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7. INSTRUMENTATION AND CONTROL

Complete supervision of both the nuclear and turbine-generator gsections
of the plant i3 acceoaplished by the instrumentation and control systems
from the coatrol room. The inctrumentation and control systems are
designed to permit periodic on-line test to demonstrate the operability
of the reactor protection systen.

7.1 CENERAL DESIGN CRITERIA

Criteris applylng in comaon tr all Instru=eantation and Coatrol Systems

are given in the following ligting. Thereafter, criteria which are specific
to one of the instrumentations end control systems are discussed in the
appropriate portion of the description of that system.

7.1.1 INSTRIMERTATION AND COXIROL SYSTEMS CRITERIA

Instrumentation and Control Syatema

Criterion: Instruxentation and controls shell be provided as required
to monitor and saintain within prescridbed operating ranges
esaentiadl reactor facility operating varisbles. (GDC 12)

Inatrunentation and controls essential to avoid undue risk to the health
atd safaty of the public are provided to monitor and maintain neutron
flux, primarv coolant pressure, flow rate, temperature, and control rod
positions within prescribed operating ranges.

The non-nuclear regulating ;zocezs and containment instrumentatiocn measures

Semperatures, presaure, flow, and levels in the Resctor Coolant Systesm,
Stear: Systems, Contaimment and ot  Auxiifiary Systems. Process vsriasblus

701“1




rsquired on a continuous dasiz for the startup, power opaxatioa, and
shutdown of the plant ars coutrolld and indiceted or recorded from the
control rocm sccess - to which is supervised. The quantity and types of
process instiueentation provided ensurzs safe and orderly o, eration of
all systems and processes over the full operating range of the plant,

7.1.2 RELATED CRITERIA
The folloving ara criteriez which are relstsd to 211 instrizeentacvion snd

control gystems but are zora specific to other plant features or systess,
therefore are discuased in other szections, as listed.

Hazme Digcussion
Supprassion of Power Oscillations (GDC #7) Section 3
Reactor Core Deaign (GbC #6) Section 3
Quality Stacdaxds (GpC £1) Section 4
Perfornance Standards (GDC #5) Section 4
Fire Protection (Gxc #3) Sections 5 aud 9
Nizsile Protection (GDC #40) Sectiona 4, 5 and 6
Emergency Power (GTC #39) Srction 8

701"2
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7.2 PROTECTIVE SYSYEMS

‘The protactive systeus consist of both the resctor protection syatex
and the enginsered safery features. Equipment supplying sigoals to any
of these protective systems i considered & part of that protective
LYSTERS,

7.2.1 DRSIGN BASZES

Control Roowt

Criterion: The facility ahall be provided with & coatrxol xocs fxom v
vhich actiotis to maintain safe operational atatus of the plsat
can be coatrolles. Adequate radiation protection shall be pro-
vided to permit continucus occupancy of thy coatrol i ocm under
any cradible post-accident coudition or as an alteraative,
accees to other aresg of the facility as necessary to shut down
end uaintain gafe control of the facility without excessive
radiation exposures of persconel. (GDC 11)

The plant s cquipped with & control room which contsins those cantcols and

instrumentation nece.saxry for operation of the reaztor sad turbine
generator uidar norzal and sccident conditions.

Thu coatrol room is continucusly occupled by the gualificd coperating parsonnel

under all operating and MCA accident conditionz.

Sufficiens shielding, distance, and containment integrity azxe prursded to
assura that control room psrsonnel shall not be subjected to doges undar
postulated accident conditions durinmg occupancy of, ingress to and ezress
from the control rooa which, in the aggregate would exceed suggested linits
in 10 CRF 1¢0. The control room veatilation cousists of a system baving &
large percentage of racirculated air. 71he fregu air intake can be cloased
to stop the intake of sairhorne activity if wmonitors indicate that such
acticn is wppropriate,

Core Protection Systens

Criterion: Core protection systems, tegether with associated egunipmeat,
shall ba drsignad to prevent of to suppress conditious that
could Tegult in exceeding acceptable fual damage lisits.
{GdC 14}
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The vasic sekctor tripping philosophy ir t defins a reagion of power
and cooleat ieapggwxe copditions allowed by the primary tripaieg functicns,

. the gverpover his“ AT tyip, tha ovar- ompersture high AT trip and che
tuelesr ovarpower trip. The (ilowable operzRing regpl.e within these

‘ .__t:iy apztings {a providyd 20 prmvent any combinstion of power, tmpsi:ntu:as

:.;a‘l prasgure which would result in DB with all resctor coolsant puaps
$n oparation. addftional tripping functions such zs & kigh pressvriser
precswrs trip, low pressurizer pressura trip. high predsuriser water
level txip, loes of flow trip, stesm and feadvater flow mismeich trip,
steam generator los-low water level txip, turbine tvip, salfety injscticn
trip, nuclear scurce and intersediate range trips, and manual trip are
pzovided tc back up the primary tripping functions fo. apecific aceident
ceadition and m=echanit .1 failures.

A drosped rod gignal dlocks antomatiec rod withdrawel and alzo provides a
tirbirne load cutback if sbove » given prver lavel. The droppad rof g indd-
cated frey individpal rod position iadicators or by a rapid fiux Jssrsdsa
on any of the power Tange nuclsar channels.

Ovarpoweyl. over-tempsrature and TA\'G daviation rod atops prevsat abnorsal
power condits _na which cculd resusit from excassive cvatrol rod vithdrawel
infeiated by a malfunction of tha resctor contr.l systsm or by oparator
violation of sdainiatvative proced.res.

Zrginsared Rztety Peatures Protection Systeos

Criterion: Protection systess shall Le providad for senating accidsnt
situab.ons and initiating the operaticn of neczssary esgineevad
cafaly features. (GDC 1%)

Insttuontation apd controczs provided Zor tho protactive aystass are
designed to trip ths reactor, vhen necassary, to prevent g Yait flasia
praduct releoans fro the core snd to limit <xdrgy zzicase; to sigaal

_contsimmime fsolstion; and te contrel the eparetion of engineerad safery
Taaturan squipatot.
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| Tive engineored safet} featuras systems are sctuated by the enginecred
aufoty Ycatures ‘ec-:';é&tim cheshels. Each coincidencs netwerk cnergizes
#s sngineered safety fsatures sctoation device that operates the sasocinted
epgfugerad 'saii,.:g fastures squipment, motox elarters and valve operators. .
The channels nre de~isnsd to cosdine redundant sensors, snd fndependent
chanrel circuttry, coincident trip logic and diilerent parsmeter measuresents
80 thar a sufe and reiisble system ia provided ian vhich a single failuxe
will pot dafest the charnal fenction. The cction inftiating zeusors,
histaller asd Iogic 13 shown in the figurss included in the detailed
Exginesrad Safuty Features Inztrumentiiicn Description given in the
Systsn Dasigu section. The Enginsared Ssfety Foatuces Iastrumentation
System actustes (depending on the severity of the condition) the Safety
Injection Systass, the Containment Isclation System, the Containment Aix
Racirculation System and tie Contsinment Spraw System.

The passive sccoaulators of the Sefety Inject.on Sretem do not require
3ignai or powar sourcas to perforn thoix function. The sctustion of the
active portion of ths Safety Injection System ia described on page 7,2.16.

The centeimamt air reciremlation coolers ars asrmally in use during plant
opezation and would therefore not norzally require an initiazing signal.
These 4nits are, however, in the automatic sequerce which sctuates the
eoginsered safety foatures upov receiving the necessary actuating sigrals
iadicating an accident conditioun

thad

“cutaissenat spray it actuated by codncident aud redundant high contaimnen:
pregsure signals,

The Contafrment Isolation System provides the means of isolating the various
pipes paesing through the contaimment walls as required o prevent the
{ relesse of rrifoactivity to the outside enviromment in the event of & loss-
of-coolant accident. The actuation of the contaloment fsolation is br

‘ coincident and yadundanc contaimment high pressure sijoals.

M st e Lt
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Protection Nystems Reliability

- Ceiterion: Proteckion cgat&u sholl be designed for high functrionsl

reliability &rd in-service testability necessary to svoid undue
risk to the health and 2afsty of the pwdlic. (GDT 19)

The reactor usys & higher speed vorsion of the Hestingkouse magnetic-type
contrel xod drive mechanisms used in the San Onofre, and Comnecticut
Yankea plants. Upcn 8 1lces of power to thas coils, tha rod cluster
coﬁttol asaemblias with full iength abasorber rods are releaged and £s11
by gravity ints the core.

The reactor internals, fuel aszemblien, RCC assemblies and drive system
compongnts are designed as Salsaic Clasz I equipsent. The RCC assemblies
are fully guided *hrough the fuel xasexbly and foxr the maximum travel of
tha control rod into the guide tube. Furthermore, tus RCC asaemblies arc
never fully withdrawn from their guide thimblas in the fuel ag sembly.

Due to this and the flexibility depigned into tha RCC assembifes, abnormal
loadings and misaligmants ean be sustained without impairing operation of
tha RCC asaendblias,

The Rod Cluster Control (RCC) assembly guide system is locked together with
paus throughcut its length to ensure sgainst migaligimments vhich might

impair coantrol rod moveaent undu- ntormal operating zonditions and cradible
accident conditions. An anelogous system has successfully undergone

4132 hours of testing in the Westinghouse Roactor Evaluation Channel duriog
which chort 27,200 feet of step-driven travel and 1461 trips were accomplished
with test misslignments in excess of the muxinmum possible miszaligoment that
may ba axperienced when installed in the plant,

Al) roactor trip protection channels ar~ suppiied with sufficient redundansy
to provide the cupabllity for channel calibracion arnd test at power.

7.2~4
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critsria.

Removal of one txip clrcuit is accompidishied by placicg thet circuit in a
half-trippid mode; 1.e., & two-out-of-three circuit becomes a ene-out-of-:
two civcuit. Testing does not trip the syste= unless a trip condition
existe in a concurrent channei. )

Reliability and Independence ig obtained by i:edun&ancy within each tzipping
function. In a two-out-of-three circuit, for exs=ple, the three channels
are equipped with seperate primery secsors. Each chennel is continuously
fed from 1ts own independent electrical gourze. Failura to “s-smergize a
channel when required would be a mode of malfunction that would atfect

only that channel. The trip signal furnished by the two remaining chaanels
would de unimpaired in this event.

Protection Systems Redundancy and Independcnce

Crit'rion: Redundancy and independence designed into protection systeas
ehall be suffjcient to =ssure that no single failure on removel
frem service of any component or channel of such a system il
result in loss of the protect:on furction. The redundancy

provided saall iaclude, as a winimm, two channels of protection
function to be served. (GLC 20).

Tha resactor protectlon ayatems ars dasigned sn that the nmost probable modew
of failure in each protection chennel result in a signsl callirg for the
protective trip. Zach protection syztem design cosbines redundant sensors
2nd channel independencs with coincident trip philosophy so that a safe and
teliable syaten is provided in which o single failure will not defeat the
chanoe? J.mction, cause & spurious plant irip, O7 viclate resctor protection

theapel indepspdence is carried throvglont the system extewding frow the sensor
to the reley esctvating the protective function, The protective and control
functions whea é@éin& ara cocsbined oaly at the ssnaor. koth of these
fuactiond are fulfy isclated fn the remsining part of the chemnel, contwol
ba.:lua lerived from ti. primary préteetiou sigsal path thréoa‘q_ an isolation

7 ;é-s




,r'rﬁ‘pf the anginssred safety features actuatior channels. Each coincidsuce

" network actuatea an engincared safety actuation davice that operates the
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1

smpliffer. A% such, & failure in the control circuitry does not affect the
) pratéccicq: ;hnxinel. This-appfoach is used for ‘pressurizer pressure and

‘ ﬂter level channels, steam generator weatsr lesvel, 'rw, aud AT channels,
. ntm f:low-sfnedwztur flow and puclesr source, power range channels.

'mc enginsercd safaty fuatures squipmant s sctuared by one or the other

agsociated snginesred safety features cquipsent, notor starlers and valve
cperators. As an exsaple, the control circuit of a scfety injection pump

{2 typiesi of the contrel eircuit for ¢ large pump operated from switchgear.

The actuation relay, energized by the Enginceced Safety Yeaturcs Imstrumentation
System has nurmally open contacts, These contscts energire the circui:x

breakar ¢losing coil to start the pump when the contyrol relay is enargized.

The Engineersd Safety Features Instrumantation System actuates (depnnding

on the sevaerity «f the condition) the Safety Injecticn Syastem, the Contafament
Teclgelon System, Contalnmant Adr Recireuistion System snd Cootainmeant q
Spray Systesi.,

 In the Reactor Protectien System, two reactor Lrip breakers are provided
to interrupt powsr to the full length rod drive weéchanigas. The breaker
main contacta ars connected in geriss (with power aupply) so that opeaing
either brosker interrupts power to all full length rod amschanisms, permitting
them to fali by gravity into the core. In the event of a loms of wmod sontrol
powez reactor trip breaker 1s Jde-enorgized and erips to an open xoda.
Furthez detuil on redundancy is provided through the detasl descriptions of
tha coapictive systems covered by the varfous sections in this chanter,
In summary, redctor protecticn is designed 2o mact all presently dufined
reactor protection cxiteria and is in accordsnce wia the IEEE “Standard
for Nuclsar Plaut Frotaction Systema 279". Redundancy and indspendonce ars
more than achieved by protaction channel designs which sonbine more than
one s4nser and pavsmetar asssurenent with coincidenz trip circuitry (e. g.
prume 2olcidsat with laval snd interilocksd with £lov or nuciesr flux). ‘

>~

R £.2-6 .




RO ¥ Al

Y
'
‘.

Required continuous electrical supply is discussed in Section 8.

Protection Agminst Hultipie Disability for Protsction Systems

Ceiterion: The effects of adverse conditions to which redundant chamnels

or protecticn systems sight be exposed in common, either under
normal conditions or those of an accident, shall not n\ sulc

in loss of the protection function or shali be tolersble on
scme other basis. (CDC 23)

The coamponents of the protection system ate designed and laid out so that
the mechanical and thermal enviromsient accompanying any emergency situation
in which the components are required to function does not interfere with
that functioa.

Separation of redundant analog protection channels originates at the

precess gsensors and continues back through the field wiring and containment
penetrations to the analog protection racks. Physical aeparation is used

to the maximum practical extent to achieve geparstion of redundant
transmittexrs. Separation of field wiring is achieved using separate wireways,
cable trays, conduit runs ard containment penetrations for each redundant
channel. Redundant analog equipment is separated by locating redundant
cwmponents in different protection racks. Each channel is energized

from a separate a~c instrument bus.

Deponstration of Func>ional Operability of Protection Systems

Criterion: Means shall be included for suitable testing of the active
coaponents of protection systems while the reactor is in opera-
tion to determine {f failure or loss of redundancy has
occurred. (GDC 25)

The signal conditioning equipment of each protection channel in service at
pwar 1s capable of baing tested and tripped independently by simulated
snalog input signala to varify its operation. This includes checking
through to the trip breakars which necessarily invoives the trip logic.

Thus. the operadility of each trip channel can be determined conveniently
and wisthout ezhiguity.,
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Testing of the diesel-gonerator atsriing may be performed from tha

diesdl-generator control board. The generctor breaker is not closed ‘
automsticelly after starting during this tesmting. The generator

may be manually aychronized to the 480 volt bus for loading. Complets tasting

of the starting of diescl generators can be accomplishud by tripping the associated
480 volt undarvoltage relays, The ability of the units to start within the
prescribed time and to carry load can be periodically checked. (The electrical
ayatem is discussed in more detail in Section 8.2.3).

Protection Systems Failure Analysis Dasign

Critoriont The protection systems shull be designed to fail into a safe
stata or into a state established as tolerable on a dafined basis
{f conditions such as disconncction of the system, loas of
encrgy (a.g., electrical power, instrument air), or adversec
environments (a.g., extreme heat or cold, fire, stcam, or wvater)
are exparianced. (GDC 26).

Each reacgor trip .ircuit is dasigred so that trip occurs when the circnit

is de~anergized; therefore, loss of channel powar causes the aystem to go

into its trip modsa. In a two~out-of-three circuit, the three channals are @

aquipped with separate primary sensors and cach channel is energized from an

indapendent eloctrical bus. PFailure to de-energize when required is s

moda of malfunction that affects only one channel. The trip signal furnished

by the two remaining channels is unimpaired in this event.

Peactor trip is implomentez by 4nterrupting power to the magnetic latch
sechanisms on all drive allewing the full length rod clusters to insort by

gravity. Tha protection system is thus inherently sufe in the event of a
loaa of powsr,

The engincered safety foatures actuation circuits are designed on the same
"da-anargize to oparate" principle as the reactor trip circuits with the
axcaption of the containmant spray actuation circuit which is energized to
operate in ordar to avoid spray oparation on inadvertent power failure.

Supplerent 12
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Automatic starting of all emergeoncy dicacl~generatoss (s initiated

by undervoltage relays on any 480 volt bus or by the safety injection slgnal.
Engine cranking 1s accomplished by a stored energy system supplicd salely for
the associated diesel-generator. The undervoltage relay schem= is designed
80 that loss of 480 volt povwer does not prevent the yelay schems from functioning
properly.

Redundancy of Reactivity Control

Criterion: Two independent control systems, preferably of different principles,
shall be providad. (GDC 27)

One of the two reactivity control systems employs ro~1 cluster control
‘assemblies to regulate the position of Ag-In-Cd neutron absorbers within
the reactor coro., The other res:-tivity control system employs the Chemical
and Volume Control System to regulete the concentration of boric acid
golution neutron absorber in the Reactor Cociant System.

Reactivity Control Systems Malfunction

Criterion: The reactor protection system shall be capsble of protecting
against any single malfunction nf the reactivity control system,
such as unplanned continuous withdrawal (not ejection or dropout)
of a control rod, by limiting reactivity transients to avoid
exceeding acceptable fuel damage limits. (GDC 31)

Reactor shutdown with rods is completely independent of the normal control
functions since tha trip breakers completely interrupt the power to

the full length rod mechanisms regardless of existing contzol signals.
Effacts of continuous withdrawal of a rod control assembly and of deboration
are described in Sections 7.3.1 and 7.3.2, and Sections 9 and 14.

Principles of Design

Redunndancy and Independence

The Protecrive systems are redundant and independent for all vital inputs and
functfions. Each channel {s functionally independent of every other channel and

Supplement 12
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recaives power from an independent source. Isolation of redundant
proﬂcctidn channels 1e described in further detail in Section 7.2.1,
Taclstion of Redundant Protection Channels.

Manual Actuation

Means are provided for manual initiation of protective system action.
Failures .n the automatic syatem do not prevent the manual actuation
of protective functiona. Manual actuation requires the operation of

a minimum of aquipment.

Channel Bypass or Removal from Cperation

The system is designed to permit any one channel to be maintained, and

when raquired, tested or calibrated during power operation without system
trip. During such operation the active parts of the system continve

to meet the single failure criterion. Since the chanrel under test 13 either
tripped or superimposed test signals are used which do not negate the

process signal.
EXCEPTION: ‘one-out-of-two' syatems are permitted to violate the single
fatlure criterion during channel bypass provided that acceptavle reliasbility

of operation can be othorwise demonstrated and bypass time interval 1s sho.t.

Capability for Tast and Calibration

The bistable portions of the protective system (e.g., relays, bistablea,
etc.) provide trip signals only after signals from analog portions of

the system xeach preset values. Capability is provided for calibrating
and teating the performance of the bistable portion of protective channels
and various combinations of the logic networks during reactor operation.

Tho analog portion of a protective channel provides analog signals of
reactor or plent parameters. The following means are provided to permit

checking the analog portion of a protective channel during reactor operation: 'l

Supplement 13 -
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R. Varying the monitored variable
b, Introducing and varying a subastitute transmitter signal.
e, Cross checking betwecen identical channels or between channels
which bear a known relationship to each other and which have readouts

availahle.

The design permits the administrative control of the means for manually
bypassing channels or protective functions.

The design permits the administrative control of access to all trip
dettings, module calibration adjustments, test points, and signal injection

points.

Information Readout and Indication of By-Pass

The protective systems are desizned to provide the operator with accurate,
complete, and timely information percinent to their own stats and to
plant safety.

Indication is provided in the control room if some part of the system
has been administratively bypassed or taken out of mervice.

Trips are indicated and identified down to the channel level.

Vital Protective Functions and Functional Regquirements

The Reactor Protective System monitors parameters related to safe operation
and trips the reactor to protect the reactor core against fuel rod cladding
damage caused by daeparture from nucleate boiling (DNB), and to protect
against reactor coolant system damage caused by high system pressure.

Tha engineered safecy fcatvres instruuentation system monitors psrameters
to detact fallure of the Reactor Coolant System, and injtiates containment
isolation and engincored safety features operation to contain radiocactive
finsion products.
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This section covers those protective system p~ovided to:

' 9 Trip the reactor to prevent or limit fission product release from
the core and to limit energy release,

b. Inolatz containment and activate the Isolation Valve Seal Water
System when necessary.

c, Control the operation of engineered safety features provided to
nitigaty the effects of accidents.

The core protective systems in conjunction with inherent plant characteristics
are designed to prevent anticipated abnormal conditions from ceausing

fuel damage exceeding limits established in Section 3, or reactor coolant
system damage exceeding effects established in Section 4.

Completion of Protective Action

Where operating requirements necessitate automatic or manual bypass
of a protective function, the design is such that the bypass is removed
automatically whencver permissive conditicns are not met. Devices used
to achieve automatic removal of the bypass of a protective frnction
are part of the protective system and are designed in accordance with
the criteria of this section,

The protective systems are so designed that, once initiated, a protective
action goes to complet.on. Return to normal operation requires administrative

action by the operator.

Multip{p Trip Sattinga

Whera it 1s necersary to change to a more restrictive trip setting to
provide adequare protection for a particular mode of operation or sec
of operating conditious, the design provide: positive means of assuring
that the more restrictive trip setting is used. The devices used to
prevent imprrperx use of lesa rastrictive trip settings are ¢ sidered
a part of the protective system and are designed in acccrdance with
the orher provisions of these criteria.
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Interlocks and Administrative Procedures

Interlocks and administrative procedurcs requlired fo limit the consequences
of fault conditions othexr than those specificd as limits for the protective
function comply with the protective system criteria,

Protective Actions

The Reactor Protective System automatically trips ihe reactor to protect

thie reactor core under the following conditions:

a) The reactor power, as nicasured by neutron flux, reaches a presct
limit.
b) The temperature rise across the core asz determined {rom Joop AT

reaches a limit; both from a varlable AT sct point (analog adjusted
by neutron flux distribution) or a variable AT'set point (function
of T;vg and pressuitizer pressure, also adjusted by neutxon f£lur

distribution).
e) The pressurizer pressure reaches an established minimum 1imit,
d) Loss of reactor coolant flow as sensed by low flow, loss of pump

power or pump breakers opening.

The Reactor Protective System automatically trips the reactor when the

pressurizer pressure or level reaches an established maximue limit.

Interlocking functions of the Reactor Protective System inhibit contrsl
rod withdraval on the occurrence of a specified perameter reaching a
valuc lovwer than the value at which reactor trip is initiated.

For anticipated abnormal conditions, protective systc . im conjunction
wvith inherent plant charact 'ristics and engineered safety features are
designed to cnsure that limits for encrgy release to the contafnment
and for radfation exposure (as in 10 CFR 100) are not excieded,
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. 7.2.2 SYSTEM DESIGN

3
3 X Reactor Protective System Description

Figure 7.2-2 is a block diagram of the Reactor Protective System.

Figure 7.2-3 illustrates the core limits and shows the maximum trip points
which are used for the protection system. The solid lines indicate a typical

T

locus of DNBR = 1.30 at four pressures, and the dashed linet indicate maximum
permissible trip points for the overtemperature high AT reacior trip. Actual
sat points are lower to allow for measurement and instrumeantation errors.

The cross-hitched region represents the region of permissible operation (in
which the DNBR exceeds 1.30) for a system pressure of 2200 psias.

The maximum and minimum pressures shown 42400 psia and 1700 psia) represent
the set points for the high pressure and low pressure reactor trips.

Adequate margins exist between the worst steady state operating point (including
: all tempezature, calorimetric, and pressure crrors) and required trip points

to preclude a spurious plant trip during design transients.

Engineered Safety Peatures Instrumentation Description

Figures 7.2~4, -5 and ~6 show the action initiating sensors, bistables and
logic for the engineered safety features instrumentation.

& ’(‘,f e
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All transmitted signals (flow, pressure, temperature, etc.) which can
cause 8 reactor trip are either indicated or recorded for every chamnel.

The same channel isolation and separation criteria as describe. for
the rsactor protection circuirs are applied to the engineered safety

features actuation circuits.

Protective Actions ”

The engineered safety features actuation system automatically performs
the following vital functions:

a) Start operation of the Safety Injection System upon coincidence
of low pressurizer pressure and low pressurizer level signals,
or high containmenc pressure signals (Hi level; approximately
10Z of containment design pressure), or on coincidence of high
differentisl pressure between any two steam generators, or on
coincidence of high steam flow in any two steam lines (automatically

blocked when T, and steam pressure are above certain limits).

8

b) Operate the contzinment isolation valves in non-essential process
lines upon detection of high containment pressure signals (Phase A
containment isolation — Hi level). The Isolation Valve Seal

Water System is actuated upon automatic actuation of the Safety
Injection System.

c) Start the Containment Spray System and operate the remaining contain~
ment isolation valves upon detection of a containment pressure
signal higher than required in item (b) above (Phase B containment
isolation; Hi-Hi level, approximately 25 psig).

d) Start operation of the Containment Air Recirculation and Filtration
System is not operating after operation of the required Safety
Injection System i8 completed.

Supplement 1
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Steam Line Isolation

Any of the following signals will close all steam line isolation valves:

1, Coincidence of high ateam flow in any two stesm lines (automatically
blocked when Tavg and steam pressure are above certain limitg).

2 High containment preseuvre signals (2/3 + 2/3 high~-high pressure).

3. Steam line isolation valves can also be closed one at a time by
manual action.

Feedwater Line Isolation

i Any safety injection signal wili isolate the main feedwater lines by
: closing all control valves {rain £..d bypass valves), tripping the main
: feedwater pumps and closing the pump discharge valves.

° System Safety Features

Sepuration of Redundant Protection Channels

The reactor grotection system is designed on a channelized basis to
achieve separation between redundant protection chamiels. Tha channelized
design, as applied to the analog as well as the logic portions of the
protection system, is 1llustrated by Figure 7.2-1 and is discussed below.
Although snown for four channel redundancy, the design is applicable

to two and three channel redundancy.

Separation of redundant analog channels originates at the proreas sensors
and continues through the field wiring and containment penetrations

o to the analog protection racks. Physical geparation is used to the
maximum practical extent to achieve separation of redundant transmitters.
Separation of field wiring is achlevea using separate wireways, cable

wouh

r

- txays, conduit xuns and containmeni penetrations for each redundant
s: channsl. Analog equipment is separated by locating redundant components

in different protection racks. Each channel is energized from a separate
&~c power feed.

7 S
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The réactor trip bistables ara mounted in the protection racks and are

the £4nal operational component in an anaslog protection channel. Each
bintable drives two logic velays ("C" & "D"). The contacts from the

“C" relays are interconnected to form the required actuation logic for

Teip Breaaker No. 1 through d-c power feed No, 1, The transition from
channel identity to logic identity is made at the logic relay coil/relay
contact interface. As such, thore is both electrical and physical separation
between the analog and the logic portions of the protection system.

The shkove logic nutwork is duplicated for Trip Breaker No. 2 using d-

c pover fead No, 2 and the contacts from the '"D'" relays. Therefore,

the two redundant reacter trip logic channels will be physically separated
and electrically isolated from one ancther. Overall, the Protection

8ynten 18 comprisad of identifiable channels which are physically, electrically
#nd functionally separated and isolated from one another.

Physical Separation

The physical arrangement of all elements agsociated with the protective
system reduces the probability of a single physical event impairing
the vital functions of the system.

Syatem equipment ia distributed between inatrument cabinets so as to reduce
the probability of damage to the total systems by some single event.

Wiring between vital elements of the system outside of equipment housing
ia routed and protected so as to maintain the true redundancy of the

syJstems with respect to physical hazards.

Losu of Fov.ur

A losa of power in the Reactor Protective System cau.es the affected channel
to trip, ALl bistables operata in a normally s<nergized state and go to a
da-enexgized state to initiate action. Loss of power thuy automatically
forrnes the biatables into the tripped stata.
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Availability of power to the engineered safety features instrumentation is
continuously indicated. The loss of instrument power to the sensors,
instruments, logic or actuating devices in the engineered safety features
{ustrumentation, starts the engineered safety features equipment asso~iated
with the affected channels, except for containment spray which requires
inatrument pover for actuation,

Reactor Trip Signal Temting

Provieions on non-nuclenr instrumentatiox are mrde to manually place

the output of the bistable in a tripped condition for “at power" testing
of all portions of each trip circuit including the reactor trip breakers.
Administrative procedure requires that the final element in a trip channel
(required during power operation) is placed in the trip mode before

that channel is taken out of service for repair or testing so that the
single failure criterion is mec by the remalning channels. In the source
and intermediate ranges where the trip logic is one-out-of-two foxr each
range, bypasses are provided for this testing procedure.

Nuclear power range channels are tested by superimposing a test signal on
the normal sensor signal so that the reactor trip protection is not bypassed.
Based upon coincident log (214) this will not trip the reactor; however,
a trip will occur i{f a reactor trip is required.

Provision is made for the insertior of test signals in each analog loop.
Verification of the test signs. 48 made by station instuments at test
points specifically proviZed for this purpose. This enables testing
and calibration of mr.cers and bistables. Transmittars and sensors are
checked againat eacn other and against precision read-out equipment
during normal power operation,
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Anslog Chaowel Testing

The basic elements coxprising an analog protection chamnel are showm in
Pigure 7.2-7, and consist of & transmitter, power supply, bistadble,
bistable trip switck and proving lamp, test signal injection switch,

teat signal intaction jack, test point, logic test switch, and test operste
switch,

Bach protection rack will inclu:de a test panel containing those switches,
test jacks and related equipsent needed to tzst the channels contained ‘n
the ruck, A hinged cover encloses the test panel. Opening the cover or
placing the test-operate switch in the “TEST" position will initiate an
alarm. These alarms are arranged on a rack basis to preclude entry to
more than one redundant protection rack (or charcnel) at auy time. The
test panel cover is designed such that it connot be closed (and the alarm
cleared) unless the test signal plug: (described below) are removed.
Closing the test panel cover will mechanically return the test switches
to the "OPERATR" position.

Adminigtrative procedures will require that the bistable in the channel
under test ba placed in the tripped wode prior to test. This places

a proving lamp across the bistable output so thet the bistable trip
point zan be checked during channel cslibration. The bistable ¢rip
switches must be manually reset after completion of a test. Closing
the test panel cover will not restore these switches to the untripped
wode.

Adminigicative controls prevent the nuclear instrumentation source range

and {intermediate range protection channels from being disabled during

pariodic testing. Power range overpower protection cannot be disabled

gince this function is not affected by the testing of circuits. Administrative
controls also prevent the power range dropped-rod protection from being
disabled by testing. In additlon, the rod position system would provide
indication and associated corrective actions for a dropped rod

conditdon.
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Astual channel calibration will econsist of injecting a test signal from
;m external calibration signal scurce into signal injection jack. Where
applicable, the channel power smupply wiil serve as a pover source for
the calibration scurce and permit verifying the output load capacity

of the power supply. Test points are located in the analog channel

and provide an independent oeans of measuring the calibration signal
lavel.

Logic Channel Testing

The genersl design features of the logic system are described below.
The trip logic channels for a typical two-out-of-three and s two—-out-
of-four trip function are showr in Figure 7.2-8. The analog poxtiocns
of these channels are shown in Figure 7.2-9. Each bistable drives two
relays ("A" & "B" for levcl and "C" & "D" for pressure). Contacts from
the "A" and "C" relays are arranged in a 2/3 and 2/4 trip matrix for
Trip Breaker 1. The sbove configuration is duplicated for Trip Breaker
2 using contacts from the "B" and "D relays. A saries configuration

is used for the trip breaskers since they are actuatad (opened) by undervoltag
coils. This approach is consistent with a de-encrgize~to-trip preferred
failure mode. The planned logic system teating includes exercising

the reactor trip breaskers to demonstrate systea integrity. By-pass
breskers arc provided for this purpose. During normal operation, these
by-pass Lreakers arc open. Administrative control will be used to minimize
the z=ount of time these hreakers are closed. Clogsure of the bresker isa
controlled froa its respective logic test panel in the control room. An
interlock is provided that trips both by-pass breakers open if a second
by-pass breaker i3 closed. The status of the breaker is indicated in

the control room by indicating lights.

As shown in Figure 7.2-8, the trip signal from the logic network is
sinuitaneously applied to the main trip breaker associated with the
specific logic chain as well as the hy-pass breaker associated with
tha alternate trip breaker. Should a valid trip signal occur while
AB-l is by-passing TB-1, TB~2 will be opened through its associated
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logic train. 7The trip signal applied to TB~2 is simultanecusly appl.ed
ta Ai-1 theraby opaning tha dy-pass around TB-1. TB-~1 would either have
been opaned manuxlly 2& part of tha test or would be opensd through

its assocasted logic train which would be operationsl or tripped during
4 test,

An suxiliary valay 4¢ located in parallel with the uadervoltszge coils
of the tcip breakers. This relay ig tied to an event recorder vhich

iz used to indicate Crananission of a trip signal through the logic
network during testing. Lights are slso provided to indicate the status
of the fndividual logic relsyas.

The following procedurs illustrates the method used for testing Trip
Breaaker No. 1 and its asasociated legic network.

a. Hith the by-pass breaker (AB-1) racked-out, manuslly sat and cerip
A2-1 to verify operation.

b. Rack-in and set AB-1., Txip T3-l.

c. Sequentially de-energize the trip relays (Al, A2, A3) for esch
logic coabination (1-2, 1-3, 2-3). Verify that the logic network
Jde~-cnergizes the UV coil on TB-l for each logic comdination. Since
the event reccrdar monitors the asignal applied to the UV coil,
operatiocn of the UV coil can be determined from the event recorder.

d. Repeat “C" for every logic combination in cach matrix.

e, Raset TB-1,

£, Teip 18-1 to validate prior test results as evidenced by the exont rzcorder.

8. Rezat TN-1. Txip and xrack-out AB-].
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In order to mininize the possidility of operaticnal errors from either
the standp-int of tripping the reactor inadvertently or only partially
chacking =all logic combinations, each logic network includes a logie
channel test panel. This Janel includes thoge switches, indicators and
recorders spseded to perform tha logic system test. The front panel
sxrangexent {s showr in Figure 7.2-10. The test switches used to de~
wnergize the trip bistable relays operate through inter-posing relays
28 gliovn in Pigure 7,2-7 and 7.2-9. This approach svoids violating
the geparation philosophy used in the analog channel deaign. Thus,
although test switches for redundant chenmnels are conveniently grouped
on a single panel to facilitate testing, physical and electrical isolation
of redundent protection channela are meintained by the inclusion of
the fnterposing relsy which ia actuated by the logic test switches.

Primxry Power Source

The priasry sourcez of control pover for the Reactor Protective System

{9 tha vital inatniment buscs describad in Section 8, The souxce of

panvat Lor tha nmtasuring elexments and the actuation circuits in the engineered
pafziy featinsy ingtrumentation is also £xom those buses.

Protestive doslonz

Reactor Trip Description

Rapid reactivity shutdown is provided by the insertion of RCC assemblies
by gravity fall to compensate for fast reactivity effects, ¢.g., Doppler
and moderstor texperature effects. Duplicate series-connected circuit
breakers supply all power ta the control rod drive mechanisms. The full
length control rods must be energized to xemain withdrawn from the core.
Tha £ull length RCC assexblies ara dropped upon the loss of power ta the
control rods. The trip breakers are opened by tha under-voltage coils ca
both breaksrs (vormally energized) which become de-enexgized by any of
saverzl trip sigoals.
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The silsctrical state of the devices providing signals to the circuit
breaktar undarvoltage trip coils 1s such as to cause these coils to trip the
bresker in the &vent of resctor trip or power lvss,

Cartsin retctor trip channels sre autosatically bypassed at low powver where
they are not raquired for safety. XNucleer source zange and interzediate
Tange trips which are specifically provided for protaction at low power

ot subcriticsl) operation are bypsssed by operator msnual action after

rereiving a permissive aignal from the next higher ranga of instrumrntation
to sstabliah oparationsl status for permit low power opsration.

During power operation, & avfficiently rapid shutdown capebility in the
form of RCC zsseablias is adainistratively maintained through the control
rod insertion 142it monitors. Adninistrative control requires that all
shutdown rods dbe in the fully withdrawn position during pover operation.

A resume of reactor trips, means of actuatiou and the coincident circuit '
reaquirements is given in Table 7.2-1. The pammissive circuita, referred

to (e.g. P-7) are listed in Tsble 7.2-2,

Hanual Trip

Tha =manual actuating davi:es are independent of the sutomatic trip circuitry,
and sre not subject to failures vhich meke the automatic circuitry inoperable.

Either of two manual trip devices located in the control room will initifate
a rexctor trip.

High Nuclear Flux (Power Range) Trip

This circuit trips the reactor when two of the four power rapge channels
vead shove the trip set-point. There are two independent trip settings, a high
and a low getting. The high trip setting provides protection during noxmal
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power opuration. The lov setting, vhich provides protection during startup,
Sen be manually bypaased when two ocu” of the four power range chaanels read
sbhove aprriximately 10X power {P-10). Three out of the four chamels

pelow 10X automatically reinstates the trip protectioan. The high utttixg is
aluays sctivas.

High Kuclear Plux (Intermediate R=nge) Trip

This cixcuit trips the reactor when one out of the two intemediate range
channels reads above the trip set-point. This trip, which provides protection
during reactor startup, caan be manually bypessed if two out of four power
range chamnels are above approximately 10X (P-10). Three out of four

channels below this vaiue sutomstically reinstates the trip protection. The
internediate channels (including detectors) are separate froa the power range
chanaels,

Hizh Nuclear Flux (Source Range) Trip

This circuit srips the rezactor when one of the two source range channel
count levels (neutraflux) reads above the level trip set-point. The trip,
which provides protection during reactcx atartup, can be manually bypassed
when one of two intermediate range chianels reads above the P-~6 set-point
value and {s atuomatically reinstasted when both intermediate range channels
decrease delow this value (P-6). This trip is also bypassed by two out

of four aigh power range sigrals (P-10). It can also be reinstated below
P-10 by an adniniastrative action requiring coin.ident manual actustion.

The trip poiut i3 set between the source range cutoff power level and the
maximum source range power level.

Qvartemperature AT Trip

The purposa of this trip is to protect the core againgt DNB. This circuit
trips the reactor on coincidence of tec out of the four signals, with two
channels {two sets of temparature mcasurements) per loop. The set poiat
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Eor this resctor trip is continurusly calculated for each channel by
soiving equations of this form:

umes) e

5T st potne = AT0 (¥y = %y (Typq ~TI+ Ky @ =) — £ (41

Whare:

'r“x = average ccolant tempexature {two measurements in each
loop), (*F)

P =  prassurizer pressure, four independent measurements (psia)

xl = getr point hiasz (°F)

xz.xa constants l.sed ou the effect of temperature and pressure
on the DNB l{mitas

f (A1) « same resat function deacribed sbove in conjunction the

ovarpowat AT trip
1 4 = noxinal pressure at rated power
Overpower AT Trip

-

The purpose of this trip is to protect againat excessive powsr (fuel rod
rating protaction). This circult trips the reactor on coincidence of two
out of the four signals, with two channels (two sets of temperature
nesgurements) per loop.

7he uet point for this reactor trip is continucusly calculated for each
channel by solving equations of the form:

dravg
AT et point " 4%° [xé =K —ar— K T - ™) -1 (AI)]
;,-h,m,'r' = Indicated T avg &t nominal conditions at rated power, °F
K6 = Set point biazs
Ks = Constant
kﬁ = Conztant

£(a41) = even function of the indicated difference betwean top and
bottom detectors of the power-vaange nuclear ion chasbers: with
guins to be selected based on maeasurad instrument response during

plant startup test.
7'2"‘25
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Low Pressurizer Pressure Irip

The purpcse of this cizcuit i3 to protect sgainst excessive core steam
voids vhich could lead to DNB. IThe circuit trips the resctor on coincidence
of two out of the four low pressurizer pressure sigaale, This trip is
blockad whan any thres of tha four powvar range channels and two of two
turbins firat stage pressure channsls reads below approximately 10X

povar (F-7).

l-ligh Presasurizer Pressure Ixip

The purposa of this clituit is to limit the range of required protection
from the ovartemperature AT trip and to protect againat Reactor cCotlaut
Systexa over-prassura. This circuit trips the reactor on coincidence

of 2wo cut of the three high pressurizer pressure siznals.

High Pressurizer Water level Trip

This tvip 1s provided &8 a back:p to the high pressurizer pressure trip.
The coineident of two out of the three high pressurizer water level
aignals trips the resctor. This trip is bypassed vhen any thrae of

the four power rauge channels and two of tha tro turbina £irst stage
preasure chunnels read below approximately 10X power (P-7).

Low Reactor Coolant Flow Trip

This trip protects the core from DNB following a loss of coolant flow
accident. The means of sensing a loss of coolant flow accident are
as follows:

Sunplement 7
3730
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a. Kegsured lov £low $» che resctor ccolant loop

The low £low trip signal {s sctuated by the coincidence of 2/3
aigrals for any reactor coolant Ioo9. The loss of £iov 1in any

twe loops cauges a reactor trip in the power range zbove approximately
102 (P-7). Above 70X powsr, the loss of flow in /ny loop causes

a reactor teip (P-8). Tha instrument used for %low 'muureaent is

&n elbow tap and (s discussed in Sserion 4.

be Reactor Coolant Pump circuit breaksr open

1, Undarvoltaze on any two of the four resctor coolant pup
buses will czuse 8 veactor rrip above approximataly 10X pover

(P~7). Undarvoltage on any single bus will cause a reactor trip
above approximately 705 power (P-8)

2. Underfirsquency on zny two of our four reactor ccolant I3p
buses will trip 211 four reactor coolant puxps and cauze &
reactor tzip shove approximately 19X power (P~7).

<. Undervoltage on any two of the four reactor coolsnt pusp buszes
causes a direct resctor trip above approximately 10Z spower (P-7),

Bslow the permiasive power set point P-8 ind above the permiszive sat point
P~7, a loss of flow in two loops would csuze a raactor trip. This pemits

an orderiy plant shutdown under administrative control following a single

leop loss of flow during iow power coperation. Since the plent will not be
mai{ntained in cperation abova parmissive power getting F-7 without three

loops {u marvice, indspendent zccidents simultaneous with a single loop loss of
flow 7t low power ara pot considered in the Protection Systea dssign.
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Safery Injection Systam gRIS) Actuation Trisp

A resctor trip occura whan the safely Anjection aystes is actuated. The
maana of sctuating tho SI3 trips are:

2. Lov praasurizer prossura s coincidence with low pressuricer watax
larel (1/3 pairs ~ a pair is deffuesd @5 a pressure signal and its
aspignad lovel signal).

b, High c:~tainsunt pressure (2/3, Bi lewvel) zet at spproxizatsly 10X
of contzinment design piresaure.

c. High differential pre  sure between any two stesm generators (2/3).
d. High staaa flow (2/4).
S Manuel.

Turtine Gensrator Trip

A turbine trip ia sensed by two out of threz sigrals from suto stop oil
pressur.. A titdine trip is sesoeplished by a direct reactor trip zad
a controlled short term releas: of iteam to the ¢ )udenser wha.ch zeuuves
sensible heat from tha reactor coalaat system vwhile avoiding stesn
generator safet) velva actuation.

In addition t~ gpeed and load coutrel, the turbine control system suto-
natically tripa the turbise generstor under any of the follcwing conditions:

&. Turdbine overspaed

b, Excessive Jhaft vibration
Ca Ganerator electrical faults
4. Low condenseyr vacuust

Supplenant 1
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e Thruat bassring fallure

fe ' Low besving ofl preswrve
Be Low control ol pressure
h. Low faeduatsy flow

p P Redctos trip

. 1S Hanszl t=ip

Furthsr Jdetsils zre digcuzged in Section 190,

SteseiFesduater Flow ¥issatch Trip

This zrip protects the reactor from a sudden loss of heat sink  The trip is
actuated by a slesm/fesduwater flow andsmscch (1/2) in colancidence with low water
lsval (1/2) in any a"esn generator.

~OuW-Los Stcam Gencrator Hater Level Trip

Tha purpoae of this txip im to protect the atesa gensratets for the case
of 2 suataiced otean/feedwater flow mismateh. The trip 23 actuaryd on
two out of the thres low-low walex lavel aigoals in any steam generacor.
A disgram of the siezm generator level contro. and prozection systen

iz ghmwm in Pisure 7.2-13.

Rod Stoos

A list ¢ rod stops is listed in Table 7.2-3. Some of these hsve been
prsviously noted under permissive cirzcuits, but are listed sgain for cospleteness.

Bad Prop Protection

Tuo independent systems are provided to uense a dropned red, (1) a rod
bottom posicion detection system and (2) a systea which sanses sudden reduction
in out-tf-core neutron flux,. Both protection systems initiste protective
activn in the ‘ota of blockirg automatic rod withdrawal and alsoc . turbine
loxd cutback if above a giveu power level. This sction compensates for
possibie adverse core power distributions and pemits an oxderly retrieval

£ thz dropped RCC.
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Tha priasey protsction for the dropped E>C accident is the rcd bottom
stgual daived for each tod from its inaividual position indication
systax. ¥With the position irdication system, iInitiation of protection
is Judgpendent of ¥od location or reactivity worth.

Backup protection in provided by use of the cut-of-core power range
ouclaar datectors and is parcicularly effective for large. nuclear
flux redocrious occurring in the region of the core adjszcent to the
detectors..

The rzd érop dotection cirxcuit frox nuclear flux consists basically
of a comparison of sxch 20u chamber signal with the same siznal taken
through & £irs< order lag network. Siuce a <ropped RCC arsexbly will
capidly depress the iccai neutron £lux, the decrease .- flux will be
detected by one or more of these four semnsors.

Such 2 sudden decrsase fn fion chamber currewnt will be geen as a difference
signal. A negative signeld output greater than # preser value (approxi. 2

i0 per cent) fxom any onme of the four power range channels will actuate
the rod drop protecticn.

Pigure 7.4-2 indicates schemeifcal.y the dropped rod detection circuit and
the Nuclzay Prctection System in general. The potentisl congequences
of any dropped RCC without protective sction aze limited to localized
fuel failure, and the inteyrity of the Resctor Coolant System is mzintaine

Alarms

Any of the following cenditions actuate an alarm:

a, Reactor trip (first-out annunciator)

b. Trip of arny reactor trip chanmel

C. Actuation of any permiseive circuit or override

d. Significant deviati~n of any msjor control variable (pressure, T

avg’
prassurizer wvatex level, and steam generator water level)
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Contral Group Rod Insertion Limits

The lowar insertion Iimit aystem is usad In an administrative control
graocddure with the objective to maintain an RCCA shutdown margin,

The control group xod inserticen limits, 2y 8Fe caiculatad as a linear
function of reactor power and reactor cooiant average tesepiature. The
squation ist

zu = A (a\'r)w8 + B zravss + C
where A, B arae presct manually adjustable gaing and C i3 a praget wanually
gdjustabls blaa, The (A’l‘)w8 end (r“ 85 ars the average of the individuxl
tesparature differancesr and the coolant average temparatures respectivaly

reasured from the reactor coolant het leg and the cold lesg.

One insertion limit monitor with two alara set points is provided for

aach control bank. A description of contrnl and ghutdown rod groups is
provided in mection 7.3 under Systea Design., Th2 “"Low" =laru slerts the
opsrator of an approuach to a reduced shutdown reactivity situatfon requiring
boron addition by followirg wormal proceduvras with tha Chemical and

Volume Control “ystem (Sertiomn 9). Actuation of “Low-Low" alaxm veyuires
the operator to take immadiate action to sdd boron to the systam by

any aos ¢f sevaral alternate mathods.,

7.2.3 SYSTEM EVALUATION

Xasactor Protaction Swatem and DNB

The following la 8 dercription of how the reactor protectica systea prevenia
DNB.
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Sha plant variables affecting the DNR ratio are:

Theraal Powar

Coolant flow

Coolent temperature

Coolant pressusxe

Core« power distribution (hot channel factors)

Figure 7.2-11 {llustrates the crre limits for which DNBR for the hottest
rod is 1.30 and shows the overpower and overtemperature AT reactor trips

locus &s a function of Tav and pressuvre.

g
Variations in both flov and pcwer are monitored by the overpowver and
overteaperature AT tripe since & dacrease in flow would have the same
cffect on the measuxed loop AT signal as an increase in power. It is

the nature of the DNB limits that a reduction in flow of 10X would require
a reduction in power of only about 5% to maintain the same DNBR, sll

other variables rezncining constant. Thus, the permissible A2 increases
somevhat at a reduc