoke or propagate
flamezs when heated or exposed to open flames, Ho
material shall be of polyvinyl—chloride,

T.1.2.3 Phvzical Identification of 3afety—FRelated Equipment

There are four separate protection =ets identifiable with
process equipment azsociated with the reactor trip and ESFAS,
A protection et may be compri=ed of more than a =zingle

i g B
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process equipment cabinet, The color coding of each process
equipment rack nameplate coincides with the color code estab—
lizhed for the protection =zet of which it i= a part. Redun—
dant channels are separated by locating them in different
equipment cabinets, 3Jeparation of redundant channel=z begins
at the process senzors and iz maintained in the field wiring.
containment penetrations, and equipment cabinet= to the redun—
dant trainz in the logic racks, The =olid—=state protection
gystem input cabinets are divided into four izolated compart—
ments, each serving one of the four redundant input channels=,
Horizontal, 1/6—inch thick solid =teel barriers. coated with
fire—retardant paint. separate the compartmentz. Four, 1/8—
inch thick solid steel, vertical wirewaysz coated with fire—
retardant paint enter the input cabinet=s, The wireway for a
particular compartment iz open only into that compartment =o
that flame could not propagate to affect other chhannels, A
diagram of the input cabinet iz given in figure 7.1— 2,

At the logic racks the protection zet color coding for redun—
dant channels iz clearly maintained until the channel lozes

itz identity in the redundant logic trains, -The color coded
nameplates dezcribed below provide ddentification of equipment
azsoclated with protective functions and their channel =et
association:

Protection Set [Channel) Color Coding
I orh REed
II orhB Green
IIT or Tellow
IV or D Blue

All non—cabinet mounted protective equipment and components
are provided with an identification tag or nameplate, Small
glectrical component= such as relays have nameplates on the
enclosure which houszes them. All cables are numbered with
identification tagz. In all areas. cable trayzs and conduit=
containing redundant circuits shall be identified uzing
permanent marking=s, The purpoze of such marking=z iz to
facilitate cable ronting identification for future modifica—
tion or additionz. Pozsitive permanent identification of

cablez andfor conductors shall be made at all terminal pointz,
There are alzo identification nameplatez on the input compart—
ment doorz of the zolid—state protection =v¥stem,

Tl
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7.1.2.4 Conformanceto Regulatory Guide 1,11 [Safety
Guide 11), Instrument Lines Penetrating Primary
Reactor Containment

Requlatory Guide 1.11 iz dizcuzsed in appendix 3A,

T1.25 ERequirements for Pericdic Testing Conformance to
BEequlateory Guide 1 22 [Fafety Guide 22] Periodic
Testing of Protection 3y=stem Actuation Functions

Pericdic testing of the reactor trip and ESFAS i= described in
subzections 7.2.2 and 7.3.2, Testing compliez with Requlatory
Guide 1.22, Periodic Tezting of Protection 3vstem Actuation
Functions, and IEEE 338, 3tandard Criteria for the Periodic
Testing of Nuclear Power Generating Station Clazs iE PoweT
and Protection 3vstems,

The surveillance requirements of IT3, enzure that the sy¥ystem Iﬂdﬂ
functional operability will be maintained comparable to the
crignal design standard=, Periodic testing shall be

conducted at the intervals specified in ITS8 Chapter 1 3,3.1

for reactor trip, IT3 Chapter-1-3;%.4 for E8F actuation, and

in IT8 Chapter 1 3,33 for post—accident monitoring.

genzors will be demonztrated adequate for

the design by test—reports. analy=is, operating experience, or
by suitable type testing, The nuclearinstrumentation syztem
detectors are excluded zince delays attributable to them are
not degradable,

Gd3

Where the ability of a system to respond to a bona fide accident
gignal iz intentionally bypazsed for the pirpoze of performing a
test during reactor cperation, each bypas= condition i=
automatically indicated to the reactor operator in the main
control room by a separate anminciator for the train in test,
Test circuitry does not allow two trains to be tested at the
game time so that extenzion of the bypa=sz condition to the
redundant system i= prevented,

The actuation logic for the reactor trip and ESFAS i=s tested as
described in sectionz 7.2 and 7.3, A= recommended by Requlatory
Guide 1.22, where actuated equipment iz nat tested during reactor
operation it ha= been determined that:

A, There iz no practicable s¥ztem de=sign that would permit
operation of the equipment without adwversely affecting
the zafety or operability of the plant,

B, The probability that the protection system will fail to
initiate the operation of the equipment i=, and can be
maintained, acceptably low without testing the equip—
ment during reactor operation,

Srnenditnent 543

d . 413
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2, The equipment can routinely be tested when the reactor
i= shutdown.

The lizt of equipment that cannot be tested at full power =0 as
not to damage equipment or up=zet plant operation is:

Manual actuation switches for system level actuation of
protective functions

Reactor coolant pump breakers (trip)
Tuirbine trip

Main steam line isolaticon valves [close)
Main feedwater isolation valves [close]

Reactor coolant pump component cooling water izolation
valwves [cloze]

Reactor coolant pump zeal water return valves (close)
Main feedwater control valves (close)
Main feedwater pump trip solenoids

Component cooling water surge tank vent valwes [CLOSE)

The jugtification for not testingthe abowve items= at full power
iz dizcuz=ed below,

A, Manual Actunation Switches — Theze would canze initiating
plant upset andfor Teacter trip. It should be noted
that the reactor trip finction that iz derived from
the automatic safety infection signal iz tested at
power azs follows:

l. The analog signals, from which the automatic
gafety infection =ignal iz derived, iz tested
at power in the zame manner a= the other analog
gignals and iz described in subparagraph
T.2.2.2.3.10, The procezsing of theze signals
in the =olid—=tate protection system [33F3)
wherein their channel orientation converts to
a logic train orientation iz tested at power by
the built—in zemi—automatic test provizionz of the
33P3. The reactor trip breakerz are tested at power
az dizscuz=sed in sabparagraph 7.2.2.2.3.10,

B. Tripping of Reactor Coolant Pump Breakers

For credible frequency decay ratez (less than 6.8 Hz/=zec)
the reactor coolant pumps are not required to be tripped,

Amendment 2 Jep, 1987
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Jdince opening of the reactor coolant pump breakers are
not azsumed for the accident analysiz, and since
testing them at power would canze plant upset, they do
not need to be tested at power,

. Turbine Tripping of the turhine can be tezted at

power up to and including actuation of individual dump
fluid zolencidz, Jince two Zolencids are required to
actuate simultanecusly to trip the turbine, each
zolenoid can be individually tested at power without
tripping the turbine and up=zetting the plant,

The generation of reactor trip from turbine tripiza
testable function at power (zimilar to the other
reactor trip generated from analog channels developing
a biztable (on—off output] az foll ows:

1. The =zignal derived from the auto ztop or pressure
Fwitch may be testable at power by exerci=ing the
Fwitchez one at a time by meanz of obzervance of
local procedures at full power,

2. The pozition signal derived from the turbine
gteam stop valves i= tested at reduced load by
means of chservance of local procedures when the
functional testz of the steam inlet valves are
performed on acne—valve—at—a—time bazisz,

Closing the Main Steam LineTzelation Valves — Main
gteam izoclation valves are routinel ¥ tested during
refueling outages., Testing of the main steam izolation
valves to full stroke closure at power iz not practical,
A= the plant power i= increased, the core average
temperature iz programmed to increasze, If the valves
are closed under thesze elevated temperature conditions,
the steam pressure trans=ient would unneceszarily
operate the steam generator relief valves and poszibly
the steam generator zafety valves, The steam pressure
transient produced would cause shrinkage in the steam
generator level, which wonld canze the reactor to trip
on low—low zteam generator water level, Testing
during operation will decreasze the operating life of
the valve,

Bazed on the above identified problemsz incurred with
periodic full stroke clozure testing of the main steam
line izolation wvalves at power, and =ince, l)no

practical zystem design will permit operation of the
valves without adversely affecting the zafety or
operability of the plant, 2) the probability that the
protection svstem will fail to initiate the actuated

equipment iz acceptably low due to test up to final
actuation, and 3) these valves will be routinely

e g1 21
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tested during refueling cutages, the propozed resolution
meets the quidelinez of Section D.4 of Requlatory

Guide 1,22, Partial ztroke testing iz discuzs=ed in
=zection 10,3,

Closing the Feedwater Izolation Valwve — The feedwater
Izolation walves are routinely tested during refueling
outages, Periodic testing of these feedwater izolation
valves, closing them completely or partially at power,
would induce zteam generator water level tranzient=s
and ozcillation= which would trip the reactor. These
transient conditionz would be canzed by perturbing the
feedwater flow and pressure conditions neces=zary for
proper operation of the feedwater pump control sy=tem
and the zteam generator water level control system,

Based on these identified problems incurred with
periodic testing of the feedwater izolation valves at
power, and since l)no practical system dezign will
permit operation of theze valves without adversely
affecting the zafety or operability of the plant. 2]
the probability that the protection srstem will fail
toinitiate the activated equipment is acceptably low
due to testing upto final actuation, and 3] theze
vwalves will be rontinelvtested during refiieling
outages, the proposed resolution meests the guidelines
of Section D.4 of Requlatory Guide 1,22,

Reactor Coclant Pump Compenent Cooling Water Return
Isolation Valves [Clege)l — Component coeling water
supply and return containment izolation valvez are
routinely tested during refueling outages, Testing of
thesze wvalves while the reactor coolant pumps are
operating introduces an unneceszary risk of coztly
damage to all the reactor coclant pumps, Loss of
component cooling water to the=se pumps iz of economic
conzideration only,

The reactor coolant pumps will not zeize due to com—
plete loz= of component cooling, Information from the
pump manufacturer indicates that the bearing babbitt
would eventually break down but not 5o rapidly as to
overcome the inertia of the flywheel, If the pumps

are not stopped approximately 10 minutez after compo—
nent cooling water iz isolated, pump damage could be
incurred,

Additional containment penetration= and containment
izplation valves introduce additional unneceszary
potential pathwayz for radiocactive leakage following a
postulated accident, Also, zince the component cool—
ing water flow rate= and temperatures are about egual

T.1—26
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during both plant power operation and plant refueling,
periodic tests of these valves during a refueling
outage would duplicate accident conditions,

Additionally, pozsibility of failure of containment
izolation iz remote because an additional failure of
the pressure fluid sy=stem in addition to failure of
both izolation valves would have to occur to open a
path through the containment,

Based on the above dezcribed potential reactor coolant
pump damage and with periodic testing of the component
cooling water containment isolation valvez at power,
the duplication of at—power operating conditions
during refueling outage=s, and =zince l)lno practical
gystem dezign will permit operation of these valves
without adverzely affecting the zafety or operability
of the plant, 2)the probability that the protection
gystem will fail toinitiate the activated equipment

iz acceptably low due to the testing up to final
actuation, and 3) these valves will be routinely

tested during refueling outages when the reactor
coolant pumps are rot operating, the proposed resolu—
tion meet= the quidelines of Section D4 of Regulatory
Guide 1,22,

geal Water Beturn Valwes [(Cloze) — Seal return line
izplation walves areroutinelytested during refueling
outages, Closureofthese walves during operation
would canze the safetyalwve to lift, with the pozzi-
bility of valve chatter, Valwe chatter would damage
thiz safety valve, Testing of theze wvalvesz at power
would canze equipment damage, Therefore, these valves
will be tested during scheduled refueling outages, As
abowve, additional containment penetrationz and contain—
ment isolation valves introduce additional unnecezsary
potential pathwayz for radioactive release following a
postulated accident, Thus, the quidelines of 3ection
D.4 of Requlatory Guide 1,22 are met,

Closing the Feedwater Control Valves — These valves
are routinely tested during refueling outages, To
cloze them at power would adversely affect the cper—
ability of the plant., The verification of operability

of feedwater control valves at power iz azsured by
confirmation of proper operation of the steam genera—
tor water level system. The actuation =ignal=s

to the solenoidz, which provides the clozing function,
iz periodically tezted at power az discu=zed in subpara—
graph 7.3.2.2.,6. The operability of the slave relay
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which actuatesz the solenoid, which i= the actuating
dewvice, i3 wverified during thi=z test., Although the
actual clozing of these control valves i= blocked when
the slave relay iz tested, all function=s are tested to
azsure that no electrical malfunction=z have occurred
which conld defeat the protective function, It i=
noted that the sclencid= work on the de—energize—to—
actuate principle, so that the feedwater control
valves will fail closed upon either the los= of elec—
trical power to the zolenoidzs or loss= of air pressure,

Based on the abowve, testing of the izolating function
of feedwater control valves meets the quidelines of
ection D.4 of Requlatory Guide 1,22,

I. Main Feedwater Pump Trip Solencids — The containment
integrity analy=i=z does not assume tripping of the
feedwater pumps=: they are not conzidered zafety—
related and require no periodic testing., These func—
tions are routinely tested during refueling cutages,

J. Component Cooling Water Surge Tank ¥ent Valve

The vent valve actz az anticipatory pressure relief valve
for itz rezpective component cooling swwater smurge tank
during normal plant operation,

Thiz valve was procured as an active valveand will
fail—-cloze upon failure of the controlsignal,

Failure of thiz valve to open will not jeopardize the
performance of the =ystem and the tank meet=s the code
requirement =since the spring loaded relief valve i=
installed to provide overpressure protection,

The zafety infection signal =zerves to positive cloze

the component cooling water surge tank vent valve during
accident conditicon,

Testing of the valve in it=s respective component cooling
water surge tank at power conld potentially cauze
gystem upzet, therefore testing can be performed during
refueling cutages,

7.1.2.6 Conformance with Bequlatory Guide 1,29, Bewisicn 1
[Fafety Guide 23], Seismic Design Classifications

Requlatory Guide 1.29 iz dizcuzsed in appendix 3A,

Amendment 2 dep, 18987
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7.1.2.,7 Conformance with Regulatory Guide 1,30 [3afety Guide 30],
guality Azsurance Requirements for the Inztallation,
Inzpecticns, and Testing of Instrumentaticon and
Electric Equipment

Requlatory Guide 1.30 iz dizcuzsed in appendix 3A and chap-—
ter 17,

TJ1.2.8 Conformance with Bequlatory Guide 1 .32, Criteria
for 3afetv—Related Electric Power 3vstems for Huclear
Power Flants

Requlatory Guide 1.32 iz dizcuzsed in appendix 3A,

7.1.2.9 Conformance with Regulatory Guide 1,40, Qualificaticon
Tests of Continuous Duty Motors Installed Inside the
Containment of Water Cooled Nuclear Power Plants

Conformance with RFequlatory Guide 1.40 iz dizcu=sed in
appendix IA,

=ep. 1287, Amendment 2
T.1—28a
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7.1.2.10 Conformance with Requlatory Guide 1,47, Bypassed and
Inoperable 3tatus Indication for Nuclear Power Plant
dafety Svstems=

Conformance with Requlatory Guide 1.47 iz discu=sed in appen—
dix 3A,

Bypaszz/finoperability indication iz in agreement with Regulatory
Guide 1,47 with the following clarification:

A, An indicator of bypaszsfinoperability will be provided
for redundant or diverse portions of each =zafety
gystem. [Bypass includes any deliberate action which
renders a zafety =v¥stem inoperable.]

B. 0Only permanently installed electrical control devices
in accezsible locations are considered for bypassing a
safety svstem,

The term "permanently in=stalled" does not include the
portable handle required to rack out a circuit breaker,
Devices within the contaimment or-dewvices requiring an
administratively controlled key to gperate are not
considered accessible, The term "control dewvices"
applies to equipment intended to be acted upon by an
operator. much az control switches, It doesnot
include equipment which might be manipulated by
prodding, such as relavs,

C., Bypass of redundant portions of ESF mupport systems
warrantz indicators which mus=t be differentiated from
gafety svy=stem bypasz indicators, Support system
bypaszs zhall actuate zafety system bypaszs indicators
in a manner which reflect= the impact of the support
sv¥stem on the zafety svstem,

7.1.2.11 Conformance to Regulatory Guide 1,63, Application of
the Jingle Failure Criterion to Nuclear Power Plant
Protection Jystems and IEEE Standard 373

Conformance with Requlatory Guide 1,53 iz dizcuzsed in appendix 3A,

The principles described in IEEE 3tandard 379 were uzed in the
dezign of the Westinghouse protection system. The syztem complies
with the intent of thiz standard and the additional guidance of
Requlatory Guide 1,583, The formal analy=zes have not been docu—
mented exactly as outlined, although part= of such analvyzez are
publizhed in variou=s documentz such az the Fault Tree Analysis

in reference 1,
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The referenced topical report provides detail= of the analyses
of the protection systems previouzly made to show conformance
with =single failure criterion s=et forth in Paragraph 4.2 of

IEEE Standard 272, The interpretation of zingle failure
criterion provided by IEEE Standard 372 does not indicate
subztantial differences with the interpretation of the criterion
except in the methods uzed to confirm design reliabilitsy,

E=ztablizhed design criteria in conijunction with zound engineering
practices form the bazez for the protection zyztems, The
reactor trip and E3FAS are each redundant safety sv¥ztem=z. The
required periodic testing of these systems will discloze any
failures or lozs of redundancy which conld have occurred in

the interval between testz, thus ensuring the availability of
theze sysztems,

Protection system design. of BOP supplied portions, will
conform with Requlatory Guide 1,63 and IEEE Standard 373 as
interpreted below, The required failure mode analvzizs, which
will include channel power supplies, BOP protection system
logic, and the actuator system, are provided in section 7.3,

A, Asstated in regulatory position C—=1,due to the trial
uze status of source document IEEE 379, departure from
certain provision s may ooour,

B, with regard to requlatory pozitien C—2, the protection
gystem as defined by IEEE 279 incorporates the capabili—
tiez for test and calibration az set forth in Para—
graphs 4.9 and 4,10 of IEEE 273,

Final actuation dewvicez [az defined by IEEE 373] are
capable of periodic testing in accordance with Regqula—
tory Guide 1,22, The final actuation devices which
cannot be fully tested during reactor operation [for
reafons stated in requlatory position=z 4a through 4c
of Requlatory Guide 1.22) can be subijected to a partial
test with the unit on line and to full operaticnal
testing during reactor shutdown, These devices are
tested and discus=ed in paragraph 7.1.2.5.

Taken az a whole, the operability of all active compo—

nents neceszary to achieve protective functions can be
demonztrated via the tezting program described abowve,

i ot 14
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2, With regard to requlatory pozition C—3, zingle switches=
supplying signals to redundant channels are designed
with at least 6 inches zeparation or suitable barriers
between redundant circuits,

D, Compliance with zingle failure criteria can be veri—
fied bazed on a collective analy=i= of both the pro—
tective gyztem defined in IEEE 279 and the final
actuation devices or actuators defined in IEEE 3743,

Tl.212 Conformance with Requlatory Guide 1,62 Manual
Initiaticon of Protective Actions

Requlatory Guide 1.62 iz dizcuzsed in subparagraph 7.3.2.2.7
and appendix A,

7.1.2.13 Conformance with Requlatory Guide 1,63, Electric
Penetration Assemblies in Containment Structures
for Water—Cooled Nuclear Power Plant=

Requlatory Guide 1.63 iz discuzsed in appendixz 3A and chapter 8,

T1.214 Conformance with Bequlatorsy Guide 1,68, Preoperaticonal

and Initial 3tartup Test Programs for Water Cooled
Power Feactors

Requlatory Guide 1.60 iz dizcussed in/appendix 3A and chapter 14,

7.1.2.158 Conformance with Requlatory Guide 1,73, Qualificaticon
Tests of Electric Valve Operators Installed Inside
the Containment of Huclear Power Plants

Requlatory Guide 1.73 iz dizcuzsed in appendix 3A,

T1.215 Conformance with Bequlateory Guide 1,75, Fhvsical
Independence of Electric 3vstems

Requlatory Guide 1,768 iz dizcuzsed in subparagraph 7.1.2.2.1,
chapter A, and appendix 3A,

i Bt
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7.1.217 Conformance with Requlatory Guide 1,80, Precperational
Testing of Instrument Air 3ystems

Requlatory Guide 1.680 iz dizcuzsed in appendix 3A,

7.1.2.18 Conformance with Requlatory Guide 1,89, Gualification
of Clag= 1E Equipment for Huclear Power Plants

Requlatory Guide 1,89 iz dizcuzsed in appendix 3A,

T1.219 Conformance with Bequlatory Guide 1,97, Instrumentation
for Light Water Cooled Huclear Power Plants to Assess
Plant Conditions During and Fellowing an Accident

Requlatory Guide 1.97 iz dizcuszsed in section 7.6 and appendix 3A,

7.1.2.20 Conformance with Requlatory Guide 1,105, Instrument
Set Points

Requlatory Guide 1,108 iz dizcuszed in appendix 3A,

T1.2.21 Conformance with Bequlateory Guide 1120 Fire
Protection Guidelinesfeor Niclear Fower Plants

Requlatory Guide 1.120 iz discussed inappendix 3A and chapter A,

7.1.2.22 Conformance with IEEE Standard 279, Criteria for
Protection Systemsfor Muclear Power Generating

dy¥ stems

IEEE Standard 279 iz discu=sed in secticons 7.2, 7.3, 7.4, 7.5
and 7.6,

T1.2.23 Conformance with IEEE 3tandard 308, Criteria for
Class 1E Power 3vstems for Huclear Power Generating

o¥sLems

IEEE Standard 308 iz discu=sed in sectien 7.6 and 8,1,

Tl.2.24 Conformance with IEEE Standard 317, Electric
Penetration Assemblies in Containment Structures for
Huclear Power Generating Jtations

Electrical penetrations and conformance with IEEE Standard 317
iz discuzszed in chapter A,

0 Bt 14
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7.1.2,268 Conformance with IEEE S3tandard 323, 3tandard for
gualifying Class 1E Equipment for Nuclear Power
Generating Jtations

Environmental qualification of Clas= 1E electrical equipment,
IEEE Standard 323 i= discus=sed in section 3,11,

Tl.2.268 Conformance with IEEE Standard 334, 3tandard for
Tvpe Tests of Continuous Duty Class 1FE Motors for
Huclear Power Generating tations

Qualification of continueous duty Claz= 1E motor=s. IEEE Stand—
ard 334, iz discusszed in section 3,11,

7.1.2.27 Conformance with IEEE 3tandard 336, In=ztallation,
Inspecticn and Testing Requirements for Instrumenta—
tion and Electric Equipment During the Construction of
MNuclear Power Generating Stations

Inztallation, inspection, and testing for electrical equipment

iz discussed throughout thi=z FAAR, A separately publizhed QA
mamial provides a description of the'quality azsurance applied
to the equipment. Conformance with [EEE Standard 336 iz covered
in the discuzsion= of Regulatory Guide 1,30 in appendix 3A and

in zection 8,1,

T.l.2.28 Conformance tolEEE-Standard 338, IEEE Standard
Criteria for the Periodic Testing of Nuelear Power
Generating Staticn Jafety Sy=stems

The pericdic testing of the RT3 and E3FAS conform= to the
requirements of IEEE 3tandard 3368 with the following comments:

A, The surveillance requirements of the technical speci—
fications for protection sy=stem ensure that the syztem
functional operability iz maintained comparable to the
original de=ign standards., Periodic tests at frequent
intervals demon=ztrate thiz capability for the zvztem,
excluding zen=ors,

Amendment 51
1287, 11,1
i
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denzors within the Westinghouze scope will be demon—
gtrated adequate for thiz design by vendor testing,
onsite test= in operating plants with appropriately
zimilar dezign, or by suitable type testing, The
nuclear instrumentation s¥ystem detectors are excluded
zince they exhibit respon=e time characteriztics such
that delays attributable to them are negligible in the
overall channel response time required for zafety,

For the periodic verification te=st program for sen=zors,
refer to the technical specification, When finalized,
technical specificationz will require periodic
yverification te=sting on at leazt 16—month intervals,

Each te=t shall include at least one logic train such
that both logic trains are tested at least once per 36
meonths and one channel per function =uch that all
channel= are tested at least once in every (18N months],
where N iz the total number of redundant channel=in a
gpecific protective function,

The measurement of responsetime at the specified time
intervals provides assurance that the protective and
E3F acticon function azsociated with each channel i=s
completed within thetime limit azsumed in the acci—
dent analy=es,

It iz expected that thereliability goalz specified

in Paragraph 4.2 of IEEE 3tandard 336 (which are being
developed by others on an industry generic bazi=) and
adequacy of time interval=z will be demeonstrated at a
later time,

The periodic time interval discuszsed in Paragraph 4.3

of IEEE 3tandard 3368 and specified in the plant technical
gpecifications iz conzervatively selected to azsure

that equipment aszociated with protection function=s

has not drifted bevyond itz minimum performance require—
merits. If any protection channel appear=z to be marginal
or Tequires more frequent adiustments due to plant
condition changes, the time interval will be decreazed

to accommodate the zituation until the marginal
performance iz resolved,

T.1—34
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D, The test interval discusz=sed in paragraph 6.5 of IEEE
dtandard 3368 iz developed primarily on past operating
experience and modified if nece=szary to assure that
Fyatem and subsystem protection iz reliably provided,

Analvwtic methodz for determining reliability are not
uzed to determine test interwval,

Bazed on the scope definition given in IEEE Standard 3368, no other
gystems described in chapter T are required to comply with this
standard,

7.1.2.29 Conformance with IEEE 3tandard 344, Recommended
Practices for Seismic Qualification of Clazsz 1E
Electrical Equipment for Nucleasr Power Benerating
dtation=

IEEE Standard %44 iz discussed in sectien 3,10,

71.2.30 Conformance with IEEE Standard 373, 3tandard
Application of the Single Failure Criteria to Nuclear
Power Generating Station Class 1E 3vstems

IEEE Standard 372 iz dizcuzzed inparagraph 7.1,2.11,

7.1.2.31 Conformance with IEEE 8tandard 382, Guide for Tvpe
Test of Claszs [ Electric Yalwe Operators for Huclear
Power Generating Stations

Qualification of Class I electric wvalve operators, IEEE 3tand-—
ard 302, iz discuss=ed in section 3,11,

T1.2.32 Conformance with IEEE Standard 384, 3tandard Criteria
for Independence of Class 1E Equipment and Circuits

IEEE Standard 3684 iz discuzsed in chapter A,

Tl
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dection, Designer dimilar to Flant
Sy SLems cub=ectlion,
or Categories ot Paresraih Westinghouse B chtel FEN 3 & 4
REeactor Trip Toa x x
Engineered Safety
Featureszs Actuation
gvstem 7.3

Jafety Infecticon T.3.1,1.4, 6.3 X X
ogv¥stem

Maln Steam and 10.3 x x
Feedwater 10.4.%
Izolation R

Contalnment .24 7,330 x x
Izolation

Contalnment o2 x x
Heat Femowal

Contalnment T.3.%.8 x x
Combu=stible
Ga= Control
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Contalnment T.3.1.1.4.1 x x
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Fyspas dection, Dezigner dimilar to Flant
Sub=section,
or Categories ar Paragraph Westinghouse Bechtel ERN 3 & 4
Feedwater 7.3, 1.1.4.1 X X
Izolation
Contalnment Fan g e X X
Cooler
Fuel Building T.3.3.5 X X
Emergency
Yentilation
Control Eoom T3.3.6 X X
Emergency
Yentilation
Auxlliary Feed— T AR X X X
water Control
Die=el Generator T.3.1.1.4.2 X X
Load Sequencer
gv¥stems REequired for
Safe Shutdown
Hot Shutdown 7.4 X X
Cold Shutdown T.4 X X
Shutdeown from T4.13 X X X
Ccut=ide
Control
Foom
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Jystems sectlon, Designer Similar to Plant
oubszection,
or Categories dr Pirarrapt Westinghouse Bechtel FEN 3 & 4
Jafetv—ERelated ik o X X
Di=zplay
Inztrumentaticn
FEeactor Trip T.A.a.4.3.20 X X
Engineering T.B X 4 X
Jafety Features=
Actuation
gv¥stem
Other Insztrumentation
gvystems= Eequired
for Safety
V¥ital Instrument T.6.1 X X
ac Power g.3.1.15
oupply
Fe=zidual Heat T.6.2 X X
Femowval
Izolation
Valves
Refueling 7.6.3 bt X
Interlocks
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Table T,1—2
LISTING OF AFPPLICABLE CRITERIA (3heet 2 of 11)
Criteria Title Dizcuzsed in:
1. General Dezign
Criteria (GDC),
Appendix A to
10 CFR Part B0
GDC 1 Quality Jtandards FoLza, Yoa
and Records separately
published A manual
=DC 2 Dezsign Bazesz for Z.1.2 3,10, 3,11,
Protection Against it o e
Hatural Fhenomena
G0OC 3 Fire Protecticn 31,2, T.1,2.2.4,
8.5.1
=DC 4 Environmental and .12, 3,11,
Miz=ile Desigm 722234
Program
GDC B gharing of 3truc— o
turez. BvsLems;
and Components
GDC 10 Reactor Design 312, T.A2.R
=DC 12 Juppreszion of Teld, Th R
Feactor Power
O=cillations
=DC 13 Inztrumentation and 1.2 731,
Control Tasd, T
zDC 158 FEeactor Cooclant 1.2 TaRel
Gy =stem Dezign
EDC 17T Electric Power 3148, 7.6
oy stems
zDC 19 Control Eoom 312 T.4.1.3,
7.5
=DC 20 Protection Sy=stem = R "
Functions it o g - e e
Tod, 22

Amendment 51
1297, 11,1
Tolae



2 M4 eI HEHAEHEFE HE SHELRE Fhdu 4 2L
TGH 1 & &4 F3AR
INTRODOCTION
Table T,1—2
LISTING OF AFPPLICABLE CRITERIA (3heet 2 of 11)
Criteria Title Dizcus=ed in:
=DC 21 Protection S8y¥=stem 1.2 TLAR,
Reliability and o N
Testability
=0C 22 Protection S3y¥=stem 212 T.LAA
Independence I e il
T.3.2
=DC 23 Protection S8y¥=ztem T R R
Failure Modes= o s Bt S e
T.7.8.4
=0C 24 deparation of .12, Tsd. 2.2,
Protection and 5 W L
Control Systems
=DC 25 Protection S3y=stem .12 T.3.2
Requirements for
Reactivity Contraol,
Malfuncticns
GDC 26 Reactivity Control <
ovstem Eedundar cy
and Capabilitsy
GDC a7 Combined Reactivity /T e e
Control Systems i
Capability
GDC 28 Reactivity Limits T . 8
T.3.8.4, 15
GDC 29 Protection Against T e T A o
Anticipated Operaticnal T.R.A2
JCCUTTENCE
=0C 33 Feactor Coolant 312
Makeup
EDC 34 Rezidual Heat 3.1.2
Femoval
=DC 35 Emergency Core .12 T.ILAA
Cooling 7.3.1.1.4

T.1—40
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Table T.1—2
LISTING OF AFPPLICABLE CRITERIA(Sheet 3 of 11)
Criteria Title Dizcuzsed in:
GDC 3T Testing of Emer— % R
gency Core Cooling
gy stem
=DC 28 Containment Heat S B o
FEemowal
GOC 40 Testing of Contain— 31,2 F32.R
ment Heat ERemowal
gvstem
=DC 41 Containment Atmo— .12 732
sphere Cleanup
GOC 43 Testing of Contain— 31,2 F32.R
ment Atmosphere
Cleamip 3v¥stems
GDC 44 Cooling Water 31.2
GOC 46 Testing of Cooling 31,2 7322
Water Sv=tem
GDC BO Containment Dezign o
Baziz
GDC 54 Piping Sv=tems= 312 6.2.4
Penetrating
Containment
=DC BB Feactor Coolant .12 62,4
Pressure Boundary
Penetrating
Containment
GDC BA Primary Contain-— 3.1.2. 6.2.4
ment Isolation
=DC B Clozed Systems 312 62,4
Izolation Valves

Tl
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Table T.1-—i&
LIATIHNG OF APPLICABLE CRITERIA (Sheet 4 of 11)
Criteria Title Dizcuzsed in:
2. In=ztitute of
Electrical and
Electronics
Engineer=s
[IEEE]
Sdtandards=
IEEE 3td Criteriafor Pro— T.1.2.22 7.2,
273 [ANSI tection 3ystems o g e
MN42,7—1871) for Muclear Power 7.6
Generating 3vstems
IEEE 3td Criteriafor S0l o
08 — 1978 Clazz 1E Power it I
ovstems for Huclear
Power Generating
Ftation=z
IEEE 5td Electric Penetra— g1, 7.1.2.24
31T — 1976 tion Assemblies in
Containment 3tmic—
tures for Huiclear
Fower Generating
dtation=
IEEE 5td IEEE Standard for 3.11, 7.1.2.25
323 — 1974 Qualifying Class 1E
Equipment for
Muclear Fower
Generating Station=
IEEE 5td Standard for Type 3.11, V.1.2.26
334 — 1974 Tests of Continuous—
Duty Class 1E
Motors for Huclear
Power Generating
Jtation=

ol
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LI3TING OF APPLICABLE CRITERIA [Sheet 5 of 11)

Criteria

Title

Dizcus=sed in:

IEEE 3td
336 — 1977 [ANSI
N45.2.4 1372)

IEEE 3td
338 — 13%%7

IEEE 3td
344 — 13F8

IEEE 3td
379 — 197 T(ANS3I
N41.2]

IEEE 3td
J|E — 13972

IEEE 3td
384 — 197T(ANSI
M41.14)

Inztallaticon,
Inzpection and
Testing Requite—
ments for Instri—
mentation and
Electric Equipment
During the Con—
struction of Nuclear
Power Generating
dtation=

Criteria for the
Periodic Testing of
Huclear Fower
Generating.3tation
Clazzs 1E Powerand
Protecti on 3vstems

Jeizmic-Gual 1fi ca—
tion of Clas=z.1E
Electrical Equipment
for Huclear Fower
Generating Stations

gtandard Application
of the Single

Failure Criteriato
Muclear Power
Generating tation
Clazz 1E v =tems=

Tvpe Test of
Claz= 1E Electric
Valve Operators

Trial Jze Ftandard
Criteria for Inde—
pendence Class 1E
Equipment and
Circuit=

a separately
publizhed QA
manua, 7.1.2.27

T.1.4.48, T.2.2,
7.3,

3,10, 7.1.2,20

s
L i2ua0

3.11, 7.1.2.31

7.1.2.32. 8

g g~ 2"

Amendment 51
129%, 11, 1
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Table T.1-2
LIATING OF APPLICABLE CRITERIA [3heet 6 of 11]
Criteria Title Dizcus=ed in:
3. Regulatory [See Appendix 3A)
Guides [RE)
RG 1.6 Independence Appendix 3A,
Between Eedundant B.3.1.3
Ftandby (On=zite]
Power Sources
and Between Their
Diztribution
gvstems
Rz 1.7 Contreol of Combuz— Appendix 3A,
tible Gaz Concen— 6.2.5
tration in Contain—
ment Following a
Loss—of—Coolant
Accident
RG1.11 Inztrmiment Lines Appendix 3A,
Fenetrating Primaty 6.2.4.2,
Reactor Containment e
RG 1,22 Pericdic Te=zting of L b
Protection 3wztem TR 2234,
Actuation Functions T7.3.20
RG 1.29 deizmic Design Appendix 3A,
Clazzification T N
RG 1.30 fuality Azsurance Appendix 3A, a
Requirements for separately
the Inztallaticon, publizhed QA
Inzpecticon, and manual,
Testing of Instru—
mentation and
Electric Equipment
RG 1,32 Criteria for Appendix 3A, A8

Jafety Related
Electric Power
gystems for Muclear
Power Flants,

T.1—44
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Table T.1-2
LIATING OF APPLICABLE CRITERIA [3heet 7 of 11]
Criteria Title Dizcuzsed in:

RG 1.40 gualification Tests Appendix 3A
of Continuous Duty
Motors In=talled
Inzide the Contain-—
ment of Water
Cooled Huclear
Power Flantz

RG 1.45 Reactor Coolant Appendix 3A,
FPressure Boundary B.2.5
Leakage Detection
gystems=

RG 1,47 Bypaszed and Appendix 3A.
Inoperable Statu= T.1.2.10,
Indication for T.5.4.3.1
Huclear Power Flant
Safety 3¥stems

RG 1.53 Application of the Appendix 3A,
dingle Failure 722 e Y
Criterion to Nuclear
Power Flant -Fro—
tection 3ystems=

RG 1.62 Manual Initiation Appendix 3A,
of Protection s o e
Actions TR 2.2.3.17

RG 1.63 Electric Penetration Appendix 3A,
Azzembliez in Con-— B3:1.4.3:3
tainment 3tructures
for Light Water
Cooled Muclear
Power Flantz

RG 1.68 Initial Test Pro— Appendix 3A, 14.2

grams for Water
Cooled Reactor
Power Plants

T.1—45
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Table T7.,1—14

LI3TING OF APPLICABLE CRITERIA [Sheet A of 11)

Criteria Title Dizscuss=ed in:

Rz 1,70 gtandard Format and 1. Appendix 3A
Content of Safety
Analwziz Reports

for Nuclear Power
Flantszs, Rew, 3

RG 1.73 fualification Test 3.11.2, Appendix 3A
of Electric Valve

Operators Installed
Inzide the Containment

RG 1.78 Fhwzical Indepen— Appendix 3A,
dence of Electric Tl.2.2,1,8.31.3
ovystems

RG 1.80 Preoperational Appendix 3A
Testing of Instru—
ment Alr 3¥stem

RG 1.89 cualificati on of 3,11, Appendix 3A
Clazs 1E Equipment
Ior Nuclear Power
Flant=

RG 1.98 Protection of Appendix 3A
Muclear Power Flant
Control Rocom Opera—
torz Against an
Accidental Chlorine
Eeleaze

RG 1,97 Inztrumentation for 7.5
Light Water Cooled
Muclear Power Flantz
to A=zesz Plant
Conditionz uring
and Following an
Accident

RG 1,100 Jeizmic Qualifica— 3.10.2
tion of Electric
Equipment for
Muclear Power
Flant=

T.1—45
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Tabkle T.1—2
LISTING OF APPLICABLE CRITERIA [Sheet 3 of 11]
Criteria Title Discuss=ed in:

RG1.108 Inztrument et Appendix 3A,
Foints T.1.2.1.9

RG1.108 Thermal Cwerload Appendix 3A,
FProtection for A.3.1
Electrical Motors
on Motor—Operated
YValves=

RG1.118 Periodic Testing Appendix 3A,
of Electrical Power T.1.2.28
and Protection
oy stems

RG1.120 Fire Protection Appendix 3A,
Guidelines for T.559.958.1
Nuclear Power
Plants

Branch

Technical

Fositions [(BTP]
EIC3B

BTF EICSH 3

BTF EICSH 4

BTF EIC3H 5

Izolation of Low
Prezsure Systems
from the High Pres—
sure Reactor
Coolant System

Requirements on
Mcotor—Operated
¥Valvez in the ECC3
Accumulator Lines

Scram Brealker Te=t
Technical
Jpecification

547,24, 76,2

g.3.2.4,15, 7.6.4

ITS Chapter 1
Table 3,311

T.1—47

a4

Arnen dnea f 343
2007, 4.13



= oM wBarIEEANEEF0 EE SAHELRE Edu 2 L

TGN 1 & & F3AER

Ho

INTRODOCTIGON

Table T7.,1—14

LI3TING OF AFPPLICABLE CRITERIA [Sheet 10 of 11)

Criteria

Title

Dizcuss=ed in:

BTF EIC3H &

BTF EIC3H 13

BTF EIC3E 14

BTF EIC3E 1A

BTF EIC3H Z0

BTF EIC3EH 21

Definition and Uze
of "Channel—
Calibration"—
Technical
dpecification=

Design Criteria for
Auxiliary Feedwater
oystems

Jpuriouz With—
drawal of 3ingle
Control Rods in
Prezsurized Water
FEeacters

Application of the
dingle Failiure
Criteria to
Manuallv-Controlled
Flectrically—
Operated Valves

Design of Instru-—
mentation and
Controls Provided
to Accomplizh
Changeowver from
Injection to
Recirculation Mode

Guidance for
Application of Reg,
Guide 1.47

ITS Chhapter 1
Table 3,3.1-1

7.3.3.4, 10,43

15.8

Tadedid, 1

6.3

Appendix 3A

Amepodroent 348

2007. 418

Toliran
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LI3TING OF AFPPLICABLE CRITERIA [Sheet 11 of 11)

Criteria

Title

Discussed

in:

BTF EIC3HB 24

BTF EIC3B 23

BTF EICEH Z4

BTF EICEH 25

BTF EIC3HE Z6

BTF EIC3H 27

Guidance for Appli—
cation Guide 1,22

Qualification of
Jafety—Related Diz—
play Instrumentation
for Post—Accident
Condition Monitoring
and Safe Shutdown

Testing of Reactor
Trip S8¥=tem and

Engineered Safety
Feature Actuation

ovstem Senszcr
Responze Times

Guidance forthe
Interpretation of
General Design
Criterion 37 for
Testing the Opera-—
bility of the
Emergency Core
Cooling System a=
a Whole

Requirements for
Fvystem Anticipatory
Trips

Design Criteria for
Thermal Overload
Frotection for
Motors of Motor—
Operated Valves

Appendix 3A

7.5

7.1.2.5

ITS Chhapter 1
3.5

T T
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T2 REACTOR TRIP 3¥Y3TEM

T2.1 DEICEIPTION
T.2.11 3Swstem Descripticn

The reactor trip sy=stem automatically prevents operation of the
reactor in an unzafe region by shutting down the reactor when—
ever the limitz of the zafe region are approached. The zafe
operating region iz defined by several conziderations such a=
mechanical/hydraulic limitationz on equipment. and heat transfer
phenomena, Therefore. the reactor trip sy=stem maintains
surveillance on process variables which are directly related to
equipment mechanical limitations, such as pressure, pressuTizer
water level (to prevent water discharge through zafety valwves],
and wvariables which directly affect the heat tranzfer

capability of the reactor [e.g.. flow and reactor coolant
temperatures), Other parameters utilized in the reactor

trip system are calculated from wvarious process variables,

In anv event, whenever a direct process or calculated variable
exceeds a setpoint, the reactor will be shmt down in order to
protect againzt either gros=s damage to fuel clad or lo=s of
gystem integrity which could lead to releaze of radioactive
fizsion product=z into the containment,

The following systems make up thereactor trip s¥=tem
[references 1. 2. and 3 provide‘additi enal background
information on the s¥stemsl:

A, Proceszs Instrumentation and Control Systemm

Muclear Inztrumentaticn S'_i,g*s’c.ezln["{|

B.

C. SBolid—State Logic Protecticn System™
D. Reactor Trip Switchgear

E.

Manual Actuation Circuit,

Functional diagrams, figure 7.2—1. depict the reactor trip
functions az well as azsociated functionz., Reference iz made
in the text as neceszary,

The reactor trip system conzizts of zensors which, when connected
with analog circuitry conzisting of two to four redundant
channel=. monitor various plant parameters: and digital

circuitry, conzizting of two redundant logic trains, which
receives inputs from the analog protection channels to complete
the logic necez=sary to automatically open the reactor trip
breakers,

Each of the two trains, A and B, iz capable of opening a separate
and independent reactor trip breaker. RTA and RTH, respectivel,

T.a—1
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REACTOR TRIF SY3TEM

The two tTip breakers in series connect three—pha=ze ac power
from the rod drive motor generator zets to the rod drive power
cabinet=z, as shown in fiqure 7.2—1. sheet 2. During plant
operation, a dc undervoltage coil on each reactor trip breaker
holds a trip plunger out againzt itz zpring, allowing the power
to be available at the rod control power supply cabinets, For
reactor trip, alo=z of dc voltage to the undervoltage coil as
well as energitation of the shunt trip coil, releazes the trip
plunger and trips open the breaker, When either of the trip
breakers opens. power i= intermipted to the rod drive power
supply and the control rods fall, by gravity, into the core,

The rod= cannot be withdrawn until the trip breakers are manually
reset, The trip breaker= cannot be re=zet until the abnormal
condition which initiated the trip is corrected, Bypas= breakers
BYA and BYH are provided to permit testing of the trip breakers,

T.2.11.1 Functional Performance Requirements
The reactor trip sy=stem automatically initiates reactor trip:

A, YWhenever necessary to prevent fuel rod damage for an
anticipated operational transient [Condition II)

B, To limit core damadge for infreqient faulis
(Conditicn III)

C. Bothat the energy gerneratedin the coredis
compatible with the dezign provisions to protect
the reactor coolant pressure boundary for limiting
fault conditicnzs (fomdition IV,

The reactor trip system initiates a turbine tTip =ignal whenever
a reactor trip i= initiated, Thi= prevents the reactivity
insertion that would otherwize result from exceszive reactor
gystem cooldown and thus avoids unnecessary actuation of the
engineered zafety featurez (E3F) actuation system,

The reactor trip sy=stem provides for mamal initiation of reactor
trip by operator action in the control room.

T2.11.2 Reactor Trip=

The Various reactor tTip circuits antomatically open the reactor
trip breakers whenever a condition monitored by the reactor trip
gystems reaches a prezet level, To ensure a reliable sy=tem,
high gquality de=ign. components, manufacturing, quality control,
and tezting are used, In addition to redundant channels and
trainz, the dezign approach provides a reactor trip system

which monitors numerous system variables, therefore providing
protection system functional diversity., The extent of thi=
diverzity¥ haz been evaluated for a wide variety of postulated
accidents and iz detailed in references 4 and &,

Amendment 3 Apr, 15882
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Table 7.2—1 provides a lizt of reactor trip= which are described
below,

T.2.11.2.1 HMNuclear Overpower Trips. The zpecific trip func—
tions generated are az foll ows:

A, Power range high neutron flux trip

The power range high neutron flux trip circuit trips
the reactor when two of the four power range channels
exceed the trip =etpoint,

There are two biztable amplifiers for overpower pro—
tection in each of four redundant muclear instrumenta—
tion power range channels, Each has itz own trip
getting, The biztable trip =etting (high setting)
azgoclated with monitoring the high end of the power
range provides overpower protection and iz never
blocked, The biztable trip zetting (low =zetting).
which providez a more restrictive protection limit
during startup and operation at low power level, can
be manually blocked by the cperator when two ocut of
four power range channels indicate approximately

10 percent power [P—10), ‘Three gt of four channels
below 10 percent antomatical l¥ reinztate the trip
[low setting) function, Refertotable T.2—2 for a
lizting of all protection sy=tem interlocks,

B, Intermediate rangehigh neutron flux trip

The intermediate range high nentron flux trip circuit
trips the reactor when one out of the two intermediate
range channel® exceeds the trip zetpoint, Thiz trip.
which provides protection during reactor startup, can
be manually blocked if two out of four power range
channel= are above approximately 10 percent power
[P—10), Three out of the four power range channel=
below thiz value antomatically reinstate the intermed—
iate range high neutron flux trip, The intermediate
range channelz [including detectors) are =eparate from
the power range channelz, The intermediate range
channel= can be individually bypazsed at the nuclear
instrumentation racks to permit channel te=zting during
plant shutdown or prior to startup, Thiz bypaz=s

action iz annunciated on the control board,

Z, Bource range high neutron flux trip

The source range high neutron flux trip circuit trip=
the reactor when one of the two source range channels
exceeds the tTip setpoint., This trip, which provides

i
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protection during reactor startup and plant shutdown,
can be manually bypaszed when one of the two intermediate
range channelz reads above the P—6 setpoint value

and iz automatically rein=stated when both intermediate
range channel=s decreasze below the P—6 setpoint value,
Thi= trip iz alzo automatically bypaz=sed by two out of
four logic from the power range protection inter—

lock (P—10), Thiztripfunction can also be rein—

ztated below P—10 by an administrative action requiring
manual actuation of two control board mounted switches,
Each switch will reinstate the trip function in one of
the two protection logic trainz, The Zource range

trip point iz =&t between the P—6 setpoint and the
MAaxXimuIm SoUTce Tange power level,

The channel= can be individually bypassed at the nuclear
instrumentation racks to permit channel te=zting during
plant shutdown or prior to startup,

Thiz bypazs action iz anminciated on the control

board,

105

D, Power range high pozitive neutron flux rate trip

Thiz circuit trips the reactor when an abnormal rate
of increaze in nuclear poweT ocolurs in two out of four
power range channelz,  ‘Thistrip provides departure
from mucleate boiling (DNB) protecticn against rod
ejection accidents of low worth from mid—power and i=
alwaws active,

E. [DELETE]

T.2.11.2.2 Core Thermal Cwerpower Tripz, The specific trip
functions generated are az foll ows:

A, Overtemperature AT trip

Thi= trip protect= the core against low DNBR and trips
the reactor on coincidence as lizsted in table 7,21
with one =et of temperature measurements per loop.

Amendment 108
2000.,4.20
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The gsetpoint for this trip is continuously calculated by
analog circuitry for each loop by solving the following equation:

1+7s 1 14+ 7,8 1 ,
AN T e )(lJrTgs)é ATO{KI_KQ(HTSS)(T(HTGS ) T)+K3(PP) f(Mj)}
where
Lt 715 _
——— = Lead—-Lag compensator on measured AT
L Ta S

T Tz = Time congtants utilized in the Lead—-Lag controller
1
1+13s

T3 = Time constants utilized in the Lag compensator for AT

AT, = Indicated AT at rated thermal power, °F

K; = Preset bias

K; = Preset gain which compensator for piping and instrument time delay
Lt-tus
1+15s

= Lag compensator on measured AT

= The function generated by the Lead—Lag controller for Ta.y; during

compensation
T4 Ts = Time congtante utilized in the Lead—Lag controller
T = Average temperature. °F
1
14135
Ts = Time constants utilized in the measured T,,;, Lag compenstor
T" = Nominal T.,; at rated thermal power, 'F
Kz = Preset gain which compensates for the effect of pressure on the DNB limits
P = Pressurizer pressure, psig
D = Nominal RCS operating presgsure, pgig
s = Laplace transform operator, seconds ™
f(A®) = A function of the neutron flux difference between upper and lower
long ion chambers (refer to figure 7.2-2.)

= Lag compensator on measured Ta.q

A separate long ion chamber unit supplies the flux signal for each
overtemperature AT trip channel.

Increases in A® beyvond a predefined dead band result in a decrease in trip
setpoint (refer to figures 7.2—2 and 7.2—3.)

The required one pregsurizer presgure parameter per loop is obtained from
geparate gensorg connected to three pregsure taps at the top of the
pressurizer. Refer to gubparagraph 7.2.2.3.3 for an analysie of this
arrangement.

Figure 7.2—1, sheet 5, shows the logic for overtemperature AT trip function.

Amendment 479
7.2-58 2007.8. 3
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B. Overpower AT trip

This trip protects against excessive power (fuel rod rating
protection) and trips the reactor on coincidence as listed in table
7.2—1 with one set of temperature measurements per loop. The
setpoint for each channel is continuously calculated using the

following equation:
1+7s 1 1
A N R -
T(l—&-"rgs T(].-l-TGS +K5[T(1+T55) T}

1=n8 . [ ead-Lag compensator on measured AT
1+n8

Ty

L < AT {K,-K|—L2
1+7s ) o KoKy T47e

where:

= Time constants utilized in the Lead-Lag controller
1 = Lag compensator on measured AT
1 +‘r,3
7; = Time constants utilized in the Lag compensator for A7

AT, = Indicated AT at rated thermal power, ‘F

K, = A preset bias |
K = A preset gain which compensates for piping and instrumgnt time delay

-T2 _ = The function generated by the rate-lag-controller for 7, dynamic compensator
1+ms

7y = Time constants utilized in the rate-Lag Controller for e

; : = Lag compensator on measured 7.y
Te8

7 = Time constants utilized in the measured T,y Lag compensator
K, = A preset gain which compensates for the change in density flow, and heat capacity of

the water with temperature
T = Average temperatwe, T
T" = Indicated T;,, at rated thermal power. ‘F
s = Laplace transform operator. second™

Amendment 479
2007.8. 3
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T.2.11.2.3 EREeactor Cooclant 3vstem Pressurizer and Water
Lewel Tripz, The zpecific trip functionz generated are as
Tollows:

A, Pressurizer low pressure trip

The purpose of thiz trip i= to protect again=t low
prezsure which could lead to DNB, The parameter being
zenzed iz reactor coolant pressure as measured in the
prezsurizer, Abowve P—T, the reactor iz tripped when
the prezsurizer pressure measurements fall below
preset limits, This signal iz compensated to account
for the fact that the measurement i= in the presszur—
izer rather than in the core proper. Thiz trip i=
blocked below P— 7 because at low power it iz not
required to permit startup. The trip logic and
interlocks are given in table 7.2—1,

The trip logic i= showm in figure 7.2—1, sheet &,

B, Pressurizer high pressure trip

The purpose of thiztrip i= to protect the reactor
coolant system against system overpressure and to
prevent opening of the pressurizer safety valves,

The same Zensors arnd transmitter=s used for the pres—
surizer low pressure trip areused for the high pres—
sure trip except that zeparate bistables are uzed for
trip., Theze bistablez tripwhen uncompenszated pres—
FUTrizer pressure =ignalz exceed prezet limitz on
coincidence azs listed in table 7.,2—1. There are no
interlocks or permizsives associated with thi= trip
function. Thiz trip protects against overstressing
the reactor coclant pressure boundary,

The logic for thistrip iz shown in fiqure 7.2—1.
sheet &,

C, Pressurizer high water lewvel trip

Thi= trip iz provided az a backup to the high pressur—
izer prez=sure trip and serves to prevent water relief
through the pressurizer safety valwves and, therefore,
provides for equipment protection, Thiztripi=
blocked below P— 7 to permit startup, The coincidence
logic and interlocks of pressurizer high water lewvel
zignalz are given in table 7.2—1.

The trip logic for this function iz shown in fig—
ure 7.2—1, sheet 6,

g
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T2.11.2.4 EReactor Cooclant 3vstem Low Flow Trips, These

trips protect the core from DNB in the event of a lo=s of cool—
ant flow situation, Fiqure 7.2—1. sheet B, shows the logic for
theze trips., The means of senzing the loz= of coolant flow are
az follows:

A, Low reactor coolant flow

The parameter senzed is reactor coolant flow, Three
differential pressure transmitter=s in each coolant
loop are uzed to provide the status of reactor coolant
flow. The ba=sic function of thi= device iz to provide
information as to whether or not a reduction in flow
has occcurred. An output =ignal from two of the

three biztables in a loop would indicate a low flow in
that loop,

Above P— T, two of the three loop low flow zignalz will
trip the reactor: above P—A, low flow in any one loop
will cauze a reactor tTip,

The coincidence logic and interlocks are given in
table 7.2—1. Trip logicfor thiz function iz shown in
fiqure 7.2—1, sheet 8,

B. Reactor coolant'pump undervoltagetrip

Thiz trip iz required in ordertoprotect againzt low
flow which can result from less of voltage to more
than one reactor coolant pumpmotor (e.qg.. loss of
off=site power or reactor coolant pump breakers
opening],

There iz one undervoltage senzing relay connected for
gach pump at the motor =zide of each reactor coolant
pump breaker, The=se relays provide an output signal
when the pump voltage goes below approximately 70 per—
cent of rated voltage, SZignalz from thesze relays are

time delayed to prevent spurions trip=s cauzed by short—
term voltage perturbationz, The coincidence logic and

interlocks are given in table 7.2-1 and fiqure 7.2—1,
sheet E,

Z, Reactor coolant pump underfrequency trip

Thiz trip protects against low flow rezulting from
pump underfrequency: for example. a major power grid
frequency disturbance,

The function of this trip iz totrip the reactor for
an underfrequency condition, The setpoint of the
underfrequency relays iz adinztable between 54 and
B2 Hez,
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There iz one underfrequency senzing relay for each
reactor coolant pump motor, Jignals from relays
connected to any two of the pump motorz will trip the
reactor if power iz above P— 7. 3ignals are time delayed
to prevent spurious trips cau=sed by short—term frequency
perturbations,

Fiqure 7.2—1, sheet B, showz the logic for the pump
underfrequency trip,

T.2.11.28 3team Generator Tripz, The zpecific trip functions
generated are az follows:

A, Low—low steam generator water lewel trip
Thi= trip protects the reactor from lozs of heat =ink,

Thiz trip iz actuated on two out of the four low—low
water level zignals occurring in any steam generator,

The logic iz shown in figure 7.2—1. sheet 7.
T.2.11,2.6 Reactor Trip cn a Turbine Trip {Anticipatory),

The reactor trip on a turbine trip ig actuated by two—out—of
three logic from low emergency. trip fluid signalzor by four—

out—of—four =ignal= generated bpclosure of the four turbine high I =
preszsure throttlielstoplvalves, A turbinetripcauzes a direct
reactor trip above P—A, The reactor trip on turbine trip provides I 3]

additicnal protection and conzervatism bevond that required,
Thiz trip is included az part'of good edgineeringpractice and
prudent design. Mo credit iz taken in any of the safety
analy=zes [chapter 15) for thiz trip.

The turbine providez anticipatory trips to the reactor protection
gystem from contacts which change state when the turbine

low pressure stop valves close or when the turbine emergency
trip fluid prezsure goes below its zetpoint,

One of the design baszes considered in the protection system iz
the poszibility of an earthquake, With rezpect to theze
contacts, their functioning iz unrelated to a seismic event

in that they are anticipatory to other diverze parameters which
cauze reactor trip, The contactsz are closed during plant
operation and open to cauze reactor trip when the turbine is
tripped. Mo power iz provided to the protection system from
the contact= they merely serve to interrupt power to cauze
reactor trip, Thiz dezign functions in a deenergize—to—trip
fashion to causze a plant trip if power iz interrupted in the

trip circuitry, Thiz ensuresz that the protection system will
innoway be degraded by thiz anticipatory trip because seizmic

Amendment 3I1
dept, 20, 85
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Dezsign considerations do not form part of the dezign bases for
anticipatory trip sen=corz. [The reactor protection sv¥ztem
cabinetz which receive the inputs from the anticipatory tTip
FENZors are feismically qualified as dizcu=sed in section 3,10,)
The anticipatory trip= thuz meet IEEE 3tandard 272 including
redundancy, separation,. single failure, etc, Seizmic qualifica-—
tion of the contacts senzors= iz not regquired,

The logic for this trip iz shown in figure 7.2—1. sheet 16,

7.2.1,1.2.7 B8Bafetv Injection 3ignal Actuation Trip, A reactor
trip occurs when a safety injection zignal i=s actuated., The
means of actuating a safety infection =zignal i= described in
zection 7.3,

Figqure 7.2—1, sheet A, shows the logic for thiz= trip.

7.2.1.3,2.8 Manual Trip, The manual trip conzists of two
gwitches with two outputs on each switch, Ime output iz used
to actuate the train A trip breaker, the other output actuates
the train B trip breaker. Operating a manual trip switch
removes the voltage from the underveltage trip coil and
energizes the shunt trip coil in the breakers,

There are no interlocks which'can block thistrip,
Fiqure 7.2—1, sheet 3, showsthe manual trip logic,

T.2.11.3 Reactor Trip 8ystem Interlocks

T.2.11.3.1 Power Escalation Permig=sives, The overpower
protection provided by the out of core nuclear instrumentation
conziztz of three dizcrete, but overlapping, ranges,
Contimiation of startup operation or power increase requires

a permizsive signal from the higher range instrumentation
chamnnels before the lower range level trips can be manually
blocked by the operator,

A one—of—two intermediate range permizsive signal [P—6)is
required prior to source range level trip blocking, A source
range manual block iz provided for each logic train and the
blocks must be in effect on both trainz in order to continue
poweT escalation, Source range level trips are antomatically
reactivated when both intermediate range channel= are below
the permizsive [P—5] level, There are two manual rezet switches
for administratively reactivating the source range level trip
when between the permizsive P—6 and P—10 level, if required,

105 Source range level trip block iz always maintained when power is
abowve the permizzive P—10 level,

Amendment 108
2000, 4,20
T.2—10
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The intermediate range level trip and power range [low
zetpoint) trip can only be blocked after =zatizfactory operation
and permizsive information are obtained from two of four power
range channels, Individual blocking switchesz are prowvided

zo that the low range power range trip and intermediate range
trip can be indenpendently blocked [ one switch for each train
for a total of four switchez)., These trips are automatically
reactivated when any three of the four power range channels
are blow the permis=ive [P—10]level, thuz ensuring automatic
activation to more restrictive trip protection,

The development of permizzives P—6 and P—10 iz shown in
fiqure 7.2—1. sheet 4, All of the permizzives are digital:

they are derived from analog =ignal= in the mucl ear power range
and intermediate range channelz,

ee table 7.2— 2 for the li=t of protection =¥=ztem interlocks.

T.2.11.3.2 Blocks of REeactor Trips at Low Power, Interlock
P—Tblocks a reactor trip (below approximately 10 percent of full
power) on a low reactor coolant flow in more than one loop,
reactor coclant pump undervoltage, reactor-Coclant pump
underfrequency, prezsurizer low pregsure, or presaurizer high
water level zignal, See fiqure 7.28—1. sheetzB, 6, and 146, for
permizsive application=s, The low power permizsive [P—T) i=
derived from three out of four power range nmelutron flux =ignals
below the setpoint in coincidence with two out of two turbine
impulze chamber pressure zignalsbelowthe zetpoint (low plant
load), The permi=sive logic i shown in figure 7.2—1, sheetz 4
and 16,

The P—A interlock blocks a reactor trip when the plant i= below
approximately 30 percent of full power on a low reactor coolant
flow in anvy one loop or aturbine trip signal., The block action
[abzence of the P—A interlock signal) occurs when three out of
four neutron flux power range signals are below the =etpoint,
Thuz. below the P—A zetpoint, the reactor will be allowed to
operate with one inactive loop and trip will not occur until two
loops are indicating low flow, 3Jee figure 7.2—1, sheet 4, for
derivation of p—8, and sheet & for applicable logic,

dee table 7.2— 2 for the list of protection s¥=stem blocks,

Amendment I1
Jept, 20, 85
T.i—11
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Ta.11.4 Cocolant Temperature Sensar Arrangement

A, Reziztance Temperature Detectcx (RTD],

Hot leg temperature measurement on each toop will be accomplizhed

uzing three fast responze, narrow range, well type dual element RTD=

located winthin the thee scoops, which extend into the flow stream at
123 location 120 degrees apart in the crossz sectional plane on the reactor
coolant hot leg, Cold leg temperature measurement on each loop will
be accomplizhed uzing one fast response, narrow range, well type
dual element ETD located in cold leg at the discharge of the reactor
coolant pump,

Becanse of the mixing action of the pump, only one
thermowell required to obtain a reprezentative zample,

123 Thiz thermowell iz located az close as poszible to the
weld connection at the pump discharge and iz in the
game relative position in each loop.

S

123

3ignals from these instrumentz are used to compute the
123 reactor coolant AT (temperature of the hot leq.

Thet. Minuz the temperature af the cold leqg, Taaal

and an average reactor coolant temperature Taw. The

Tawg for each loop iz indicated in the main contrel

T OOT,

Amendment 123
2000, 10, 24
T.i—12
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B, Cold Leg and Hot Leg Temperatures

Temperature detectors. located in the thermometer
wells in the cold and hot leg piping of each loop.
supply signals to wide range temperature recorders,
Thiz information iz used by the operator to control
coolant temperature during startup and shutdown,

T.2.11.8 Pressurizer Water Lewel Reference Leg Arrangement

The design of the pressurizer water level instrumentation
includez a tank level arrangement uzing differential prez=ure
between an upper and a lower tap,

T4.11,6 Analog 3ystem

The analog system conzists of two instrmmentati on sy=stems: the
process instrumentation system and the nuclear instrumentation
=v¥stem,

Process instrumentation includes thoze devices (and their
interconnection into s¥stems) which measure temperature,
pressure, fluid flow, flnid level az in tanks or veszels,

and occcasionally physiochemical parameters such a= fluid
conductivity or chemical concentration, Processinstrumenta—
tion specifically excludes nucleaT and Tadiation measurements,
The process instrumentation ingludes the process measuring
devices, poweT suppliez, indicators. recorders, alarm actuating
devices, controllers, signal conditioning dewices, etc., which
areneceszary for davy—to— day operation of the muclear steam
supply s¥stem, as well az for monitoring the plant'and providing
initiation of protective functions vpon. approach tounzafe
plant conditicn=,

The primary function of nuclear instrumentation iz to protect
the reactor by monitoring the neuntron flux and generating
appropriate trips and alarms= for various phases of reactor
operating and shutdown condition=s, It alsoprovides a secondary
control function and indicates reactor statuz during startup and
poweT operation, The nuclear instrumentation sy=stem uzes
information from three separate types of instrumentation
channels to provide three dizcrete protection level=, Each

range of instrumentation [source, intermediate, and power)
provides the necezsary overpower reactor trip protection
required during operation in that range, The overlap of
instrument rangez provides reliable continuous protection
beginning with source level through the intermediate and

low power level, A= the reactor power increazes, the

overpower protection level iz increased by adminiztrative
procedures after zatisfactory higher range instrumentation
operation iz obtained, Automatic reset to more restrictive

trip protection i=s provided when reducing power,

Tl 3
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Various types of neutron detectors. with appropriate
golid—state electronic circuitry, are used to monitor the
leakage neutron flux from a completely shutdown condition to
120 percent of full power. The neutron flux coversz a wide
range between theze extremes, Therefore, monitoring with
zeveral ranges of instrumentation iz necezsary.

The lowest range [ 2ource range ) covers 5ix decades of leakage
neutreon flux, The lowest obzerved count rate depends on the
gstrength of the neutron =ources in the core and the core
multiplication associated with the shutdowmn reactivity., Thi=
iz generally greater than two counts per second, The next
range [intermediate range) covers eight decades, Detectors
and instrumentation are cho=en to provide overlap between the
higher porticn of the source range and the lower portion of
the intermediate range, The highest range of instrumentation
[power Tange ) covers approximately two decades of the total
inztrumentation range, Thi= i= alinear range that owverlaps
with the higher portion of the intermediate range,

The system described above provides control room indication
and recording of signals proportional to reactor neutron flux
during core loading, shutdown,=startup, and power cperation,

as well as during subsequent refueling,  Startuprate indica-—
ticn for the source and intermediate range chanoels i= provided
in the contreol room, FReactor tTip, rod stop, control and alarm
gignals are transmitted to the reactor'control and protection
gystem for automatic plant control, Equipment failures and
test status information are annunciated inthe control room,

3ee references 1 and 2 for additional Background information
cn the processz and niclear instrimentation;

T2.11.7 8olid—3tate Protection S¥stem

The zolid—state logic protection sv=stem takes binary inputs
[voltage/no voltage ] from the process and nuclear instrument
channels corresponding to conditionz (normal/fabnormal ) of plant
parameters, The =ystem combines thesze signals in the required
logic combination and generates a trip signal (no voltage) to
the undervoltage trip attachment and the shunt trip auxiliary
coils of the reactor tTip cirouit breakers when the neceszary
combination of zignal= occurs, The Fystem alzo provides
annunciateor, status light. and computer input zignals which
indicate the condition of biztable input signals, partial trip
and full trip function=, and the ztatus of the various blocking.
permizzive and actuation functionz., In addition, the s¥stem
includez meanz for semiautomatic testing of the logic circuits,
A detailed de=scription of this system iz given in reference 3,

Amendment 3 Apr, 1982
T2—14
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T.2.11.8 Izolation Amplifiers

In certain applications. it iz advantageous to employ control
zignalz derived from individual protection channels through
izplation amplifiers contained in the protection channel, as

permitted by IEEE Standard 273,

In all of theze cases, analog signals derived from protection
channel= for nonprotective functionz are obtained through
izplation amplifier=s located in the analog protection racks.
By definition, nonprotective function= include those =ignal=
uzed for control, remote process indication, and computer
monitoring, Isolation amplifier qualification tvpe teztz are
described in references 6 and 7 and additional Westinghouse
test programs are discuzsed in section 7.1,

7.2.11.9 Energy Supply and Environmental Variations

The energy supply for the reactor trip system, including the
voltage and frequency variations. iz described in section 7.6
and chapter 8, The environmental wvariationz, throughout which
the system will perform. are given in section 3,11 and chapter A,

7.2.1.1.10 Setpoints

The setpoints that require trip action are given in IT3 Chapter 1. 145
A further dizcuzzion on =etpeoints is founddn subparagraph 7.1.2.1.9,

T.2.11.11 Seizmic Deszign

The seismic design considerations forthe reacter trip system
are given in section 3,10, Thi=z dezign meets the requirements
of General Design Criteriom 2.

T.2.1.2 Design Bazesz Information

The information given below prezents the dezign bazes
information requested by Jection 3 of IEEE 3tandard 279
Functional logic diagrams are prezented in figure 7.2—1.

Amaendment 349
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7.2.1.2.1 Generating Station Conditions

The following are the generating station conditions requiring
reactor trip:

479 A. DNBR approaching limit value

B. Power densgity (kKW/ft) approaching rated value for
Condition II faults {see chapter 4 for fuel design
limits)

C. Reactor coolant system overpressure creating stresses
approaching the limits specified in chapter 5,

7.2.1.2.2 Generating Station Variables

The following are the variables required to be automatically
monitored in order to provide reactor trips (see table 7.2 —-1).

Neutron flux

Reactor coolant temperature

Reactor coolant system pressure [pressurizer pressure)
Pregsurizer water level

Reactor coolant flow

g Pk o 0 e

Reactor coolant pump operational status (voltage and
frequency)

&

Steam generator water level
Turbine generator operational status (trip fluid
pressure and stop valve position).

7.2.1.2.3 Spatially Dependent Variables
Reactor coolant temperature ig gpatially dependent.

See paragraph 7.3.1.2 for a discussion of this variable spatial
dependence.

Amendment 479
2007. 8. 3
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7.2.1.2.4 Limits and Margins

The parameter values that will require reactor trip are given

in ITS, Technical Specifications, and in chapter 15, |343
Accident Analvses. Chapter 15 demonstrates that the setpoints
used in ITS Chapter 1 are conservative. |343

The getpoints for the various functions in the reactor trip
system have been analytically determined such that the
operational 1imits so prescribed will prevent fuel rod clad
damage and loss of integrity of the reactor coolant system
(RCS) as a result of any ANS Condition II incident {anticipated
malfunction). As such, during any ANS Condition II incident,
the reactor trip system limits the following parameters to:

Minimum DNBR = limit value |479

Maximum system pressure = 2750 psia

Fuel rod maximum linear power =22.5 kW/ft |47g

The accident analyses described in chapter 15 demonstrate that
the functional requirements as specified for the reactor trip
gystem are adequate to meet the above congiderations, even
agsuming, for conservatigm, adverse combinationg of ingtrument
errors (refer to table 7.2—3). A discussion of the safety

limits associated with the reactor core and RCS, plus the
limiting safety system setpoints, is presented in the

technical specifications.

7.2.1.2.5 Abnormal Events

The following malfunctions, accidents, or other unusual events
which could physically damage reactor trip system components or
could cause environmental changes are considered in design:

A. Earthquakes (see chapters 2 and 3)

Fire (see section 9.58)

C. Explosion (hydrogen buildup inside containment,
gee subsection 6.2.5)

D. Migsiles (see section 3.5)
E. Flood (gsee chapters 2 and 3)

F. Wind and tornadoes (see section 3.3).

Amendment 479
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The reactor trip system fulfills the requirements of IEEE
Standard 279 to provide automatic protection and to
provide initiating signals to mitigate the congequences of
faulted conditions. The reactor trip system relies upon
provisions made by the owner and operator of the plant to
provide protection against destruction of the system from
fires, explogions, floods, wind, and tornadoes (see each

item above). The discussions in subparagraph 7.1.2.1.7 and
this gection adequately address or reference the coverage of
the affects of abnormal events on the reactor trip system in
conformance with applicable General Design Criteria.

7.2.1.2.6 Minimum Performance Requirements

7.2.1.2.6.1 Reactor Trip System Regponge Timeg. Reactor trip
system response time is defined in section 7.1. Typical maximum
allowable time delays in generating the reactor trip signal are
tabulated in table 7.2—3. Reactor trip system instrumentation
response times are provided in ITS Chapter 1 table 3.3.1-2.
During preliminary startup tests, it will be demonstrated that
actual time delays of ingtalled equipment are equal to or

legs than the values agsgumed-in the accident analvses.

(See paragraph 7.1.2.28 for a discussion of

periodic response time verification capabilities.)

7.2.1.2.6.2 Reactor Trip Accuracies. Accuracy is defined in
section 7.1. Accuracieg are tabulated in

table 7.2—3. The trip setpoint is determined by factors other
than the most accurate portion of the instrument's range. The
gafety limit gsetpoint ig determined only by the accident
analysis. As described above, allowance is then made for
procegs uncertaintieg, instrument error, instrument drift, and
calibration uncertainty to obtain the nominal setpoint value
which is actually set into the equipment. The only regquirement
on the instrument’'s accuracy value is that over the instrument
gspan, the error must always be less than or equal to the error
value allowed in the accident analygis. The ingtrument doesg not
need to be the mosgt accurate at the gsetpoint value ag long as it
meetg the minimum accuracy requirement. The accident analysgis
accounts for the expected errors at the actual gsetpoint.

7.2.1.2.6.3 Protection System Ranges. Typical protection
system ranges are tabulated in table 7.2—3. Range selection
for the instrumentation covers the expected range of the
Drocegs variable being monitored during power operation.
Limiting getpoints are at least 5 percent from the end of the
ingtrument span.

Amendment 479
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T.2.13 Final Svystems Drawings

Final electrical schematic drawings, logics, piping and
instrumentation diagrams and location drawings are provided in
the final s¥stems drawing package, Anv significant functicnal
differences between the PSAR and F3AR are accommodated in the
drawing=z listed in table 1,71,

T4 ANALYSIS
T.2.21 Failure Mode and Effects Analvzis

A failure mode and effect= analy=iz of the reactor trip system
has been performed,. Results of thi=s fault tree analysiz are
prezsented in reference 4,

T.2.2.2 Evaluation of Dezign Limits

While most setpointz used in the reactor protection system are
fixed, there are wvariable =etpointzs, most notably the over—
temperature AT and overpower AT setpoint=s, All setpoints in
the reactor trip system have been zelected on the baziz of
engineering design or zafety studie=s, The capability of the
reactor trip s¥=stem to prevent lo=zs.of integrity of the fuel

clad andfor RC3 pressure boundary during Conditicon 11 and 111
transients iz demonstrated in chapter 15, “Theze accident
analy=zes are carried out uzingthoze setpointsdetermined from
results of the engineering de=sign studies, Setpoint limitz are
prezented in the technical specifications, A discussion of the
intent for each of the various reactor tTips and the accident
analy=zes (where appropriate] which utilize thiz trip i= presented
below, It should be noted that the =electedtTip setpoint= all
provide for margin before protection action iz actually required
to allow for uncertainties and instrument error=s, The design
meets the requirements for General Dezign Criteria 10 and 20,

T2.2.2.1 Trip Setpoint Dizcuszion

It has been pointed out previously that below a DNBE of 1,30
there iz likely to be significant local fuel clad failure, The
DHNBER existing at any point in the core for a given core design
can be determined az a function of the core inlet temperature,
power output, operating pressure, and flow, Conzsequently, coTre
gafety limitz in term= of a DNBE equal to 1,30 for the hot
channel can be developed az a functicon of core AT, Ty and
prezsure for a specified flow az illustrated by the so0lid lines
in fiqure 7.2—3. Al=o shown az solid lines in figure 7.2—3 are
the logic of conditionz equivalent to 118 percent of power a=
a function of AT and Tayy Tepresenting the overpower (kW L)

i
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limit on the fuel, The dashed lines indicate the maximum
permizsible setpoint [AT) a= a function of Taw and pressure for
the over—temperature and overpower reactor trip, Actual values
of setpoint con=stants in the equation representing the dashed
linez are as given in the technical specification=z, These

values are conservative to allow for instrument errorz. The
design meets the requirements of General Dezign Criteria 10,

15, 20, and 29,

DNBER iz not a directly measurable quantity: however, the
process variables that determine DNBER are senszed and evaluated,
8mall isclated changes in variouz proce=ss variables may not
indiwidually result in violation of a core zafetv limit:

whereas, the combined variations. over sufficient time, may
cauze the overpower or overtemperature safety limit to be
exceeded, The dezign concept of the reactor trip s¥=ztem
accommodates thiz situation by providing reactor trips
aZsocilated with individual process variables in addition to

the overpowerfovertemperature zafety limit trips. Proceszs
variable trip=s prevent reactor operation whenever a change

in the monitored value iz =ach that a core or system zafety
limit iz in danger of beingéxceeded shoeuld operation

contimie, Ba=zically, the high pressure, low pressure, and
overpowerfovertemperature ATtripe provide sufficient
protection for =low tranzients as opposed to'=uch trips as low
flow or high flux which will tripthe reacter rapidly for
changes in flow or flux. respectivel v, that would re=uilt in

fuel damage before actuation of the slower responding AT trips
could be effected,

Therefore, the reactor trip s¥y=ztem has been designed to provide
protection for fuel cladding and RCS pressure boundary
integrity where: 1] a rapid change in a single variable or

factor will result in exceeding a core or a system safetv limit,
and 2) a slow change in one or more variablezs will have an
integrated effect which will cauze safety limits to be exceeded,
Owerall, the reactor trip system offerz diverse and comprehen—
give protection again=t fuel clad failure andfor lo=zs of RC3
integrity for Condition II and II] accident=z., Thizis
demonstrated by table 7.2—4 which lizts the variouz trips of
the reactor trip system. the corresponding technical specifica—
tion on zafety limitz and zafety system =zettings, and the
appropriate accident dizcuszed in the zafety analyses in which
the trip could be utilized,

The reactor trip system design wasz evaluated in detail with
respect to commen mode failure and i= presented in references 4
and 5. The dezign meets the requirements of General De=ign
Criterion 21,

T.A— 20
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Preoperational testing iz performed on reactor trip sy=stem
components and systems to determine equipment readiness for
gtartup, Thi=testing serves as a further evaluation of the
gyatem dezign,

Analwzes of the results of Condition I, II, III, and IV events,
including conziderationz of inztrumentation in=stalled to
mitigate their consequences, are presented in chapter 15, The
instrumentation installed to mitigate the conzegquences of 1oad
rejection and turbine trip iz given in zection 7.4,

Ta2.22.2 BReactor Coolant Flow Meamarement

The elbow tap=z uzed on each loop in the RC3 are instrument

dewices that indicate the status of the reactor coolant £flow,

The basic function of these devicez iz to provide information as

to whether ornot a reduction in flow haz occurred, The correlation
between flow and elbow tap =ignal iz given by the

following equation:

ﬂp _l:w:lz
AP,

Q

where AP, 1= the pressure differential at the reference flow

W, . and AP iz the pres=ure differential at the corresponding
flow, w. The full flow reféerence pointiz eztablizhed during
initial plant =tartup. The low flow trip point iz then
egtablished by extrapolating along the correlation curve, The
expected accuracy of the channelis within t10percent of full
flow and field results have shown the repeatability of the

trip point to be within 1 percent,

T2.2.2.3 Ewvaluation of Compliance to Applicable Codes and
Standards

The reactor trip sy=stem meets the criteria of the General,
Design Criteria and the criteria of IEEE Standard 272
as indicated below,

T2.2.2.31 General Functional Requirement., The protection
gystem antomatically initiates appropriate protective action
whenever a condition monitored by the system reaches apreset
lewel, Functional performance requirements are given in sub—
paragraph 7.2.1.1.1, Subparagraph 7.2.1.2.4 prezents a discus—
zion of limits and margins: subparagraph 7.2.1.2.6 dizcu=ses
unuzual (abnormal) events: and subparagraph 7.2.1.2.6 prezents
minimum performance requirements,

T.a—a1
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T2.22.32 3dingle Failure Criterion, The protection syztem

iz de=igned to provide two, three, or four inztrumentation
channel= for each protective function and two logic train
circuits, These redundant channels and trainz are electrically
izolated and physically separated, Thuzs, any zingle failure
within a channel or train will not prevent protective action at
the system level when required. Lozs of input power, the mozt
likelv mode of failure, to a channel or logic train will rezult
in asignal calling for a trip, Thiz de=zign meets the require—
mentz of General Dezign Criterion 23,

To prevent the ocourrence of common mode failures, such addi—
ticnal measures az functional diver=zity, phy=ical separation,
and testing a= well as administrative control during design,
production, installation, tezting, and cperation are employed,
az discuzsed in reference 4, The design meets the requirements
of General Design Criteria 21 and 22,

T.2.2.2.3.3 Quality of Components and Modules, Fora

dizcuzsion of the gquality of the components and modules uzed in
the reactor trip sy=tem, refer to a separately publizhed QA
manual, The quality azsurance applied conforms to General Dezign
Criterion 1,

T.2.2.2.34 Equipment Qualification, Fora discuzsion of the
type testz made to verify the performance requrements, refer to
sectionz 3.10 and 3,11, The tést results demonstrate that the
design meets the requirements of General Design Criterion 4,

T.2.2.2.38 Channel Integrity, Protectien system channels
required to operate in accident conditionz maintain necessary
functional capability under extremes of conditionz relating to
environment, energy supply, malfunctions, and accidents, The
energy supply for the reactor trip system is described in
gection 7.6 and chapter A, The environmental wvariation=s
thronghout which the zystem will perform are given in

zection 3,11,

T.2.2.2.36, Independence, Channel independence iz carried
thronghout the zystem. extending from the senzor through the
dewvices actuating the protective function, FPhy=ical separation
iz uged to achieve separation of redundant tran=mitters,
Geparation of wiring iz achieved uzing separate wire ways, cable
trays, conduit runz, and containment penetrations for each
redundant channel, Redundant analog egquipment iz separated by
locating modulez in different protection cabinets, Each
redundant protection channel zet iz energized from a separate
ac power feed, This design meetz the requirements of General
Design Criterion 21,

Amendment 51
1287, 11,1
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Independence of the logic train iz discu=szed in reference 3,
Two reactor trip breakers are actuated by two separate logic
matricez which interrupt power to the control rod drive
mechanizms,

The breaker main contacts are connected in serie= with the
poweT supply 2o that opening either breaker interrupt= power
to all full length control rod drive mechanizmsz, permitting
the rodz to free fall into the core (2ee fiqure T.2—4),

The design philozophy iz to make maximum uze of a wide variety
of measurements. The protection system continuouzly monitors
numerous diverze syztem variables, The extent of thiz diver—
gity has been evaluated for a wide variety of postulated
accidents and i= discuzsed in reference B, Generally, two or
more diverse protection function= would terminate an accident
before intolerable consequences could occur, Thiz dezign
meets the requirements of General Design Criterion 22,

T2.22.37% Control and Protection System Interaction., The
protection system iz dezigned to be independent of the control
gystem. In certain applications, thecentraol signal= and other
nonprotective functions are derived from individual protective
chamnnels through isolation amplifiers; The isclation amplifiers
are claszified a= part of the protection z¥stem and are located
in the analog protective racks, Neonprotective function=z include
thoze signals u=ed for contral, remote procezs indication, and
computer monitoring., Thedsolationamplifier=z are dezigned such
that a short circuit, open cizouit; or the application of

118Y ac or 140V dc on the izolated output portion of the circuit
[i.e..the nonprotective =zide of the circuit) will not affect

the input [protective) side of the circuit., The =ignal=

obtained through the izolation amplifiers are never returned to
the protective racks. Thiz dezign meet=z the requirement= of
General Design Criterion 24 and Section 4.7 of IEEE

Jtandard 279,

A detailed discuz=ion of the design and testing of the izolation
amplifier= iz given in referencez 6 and ¥, Thesze reports
include the rezultz of applving varions malfunction conditions
on the output portion of the izolation amplifiers. The result=s
zhow that no significant disturbance to the izolation amplifier
input zignal occurred,

T.2.2.2.308 Derivation of Sy=ztem Inputz, Tothe extent feas—
ible and practical, protection system inputs are derived from
zignalz which are direct measures of the desired variables,
Variables monitored for the wvarious reactor trips are listed in
subparagraph 7.2.1.2.2,

T.A—a3
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T2.2.2.39 Capability for 3en=zor Checks, The operational
availability of each zy=stem input zensor during reactor

operation iz accomplizhed by cross checking between channels
that bear a lmown relationship to each other and that hawve
48] readouts available, Channel checks are discuzsed in ITS Chapter 1,

T.2.2.2.310 Capability for Testing, The reacter trip system
iz capable of being tezted during power operation., Where only
parts of the system are tested at any one time, the testing
gequence provides the necessary overlap between the parts to
assure complete system operation, The testing capabilitie=s
are in agreement with Requlatory Guide 1.22 a= discuszs=ed in
paragraph 7.1,2.5,

The protection s¥=stemiz designed to permit periodic testing of
the analog channel portion of the reactor trip system during
reactor power operation without initiating a protective action
unless a trip condition actually exizt=z., Thiz iz becauze of the
coincidence logic required for reactor trip. These teztz may be
performed at any plant power from cold shutdown to full power,
Before starting any of theze tests with the plant at power. all
redundant reactor trip channel= azsociated with the function to
be tested must be in the normal-luntripped) mode in order to
avold spuriou= trip=s, Setpoints arereferenced in the
precautions, limitation, and setpoints portion of the plant
technical manual,

A, Analog Chamnel Tezts

Analog channel testing 17 performed at the analog
inztrumentation cabinet by indiwvidually introducing
dummy input signal= imte theé instrumentation channels
and observing the tripping of the appropriate output
biztables, Briefly. in the analog racks. lamps and
analog test switches are provided, The biztable cutput
izput in a trip condition by placing the test switch

in the test pozition, Thi= action connect= the proving
lamp to the biztable and disconnect=z and thus
de—energizes [operatez) the biztable output relays in
train A and train B logic cabinets and allows injection
of a test =ignal to the channel, ERelay logic in the
process cabinets antomatically block= the test =ignal
unless the bistable amplifier is tripped, Thi=s, of
necessity, iz done on one channel at a time, Interrup—
tion of the bistable output to the logic circuitry for
any cauze test. maintenance purposes, or removed from
gervice) will cause that portion of the logic to be
actuated [partial trip) accompanied by a partial tTip
alarm and channel statuz light actuation in the control
room, A =ignal is then in=serted through atest jack.
Verification of the biztable trip =etting iz now

Amsniment 449
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confirmed by the Proving lamp, FEach channel containzs
thoze switches, test pointz, etec., necezsary to test

the channel, Iti=estimated that analog testing can
be performed at a rate of zeveral channels per hour,
Jee reference 1 for additional information,

The following periodic test=s of the anal og channel= of
the protection circuits are performed:

Tawy anid & T protection channel testing
Prezsurizer prezsure protection channel testing
Prezsurizer water level protection channel testing

gteam generator water level protection channel
testing

Feactor coolant low flow, underfregquency, and
undervoltage protection channels,

Tuirbine impul=ze chamber prezsure channel testing
gteam pressure protection channel testing

Containment pressure cHannel testing,

Huclear Instrumentation Channel Tests

The power range channelz of the nuclear instrumentation
gystem are tested by superimpo=zing a test gignal on the
actual detector zignal being received by the channel at
the time of testing., The output of the bistable iz not
placed in a tripped condition prior to testing., Al=o,
gince the power range channel logic is two out of four,
bypass of this reactor trip function i= not required,

To test a power range channel, a "TEZT—-OPERATE" switch
iz provided to require deliberate operator action, the
operation of which will initiate the "CHANNEL TE3T"
annunciator in the control room. Biztable operation is
tested by increazing the test zignal level to bistable
trip setpoint and verifying biztable relay operation

by control board anminciation and trip status lights,

It should be noted that a valid trip signal wonld cauze
the chamnel under test to trip at a lower actual

reactor power level, A reactor trip would occur when m
zecond biztable trips. Mo prowviszion has been made in
the channel test circuit for reducing the channel

zignal level below that zignal being received from the
nuclear instrumentation s¥ystem detector.

T.A— a8
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Anuclear inztrumentation s¥=stem channel which can
cauze areactor trip through one of two protection
logic [zource or intermediate range) iz provided with
a bypass function which prevents the initiation of a
reactor trip from that particular channel during the
short period that it iz undergoing test, Theze
bypaszzes are anmunciated in the control room.

The following periodic tests of the nuclear
inztrumentation sy¥=tem are performed :

1. Testing at plant shutdown

Bource range tezting
Intermediate range testing
Power range testing

2. Tezting between P—6 and P—10 permiszive poweT
levels

Bource range teszting
Intermediate range testing

3. Testing abowe P—10 permiszive power level
Power range testing

Anv deviations noted during the performance of these
tests are investigated and corrected in accordance with
the established calibration and troubleshooting proce—
dures provided in the plant technical manual for the
nuclear instrumentation sy=stem. Control and protection
trip settingz are indicated in the plant technical

mamial under precautions, limitations, and setpoints,

For additional background information on the miclear
inztrumentation sy=stem, see, reference 2,

8olid—State Logic Testing

The reactor logic trains of the reactor trip s¥y=stem
are degigned to be capable of complete te=ting at
power, After the indiwvidual channel analog testing
iz complete, the logic matrices are tezted from the
train A and train B logic rack test panelz. Thiz step
provides overlap between the analog and logic portions
of the test program, During thi= teszt, each of the
logic inputs iz actuated automatically in all
combinations of trip and non—trip logic, Triplogic
iz not maintained long enough to permit master relay
actuation (mazter relayz are pulzed in order to check
contimity), Following the logic testing, the
indiwvidual maszter relays are actuated electrically to

T.A— a6
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test their mechanical operation, Actuation of the
master relays during this tezt will apply low voltage
to the slave relay coil circuitz to allow contimity
checking. but not slave relay actuation. During logic
testing of one train, the other train can initiate any
required protective functions, Annunciation iz
provided in the control room to indicate when a train
iz in tezt (train output bypaz=ed) and when a reactor
trip breaker iz bypassed, Logic testing can be
performed in le=zs than 30 minutes, Detailz of the
logic gystem testing are given in reference 3,

A direct reactor trip resulting from undervoltage or
underfrequency on the reactor coolant pump buses i=
provided as dizcuzsed in subzection 7.2.1 and az shown
in fiqure 7.2—1. The logic for theze trip=s iz capable
of being tested during power operation., When parts

of the trip are being tested, the sequence is such that
an overlap iz provided between part= 2o that a complete
logic test iz provided, Opening of the reactor coolant
pump breaker= during power operation 1= not poszible
gince a reactor trip wonld ocour az a resiult of low
reactor coolant flow,

Thiz design complie=z with the tezting requirement=
of the applicable criteria a=s addrezsed in
paragraph 7.1.2.5. Detailz of the method of teszting
and compliance with'these standards are provided in
subparagraph 7.2.2.2.3,

The permizsive and block interlocks associated with
the reactor trip sy=stem and E3F are given in

tablez 7.2— 2 and 7.3—3 and designated protection

or "P" interlock=s. Az a part of the protection
gystem. theze interlocks are designed to meet the
testing requirementz of IEEE 3tandard=s 273 and 334,

Testing of all protection system interlocks is
provided by the logic testing and zemi—automatic
testing capabilities of the solidstate protection
zystem. In the =zolid—=tate protection sv=stem. the
undervoltage coils [reactor trip) and master relays
[engineered safequards actuation) are pul=ed for all
combinationzs of trip or actuation logic with and
without the interlock zignals., For example, reactor
trip on low flow iz te=sted to verify operability of
the trip above P—7 and non—trip below P—7. [3ee
fiqure 7.2—1, sheet B,) Interlock testing may be
perfcrmed at power,

T.A—aT
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Testing of the logic train= of the reactor trip sv=tem
includez a check of the input relays and a logic matrix
check, The following sequence iz us=ed to teszt the
svystem:

1. Check of input relavy=s

During te=sting of the process instrumentation
gystem and miclear inztrmmentation system
channel =, each channel bistable iz placed in a
trip mode canzing one input relay in train A and
one in train B to de—energize. A contact of each
relay is connected to a universal logic printed
circuit card, Thiz card perform= both the reactor
trip and monitoring function=s, Each reactor trip
input relay contact cauzesz a statuzs lamp and an
annunciator on the control board to operate,
Either the train A or train B input relay
operation will light the statu= lamp and
annunciator,

Each train containz a multiplexing test switch,

At the =tart of a process-or nuclear instrumentation
gystem tezt, thiz switch (in either train}is=

placed in the A ¥ B pozition, The A + Bposition
alternately allowsz information to betransmitted
from the two trains to the control board. A

gteady status lamp and annuneciatorindicates that
input relayz in both trainz have been de—energized,
A flashing lamp means that the input relays in the
two trainz did not 'beth de—enérgize, Contact
input=z to the logic protection sy=tem such a=
reactor coclant pump buz underfrequency relays
operate input relav= which are tested by operating
the remote contacts az described above and using
the game tvpe of indication=z az tho=e provided for
bistable input relays,

Actuation of the input relayz provide= the overlap
between the testing of the logic protection sv¥stem
and the testing of thoze systems= supplying the
input=z to the logic protection system. Test
indications are ztatus lamp= and annunciators on
the control board, Input=z to the logic protection
gystem are checked one channel at atime, leaving
the other channelz in service, For example. a
function that tripz the reactor when two out of
four channels trip becomes a one—out—of—three tTip
when one channel is placed in the trip mode, Both
trainz of the logic protection system remain in
gervice during thiz portion of the test,

T.A— a8
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2. Check of logic matrices

Logic matricesz are checked one train at a time,
Input relays are not operated during thiz portion
of the test. Reactor trip= from the train being
tested are inhibited with the use of the input
error inhibit switch on the semi—automatic test
panel in the train, At the completion of the

logic matrix te=st. one bistable in each channel

of procezzs instrumentation or nuclear instrumen—
tation iz tripped to check closure of the

input error inhibit switch contact=,

The logic test scheme u=es pulze technigques to
check the coincidence logic, All pozsible tTip

and non—trip combinationz are checked,. Pul=es
from the tester are applied to the input= of the
universal logic card at the same terminals that
connect to the input relay contactz. Thus, there
iz an overlap between the input relay check and the
logic matrix check. Pulzses are fed back from the
reactor trip breaker undervoltage trip attachment
and the shunt trip auxiliary relay coilz to the
tester. The pulzez are of such short duration
that neither the reactor trip breaker undervoltage
attachment nor the shunt tripatxiliary relay can
respond mechanical 1y,

Test indications that are provided are an annunci—
ator in the central room indicating that reactor
trips from hetrainhave been blocked and that

the train iz being tezted, and green and'red lamps
on the semi—automatic tester to indicate a good or
bad logic matrix test., Protection capability
provided during thiz portion of the test iz from
the train not being tezted,

The general dezign featurez and detail=s of the
testability of the logic system are described in
reference 3, The testing capability meet=z the
requitements of General Dezign Criterion 21,

D, Testing of Reactor Trip Breakers

Normally, reactor trip breakers B2/RTA and B2/RETH are
in service, and bypass breakers 52/BYA and B2BHY B are
withdrawm [out of service], In testing the protection
logic, pulze techniques are used to avoid tripping the
reactor trip breakers, thereby eliminating the need to
bypasz them during this testing, The following
procedure describes the method u=sed for testing the
trip breakers:

1. With bypa=z breaker B2/BYA racked out, manually
cloze and trip it to verify itz operation,

Apr, 19883 Amendment 3
T.2—29
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2. Rack in and cloze B2/BYA, Manually trip B2RTA
through aprotection zvstem logic matrix while at the
zame time depressing the "auto shunt trip block" push
button on the automatic shunt trip pannel, Thi=s
8 verifie=s operation of the undervoltage trip attachment.
When the breaker trip, After reclosing 52 BTA, trip it
again by deprez=ing the "Auto shunt trip test" push
botton on the automatic shunt trip panel. Thiz verifies
tripping of the breaker through the shunt trip device,

3., EReszet B2/RTA,
4 Trip and rack out B2/BYA,

B. Repeat above step= to test trip breaker B2/RTH
uzing bypass breaker B2/BYH,

ABuxiliary contactz of the bypazs breakers are connected
into the alarm =¥=tem of their respective trains such
that if either train iz placed in test while the bypas=
breaker of the other train iz clozed. both reactor trip
breakerz and both bypaszs breakers will automatically
trip,

ABuxiliary contacts of the bypass breakers are alzo
connected in such a way thatif an attempt isgmade to
cloze the bypaszs breaker in one train while the bypazs
breaker of the other train iz already closed, both
bypass breakers will antomatically trip.

The train A and train B alatm sy¥=tems operate separate
annunciatorz in the control room. The two bypass
breakers al=zo operate an anminciator in the control
room, Bypaszsing of a protection train with either the
bypass breaker or with the test switches will remalt

in audible and wizual indicaticons,

The complete reactor trip system is normally regquired
to be in service, However, to permit online testing of
the various protection channels or to permit continued
operation in the event of a subsystem instrumentation
channel failure, a technical zpecification defining

the minimum mumber of operable channelz and the minimum
degree of channel redundancy haz been formulated, This
technical specification also defines the required
restriction to operation in the event that the channel
operability and degree of redundancy requirement=
cannot be met,

T.2.2.2.311 Channel Bypazs or Removal from Operation, The
protection s¥stem iz dezigned to permit periodic testing of the
analog channel portion of the reactor trip system during reactor
poweT operation without initiating a protective action unle=z a
trip condition actually exist=s, Thi= iz because of the
coincidence logic required for reactor trip.

Amendment 3 Apr, 1982
T.2—130
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T2.2.2.312 Bypasses, Wherenormal operating requirements
necessitate automatic or manual bypass of a protective function,
the design iz =uch that the bypaszs i= removed antomatically
whenever permizsive conditions are not met, Dewvicezuszed to
achieve automatic removal of the bypass of a protective function
are conzidered part of the protective syztem and are designed in
accordance with the criteria of thiz zection. Indication iz
provided in the control room if some part of the system haz been
administratively bypaz=ed or taken out of service,

T2.22.313 Indication of Bypas=ses, Bypass indication i=
dizcu=sed in paragraph 7.1.2.10,

T2.2.2.314 Acceszto Means for Bypaszing, The dezign
provides for administrative control of access to the mean=z for
manually bypaszing channel= or protective function=, For
additicnal background information, refer to reference 1,

T.2.2.2.3158 Multiple Setpoints. For monitoring neutreon flux,
muiltiple zetpoints are used, When a more restrictive trip =etting
becomesz necezsary to provide adequate protection for a
particular mode of operation or set of operating conditions,

the protective sy¥=ztem circonitz are designed toprovide positive
means or administrative control to azgure that the more restric—
tive trip setpoint iz uged., The dewices usedtoprevent improper
uze of less restrictive trip settings are considered part of the
protective syztem and are designed in accordance with the criteria
of thi= =ection,

T.2.2.2.316 Completicn of Protective Action, The protecticon
gystem i3 30 de=signed that, once initiated, a protective action
goes to completion., Return to normal operation requires action
by the operator,

T2.22317 Manual Initiation, Switchesz are provided cn the
control board for manual initiation of protective action,
Failure in the automatic sy=stem doez not prevent the manual
actuation of the protective functionz, Manual actuation relies
ocn the operation of a minimum of equipment.,

T.2.2.2.318 Access, The design providez for administrative
control of acce=z to all zetpoint adfustments. module calibration
adiustments, test points, and the meansz for manually bypaszing
channel= or protective functionz., For additional background
informaticon, refer to reference 1,

Ta=al
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T.2.2.2.319 Identification of Protective Actionz, Protective
chamnnel identification iz dizcus=ed in paragraph 7.1.2.3. Indi—
cation iz dizcuss=ed in the following section,

T.2.2.2.320 Information REeadout, The protective syztem
provides the operator with complete information pertinent to
aystem ztatus and safety. All transmitted signals (flowe,
prezsure, temperature, eto,) which oan cause areactor trip

will be either indicated or recorded for every channel, including
all neutron flux power range currents [(top detector, bottom
detector. algebraic difference and average of bottom and top
detector currents).

Any reactor trip will actuate an alarm and an anminciator,
uch protective actionz are indicated and identified down to
the channel level,

Annunciators are alzouzed to alert the operator to deviations
from normal operating conditions 2o that he may take appropriate
corrective action to avoid a reactor trip. For example, actua—
ticn of any rod stop or trip of any channel will actuate a visual
and andible alarm,

T2.2232]1 Bvstem Repair, The protection svstem iz designed
to facilitate the recognition. locaticn, replacement, repair,
or adjustment of malfunctioning componénts or modules,

T.2.2.3 Bpecific Control and Protection Interaction

T2.23.1 MNeutronm Flux

The flux differences between the upper and lower ion chambers
from three of the four power range, neutron channels are uszed

az inputs to the overtemperature AT and overpower AT setpoints,
The isclated nuclear power signal from the fourth channel i=

uzed for automatic rod control,

In addition, channel deviation signalzs in the control system will
giwe an alarm if any¥ power range channel deviation occurs., Also,
the control system will respond only to rapid changes in indicated
nentron flux: =low changes or driftz are compenzated by the
temperature control signal=, Finally, an overpower signal from
any nuclear power range channel will block manual and automatic
rod withdrawal, The s=etpoint for thi=srod stop iz below the
reactor trip setpoint,

T.A2— 32
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7.2.2.3.2 Coolant Temperature

The accuracy of the resistance temperature detector (RTD)
temperature measurements is demonstrated during plant start—

up tests by comparing temperature meagurements from all loop RTDS
with one another ag well as with the temperature measurements
obtained from the RTD located in the hot leg and cold leg

piping of each loop.

The linearity of the AT measurements obtained from the hot
leg and cold leg RTDs as a function of power is also

checked during plant startup tests. The absolute value of AT
versus power ig not important, per ge, ag far ag reactor pro-—
tection is concerned, Reactor trip syvstem setpoints are based
upon percentages of the indicated ~T. This ig dune to account
for inherent loop differences. The percent AT input ig a
relative, not absolute input for reactor trip, and therefore,
provides better protective action. For this reason, the
linearity of the AT signals as a function of power is more
significant than the absolute values of the AT. As part of
the plant startup tests, the RTD signals will be compared with
the core exit thermocouple gsignals.

Since control ig based on the temperature of the loop with

the median average temperature, control rod movement is based
upon the median temperature measurement with respect to margins
to DNB. A spurious low and high average temperature measurement
from any loop temperature control channel will not affect

control action,

Amendment 123
2000. 10. 24
7.2—33
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In addition, channel deviation signals in the control svstem

will give an alarm if any temperature channel deviateg
gsignificantly from the auctioneered (highest) value. Automatic
rod withdrawal blocks and turbine runback (power demand reduc—
tion) will also occur if any two of the four overtemperature or
overpower AT channels indicate an adverse condition.

7.2.2.3.3 Pressgurizer Pregsure

The pressurizer pressure protection channel signals are used
for high and low pressure protection and as inputs to the over-—
temperature AT trip protection function. Control channels
(gseparate from the protection channels) generate gsignals which

460|are used to control pressurizer spray and heaters.

A spurious high pressure gignal from one channel can cauge
decreaging pregsure by actuation of either gpray or relief
valves. Additional redundancy is provided in the low
pressurizer pressure reactor trip logic and in the logic for
safety injection to ensure low pressure protection.

Overpregsure protection ig baged upon the maximum pogitive
gurge of the reactor coolant produced ag a resgult of turbine
trip under full load, agsuming the gore continues to produce
full power with normal feed flow maintained. The self—actuated
safety valves are sized on the basis of steam flow from the
pressurizer to accommodate this surge at a setpoint of 2500 psia
and an accumulation of 3 percent. MNote that no credit is taken
for the relief capability provided by the power—operated relief
valveg during this surge, or the turbine bypass system. In
addition, operation of any one of the power—operated relief
valves can maintain pressure below the high pressure trip point
for most transients.

The pressurizer heaters will not overpressurize the RCS because
the rate of pressure rise achievable with heaters is slow, and
ample time and pressure alarms are available to alert the
opbrator to the need for appropriate action.

7.2.2.3.4 Presgurizer Water Level

Three pressurizer water level channels are used for high
pressurizer water level reactor trip. Isolated signals from
thege channelg are uged for pregssurizer water level control.
A failure in the level control system could fill or empty the
pressgurizer at a slow rate (on the order of half an hour or
more), which allows ample time for corrective action.

Amendment 460
2010.3.5
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The high water level trip zetpoint providesz sufficient margin
such that discharging liquid coolant through the safety valves
iz avoided, Ewven at full power conditions, which would produce
the worst thermal expansion rates, afailure of the water lewvel
control would not lead to any liquid dizcharge through the
zafety valves, Thiz= iz due to the antomatic high pressurizer
prezsure reactor trip actuating at a prezsure sufficiently
below the zafety wvalve zetpoint, or to the high prezsurizer
water level reactor trip.

T2.23 8 Steam Generator Water Lewel

The reactor protection circuits associated with low—low steam
generator water level ensure that the zteam generator heat
gink iz available for removal of long—term residual heat,
ohould a complete loss of feedwater occur, the reactor would
be tripped on low—low steam generator water level, In
additieon, redundant auxiliary feedwater pumps are provided

to supply feedwater in order to remove rezidual heat after trip.
Thiz reactor trip acts before the steam generators are dry to
reduce the required capacity and starting time requirements of
theze auxiliary feedwater pumps and to minimize the thermal
transient on the RC3 and =team generators,

Two—out—of—four low—low steam generator water level trip logic
ensures areactor trip, if needed, even with an independent
failure in another channel vzed for control and when degraded

by an additiconal second poztulated random failure,

A spuriouz high =zignal from the feedwater flow channel being
uzed for control would cauze.a reductien in feedwater flow,
Howewer, the mizmatch between steam demand and feedwater flow
produced by thiz spurious signal will actuate alarm= to alert
the operator to thi= situation in time for manual correction,

or, if the condition continies, the reactor will tripon a
low—low water level signal independent of indicated feedwater
Tlow,

A spurions low =ignal from the feedwater flow channel being
uzed for control would cause an increase in feedwater flow,

The mismatch between steam flow and feedwater flow produced by
the spurious signal would actuate alarms to alert the operator
to the situation in time for manual correcticn, If the

condition contimies, a two—out—of—three high—high steam
generator water level zignal in any loop, independent of the
indicated feedwater flow, will canze feedwater pump trip and
izplation and trip the turbhine, The turbine trip will rezult

in a subzequent reactor trip if power iz above the P—A zetpoint, I o
The high—high steam generator water level trip iz an egquipment
protective trip preventing excessive moisture carryover which
conld damage the turbine blading.

Amendment I1
Jept, 20, 895
T.i—35
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In addition, the three element feedwater controller incorporates
reset action on the level error zignal, such that with expected
controller settings a rapid increasze or decreasze in the flow
zignal would cause only a small change in level before the
controller would compensate for the level error, A slow change
in the feedwater signal would have no effect at all, A spuriou=s
low or high zteam flow signal would hawve the same effect az high
or low feedwater flow zignal, dizcus=zed above,

A spuriouz high zteam generator water level signal from the
protection channel used for control will tend to cloze the
feedwater valve, However, before a reactor trip would occur,
two out of three chamnels for a steam generator would have to
indicate a high water lewvel, A spuriocus low 3team generator
water level zignal will tend to open the feedwater valve,
Again, before areactor trip would occur, two out of four
channels in a loop would have to indicate a low water level,
Anv slow drift in the water level signal will permit the
operator to respond to the level alarms and take corrective
action., Autcmatic protection iz provided in case the spurious
high level reduces feedwater flow sufficiently to causze low
lewvel in the steam generator. Automsaticprotection iz prowvided
in case the spurious low level zignal increazes feedwater flow
sufficiently to cause high level id the stedam generator, A
turbine trip and feedwater isalation would occurin two out of
three high—high steam generator water levels in anv loop.

T2.24 Additiconal Postulated Accidents

Losz of plant instrument air orlesz of reactoT plant component
cooling water i= discussed in paragraph 7.3.3.1. Load

rejection and turbine trip are discuzsed in further detail in
zection 7.7,

The control interlocks, called rod stops, that are provided
to prevent abnormal power conditions which could result from
exceszive control rod withdrawal, are discu=zed in subpara—
graph 7.7.1.4.1 and are lizted in table 7.7—1., Excessziwvely high
power operation (which iz prevented by locking of automatic rod
withdrawal), if allowed to contimie, might lead to a safety

ull limit [az given in IT3 Chapter 1) being reached, Before such a
limit iz reached, protection will be available from the reactor
trip sy=stem. At the power levelz of the rod block zetpoints,
gafety limitz have not been reached: therefore. theze rod
withdrawal stopz do not come under the scope of safety—related
gyatems, and are considered az control systems.

Aramdment 343
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Table 7,2—1
LIST OF REACTCR TRIFS [3heet 1 of 2)
Reartor THp EDJ]EEIME]ELE'E Interlocks CoMLEnt 3
1. HiJh nentron fnx ard Manoal block of 1ow astting High and 1ow astting: mannal block
[power TEnga] permitted by P—10 and antomatic reast of 1ow setting
b P—10
7. Intermmeliate range hlgh 18
nentron fim: Manoal block permitted by Mannal block and antomat i reast
BP—-110
5. Sonrmerange LiTh nentron. 18 Manoal block permitted by P—6, Hannal block and antomatis react;
bl i b mterlocked with P—10 antomatic block abowa P—10
4., PBower range Ligh poalitive ard Ho Ainterloscka
nentron flnx rate
3. [ LELETE]
E. Overtcmmperatine AT s Ho Anterlocka
7. rerpoger AT ol Ho interlocka
. PFreginriier 10w Dredidnrs il mterlocked Wwith P—7 Blockad balow BF—7
0. Frejdinriser NiJh pressnre LY Ho Anterlocka
10, Proianrizer nigh water s mterlocked wWwith P—7 Blockad balow P—7
lennal
11. Low reactor ooolant £long S per loop mterlockeld with P—7 and P—8 Low £1ow In one 100D will canasa
rea-tor trip when above P—H. blocked
talow P—H. A 10w £1ow In two
loop will canae & reactor trip
when aboyrg P—7, blocked below P—7.
18, PBEe-torooolant poon s mterlocked wWwith P—7 Low vwoltade pernitteld elow P—7
mndervoltage
13. Beactor coolant poinp LY mterlocked with P-7 Tndertreiedcy o | LD motora
Inderire] nency will trip all reactor coolant
TWnp breakers and canie redctor
trip: reactbor trip blocked blow
=7
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MAILSAS AdTHL HOLOVIY

d¥Ed 2 T HBA



BE—8 ok

.1dag

TE UISUD ey

o 02

56

HEAEF0| B2 SAHELE Fdu M LT

Table 7,2—1

LIST OF REACTOR TRIP3 [Bheet 2 of 2)

Comcidence

Beactor Trp Logic Interlocks ComLmenta
14, Low—low steam generdator 24 par loop Ho interlocka
water leval
19. AQafety Inde-tion aignal Comcident Ho Anterlocka [EE-B gaction 7.3 Dor Enginesmed
Wwith actna- Safety Featnres actnation con-—
tion of ditiona)
gafaty
Injection
16. Torbine genermtor trip
(anticipa tory)
a] Lo emernyency trip s InterlaCkal with P—0 Blockad bedow P—0
finid predsnre
bl Clognre of 474 torbine 4/q mterlockeld with P—A2 Hlockad bedonw P—A

17.

gh pressnre atop valves

Bannal

18

Ho Interlocka
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Table 7,2—2
INTERELOCES FOR REACTOR TREIFP 3YS3TEM [Sheet 1 of 2]
Dezignation Condition and Derivation Function
I Power Escalation
Permizzsives
P—6 Presence of P—6: 1/2 Allows manual block of
neutron flux [interme— Fource range reactor trip
diate range) above
zetpoint
Abzence of P—a: 2,2 Defeat= the block of
neutron flux (interme— Fource range reactor trip
diate range) below
zetpoint
P—10 Prezence of P—10: 2/4 Allows manual block of
neutron flux (power power range [low Zet—range)
range] above setpoint point] reactor trip
Allows manual block of
intermediate range
reactor trip and inter—
mediate range rod stops
e
Blocks source range
reactor trip (baclup
for P—£6)
Input to P—F
Defeat= the block of
poweT Tange [low set—
point ] reactor trip
Abzence of P—10: 34 Defeat= the block of
neutron flux [power intermediate range
range ] below =etpoint reactor trip and nter—
mediate range rod stop=s
fC—1) input to P—7

T.4—40
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Table 7,2—2
INTERLOCES FOR REACTOR TRIF 3YSTEM [3heet 2 of 2]

Dezignation Condition and Derivation

Function

II Blocks= of Reactor
Trips

P—7 Abzence of P—7: 3/4
nentron flux (power
range] below setpoint

Blocks reactor trip on
low reactor coolant flow
in more than one loop,

(from P—10]) undervoltage, under— 71
and frequency, pressurizer low
272 turbine impul=ze prezsure, and pressurizer
chhamber pressure below high level
getpoint (from P—13)
P—8 Absence of P—A: 34 Block= reactor trip on
nentron flux (power low. reactor coolant flow 21

range] below setpoint

P—-13 2/2 turbine impil=e
chhamber pressure below
zetpoint

ina zingle loop oT
turbine trip
Inputto P—F

Amendment I1
Jept., 20, 85
T.i—4dl
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Table 7.2—3
REACTOR TRIP SYSTEM INSTRUMENTATION (Sheet 1 of 2)

Typical
Reactor Trip signal Range AccuracyVeTE! Time
Responses (sec)
1. Power range high neutron 1 to 120% full power + 1% of full power 0.5
flux
2. Intermediate range high 8 decades of neutron Delete Not Applicable
neutron flux flux overlapping source Delete
range by 2 decades and + 0.5% to full scale
including 100% power Delete
3. Source range high neutron 6 decades of neutron +0.5% of full scale Not Applicable
Flux flux (1 to 10° counts/s)
4. Power range high positive 2 to 30% of full power +0.5% of tull scale 0.5
neutron flux rate
5. [DELETE]
6. Overtemperature AT : Ty 530.6 to 649.4°F +0.5% AT Span 8.0
Tc 510.8 to 629.6°F
Tave 530.6 to 629.6°F
Prrrr 1706.8 to 2560.2 psi
(FA®) —60 to +60
AT Setpeint 0 to 100°F
7. Overpower AT See overtemperature AT +0.5% AT Span 8.0
8. Pressurizer low pressure 1706.8 to 2560.2 psi +4.2psi (compensated 2.0
signal)
9. Pressurizer high pressure 1706.8 to 2560.2 psi +4 3psi{non—compensated 2.0
signal)
10. Pressurizer high water Entire cylindrical +0.5% of full range AF Not Applicable

level

pertion of pressurizer

between taps at design
temperature and pressure

362
479

123

362

479

WILSAS dIdL YOLOVHY
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Table 7.2—3
REACTOR TRIP SYSTEM INSTRUMENTATION (Sheet 2 of 2)
Typical

Reactor Trip signal

Range

Accuracy o

Time
Responses (sec)

11.

12.

13.

14.

15.

Low reactor coolant flow

Reactor coolant pump
undervoltage

Reactor coolant pump
underfrequency

Low—low steam generator

Turbine trip

0 to 120% of rated flow

0 to 100% rated voltage

54 to 60 Hz

t~ 6 ft. from nominal full
load water level

+0.5% of full flow
within range of 70% to
100% of full flow

+ 1% of getting

+ 0.1 Hz

0.5% of AP signal over
pressure range of 700 to
1200 psig

1.0

0.6

Not Applicable

Note 1 : Rack Calibration Accuracy

479

| 479

| 479

| 479

WILSAS dIdL YOLOVHY

d¥Sd4 23 T NDA
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Table 7,2—4
REACTOR TRIFP CORRELATION [3heet 1 of 6]
; : Tech
T A dent %
Tip coident (a) dac i
l, Power range 1, Mceontreolled rod cluster ITS Chapter 1
a4 high neutron control assembly bank
flux trip (low withdrawal from a table 3.3.1-1
zetpoint] subcritical condition
(15.4.1]
2 Exceszive heat removal
due to feedwater system
malfuncticns
FERTT, R
3. Buptureof a controlrod
drive mechanizm houzing
(rod cluster control
assembly edection) (15,481
4. Power range L Dncentrolled 'Ted cluster ITS Chapter 1
a4 high neutron control-assembly bank
flux trip (high withdrawal from a table 3.3.1-1
zetpoint] subcritical condition

(15.4.1]

#., Onceontrelled rod cluster
control assembly bank
withdrawal at power
(15.4.2]

3. Ftartup of an inactive
reactor coolant loop
(15.4.4]

4. Excessive heat removal
due to feedwater system
malfuncticons
LBl BB

Amun dment 343

- 4.18
2007 Tod—dad
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REACTOR TRIF SY3TEM

Trip

Accident [a)

Tech,
dpec. [b]

Intermediate
range high
neutron flux
(15.4.1)

JoUuTrce range
high neutron
flux trip

Power range
high pozitive

Excessive load increase
incident [15.1.3)

Accidental depressuriza-—
tion of the main steam
system (16.1.4)

Major secondary system
pipe Tuptures [15.1.5)

Fupture of a contrel rod
drive mechanizm housing
(rod.cluzter control
aszembl ¥ edection]
(15.4.8]

Uncontrolled rod cluster
control azzemblvybank
withdrawal from a
tripsuberitical condition

Onceontreolled rod cluster
control assembly bank
withtdrawal from a
subcritical condition
(15.4.1)

Fupture of a contrel rod
drive mechanizm housing

dee note (]

dee note (]

ITS Chapter 1

neutron flux [rod cluster control table 3.3.1-1 #da
rate trip azsembly ejection)
(15.4.8)
[DELETE] an
Amendment 948
207, 418

T.A—48
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Table 7,2—4
FEACTOR TRIFP CORRELATION [Sheet 3 of 6]

; ; Tech,
Trip Accident [a) e (5
T. Owertemperature l, nceontreolled rod cluster ITS Chhapter 1
AT trip control azsembly bank
withdrawal at power table 3.3.1-1
(15,4.2]

Gd3

2. Mcontrolled boron
diluticn [15.4.5]

3. Lo==z of external
electrical load andfor
turbine trip
(15.2.2. 15.2.3. 15.2.5]

4, Exceszsive heat removal
due torfeedwater system
malfunctions
[ 1573 a3

B Excessive load increase
incident{15.1.%)

6, Accident=]l depressuriza—
tion of the RCS [15.6.1)

T. Accidental depressuri—
gation of the main steam
zy=stem [15,1.4)

B, Lo=z=z of reactor cooclant
from =zmall ruptured pipes
or from cracks in large
piped which actuatez ECC3
(15,6.2]

l, ncentreolled rod cluster
control azsembly bank

als trip withdrawal at power
[15.4.21] table 3.3.1-1

B, Overpower AT ITS Chhapter 1

2. Exceszsive heat removal
due to feedwater =ystem
malfunction=z [15.1.1.
15.1,2]

Amendment 949
2m7. 418

T.A—45
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Table 7,2—4
FEACTOR TRIFP CORERELATION [Sheet 4 of £)

Tech,

T Accident
ip coident [a) st T8

10,

255

3. Excessive load increase
incident [15.1.%)

4, Accidental depressuriza—
tion of the main steam
=ystem [15,1.4]

. Major zecondary zystem
pipe Tuptures (15.1.5)

Prezsurizer low 1. Accidental depressuriza— IT3 Chapter 1

pressure trip tion of the RC3[15,6.1) ais

table 3,3.1-1

2. Loszz ofreactor coolant
from small ruptured pipes
or from cracks in large
pipes which actuates ECC3
[15:6.2]

3. Major reactor coolant
Fystem pipe ruptures
(LOCA] (15.6.5)

4, Steam generatcr tube
Tupture [15.6.3)

Prezsurizer l, Mncentreolled rod cluster ITS Chhapter 1
high prez=ure control azzembly bank ai8
trip withdrawal at power table 3.,3.1-1
[15,4.2]

2. Lo=s= of external
electrical load andfor
turbine trip (15.2.2,
15.2.3, 15.2.5]

Prezsurizer l, Mnceontreolled rod ITS Chhapter 1
high water cluster control 'TT

level tTip aszembly bank with— table 3.3.1-1
drawal at power
(15.4.2]

Aroandmeat 43
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Table 7,2—4

444 coolant £1ow

13, EReactor coclant
pump under—
voltage trip

14, EReactor coclant
Ll pump buz under—
frequency trip

15, Low-locw =team
generator water
level tTip

156, Reactor trip on
turbine trip

reactor coolant f1low
[15.5:11

Lozsz of offsite power to
the ztation auxiliaries
[=tation blackeout]
[15,2.6]

Completelozz of Torced
reactor.coplant flow
1B

complete lozz of forced
reactorcoolant £1ow
(15.3.2]

Complete loss of forced
reactor coolant £f1ow
(15.3.2]

Lo== of normal feedwater
[18:2.57)

Loz=s of external
electrical load andfor
turbine trip

(15.2.2, 15.2,3. 15.2,5)

Lozsz of offzite power to
the station auxiliaries
[staticn bBlackout)
[1E.2.8]

; s Tech
Tr Accident :

ip coident (a) apec. (b)
Lozz of external
electrical load andfor
turbine trip (15.2.2,
= R s e Bl

12, Lowreactor Partial loz= of forced ITS Chhapter 1

table 3,3.1-1

ITS Chapter 1
Table:3;3: =1
ITS Chapter 1
rahle.: 5:3: 1k
ITS Chapter 1
table: . 3.3.1—1

Jee note (]

Jee note (]

Arnondmaent 343
2007. 414

T.A—48
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Table 7,2—4
FEACTOR TRIFP CORRELATION [Sheet 6§ of 6]

Tech

Trip Accident [a) apec. [b)

17, Safety 1. Accidental depressuriza-— dee note [d)
injection tion of the main steam
signal aystem [16,1.4]
actuation
trip

14, Mamual trip Available for all accidents Jee note [c]
[chapter 18]

HOTEZS:

a., References refer to accident analv=zes presented in
chapter 15,

b. Referencez refer to technical specifications presented in
ITS Chhapter 1,

C. A technical zpecificatieh iz not requited becauze thiz trip
iz not azsumed to function in the accident analvses,

d., Accident az=umes that the reactor is tripped at end of life
[EQL) which i= the worstinitial condition for this case,
Prezsurizer low pressure iz the initial trip of =zafety
injection,

Amendment 343

72— 48 2007. 4.14
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7.3 ENGINEERED SAFETY FEATUORE SY3TEMS

In addition to the requirements for a reactor trip for
anticipated abnormal tranzients, adequate instrumentation and
controlz are provided to senze accident zituation= and initiate
the operation of neceszary engineered safety features (E3F ),
The occurrence of a limiting fanlt, such a= a logz—of—coolant
accident (LOCA) or a steam line break, requires a reactor trip
pluz actuation of one or more of the E3F in order to prevent or
mitigate damage to the core and reactor coolant system [RCS)
components, and ensure containment integrit,

In order to accomplizh these de=ign cbiectives, the engineered
gafety features actuation syztem (EZFAS) shall have proper and
timely initiating =ignal= that are to be supplied by the
genzors, transmitters, and logic components making up the
various instrumentation channel=z of the E3FAS,

7.3.1 DESCRIFTIOH

The E3FAS monitors selected nuiclear steam supply system [N333)
and balance of plant (BOP) parameters to sense accident zitua—
tions and initiate the operation of neceszary ESF =v=tems= in
crder to prevent or mitigate damageteo the coreand RCS com—
ponents and en=sure containment integritsy,

The E3FAS uzez =elected plant parameters, determinez whether or
not predetermined =zafety limits are beingexceeded and. if they
are, combines the siqnals into logicmatrices sensitive to com—
binations indicative of primary or'secondary. s¥=tem boundary
ruptures (ANS Condition III or IY eventzs)], Once the regquired
logic combination iz completed, the system zend= actuation
gignals to the appropriate E3F components,

The E3FAS meet= the functional requirement=z of General Dezign
Criteria 13, 20, 27 and 268 of 10 CFR B0, Appendix A,

The occurrence of a limiting fanlt, such as a LOCA or a steam
line break, requires a reactor trip plus actuation of one or
more of the ESF in order to prevent or mitigate damage to the
core and RC3 compeonents, and ensure containment integrity.

The ESFAS can be divided as foll ows:

A, HN333 ESFAS
B. BOFP ESFAS,

T
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7.3.1]1 B&vstem Descripticn
T.3.1.1.1 H333 E3FAS

The N353 ESFA3 iz dezigned and furnished by Westinghous=e with
the N353,

The N353 E3FA3 provides the following actuation signals:
Jafety infection =ignal [313)

Containment isolation signal phase A (CI3—A)
Containment spray signal [C33)

Containment izolation signal phase B [CI3—H]
Feedwater izolation signal [FWI3),

HE 0o e

The N383 ESFA3 provides also the following signal= which are
utilized for the generation of zome of the BOP E3FAS actuation
zignals:

gteam pressure rate high =ignal
team line pressure low signal

Containment pressure high (Hi—2) zignal

8 nom e

gteam generator waterlevel low—low signal,

The N353 ESFA3 con=ists of twodiscrete portion=z of circuitry:
(1) an analog portion conzisting of threeto four redundant
channels per parameter or variable to'monitor yvarious plant
parameters such az the =team gelierator pressures, and water
levelz and the RCA pressurizer pressure, and containment
pressures: and [(2) a digital portion consisting of two redundant
logic trains that receive inputs from the analog protection
channels and perform the logic needed to actuate the ESF. Each
digital actuation train iz capable of actuating the minimum ESF
equipment required, thereby az=uring that any single failure
within either of the redundant train= shall not result in

defeat of the required protective function,

The redundant concept iz applied to both the analog and logic
portionz of the system. Separation of redundant analog channels=,
beginz at the proce=sz sen=ors, and iz maintained in the field
wiring. containment ves=zel penetrations, and analog protection

e
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racks terminating at the redundant groups of logic racks., The
dezign meets the requirements of General Dezign Criteria 20, 21,
2%, 23, and 24 of 10 CFE B0, Appendix A,

The wariables are sen=sed by analog circuitry as discusszed in
reference 1 and in section 7.2, The outputs from the analog
channel= are combined into actuation logic az shown in
fiqure 7.2—1, sheet= B, 6, 7, and A, Table 7.3—1 gives=
additional information pertaining to logic and function,
Fiqure 7.3—10 shows atypical block diagram of N333 ESFAS
zignals,

The interlocks azsociated with the N335 ESFAS are outlined
in table 7.3—2., The=ze interlocks =ati=sfy the functional
requirements dizcuzzed in subzection 7.1.2,

7.3.11.2 BOP ESFAS

The BOFP EAFAS designed and furnished by the BOP designer are
housed in the solid—state interpozing logic system cabinets,

The BOFP E3FAS conzist of two discTete portion= of circuitry:

(1) an analog portion consizting of two redundant channels per
parameter and (2] a digital portion eonzizting of two redundant
logic trains which receive inputs from the'analog protection
channels and performs thelogic needed toactuate the ESF
equipment, FEach digital actuation traindi= capable of actua-—
ting the minimum ESF equipment required, thereby azsuring that
any single failure within either ofthe redundant trainz shall
not result in failure of the required protective function,

The redundant concept iz applied to both the analog and digital
portions of the system.

The BOP E3FAS iz sclid—=tate dezign,

The E3FAS meet= the testability requirement of USHNREC Requlatory
Guide 1.22,

The design meet=s the requirement= of General Dezign Criteria 19,
20, 21, 22, 23 and 24 of 10 CFR 50, Appendix A,

Fiqure 7.3—11 shows a typical block diagram of BOFP E3FAS
zignals,

Logic and function az=sociated with the BOP E3FA3 are outlined
in table 7.3—3,

The BOFP E3FAS provide the following actuation signals,
A, Fuel building emergency ventilation zignal (FREY 3]
B Contaimnment purge isclation signal [CPIS)

a0
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Control room emergency ventilation signal [CREVS)
Main =team isolation signal (M3I13)

Auxiliary feedwater signal — motor—driven (AF3—MD]
Auxiliary feedwater signal — turbine—driven (AF3—TD]

Die=zel generator load sequencer zignal,

7.3.1.1.3 3Fwstem Level Mamual Initiation

Fystem level manual initiation from the main control board is
provided for the following EAFAS =ignal =

A,

Gafety injection: two switches, Each switch
operates both trainz, Manual safety injection
actuation al=so initiates CIS—A. FWIS, AF3— MD,
die=zel generator sequencer, CREVS, and CPIS,

Containment izolation phase A: two switchez, Each
Fwitch operates both trains, Manual containment
izolation phaze A also initiates CPIS,

Containment spray actuation: four switches, Two
switches are azgociated with each train, both of which
must be operated concurrently to actuatetheir aszo—
ciated train, Manual containment spray actuation also
initiate= CI3—B and CPIS,

Fuel building emergency ventilation: two'switches,
Each switch operates both trainz,  Marual fuel building
emergency ventilation actuation al=o initiatez CREV3,

Control room emergency ventilation: two switches,
Each switch operate=z both trains,

Main steamline isolation: tweo switches, Each
Fwitch operates both trains,

ABuxiliary feedwater: motor—driven, two switches,
Each switch operatez both trains,

Auxiliary feedwater: turbine—driven. two switches,
Each switch operatesz both trains,

Manual control switches are also provided at the component
level to complete the switchowver from the injection to the
recirculation phaze after a LOCA,

T.3—4
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7.3.11.4 Functieon Initiation

T.3.11.4.1 N335 E3FAS, The specificfunction= that rely on
the N333 ESFAS for initiation are:

A, Reactor trip, provided that thiz trip has not already
been generated by the reactor trip sy¥ystem

B. Safety Indection 3ignal (313)
The 313 is originated by the following signalz [zee
table 7.3—1, item 1):

l. Containment prezsure high (Hi—1]

2. Low steam line pressure in two—out—of—three channel
gignals below the set point in any one loop,

3. Pressurizer pressure low
4, Mamuial from the contreol board,

The following equipment iz actuated by the safety
infection =zignal:

l. Coldleg infection iselation walves that are opened
for infection of Borated water by zafety injection/
charging pumps intothe coldlegsof the RCA,

2. Charging pumps, rezidual hedat removal pumps, and
aZsociated valving that provide emergency makeup
water to the cold legs of the RC3 following a LOCA,

3. Containment fan cooler syztem (reduction of fan
gpeed and shutoff of chilled water supply) that
gerves to cool the containment and limit the
potential for releaze of fizsion product= from the
containment by reducing the prezsure following an
accident.

4. MNuclear zervice cooling water pumps and component
cooling water pump=s that zerve as part of the
ultimate heat sink and az part of the heat =zink
for containment cooling,

B, Motor—driven auxiliary feedwater pumps [(via BOP
E3FAS signal AF3—MD),

6. Atart the diezel generators to ensure backup
supply of power to emergency and supporting sy¥stem
components (via BOP E3FAZ =ignal sequence],

T 3—8
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gtart the following emergency heating, ventila—
tion, and air conditioning (HYAC):

Auxiliary building ez=ential HVAC

Control rocm emergency HVAC

Control building ez=ential HYAC
Fuel building emergency exhaust system

A Qg P

D

Die=zel generator building emergency HVAC,

Turbine trip to prevent or mitigate the effects of
excessive RC3 cooldowm,

8top boron injection recircul ation pump and
izolate boron injection tank from recirculation
loop,

Trip main feedwater pump turbines (via feedwater
izolation zignal).

Generate the following ESFAS =zigral =:

Containment izolatien signal phase A
Feedwater isalation siqnal

Containment purge igolation =ignal

(= O

Control room emergency ventilatien siqnal

Auxiliary feedwater signal — motor—driven

Hh

Diezel generator load sequencer signal,

Trip selected isolation breakers feeding non—
Cla=s 1E load energized from Clazs 1E zources,

Table 7.34A, item 1, furnishe= a detailed list of equip—
ment activated by the 318,

Containment Izolation Signal Phase A [(CIS—A)

The containment izolation signal phase A iz originated
by the zame signals that originate the 313 or manually
from the control board (=zee table 7.3—1, item 2],

T.3—6
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Equipment actuated by the containment isolation zignal
phaze A are those which prevent fizsion product=z being
releazed to the zite boundary by izolating nonessential
linez for reactor protecticon,

Table 7.3—1A, item 2. furnishes a detailed list of
equipment actuated by the CIS—A,

Containment Spray S8ignal [C33)

The containment spray signal is originated by contain-—
ment pressure high [Hi—3) or manually from the control
board (see table 7,3—1, item 3),

The containment spray signal initiatez equipment which
will generate containment spray to reduce containment
prezsure and temperature following a LOCA or steam line
break accident in=ide of containment.

Table 7.3—1A, item 3, furnishes a detailed list of
gequipment activated by the C33,

Containment Izolation Signal Phaze BICI3—~EB)

The containmentizolation signal phase B i originated
by containment pressure high (Hi— 3) or by the manual
actuation of containment zpray signal (=ee table 7.3—1,
item 4],

The containment izolation signdal phasze Binitiate=s
equipment that isolates certain linés penetrating the
containment following a LOCA, or a steam or feedwater
line break within containment to limit radiocactive
releazes, Subszection 6.2.4 discuzs=es izolation valves
in further detail.

Table 7.3—1A, item 4, furnishes a detailed list of
equipment activated by the CI3—H,

Feedwater Izolation 3ignal (FWIS)

The feedwater izolation zignal iz originated by the =ame
zignal=z that originate the 313 or two—out—of—three zteam
generator level high—high channel signals in any

gteam generator (=zee table 7.3—1, item B,

Equipment actuated by the feedwater izolation signal
are thoze which are required to prevent or mitigate
the effect of excessive cooldown,
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Table 7.3—1A, item 5. furnishes a detailed list of
equipment actuated by the FWI3,

42 BOP E3FAZ, The specific function=z that rely
BOFP ESFAS for initiation are:

Fuel Building Emergency ¥Yentilation Signal [FBEVS)

The fuel building emergency ventilation equipment i=
designed to minimize the radiation level in the fuel
building by initiating two separate and redundant
actuation trainz in the event of high radiation in the
fuel building, The =ignal can be initiated manually
from the control board or automatically by a high
radiation signal from the zpent fuel pool bridge area
radiation monitor or from the fuel building gazeous
exhanzt radiation monitor, Two separate and redundant
actuation trainz are initiated by the signal [zee

table 7.3—3, item 1), A detailed lizt of equipment
activated by the FRE¥3 iz shown in table 7.3—19, item 1,

Containment Purge Izolation Signal (CPRIZ)

The containment purge equipmentisdesigned to filter
containment air and to exhadst'the filtered air to the
atmosphere within an acceptabl e radiaticnlevel, The
containment purge izolation signal izinitiated auto—
matically by the 813 (N335 E3FAS) or from the contain—
ment purge ventilation exhaust radiation monitor,
refueling machine bridge-area radiation monitor or the
containment high range area radiation monitors., Two
geparate and redundant actuation trains are initiated
by the signal. Manual actuation of either C33 or
CIS8—A alzo initiate= the CPI3 [zee table 7.3—3,

item 2). A detailed lizt of equipment activated by

the CPIS iz shown on table 7,.3—19, item 2.

Thiz design meets the requirementsz of Jection II.E.4.2
cf HOUREG—O0660,
Control Room Emergency Yentilation Signal (CREVS)

The control room emergency ventilation equipment
izolates the control room from the outzide area in
event of high radiation in the atmosphere.

The control room emergency ventilation signal i=
originated by the following =ignals:

1. Control room ventilation intake radiation high
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2. Containment purge exhauszt radiation high
3. Refueling machine bridge area radiation
4, FBEVS
B, 3I3 [N333 E3FA3)
6. Manual,

Two separate and redundant actuation trains are
initiated by the signal (zee table 7.3—3, item 3], A
detailed list of equipment activated by the CREV3 is
shown on table 7.3—19, item 3,

Main Steam Isolation 3ignal [MSI13)

Amain steam line i=olation zignal can be initiated
mamially from the control board or antomatically by
cne of the following signals,

l. 3team pressure rate high (two—out—of—three N333
E3FA3 chanmnelz=)

2. Bteam line preszsure low ftwo—out=of—three N333
E3FA3 channelz]

3. Containment prezsure high Hi—2 (two—out—of—three
N383 ESFA3 channels),

Two separate and redundant actuation trains are
initiated by the signal (see table 7.3—3, item 4], A
detailed list of equipmentactivated by the M3IS i=
shown on table 7,3—19, item 4,

ABuxiliary Feedwater Signal — Motor— Driven [AFS—MD)

The auxiliary feedwater system iz dezigned to provide

an adequate water supply to the steam generators in the

event of failure of the main feedwater pumps, aplant

blackout, steam generator low—low level or ATWS <16
Mitigation Sy¥=steminitiation signals, The auxiliary

feedwater signal — motor—driven — can be initiated

mamially from the contrel board or by one of

the following zignal ==

1. 3team generator feedwater pump [(SGFFP] turbine
trip signal [three—out—of—three channels) equiva-—
lent to trip all of main feedwater pumps=

4. Two—out—ocf—four N335 ESFAS steam generator low—low
signal [any one—out—of—three steam generators)

Amendment 216
a003, &6, 1T
T.3—1
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3. 513 [W333 ESFAZ)

4, 4,16 kV bus low voltage from two—out—of—Ifour
chamnel=z with the die=el generator breaker closed,

B, ATW3 Mitigation 3v=tem initiation =ignals=.

Two separate and redundant actuation trains are initiated by

IY3TEMS

the zignal (zee table 7.3—3, item B), The emergency shutdown

panel [(E3P) does not have the capability to initiate the

auxiliary feedwater zignal, motor—driven: however, control

of the auxiliary feedwater system iz accomplizhed from the E3P b
indiwidual actuation of the equipment, A detailed list of equipment

activated by the AFS—MD iz shown on table 7.3—19, itemB5,

The design of the antomatic initiation of the auxiliary
feedwater system compliesz with Jection II,E.1.2 of
HOREG—O0G6E0,

ABuxiliary Feedwater Signal — Turbine— Driven [AFS—TD]

The auxiliary feedwater siqnal — turbine—driven — can
be initiated manually from the control board or auto—
matically by ocne of the foll owing signals;

l, Two—out—ocf—-four N335 ESFAS =team generator low—
low zignals (two— out—of—three steam generators])

4. 416KV buz lowvoltage frem two—ocut—ofi—four
channels with the diesel generator breaker closed,

3. ATW3 Mitigation 3y=steminitiation =signals=.

Two separate and redundant actuation trains are
initiated by the signal (zee table 7.3—3. item 6], The
E3P doe=z not have the capability to initiate the
auxiliary feedwater zignal — turbine—driven: however,
control of the auxiliary feedwater system is accom—
plished from the E3P by individual actuation of the
equipment, A detailed list of equipment activated by
the AF3—-TD iz shown on table 7,3—19, item 6.

Thiz de=sign of the automatic initiation of the auxiliary
feedwater system complies with Jection [I,E.1.2 of
HOREG—O0660,

Diezel Generator Load Sequencer Signals (3EQ)

The die=el generator load sequencer signals are auto—
matically initiated by receipt of zafety infection
signalz from the N333 ESFAS [(LOCA segment) and/or by an
undervoltage signal from the 4.16 X¥ Claz= 1E buz lo=s
of voltage (LOV) segment,

Amendment 216

2003,

g6, 17
i Tl 1
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The following ty¥pes of diesel generator load sequencer
signalz are generated to control E3F equipment:

1
2,
3,

Type A= 818, or 313 coincident with LOV

Type B = 818, or LOV, or 313 coincident with LO¥
Type C = LOV

Refer to fiqure 7.3—4,

The die=el generator load sequencer provides safety—
related controlz for EAF equipment during the following
plant accident conditions:

a.

Loss—of—Coolant Accident [LOCA)

The die=zel generator load sequencer iz auto—
matically initiated by the receipt of 313
gignalzs, The Class 1E equipment already
operating continues to operate and the
diezel generator load sequencer starts the
die=zel engine and generates Type A and B
gignals to startanv additienal regquired ESF
equipment in programmed time sequence,

Refer to fiqure 7.3—4,

Losz of Voltage [LOV ] tathe 4. 18XV Clas= 1E
Bus=s

The die=el generator load sequencer is
automatically initiated by receipt of a two—
out—of—four underveoltage signal at the

4,16 XV Cla=z 1E bus to which the die=zel
generator iz connected., The diezel generator
load sequencer ztarts the die=el engine,
sheds all the loads connected to the Class 1E
bust trip= and lock= out both offsite power
feeder breakers, and generates a permiszive
gignal to cloze the diesel generator breaker,
When the diesel generator reaches rated
voltage and frequency, the diesel generator
breaker clozes and the diezel generator load
gequencer generates Type B and C =zignal=s to
gtart EAF equipment in programmed time
SeqUeNCE,

Fadld:
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The die=el generator iz able to accept

loads within 10 zecondzs after receipt of

a LOV =zignal: all ESF equipment i= con—
nected to the Cla=sz 1E bus within 60 seconds
of the Claz= 1E buz energization,

c., LOCAfollowed by LOV

If during a LOCA load sequence segment a LOV
zignal iz generated. the die=zel generator

load =equencer will immediately reset all
Type Aand B signals, shed all loadzs connected
tothe Clazs 1E buz, trip the offsite power
supply feeder breakers, and generate a
permizsive zignal to cloze the diezel generator
breaker., When the diesel generator reaches
nominal voltage and frequency, the diesel
generator breaker will cloze and the load
gequencer will reinitiate Tvpe Aand B

gignalz to start E3F equipment in programmed
time =equence,

d. LOV¥ followed by LOCA

If 818 zignalz are generated during the LOV
load sequencer segment, the die=zel generator
load sequencer will immediately reset all
Type B and C signalsand will reinitiate

Type A and B =ignal=zto ztart ESF equipment
in the programmed time Fegllence,

7.3.1.1.5 Analog Circuitry

7.3.1.1,5.1 MN333 Analog Circuitry., The process analog

gensors and racks for the N333 ESFAS are covered in reference 1.
Dizcu=zsed in thiz report are the parameters to be measured,
including prezsures, tank and vezsel water levels, and temper—
aturez, as well az the meamuirement and signal transmi=zion
conzideration=, COther consideration= covered are automatic
calculations, signal conditioning, and location and mounting

of the devices,

The zenzors monitoring the primary sy¥stem are located az shown
on the piping flow diagrams in chapter §, The secondary

gystem zensor locations= are shown on the zteam =system piping
and inztrumentation drawings given in chapter 10,

i
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The zenzors are arranged as shown on fiqure 7.3—10,

There are four instrument linez that penetrate the containment
and that are required to remain functional following a LOCA oT
gteam line break inzide containment, These lines sense the
prezsure of containment atmozphere on the in=zide and are
connected to pressure tran=mitters on the outzide, 3Jignals from
theze transmitters can initiate zafetv injection and containment
izplation on Hi—1 containment pressure, and initiate main steam
line izolation on Hi— 2 containment pressure, Thesze signals
alzo, upon Hi—3 containment pressure, produce the automatic
gignal to initiate containment spray and provide post—accident
monitoring of containment pressure, In view of theze functions,
these lines do not have automatic izolation valves, since it is
eZsential that the lines remain open and not be izolated
following an accident, Based on thiz requirement, a sealed
genzing line az dezcribed below iz u=ed,

The containment pressure zenzing linez are connected to contain-—
ment atmosphere by a filled and sealed hwdraulic tranzmi=zion
gystem. This arrangement, together with the pressure transmit—
ters external to the containment, forms-adouble barrier and
complies with Requlatory Guide 1.11: 8heould aleak occur in any
genzing line outzide containment.the zealed bellows in=ide
containment will prevent the ezcape of containment atmosphere,
3ince each of the =zealed bellows is designed to withstand full
containment pressure, should a leak oocur in any =ensing line inzide
containment, the diaphragm in thetransmitter will prevent any
egcape from containment. Thiz arrangement provides automatic double
barrier isclation without operator action, and without sacrificing
any reliability with regard to itz zafequards function= (i.e.. no
valves to be inadvertently closed)], Both the bellows and tubing
inside containment and the transmitter and tubing outzide con—
tainment are enclozed by protective shielding, Becauze of this
gealed fluid—Ffilled bellows s¥stem, apostulated severance of

the line during either normal operation or accident conditions

will not result in any relea=zes from the containment,

7.3.11.6.2 BOP Analog Circuitrv, The process analog Sensors
for the BOP ESFAS are arranged az shown in fiqure 7.3—11,

7.3.1.1.6 Digital Circuitrvy

T.3.11.6.1 HN338 Digital Circuitry. The N335 E3F logic

racks are dizcuzsed in detail in reference 2. The description
includez the considerations and provizionzs for physical and
electrical separation a=s well as details of the circuitry,
Reference 2 alzo covers certain aspects of online test provi—
zions, provizionz for te=st points, consideration= for the

ikt 5
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instrument power zource, and con=iderationsz for accomplizhing
phvzsical separation, The outputs from the analog channels are
combined into actuation logic az shown on sheetz & [(Tavg),

g [pressurizer pressure ), T (low steam line pressure), 8 [E3F
actuation], 156 [auxiliary feedwater) of fiqure 7.2—1. To
facilitate E3F actuation testing, four cabinetz (two per train)
are provided that enable operation, to the maximum practical
extent, of safety features loads on a group by group baziz until
actuation of all devices has been checked (=zee reference 3],
Final actuation testing iz dizcuzsed in detail in

subzection 7.3.2.

7.3.11.6.2 BOP Digital Circuitry, The logic of BOFP E3FAS
circuitry is made up of solid—=ztate components with electro—
mechanical relay=s that function az izolators for siqnals to
the station annmunciator and computer,

Trip bistable= in the senzing channels monitor the radio—
activity signals and feed continuous electrical [fail—=afe]
gignals into ocne—out—of —two coincident matrices, Should any
of the variablez exceed their trip et points, the bistable=
trip and ceage sending output zignals, 8honld cne of the two
bistables monitoring the zame variable cease tosend output
gignals, the normally energized output relays initiate the
actuation signal to the actuated eguipment.

Two trainz of actuation gignalz are derived from the two
genzing channels, Memoryizprovidedin the tripbiztables
and in the actuation output eircuit., Both must be manually
reset,

7.3.11.7 Final Actuation Circuitry

7.3.11.7.1 HN838 Final Actuation Circuitry, The outputs

of the solid—=tate protection zystem [33FP3) (the slave relays)
are energized to actuate, as are most final actuators and
actuated devicez of the ESF., Certain 38FPS8 slave relay contacts
are connected az inputs to the Solid—State Interposing Logic
3ystem (83I1L3) which iz part of the BOP, Thuz, final actuators
are contreolled by the S353ILS output relays, =o that cne 353F3
zlave relay may operate several final actuators., A detail of
the final equipment actuated by the H333 E3F =ignal= iz shown
o table 7.3—18,

7.3.1.1.7.2 BOP Final Actuation Circuitry, The outputs of
the zolid—state interpozing logic system (33I1L3) (output
relayz) are energized—to actuate. as are mo=t final actuators
and actuated devices of the ESF, A detail of final actuated
equipment by the BOP ESF =zignal= iz shown on table 7.3—13,

T.3—14
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T.2.1.1.8 Suppocrt Systems
The following systems are provided in support of the E3F:

A, Muclear zervice cooling water system [zee
subzection 9.2.1)

B, Component cooling water sy=stems [Bee subsec—
ticn 9.2.2)

2, Electrical power distribution system (2ee chapter A)

D, Bafety—related heating, ventilating, and air condition—
ing (H¥AC] support =¥=ztems [see chapter 2]

E. B8Bafety—related instrument air system [see subzec—
tion 9.3.1],

7.3.1.2 Desiqn Bases Information

The functional diagrams prezented in figure 7.2—1. sheet=z B, 6,
T.and A8, provide a graphic outline of the functional logic
azgociated with requirements for the N353 ESFAS,

Requirements for the ESF zvstem are given in chapter 6, Given
below iz the design bages information required in IEEE

Standard 279,%

7.3.1.2.1 Generating Station Conditions

The following i=s a summary of tho=ze generating station
conditionz requiring protective action:

A, Primary zvystem:

1. Rupture in small pipes or cracks in large pipes
2. Rupture of a reactor coolant pipe [LOCA]

3. Oteam generatcor tube rupture,
B, Secondary svystem:
1. Minor secondary system pipe breaks resulting in
gteam release rates equivalent to a zingle dump,

relief, or zafety valwve

2. Rupture of a major steam pipe.

i Tl 15
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T.3.1.2.2 Generating Station Variable=s

Tablez 7.3—4 and 7,3—5 summarize the generating station
variables required to be monitored for the automatic initiation
of E3F during each accident identified in the preceding para—
graph, Post—accident monitoring system indicators available to
the operators are given on table 7.6—1,

7.3.1.2.3 Apatially Dependent Variables

0f the variables senzed by the EAFAS, only reactor coolant
temperature requires particular conzideration and special
measurement techniques to account for zpatial dependence, The
gpatial effect= phenomenon iz negated by taking multiple samples
(three) from the reactor coolant hot leg and averaging theze
gamples by mixing in the ETD bypa=s loop,

73.1.2.4 Limits, Marginz. and Lewvel=s

Prudent operational limit=, available marginz, and set point=
before onzet of unzafe conditions requiring protective action
are digcussed in chapters 15 and IT3 Chapter 1,

T3.1.2.58 Abnormal Events

The malfunctionz, accidents, orother umisual events which are
conzidered in the dezign of protection =system components are as
follows:

A, Lozs—of—coolant accident [2ee section 15.6)
B, 8Becondary zystem accidents (2ee section 15.1)

Earthguake=s [zee chapters 2 and 3]
Fire [2ee subsection 9.5.1)

Explozion (hydrogen buildup inside containment) (=zee
subzsection £,2.5)

F. Misziles (see section 3.5)

Floed [see sections 2.4 and 3.4,

7.3.1.2.6 Minimum Performance Regquirements

The EAFAS response time iz defined az the interval required for
the E3F zequence to be initiated subzequent to the time that

Amandroent 948
2007. 4.13 7.3— 18
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the appropriate wvariable(=z) exceed the set pointl(z]., The E3F

gequence 13 initiated by the cutput of the ESFAS which i= by

the operation of the drv contacts of the slave relayz (600 and

TO0 meries relavs) in the output cabinet= of the =olid—=tate

protection s¥stem [(353P3). The response times lizted in

tables 7.3—4 and 7.3-F include the interval of time that will

glapse between the time the parameter, az szen=ed by the

zenzor, exceeds the zafety set point and the time the 833F3

zlave relay dry contacts are operated, The=e walues, listed

in tablez 7.3—4 and 7.3—5, are maximum allowable values conzis—

tent with the zafety analvyziz and the technical specifications

and are systematically verified during plant precperational

gtartup tests. For the overall ESF rezponse time, refer to

IT3 Chapter 1 Table 3.3.2—2 of the technical zpecifications, Iul
For the overall reactor trip system instrumentation responze time,

refer to ITS Chapter 1 Table 3,3.1—2 of the technical specifications, Iug

7.3.1.3 Final 3ystem Drawings

The schematic diagram for the systems discuzs=ed in this zection
iz listed in =zection 1.7,

T.3.2 ANALYIIS
T.3.2]1 Failure Mode and Effects Analysis

Failure mode and effect=z analysezs [FMEA] Have been performed
cn E3F systemz equipment within the Westinghouze scope of
supply as stated in reference 7, The results verify that
theze systems meet protection 2ingle failure criteria a=
required by IEEE 3tandard 279,

For BOF zafety svstems, the assurance that zafetvy—related
instrumentation and control fulfill their functionz [azsuming
a gingle failure) iz achieved by the uze of redundant channel=,
trainz, components,. and power suppliez with the appropriate
geparation provided between them, Detailed documentation in
the form of FMEA= table= are provided in each respective
subzection,

T.3.2.2 Compliance with Standards and Desiqn Criteria

Dizcuzsion of the General Dezign Criteria (GDC) iz provided in
various sectionz of chapter 7 where a particular GDC i=
applicable, Applicable GDC= include Criteria 11, 13, 20, 21,
A2, 23 24, 45, 26, AV, 28, 35, 37, 38, 40, 43, and 46, Com-—

pliance with certain IEEE Standards and U3NERC Regulatory
Guidez iz presented in subsection 7.1.2, The discuszsion given
below shows that the ESFA3 complie= with IEEE Standard 273,

Amsndment 343

o 2007. 4.14
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L3.2.2.1 SZingle Failure Criteria

The dizcu=zion presented in subparagraph 7.2.2.2.3 iz applicable
to the E3FAS. with the following exception: In the E3F, a

lozz of inztrument power will call for actuation of E3F
equipment controlled by the specific bistable that lost power
[containment spray excepted)., The actuation equipment must
have power to comply [main steam and auxiliary feedwater
izolation are excepted). The power supply for the protection
gystems iz discuz=ed in zection 7.6 and in chapter A,

For containment spray, the final bistables are energized to

trip to avoid zpurious actuation, In addition, manual contain-—
ment depressurization requires a zimultaneous actuation of two
manual controlz. Thisis considered acceptable because contain—
ment spray actuation on Hi—3 containment pressure zignal
provides antomatic initiation of the containment zpray svztem
via protection channels meeting the criteria in IEEE Standard
278, Moreover. two zets (two switches per zet)] of containment
gpray¥ manual initiation switches are provided to meet the
requirements of IEEE 3tandard 279, Al=o, it iz pos=zible for

all ESF equipment (valvezs, pumps,. étc, ] tobe individuallsy,
manually actuated from the control board,  Hence, a third mode
of containment zpray initiationdsavailable,  The deszign

meets the requirements of General Nesign Criteria 21 and 23 of
10 CFR B0, Appendix A,

T.3.2.2.2 Equipment Qualification

The subiject of equipment gqualtification iz dizcuszed in sec—
tiom= 3.10 and .11,

T.23.4.24.3, Channel Independence
A, HN3358 Chamnel Independence

The dizcuzsion presented in subparagraph 7.2.2.2.3.6 13
applicable, The E3F slave relay cutputs from the
golid—state logic protection cabinets are redundant,
The actuation=z az=sociated with each train are energized
up to and including the final actuation devices by the
geparate ac power supplies that power the logic trains,
An exception iz the main feedwater pump turkine trip
initiated by steam generator high—high level and 313,

An izolation relay iz utilized in the design to isolate
the Cla=s 1E portion from the non—Clazs 1E portion of
the zignal, In addition. ph¥=sical separation of the
raceways 18 provided from the sen=zor to the actuation
device,

IY3TEMS

Amendment 2 Sep, 1987
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B, BOF Chamnel Independence

The BOF 33IL3 cabinets and radiation monitor cabinets
have been designed in accordance with Regulatory

Guide 1,75, The E3F cutput relays from the 331L3 are
redundant and the actuations a=z=sociated with each train
are energized up to and including the final actuators

by the =eparate ac power supplies that power the logic
trains,

The zyztem iz compozed of the redundant Trainz A and B,
The ingtrumentation and contreolz of the components and
equipment in Train A are phyzically and electrically
geparate, and independent of the instrumentation and
controlz of the components and equipment in Train B,
The redundancy and independence provided between
gafety Trainz A and B are adequate to maintain equip—
ment functional capabilitiez following de=ign bazi=
events,

Pump=s and valves that are an integral part of. or
azgoclated with, the engineéred zafequard= will have
an operationfpozition status light,

E3F remote—operated valveshave position indication on
the control board to show proper positioning of
the valves, EHed.and greenindicater light=z are

an integral part of manu4al centrol station showing
open and clozed positions,  The ESF pozition of
equipment iz displayed by an energized light on
the ztatu= light panels. which conzist of an array
of white light= that are off when the equipment i=
in itz normal or required position for power
operationz. These statuz lights thuzs enable the
operator to quickly assesz the statuz of the E3F
gystems, These indications are derived from
contacts integral to the valve operatorzs, The
circuit= for the E3F statuz light=s are class=ified

as nensafety—related,

T.3.2.2.4 Control and Protection Sv=tem Interaction
The dizcu=zszions prezented in subparagraph 7.2.2.2.3 are applicable,

T.3.2.2.8 MN8338 Capability for Senzor Checks and Equipment Tezt
and Calibraticn

The dizcu=zion of zvstem testability in subparagraph 7.2.2.2.3
iz applicable to the sen=zors, analog circuitry, and logic

trains of the N333 ESFAS3,

Tl
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The following dizcuzszions cover thoze areas in which the
testing provizionz differ from thoze for the reactor trip
svystem:

7.3.2.2.81 Testing of Engineered Safety Features Actuaticon
Systems. The E3FASD are tested to provide assurance that the
Fystems will operate as dezsigned, and will be available to
function properly in the unlikely event of an accident,
Tvpical EAF test cabinets are dizcusszed in reference 3, which
iz furnizshed for information only and iz not intended to
necessarily reflect the as—dezigned testing for this plant,

The testing program agrees with GDC 21, 37, 40, and 4% and
Requlatory Guide 1.22 a= discuz=ed in paragraph 7.1.2.5. The
testz described herein and further discusszed in mubszection £.3.4,
meet the requirement= on testing of the ECC3 az stated in

GDC 37, except for the operation of those componentsz that will
cauze an actual zafety injection, The tezt, as described,
demonztrates the performance of the full operational zegquence
that brings the syztem into operation, the tran=sfer between
normal and emergency power sources, and the operation of
azgociated cooling water svztems. The charging pumps and
residual heat removal pumps are started and operated, and
their performance verified in a separate test discus=ed in
subzection 6,3.4, When the pumptestzare consideraed in
conjunction with the ECCS test, the requirements of GDC 37 on
testing of the ECC3 are met az clogely a® possible without
cauzing an actual =zafetyindection,

Testing as described in zection 6.3 and in subpata—

graphs 7.2.2.2.3 and 7.3.2.2.5 provides complete periodic
testability during reactor operation of all logic and components
asgoclated with the ECC3. Thiz design agrees with Requlatory
Guide 1.22 az discusz=ed in the above zection=s, The program i=

az follows:

A, Priortoinitial plant operation=, ESFA3 tests will be
conducted,

B. Bubseguent to initial startup, ESFA3 testz will be
conducted during each reqularly scheduled refueling
outage,

2, During online operation of the reactor, all of the
E3F analog and logic circnitry will be fully tested,
In addition, ezsentially all of the ESF final actuators
will be fully te=sted, The remaining few final actua—
tors. whosze operation i= not compatible with continued
on—line plant operation, will be checked by means of
continuity testing [see paragraph 7.1.2.5).

it 1
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T.3.2.2.6.2 Performance Test Acceptability 3tandard for the
Jafety Injection Signal and for the Avteomatic 3iqnal for Con—

tainment Spray Actuation Generation, During reactor operation,
the baziz for ESFA3 acceptability will be succez=ful completion
of the overlapping test= performed on the initiating system and
the EAFAS (see fiqure 7.3— 2. sheet 1), Checks of process
indications wverify operability of the =ensorz. Analog checks
and teztz werify the operability of the senzors, Analog checks
and tesztz werify the operability of the analog circuitry from
the input of these circuitz through to, and including, the

logic input relays, except for the input relays associated with
the containment spray functions that are tezted during the
golid—state logic testing, Jolid—state logic testing al=o
checks the digital signal path from. and including logic input
relay contacts through, the logic matrices and mazster relavs,
and performsz continuity test=s on the coils of the output zlave
relays., Final actuator testing operates the output slave
relays and verifies operability of thoze devices that require
gafequards actuation and that can be tested without caunzing
plant upset, A contimiity check iz performed on the actuators
of the untestable devicez, Operation of the final devicezis
confirmed by control board indication apd ¥isual obzervation
that the appropriate pump breakers cleose and automatic valves
ghall have completed their travel,

The baziz for acceptability for the E3F interlocks will be
control board indication of proper receipt of the signal upon
introducing the required input at the appropriate set point.

Maintenance checks [performed duringreqularly scheduled
refueling cutages]), 3uch az rezistance—to—ground of signal
cablez in radiation environment=, are based on qualification
test data that identifie=z what conztitutes acceptable
radiation, thermal, etc., degradation,

7.3.2.2.5.3 Frequency of Performance of Engineered Safety

Features Actuation Tests, During reactor operation, complete

gystem testing [excluding senzors or those devices whose

operation wonld canse plant upset] iz performed in accordance

with the technical specificationz azs specified in IT3 Chapter 1. (TF
Testing, including the senszors, iz alzo performed during

gcheduled plant shutdown for refueling.

73,2284 Engineered 3afetv Features Actuation Test
Descripticn, The following paragraphs describe the testing
circuitry and procedures for online portionz of the testing
program,. The guidelines uzed in developing the circuitry and
procedures are:

A, The test procedures must not involve the potential for

d ¥ t i £
amage to any plant equipmen Amundmant 4%
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B, The test procedures must minimize the potential for
accidental tripping of plant systems,

2, The provizions for online testing must minimize
complication of E3F actuation circuit=z =o that their
reliability iz not degraded,

7.3.2.2.5,8 Description of Initiation Circuitry, Sewveral
aystems (az lizted in subparagraph 7.3.1.1.1) comprise the

total EAFAS, the majority of which may be initiated by different
process conditionz, and may be rezet independently of each
cther.

The remaining functions (listed in subparagraph 7.3.1.1.1] are
initiated by a common signal [zafety indection signal ) which,
in turn, may be generated by different process conditions.

In addition, operation of other vital auxiliary support systems,
guch az auxiliary feedwater, iz initiated by the safetvy injection
zignal,

Each function i= actuated by a logic circuit thatiz available
from either of the two redundant traing of E3F initiation
circuits,

The cutput of each of the initiation cireuits.conzizts of a

master relay that drives slave relays for contact multiplica—
tion az required, The master and =lave Telays are mounted in

the E3FAS cabinets, designated Train A and Train B, respectively,
for the redundant counterparts, The master and =lave relay
circuits in mozt cases operate various pump and fan circuit
breakers or starters. motor—operated wvalve contactors,. solenoid—
operated valves, emergency diesel generator starting. etc..
through the 331L3.

T3.2.2.68 Analog Testing, Analogtestingizidentical
[except asnoted) to that uzed for reactor trip circuitry and
iz described in section 7.2,

An exception to this iz containment spray, which i= energized
to actuate 2/4 and reverts to 43 when one channel is in test,

7.3.2.2.5.7 Sclid—S5tate Logic Testing, Except for contain-
ment spray actuation channel=s, 2olid—=state logic testing i=
the zame as that discus=sed in section 7.2, During logic
testing of one train, the other train can initiate the required
E3F function., For additional detail=s, see reference 2.

it s
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T.3.2.2.68 Actuator Testing, J=ing the method dizcuss=ed in
zection 7.2, tezting of the initiation circuit=s through opera—
tion of the master relay and itz contact= to the coilz of the
zlave relavys as been accomplizhed, Slawve relays donot
cperate becauze of reduced voltage,

The E3F zystem final actuation device or actuated equipment
testing zhall be performed from the E3F tezt cabinetz. These
cabinet=z are normally located near the solid—=state protection
gystem equipment, There iz one set of test cabinets provided
for each of the two protection Trains A and B, FEach zet of
cabinetsz contains individual test switches neceszary to actuate
the slave relay=s, Toprevent accidental actuation, test
gwitches are of the t¥pe that must be rotated and then
deprezsed to operate the slave relays, Assignments of contacts
of the slave relays for actuation of varionz final devices or
actuators has been made such that groupz of devices, or actuated
equipment, can be operated individually during plant operation
without canzing plant upset or equipment damage., In the
unlikely event that a zafety infection zignal iz initiated

during the test of the final dewvice that iz actuated by this

test, the device will already be in it= pozition,

During thiz last procedure, close communication between the
main control room operator and the'operator 4t 'the test panel
iz required. Prior tothe energiging of a slave relay, the
operator in the main control roomazsures that plant conditions
will permit operation of the equipment that will be actuated by
the relay.

After the tester has= energized the 2lave relay, the main con—
trol room operator obEerves that all equipment haz operated as
indicated by appropriate indicating lamps, monitor lamps, and
anmnunciators on the control board and, uzing a prepared check—
lizt, records all operations, He then resets all devices and
prepares for operation of the next slave relay—actuated
gquipment,

By meanz of the procedure outlined above, all ESF devices

actuated by EAFAS initiation circuitz, with the exceptions
noted in paragraph 7.1.2.58 under a dizcuszion of Requlatory
Guide 1.22, are operated by the automatic circuitry,

73,2289 Actuator Blocking and Continuity Test Circuits,
Thoze few final actuation dewices that cannot be designed to be
actuated during plant operation (di=scuz=ed in paragraph 7.1.2.5)
have been azsigned to slave relays for which additional test
circuitry haz been provided to individually block actuation of
a final device upon operation of the aszociated slave Telay
during testing, Operation of these zlave relays, including

it



= oM wBarIEEANEEF0| HE SAHELRE Edu 24 LI

TGN 1& 2 F3AR

Ho

ENGINEERED SAFETY FEATURE
IY3TEMS

contact operation, and continuity of the electrical circuits
azzociated with the final [in some cases interpozing) devices
control are checked in lieu of actual operation. The circuits
provide for monitoring of the zlave relay contacts in some

cases, or the 331L3 output relay= in mozt cases, the devices
control circuit cabling, control voltage and the devices actua—
tion =olencid=, Interlocking preventsz blocking the output from
more han one cutput relay in a protection train at a time.
Interlocking between trainzs iz also provided to prevent continuity
testing in both trains simultanecusly: therefore, the redundant
dewvice azsociated with the protection train not under tezt will

be available in the event protection action iz required, If an
accident ocours during tezting, the automatic actuation circuitry
will override testing a= noted above, One exception to thi= is
that if the accident ocours while testing a slave relay whoze
output muzt be blocked. thoze few final actuation devices
aZsocilated with thi= slave relay will not be overridden: however,
the redundant devices in the other train would be operational

and would perform the required zafety function., Actuation
devices to be blocked are identified in paragraph 7.1.2.5.

The contimity test circuits for these components that cannot
be actuated online are verified by proving light= on the ESF
test racks.

The typical zchemes for bl ocking cperation of selected pro—
tection function actuator cireuits are shown in figure 7.3—2.
sheet 2 as details A and B, The zchemes operate a=z explained
below and are duplicated for each E3F train,

Detail A shows the circuit for contact closure for protection
function actuation., Under normal plant operation, and equip—
ment not under tezt, the lamps "D3*" for the various

circuits will be energized, Typical circuit path will be
through the normally close test relay contact "Ef" and
through test lamp connection 1 to 3, Coil "X2" and "X3" will
be capable of being energized for protection function actuation
upon closure of zolid—state logic cutput relay contacts "F»",
Coil "X2" and "E3" iz typical for a breaker clozing auxiliary
coil, motor starter master coil, coil of a solenoid valve,
auxiliary relay. etc, When the contacts "EA+" are opened to
block energizing of coil "X2" and "X3", the white lamp i=
de—energized and the =zlave relay "E«" may be energized to
perform continuity testing, This continuity testing iz
verified by depreszing test lamp "D8*" and cbzerving that the
lamp lights through connection 2 and 1 (contact "EA+" open)
through solid—=tate interpozing logic output relay contact
[now clozed) and finally through actuator coil "X2" and "X3",
Jufficient current will flow in the circuit to cause the lamp
to glow but inmifficient to cause the actuator coil "X2" and
"X3" to operate. To wverify operability of the blocking relay

T.A—24
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in both blocking and re=storing normal service, open the blocking
relay contact in series with lamp connectionz and the tezt lamp
ghould be de—energized: close the blocking relay contact in
geries with the lamp connection=z and the test lamp should now
be energized, which werifies that the circuit iz now in it=
"nmormal" condition, i.e,. operable,

Detail B shows the circuit for contact opening for protection
function actuation., Under normal plant operation, and equipment
not under test, the white test lamps "D3~" for the various
circuits will be energized, and green test lamp "Da*" will be
de—energized., Tvpical circuit path for white lamp "DS*" will
be through the normally clozed solid—state logic output relay
contact "E+" and throngh test lamp connectionz 1to 3. Coil=s
"Y1" and "Y2" will be capable of being de—energized for protec—
tion function actuation upon opening of zolid—=state logic
output relay contacts "E+", Coil "¥2" iz tvpical for a solenoid
valve coil, auxiliary relay, etc. When the contactsz "E6+" are
clozed to block de—energizing of coils "¥2", the green test
lamp i3 energized, and the slave relay "E+" mav be energized to
verify operation (opening of its-contactz).. To verify opera—
bility of the blocking rela¥ in both blocking andTestoring
normal service, close the blocking relay contact to the green
lamp: the green test lamp should nowhe energized, Open this
blocking relay contact: thegreen tezt lamp should be
de—energized, which verifiez that the cirocuit iz nowin its
"mormal". i.e.. opeTable pozition,

7.3.2.2,5.10 Time Required for Pesting, -It isestimated that
analog testing can be performed at a rate of zeveral channels=
per hour, Logic testing of Trains A and B can be performed in
lesz than 30 minutez, Testing of actuated components (includ-
ing thosze that can only be partially tested)] will be a function

of control room operator availability, Iti=expected to

require several shift=s to accomplizh these tests, During this
procedure, antomatic actuation circuitry will override te=sting,
except for thoze few devices associated with a single slave

relay whose outputs muzt be blocked and then only while blocked,
It iz anticipated that continuity testing azsociated with a
blocked slave relay could take several mimnutes, During this
time the redundant devices in the other train=s would be operable,

7.3.2.2,511 Summary of Online Testing Capabilities, The
procedures dezcribed provide capability for checking completely
from the procesz zignal to the logic cabinets, and from there

to the individual pump and fan circnits breakers or starters,
valve contactors. pilot solenoid valwes, ete., including all

field cabling actually uzed in the circuitry called upon to

it 1]



= oM wBarIEEANEEF0| HE SAHELRE Edu 24 LI

TGN 1& 2 F3AR

Ho

ENGINEERED SAFETY FEATURE
IY3TEMS

operate for an accident condition, For those few devicez whose
operation could adversely affect plant or equipment operation,
the zame procedure provides for checking from the procezs
zignal to the logic rack, To check the final actuation dewvice,

a contimiity test of the individual control circuitzis
perfcrmed,

The procedures require testing at various locations:

A, Analog testing and verification of biztable =et points=
are accomplished at process analog racks, Verification
of bistable relay operation iz done at the main control
room status lights.

B, Logic testing through operation of the master relays
and low wvoltage application to slave relays is done at
the logic rack test panel,

C, Testing of pumps=, fans, and valvez iz done at a test
panel located in the vicinity of the logic racks in
combination with the control room operator,

D, Contimiity testing for thoze cirocuitzthat cannot be
operated iz done at the same test panel mentioned in C
above,

The reactor coolant pump's ezzentlial service izolation valves
conzizt of the izolation walves for the component cooling water
and the =zeal water return header, The main reazon for not
testing these valves periodically iz that the reactor coolant
pumps may be damaged, Although pump damage from thi= type of
test would not result in a zituation that endanger=s the health
and safety of the public, it could result in unneceszary shut—
down of the reactor for an extended period of time until the
reactor coolant pump or certain of its parts conld be replaced,

Containment spray sv=stem tests will be performed periodically,
The pump testz will be performed with the izclation valves in
the spray supply line= at the containment and spray chemical
additive tank closed, The valwe tests are performed with the
pumps stopped. During this testing, automatic actuation
cirouitry will override testing.

7.3.2.2,512 Testing During Shutdeown, The ECC3 tests will be
performed at each major fuel reloading with the RCS izolated
from the ECCS by closing the appropriate valves, Atest safety
injection zignal will then be applied to initiate operation of
active components (pumps and wvalvez) of the ECC3, Thizi= in
compliance with GDC 37 of 10 CFR 60, Appendix A,

73— 26
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T.3.2.2.613%7 Pericdic Maintenance Inspectionz, The
maintenance procedures that follow may be accomplizhed in any
order, The frequency will depend on the operating conditions
and requirements of the reactor power plant, If any degrada—
tion of equipment operation iz noted, either mechanically or
electrically, remedial action is taken to repair. replace, or
readiust the equipment. Optimum operating performance muzt be
achieved at all times,

Tvpical maintenance procedures include the following:

A. Check cleanliness of all exterior and interior
surfaces,

B. Cheak all fuses for corrosion,

C, Inspectfcr loose or broken control kmobs and burned
put indicator lamps.

D, Inspect for moisture and condition of cables and
wiring,

E. Mechanically check all connectors and terminal boards
for looseness, poor connection, or corrosion,

A

Inzpect the components of each aszembly for sign= of
overheating or component deterioration,

G, Perform complete syatem operating check,

The balance of the requirements lizted in IEEE Standard 273
[paragraphs 4,11 through 4,22) iz discuzsed in section 7.2,
Paragraph 4,20 receives special attention in section 7.5.

T.3.2.2.6 MN838 Manual Rezetz and Blocking Features

The manual reset feature as=zociated with containment spray
actuation is provided in the standard dezign of the solid—=tate
protection s¥stem de=sign for two bazic purpos=e=, First, the
feature permits the operator to start an intermiption procedure
of automatic containment zpray in the event of falze initiation
of an actuate signal, 8Second. although the s¥=stem performance
iz automatic, the reset feature enables the operator to start a
manual takeowver of the system to handle unexpected events that
can be better dealt with by operator apprai=zal of changing
conditionz following an accident,

It iz mo=t important to note that manual control of the =¥ztem
doez not ocour once actuation has bequn by Jjust resetting the

T R
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azzociated logic devices alone, Components will =eal in (latch)
20 that removal of the actuate signal. in itself, will neither
cancel nor prevent completion of protective action, nor provide
the operator with mamial override of the antomatic system by
thi= =ingle action, In order to take complete control of the
gystem to intermipt itz automatic performance, the operator
mu=t deliberately remove the initial actuate =ignalz, in
addition to tripping the pump motor circuit breakers, if
stopping the pumpz iz dezirable or neceszary.

The feature of manual reset aszociated with containment spray
([phase B containment isolation) as well as with phase A con—
tainment isolation and control room izsolation, does not perform
a bypass function, It iz merely the first of zeveral manual
operations required to take control from the automatic sv¥=ztem
or interrupt its completion should such an action be conzidered
NEeCESSary.

In the event that the operator anticipates system actuation,

and erroneously concludes that it iz unde=irable or UNNeCcesZaTy,
and imposes a standing rezet condition in-ene train (by operat—
ing and holding the corresponding reset switch at the time the
initiate signal iz tranzmitted), the other train will antoma—
tically carry the protective action to'completion;” In the

event that the re=zet condition iz impozed zimultaneously in
both trains at the time thednitiate zignals are generated. the
automatic sequential completion of syatem action iz intermipted
and ceontreol has been taken by the cperator, Manual takeower
will be maintained, even though'the rezet switches are releaszed,
if the original initiate =zignal exi=t=, Should the initiate

gignal then clear and return again, automatic syztem actuation
will repeat,

Note al=o that any time delay= impozed on the zystem action are
to be applied after the initiating zignal= are latched,

The mamial block features azsociated with prezsurizer and steam
line zafety iniection signal= provide the operator with the
means to block initiation of safety indection during plant
gtartup, The=ze block features meet the requirements of
Paragraph 4,12 of IEEE 3tandard 279 in that automatic remowal

of the block ococurs when plant conditionz require the protection
aystem to be functional,

T.3— 28
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H833 Manual Initiation of Protective Actions
(Requlatory Guide 1,62)

The N353 ESFA3 agrees with Requlatory Guide 1,62 with the
following clarification:

A, With regard to REequlatory Pozition C—1:

3k

Manual initiation at the system lewvel i=

interpreted to mean no more than three operator
actions rezulting in at least one train,

divi=zion, or channel of final actuation dewvices
including support systems, except for the additicnal
clarification involving zafetv injection

to cold leg recirculation [and cold leg to hot

leg) switchover az described in zection 6.3 and
below,

Engineering judgment will be exercized to assure
that aminimum of operator actionz are required
to achieve sy¥ystem level manual initiation without
unnecesgarily jeopardizing the-return to
operation of the power plant,

Designs requiting more than two operator actions
per train, division. or channel toachieve protec—
tive action are tobe limited to those actions
that are required following the first few
mimites of the accident and that will be
evaluated on a caze baziz,

B, With regard to Requlatory Pozition C—2:

All equipment that contributesz to the protective
action will be initiated at the system lewvel,

C, With regard to Requlatory Pozition C—3:

Switches for manual initiation will be located in the
control room in such a manner as to permit deliberate
expeditious action by the operator,

D, With regard to Requlatory Pozition C—4 and
Paragraph 4,17 of IEEE Standard 273:

14

Equipment commeon to both mamal and automatic
initiation will be minimized, Where manual and
automatic action zequencing function= and
interlocks that contribute to the protective
action are commeon, component or channel level
initiation will al=zo be provided in the control
TOOm,

T.3—28
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2. Manual initiation portions of the protection
gystem will meet the zingle failure criteria,

3. Manual initiation portion=s of the protection
aystem will not impair the ability of the automatic
gystem to meet the zingle failure criteria,

4. Mo exception tothe requirement= of IEEE Stan—
dard 279 ha= been taken in the manual initiation
cirouit of safety injection, Although Para—
graph 4,17 of IEEE 3tandard 279 requires that a
gingle failure within commen portions of the
protective system shall not defeat the protective
action by manual or automatic means,. the standard
doez not specifically preclude the sharing of
initiated circuitry logic between automatic and
manual function=z, It iz true that the manual
gafety infection initiates functions associated
with one actuation train (e.g,. Train A) shares
portionz of the automatic initiation circuitry
logic of the same logietrain: hewever. a zingle
failure in shared functionz doez not defeat the
protective action of the'tedundant actiati on
train [e.qg,, Train B), A =ingle failure-in
shared function dgez not defeat the protective
action of the zafetv function. . Itiz further
noted that the sharing of thedogic by manual and
automatic initiationisconsiztent with the
gystem level action requirements of-the IEEE
8tandard 279, Paragraph 4,17, and iz con=sistent
with minimization of complexity,

E. With regard to Requlatory Pozition C—G:

Manual initiation portion= of the protection system
are degigned =o that once initiated, a protection
action at the zwstem level (initiation of the final
actuation device az=sociated with a given protective
function) goes to completion,

Having gone to completion: (i.e.. once sufficient
breakers are closed or sufficient MOVz= or other actua-—
tion are operated], the s¥ystemiz designed to require
at least two operator actionz to return actuated
equipment to pre—initiation status,

Thiz design iz in compliance with the applicable
zection of IEEE 3tandard 279 (Paragraph 4.16],

T
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F. In addition, manual initiation iz provided to allow
the operator to take early action based on observation
of plant parameters, It iznot to be treated az a
backup to automatic featurez, Operator action= will
not be required to satisfir the zingle failure
criteria,

&, When only cne channel, division, or train iz azsigned
to a single control device, thiz createz lezs
complexity in switch dezign, although it will require
the operator to initiate redundant function=z uzing
separate controls,

There are three individual main zteam stop valve momentary
control switches [one per loop)] mounted on the control board,
Each switch, when actuated, will izolate one of the main steam
linez., In additieon, there will be two system level switches,
gither switch actuating'all main steam lines at the system
lewvel,

Manual initiation of semi—automatic switchowver to recirculation
following a logs—of —primary—coolant accident iz in compliance
with Paragraph 4.17 of IEEE 3tandard 279, with the foll owing
COTMMments:

A, The manual operaticonsthat are involved in this
gwitchover are described in zection 6.3,

B, 0Once safetvy injection iz'initiated following a losz—of—
primarvy—coolant acecident, the containment sump izola—
tion valwves in the RHE system pump suction lines will
open auntomatically upon receipt of a low—low lewvel
gignal from the BW3T level instrumentation.

C, Manual initiation of either one or two redundant
gafety infection actuation main control board-—mounted
gwitchez not only provides for actuation of the compo—
nents required for reactor protection and mitigation
of adverse conzsequences of the postulated accident
prior to the recirculation mode azsociated with a loz=s—
of—primary—coolant accident, but alzo enablez the
containment sump isolation valves to automatically open
when the low—low level et point on the BRWST iz reached,
Manual operation of other component= or manual verifica—
tion of proper position as part of emergency procedures
iznot precluded nor otherwise in conflict with the
above described compliance to Paragraph 4,17 of IEEE
Standard 272 of the semi—automatic switchover circuits,
Although manual actuation of main steamline isolation
[all walwez), containment izolation (pha=ze A), and
containment spray acturation i= not within the N335

i tarpta X &
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zcope, the same criteriaherein described for the manual
zafety infection al=o applies to theze aforementioned
mamal actuation functionz in the BOP scope,

7.3.3 BOP CONSIDERATIONG

The following conziderations are provided for the BOP systems,

7.3.3]1 Instrument Air Jvstem

A loz= of reactor plant normal instrument air (azsuming no other
accident conditionz) cannot cauze safety limitz,. a=z given in

IT3 Chapter 1.tobe exceeded., Likewize, the lozz will not
adverzely affect the core or the RCS, nor will it prevent an
crderly shutdown if thi=iznecezsary. It iz noted that,

for conzervatism during the accident analyzis (chapter 18),
credit iz not taken for the instrument air s¥stem nor for

any control system benefit, A safety—related instrument

air s¥stem iz provided az dezcribed in subsection 2.3.1

T.3.3.2 Auxiliary Feedwater vstem

7.3.3.2.1 Description

The system conzists of two motor—=driven pumps,;and cne steam
turbine—driven pump. associated piping, valves instruments,
and controls az shown in fiqure 104- 9, The two motor—

driven pumps and the turbine—driven pumpare started auto—
matically by =ignal= from the automatic ztart logic as shown

in fiqure 7.3—3. All three pumps can al=o be started manually
from control switches in the control room, and at the emergency
shutdown panel,

Each motor—driven pump feed=z all three steam generators
through individual, normally modulating air— operated, flow
control wvalves that fail in the open position in the event

of aloszs of instrument air or in the modulating pozition

in the event of a lo=2 of both sources of Cla=ss 1E power to the
golenoid valves, Auxiliary feedwater flow can be requlated
mamially from the control rocm or the emergency shutdown panel,

The turbine—driven pump feed=z all three steam generators
through individual, normally modulating air— operated, flow
control wvalves that fail in the open position in the event

of a losz of instrument air or in the modulating pozition

in the event of a lo=z of both Clas=s 1E powers to the

zolenoid valves, Auxiliary feedwater flow can be requlated
mamially from the control rocom or the emergency shutdown panel,

Amsndment $43

2007, 4.19
T.3— 3
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Each turbine—driven pumps flow control wvalve i= supplied with

a backup air accumulator with sufficient capacity to permit
remote valve closure from the control rocom or from the emergency
shutdown panel., Local manual valve operation by a handwheel i=
alzo available,

Each motor—driven pumps flow control valve iz connected to the
gafety—related grade instrmment air system to permit remote valve
operation from the control room or from the emergency shutdown
panel for post—accident operation for aperiod of time sufficient
to bring the plant to a cold shutdown condition, Local manual
valve operation by a handwheel iz alzo available,

Redundant, zafetv—related auxiliary feedwater flow indication
iz provided for each steam generator in the control room and
at the emergency shutdcown panel,

Thiz de=sign complie=z with Jection II.LE1.2 of HUREG—0660,

The auxiliary feedwater pump turbine iz supplied with motive
poweTr from two main steam lines-through anormally clozed
pneumatic operated steamto auxiliary feedwater pump (AFFP]
turbine isolation valve and a normally open motor— operated
trip and throttle valve, A hydraulic—operated, turbine
governor valve i3 also provided at the inlet tothe pump
driver, Control of the steam sipply.and turkine stop valves
for the turbine—driven pump iz provided in the control room
and at the emergency shutdownn panel,

The statuz of the motor—driven pumps and auxiliary feedwater
flow control valves are indicated in the control room and at
the emergency shutdown panel, The statuz of turbine—driven
pumps and turbine trip and throttle valve are indicated in the
control room, az well as at auxiliary feedwater turbine local
panel,

The auxiliary feedwater zystem equipment i= described in
subzection 10.4.9,

T.3.3.2.1.1 3Jvstem Descripticn

A, Initiating circuit

The motor—driven pumps are initiated automatically by
the (BOP E3FA3) AFS—MD zignalz (these signals al=o
cloze the blowdown isolation and sample line valves
for all steam generators),

The turbine—driven pump iz initiated antomatically by
the [BOP E3FA3) AF3—TD,

i g o'
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The automaticinitiating signals and circnitz are
dezigned =o that their failure will not preclude
maral initiation of the auxiliary feedwater system
fromthe control room. Likewize, the manual initiation
circuits are designed such that a single failure will
not result in lo=zs of system function,

All initiating zignal circuitry required to ensure
that auxiliary feedwater system performs itz safety
functions are powered from emergency power buzes,

Logic

ee fiqure 7.3—3 for auxiliary feedwater syztem
control logic information,

Bypass

Indication of s¥=stem bypazzs iz as dezcribed in
zection 7.5,

Interlock=

There are no interlocks in the amtliaTy feedwater
=¥ SLem,

Fedundancy

gufficient actuation and control channels are provided
throughout the anxiliary feedwater =vstem to enmure
the required flow to.at least two steam generatorsin
the event of a single failure (al=o zee failure

analy=zes, table=s 7.3—6 and 10,4—14],

Diwver=ity

The auxiliary feedwater system iz diversified by
utilizing one turbine—driven pump and two motor—driven
pumps with air—operated valves, Diver=zity in automatic
actuation zignals iz provided as seen in

fiqure 7.3—73,

Mo ac power i3 required for support of the turbine—
driven auxiliary feedwater train,

Actuated dewvices

Table 7.3—19 [item= 5 and 5], as well as table 7.3— 7.
list=s the actuated devices,

T.3—34
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H. Bupporting systems

The Cla=s 1E electric sy¥stem iz required for auxiliary
feedwater control, The prezsurized air mupply required
for motive force iz normally supplied from the manual
instrument air header, which iz not zafetv—related. In
the event that the normal air supply iz unavailable, the
air supply for the auxiliary feedwater motor—driven
flow control valwves i= provided by the safety—related
instrument air syztem,

Each turbine—driven flow control valve is provided
with a safetvy—related air accumulator to supply a
limited amount of air to close the flow control

valves in the event the normal air supply iz unavailable,

I. Portion of zyztem not required for zafety

Inztrumentation provided for monitoring svstem perform—
ante iz not required for safety. with the exception of
auxiliary feedwater flow and pump prezsure indication
that iz safetv—related,

7.3.3.2.1.2 Design Baszesz Informatien.

The design bazes of the auxiliary feedwater swztem, in
accordance with Jection 3 of TEEE Standard 279 are:

A, Generating station.conditions that'require protective
action:

ABuxiliary feedwater iz required following a lo=s
of normal feedwater,

B. Range of tran=ient and steady—state condition=z of
the energy supply and the environment during normal,
abnormal, and accident circumstances throughout
which the sy=stem must perform:

The Clazs 1E power sy¥stem iz discuszsed in chapter A,
The auxiliary feed pumps and as=zociated valves

are located outside the containment vessel. The
control equipment located outside of containment
mu=t function through a temperature range of 40

to 120°F, humidity from 10 to 98 percent RH, and
atmospheric prezsure, The control equipment located
inzide the control room and auxiliary shutdown panel
rooms muzt function through a temperature range of
68 to AE'F, humidity from 60 to 95 percent RH, and
atmosphere pressure,

i L)
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2, The malfunctionsz, accidents, or other unusual events
that could physically damage protection system com—
ponents, for which provizionz must be incorporated to
retain necessary protection system action,

The auxiliary feedwater control system iz dezigned
to with=stand the effects of a zafe shutdown earth—
quake (33E) without loz= of function, The control
Fystem iz phyzically located in zuch a way to prevent
lozsz of function from mis=ile damage.

D, Minimum performance requirements including s¥=stem
response times, system accuracies, ranges of the
magnitudes, and rates of change of senzed variables
to be accommodated until proper concluzion of the
protection sv¥stem action,

The gystem responsze time will be within 60 second=s
from the time of detection of a condition regquiring
auxiliary feedwater to the time at which the required
water flow iz achieved,

T.3.3.2.1.3 Final Svstem Drawings

For logic diagramz. see figure 7;3—3,  For syztem piping
and inztrumentation drawingsz, see figure 10,4-9,

7.3.3.2.2 Analv=iz

T.3.3.2.21 Conformance to@eneral Desiqn Criteria

A, General Dezign Criterion 13

Inztrumentation and controls neces=zary to monitor
variables and systems over their anticipated ranges
for normal plant operating condition are provided in
the main control room, Instrumentation and controls
necesgary to azmure adequate safety during accident
condition are provided in the main control room and on
the emergency shutdown panel, A description of the
surveillance instrumentation i= provided in section 7.5,

B, General Dezign Criterion 15

All controlz and indication= required for zafe shutdown
of the reactor are provided in the main control room,

In the event that the main control room must be evacua—
ted, adequate controlz and indications are located
putzide the main control roomto (1) bring to and
maintain the reactor in a safe hot shutdown condition,

i Tt
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and [2) provide potential capability to achiewve cold
shutdown with appropriate procedures,

The emergency shutdown panel, located outzide the main
control room, i= described in paragraph 7.4.1.3.

2, General Dezign Criterion 34

The auxiliary feedwater system provides an adequate
supply of feedwater to the =team generators to remove
reactor decay heat following reactor trip. Two steam
generators with auxiliary feedwater supply are zuffi—
cient to remove reactor decay heat without exceeding
design conditions of the RCA,

T.3.3.2.2.2 Conformance to Requlateory Guides

A, Requlatory Guide 1,22
The auxiliary feedwater system and controls are designed
toallow periodic testing satisfying technical specifica—
tion requirements,

B, Requlatory Guide 1,29

The auxiliary feedwater system controls are designed
towith=ztand the effects of an earthguake without loz=
of function or phy=zical damage. The auxiliary feedwater
control system iz clazsified as Seismic Category I in
accordance withthe quide,

T3.2.2.23 Conformance to IEEE Standard 279

The auxiliary feedwater zystem controls are designed to conform
to the applicable portions of IEEE 3tandard 279, The control
and actuation circuit= are designed zuch that any =zingle

failure will not prevent proper protective action [adegquate
feedwater supply ) when required, Thi=z iz accomplished b
redundant system=. Each auxiliary motor—driven feedwater
train utilizes control power from independent Class 1E power
gystems, Toprevent interaction between the independent
gystems, the control channels are separated, with no electrical
connections between control channels,

T.3.3.2.2.4 Conformance to Other Criteria, Guides, and
Standards

Conformance to other criteria, quidez, and standards iz indicated
on table 7,1—2 and subsection 10.4.9.

i
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7.3.3.2.28 Failure Modez and Effect= Analysiz, Failure
modez and effects analvziz iz given in table 7.3—8,

7.3.3.2,2.6 Periodic Testing. Periedic testing of mechanical

equipment azsociated with thiz syztem iz discuz=ed in =ab—
gection 10,49, Provisions for periodic testing of the actuation
#dd| system are discussed in ITS Chapter 1,

7.3.3.3 Containment Spray Actuation

Containment spray which, except for Hi— 3 containment pressure I
initiation, iz in the balance of plant scope, iz accomplished
through the uze of the containment spray s¥stem described in
subzection 6,2.2 and i= shown in fiqure 6.2— 42,

The containment spray s¥ystem operatez subszequent to the dezign
basis accident (DBA), The systemis started either manually
or by Hi—3 containment pressure [3ee figure 7.2—1. sheet 8],

The containment spray system has two phazes of operation, In
the first [injection) phaze, the containment spray pumps take
suction from the RW3T and discharge to the spray headerz. In
the second [recirculation) phaze, the containment spray pumps
take suction from the containment E3F. sumps and discharge to
the spray headers,

During normal operation, the motor—operated valves in the con—
tainment spray pump suction linezfromthe EWST are normally
open. The suction valves from the containment ESF sumps and
the containment spray pump discharge valves to the spray
headerz are normally closed, The redundant meotor—operated
valves from the spray additive tank to the containment spray
pump suction lines are normally clozed,

On initiation of the containment spray actuation [C3A), the
following system functionz are performed automatically:

A, Containment spray pump discharge valves are opened to
the =pray header,

B, Containment spray pumps are started [suction valves
from the RW3T are normally open),

2, Containment spray additive tank dizcharge walvesz are
cpened,

Thiz s¥=stem lineup allows the water from the EW3T to be pumped
to the spray header=, thus completing the first phazse of
containment spray,
Ammndment 343
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The zecond phase of containment spray (recirculation phasze) i=
manually initiated on RWST empty level alarm for each fluid
train, The following functionz are performed:

A, Containment spray suction valwes from the containment
ESF =ump are opened,

B, Containment spray suction walves from the RW3ST are
closed,

Thiz system lineup allows water from the ESF sump to be recircu—
lated to the spray headers, thus completing the zecond phaze
of containment depressurization,

The ingtrumentation provided for monitoring sy=ztem performance
iz az follows:

A, Fourredundant BRWST wide range level indicators with
low—low, and empty alarms

B, Containment spray pump-discharge-prezsure indication
on each train

C., Containment spray pump discharge flow indication on
gach train

D, Containment ESF sumplevel indication on each train
with high— and high=high alarms

E. Containment spray additive tank level indication with
low— and low—low alarmz. The plant computer receives
the level zignal and provides a separate low— and low—
low alarm az well a2 a non—Cla=s 1E level indication,

Pericdic testing and recalibration of item= A. D, and E above,
along with system testing, will ensure their availability and
proper operation., Ranges and accuracies can be found in
table 7,51,

7.2.34 Containment Purge Isolation Actuation System
7.3.3.4.1 Deszcription

The containment area may suffer radicactive contamination in
the event a fuel azsembly should be zeverely damaged during
handling.

The containment purge izolation system detectz any abnormal
amount of radicactivity in the containment atmosphere or in
the containment purge effluent, and initiatez appropriate
action to enmure that any release of radicactivity to the

i g
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environs iz controlled, The containment purge swztem iz al=o
izolated by CIS—A,

T.3.3.4.11 3avztem Description

A,

Initiating circuits=

Four zeparate, independent radicactivity detectors.
one monitoring the refueling bridge machine area
atmosphere, one sampling the containment purge exhaust
flow and two monitoring the containment atmosphere,
provide, upon detection of high radiation levels,
signals to bistable unitz which produce redundant trip
signals to the automatic actuation logic, SI8i=also
provided to the automatic actuation logic, Pretrip
alarm and channel failure alarm on downscale signals
are provided for all of the monitors,

Logic

The containment purge izolation actuation system
utilizes one—out—of—twologic to actuate containment
purge izolation when regquired;

Bypas=
Indication of =¥stem bypass it provided as'described
in zection 7.5,

Interlock=
There areno interlocks onthese controls,

dequencing
There i= no antomatic sequencing of operation,

Fedundancy

Control= are provided on a one—to—one bazi=s with the
mechanical equipment so that the control= preserve the
redundancy of the mechanical equipment.,

Diversity

Diverzity of senzing iz provided in that containment
purge izolation can be actuated by either the contain—
ment refueling bridge machine area monitor by the
containment purge exhaust monitor and by the two
containment high range area radiation monitors,

T.3—40
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H. Actuated dewices

Table 7.3—13% [item 2] and table 7.57—8 list the actuated
devices,

I. Supporting sy=tems
Jupporting s¥stems for the containment purge isolation
actuation are the two 120V ac, Claz= 1E, instrument
power suppliez dizcusszed in section 8.3, the four
126% dc power suppliesz discuszed in section A.3, and
the inztrument air =v¥=tem described in subzection 2.3.1,
The isolation function iz fail—safe with rezpect to
all of the=ze support systems, that i= to =zay. lozs of
theze support systems will not prevent izolation,

7.3.3.4,1,2 Deczign Bazesz Information

The design basze= for the containment purge isolation
actuation system are described in subparagraph 6.2.4.1.1
(bazez 3.5, and 71,

Additiomally. subparagraph 7.3.3.8.1.2 will be conzidered
for the control system components,

7.3.3.4,1.3 Final 3y=tem Drawings

Diagrammatic descriptions of the containment purge izolation
Fystem are given in the following drawings:

A, Figure 7.3—5, logic-diagram
B, Figure 9.4—8, piping and instmimentati on diagram,

73,342 Analvsiz
A, Conformance to General Dezign Criteria

The applicable criteria are indicated in zection 7.1,
Mo deviations or exception= to those criteria are
taken,

B, Conformance to other criteria and standards

The dezign of the control zwsztem conforms to the
gtandards lizted and discuz=ed in subparagraph
i ke = 17
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2, Failure modes and effectz analv=si=
dee table 7.3—9 for failure modez and effects analvy=iz,

0. Periodic testing

Periocdic testing of the mechanical equipment as=sociated
with thiz zvstem iz dizcus=ed in subzection 9.4.7.
Periodic testing of actuation svstemiz discussed in

ITS Chhapter 1,

T.3.35 Fuel Building Emergency Exhaust Sv=stem
7.3.35.1 Description

If a fuel agsembly iz damaged zeverely enough to rupture its
cladding, fizsion products can be released and cauze the
surrounding area's radicactivity level to go conziderably

abowve an acceptable lewel, Ifthi=happen=in the fuel building,
the fuel building exhaust gazeous radiation monitor, or the

gpent fuel pool area radiation monitor, will detect thi=

abnormal radicactivity lewvel and initiate fuel building emergency
ventilation (FRE¥3) zignal that will place the fuel building
ventilation system in an operating mode that meetz the following

requirement:

A, Izsolatenormal wentilation,

B, Initiate operation of the emergency exhau=t syztem to
maintain the fusl iilding atmosphere at a negative
pPTessure,

C. Reduce the flow of fuel building air to the outzide
atmosphere to a minimum conzistent with maintaining
the required building negative pressure,

D, Filter the exhau=st air through HEPA and charcoal
filter,

A description of fuel tnilding wentilation system iz given in
subszection 9.4.6.

T.3.35.1.1 3vstem Descripticn

A, Initiating circuit=s
One radipactivity gas detector on the fuel building
ventilation exhanst line and the spent fuel pool

area monitor provide diverse radicactivity zignals=
that produce two redundant zignals for the antomatic

Ameodment 343
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actuation logic, Pretrip alarm and channel failure
alarm on downscale zignals are al=o provided for all
of the monitors, The emergency exhaust system i= on
standby for an automatic start following receipt of
FBEV =ignal,

The radicactivity signalz and the alarm and trip
biztable outputz are furnished to the station computer
gystem and the trip statu= light on the main control
panel throngh izolation circuitry, Alarms and trips
are algo provided to the station annunciator system
through izolation devices,

B, Logic
The control logic for the fuel uilding emergency
ventilation isclation system iz shown on
fiqure 7.3—6,

C, Bypass

Indication of s¥stem bypazs i= provided as discuszed
in zection 7.5,

0. Interlock=
There are no interlocks oo these controls,

E. 8equencing
There i= no auntomatic gequencing of cperation,

F. Redundancy
Control= are provided on a one—to—one bazi=z with the
mechanical equipment so that the controlz preserve the
redundancy of the mechanical equipment.,

5., Diversity
Diver=zity of control iz provided in that the fuel
building ventilation isolation system can be actuated
by either automatic signals or manual control,

H. Actuated dewices
Table 7.3—10 and table 7.3—13 [item 1) 1lizt the actuated
devices,

dep, 1287 Amendment 2
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I. Supporting sy=tems

Jupporting s¥stems for the fuel building ventilation
izplation sy=tem actuation are the four 120V ac
inztrument power supplies, the four 128Y dc power
muppliez discuzzed in zection A.3, and the instrument
alr system which iz described in subszection 9.3.1.
The izolation function iz fail—safe with rezpect to
all of the=ze support system=: that iz to =zay. loss of
theze support systems will not prevent izolation,

7.3.3.5.1.,2 Deczign Bazes Informaticn

The design bazes for the fuel building ventilation isolation
actuation system are dizcussed in subparagraph 9.4.2.1.1.

Additionally. subparagraph 7.3.3.8,.1.2 iz applicable for the
control svystem components,

7.3.3.5.1.3 Final 3ystem Drawings

Diagrammatic description=z of the fuel building ventilation
izolation system are given in the foll owing drawing =

A, Figure 7.3—6, logic diagram
B, Figure 94—, piping and instrumentation diagram,

7.3.,368.2 Analvsiz
A, Conformance to general dezign criteria

The applicable criteria are-dindicateddin zection 7.1,
Mo deviations or exceptions to those criteria are
taken,

B. Conformance to Requlatory Guide 1,25
Conformance with Requlatory Guide 1,28 iz dizcuzsed in
appendix A,

€. Conformance to IEEE Standard 275"

The design of the control zwztem conforms to the
applicable requirements of IEEE Standard 273 as
lizted in subparagraph 7.3.3.8.2.C,

T.3—44
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D, Conformance to other criteria and standards
The design of the control zy¥ztem conforms to the
gtandards lizted in paragraph 7.3.3.8.2.0.
E. Failure modes and effectz analysis
dee table 7.3—11 for failure modes and effects analysis,
F. Periodic testing
Pericdic testing of mechanical equipment aszsociated
with thiz zyztem iz dizcussed in subzection 9.4.6,
Provizions for the periodic testing of the actuation
gystem are discuszed in IT3 Chapter 1. dif
7.3.36 Control BRoom Emergency Ventilation
7.3.3.6.1 Description
The normal intake and discharge of air to the control room i=
transferred to the emergency mode following a LOCA, Adr is
supplied and recirculated through the control room emergency
filtration trainz while maintaining the-control room at a
glightly positive pressure,
73.3.6.1.1 Svwztem Descripticn
A, Initiating circuit=s
Two independent and redundant radiation monitors are
provided to monitorthe control building iormal
putzide air intake, Outputs from each of the two
meonitors are alarmed in the control room, Sensitivity
and response time of these monitors are lizted in
table 7.3—12, Control room emergency ventilation i=
initiated by (BOP ESFA3) CREVA,
B, Logic
The control room ventilation swstem utilizes a one—
oput—of—two logic a= shown in figure 7,37,
C, Bypass
Indication of system bypaszs iz provided a=s described in
zection 7.5,
Amadment 343
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