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A, SUMMARY . ; >
A.1 INTRODUCTION

The reactor protection system (RPS) is evalueted in the context cf a
small LOCA or plant transients. The function of the RPS is to protect
the core from overpower conditions resulting from infreauent transients. .

The enalysis is carried out uncer the following conditions:

The cenditions in the plant require a rzector scram,
No operator 2ction is taken to scram the plant.

3

.2 RESULTS

Tetle 1, "Reector Protection System Failure to Scram," presents the
results of the analysis of the RPS for Indian Point 3. The enalysis has
revealec tre follewing dominant contributors to RPS failure:

Mean
® Reéncom coincicent failures of two trains of the 2.177x 10-3
trip system (50%) .
¢ Feilure of the rco control cluster essertlies to €.2 x 10°¢
snter the core (Z¢%)
@ Failures while in test or maintenance (22%) 8.9 x 10-6

A comperison of the results of this analysis and the RPS analysis of the
Reector Safety Study, WASH-1400, is presented below.

Fzgﬁj;inig g:ram Indian Point 3 WA SH-1400
Sth 6.0 x 10~7 1.3 x 10-5
Median 6.5 x 106 3.6 x 1075
e5th 1.7 x 10-4 1.0 x 10-4
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A.3 CONCLUSIONS .

Tne feilure of the RPS is demineted by réncom coincident failures in the
logic treins, predominately wiring feults, anc¢ reactor trip brecker
feilures. Operetor ection to manually_screm the plent bypasses all
legic train failures (except reactcr trip trezker failures). By locally
cpering the cutput breckers of the roc crive motor generetor sets,
feilure of the reactor trip breekers can be corracted,

Failure of the rod control cluster assemblies (RCCA) to insert is not
irmegietely correctable with operator action; however, the mean
frecuency of this event occurring is 9 x 10‘6 per demand, which
equetes to one failure to screm due to RCCA multiple failures about
every cone hundred thousand cdemends.
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8, SYSTEM DESCRIPTION
B.1 SYSTEM FUNCTION

The_reactor protection system (RPS) and the engineered safety features
(ESF) meke up the protective systems of Indian Point 3. X

The RPS performs the following primary functions:

e Protects the reactor core against fuel rod cladding damage caused by
departure from nucleate boiling or high power density.

e Protects against reactor coolant system damage caused by high
primary system pressure.

¢ Protects the reactor coolant system from‘sudden loss of its heat
sink throuch the steam generators.

e In conjunction with ESF, detects a failure of the reactor coolant
system and initiates actions to mitigate the consequences of the
accident.

A simplified block diagram of the RPS is presented in Figura 1,
Figure 2 presents a simplified system arrangement diagram, Figure 3
presents a typical reactor trip breaker schematic diagram,

B.2 SYSTEM OPERATION

The 3PS utilizes trip signals from various process sensors to cecnergize
uncervoltage cevices in two, series-connected reactor trip breakers.

The reactor trip breakers open and remove power from the control rod
drive mechanism magnetic coils. When power is removed from the magnetic
coils, the rod control cluster assemblies fall into the active fuel
region of the reactor core; thereby inserting negative reactivity and
making the reactor subcritical.

The paramieters measured by the process instrumentation and their
associated scram setpoints are presented in Table 2. Also included in
Table 2 is the required scram logic for the process seisors; for
example, two out of four indicates at least two trains out of four
available trains must indicate that a scram condition exists before a
scram signal is generated.

The process instrumentation is separated into a number of trains
(maximum of four trains) with each train receiving power from a

ifferent 120 VAC instrument bus. Upon loss of power, an
instrumentation train is designed to fail in the mode that generates a
scram signal.

The signal generated in the instrumentation loop is sent to the trip

bistzble for that loop. As the setpoint is reached, the bistable
changes state from on to off which deenergizes the associated scram
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'ogic releys in the reector protection logic recks. In adcition to the
instrument locp bistabls, the lcops 2lso provice indicetion, alarm, anc
interlock functions.

There ere twe trains of actusticn logic. Each reactor trip bistatle
drives two r2lays, one in each éctuetion logic trein, The logic trains
are duplicates of eech other anc ére physicaily sepereated.

The logic treins are energized from separéte 125 VDC buses. Less of
power from a 125 VOC bus ceenercizes the undervoltage trip device in the
reactor trip bresker, ceusing the reector trip breeker to open.

The screm logic relay contacts are arranged in a matrix to develop the
recuired logic configuration for each reactor trip signal. The output
of a logic matrix is fed to two reactor trip relays arranged in
parallel. The paralle) arrengment prevents a scram from a failed open
trip relay. There are eight parallel reactor trip relay sets. These
sets are errénced as shown in Figure 2. The logic matrices supplying
eech set of reector trip releys is presented in Teble 3.

Each logic train energizes the uncervoltage trip cevice in two reactor
trip treckers. Th2 two reactor trip breekers and the two trip bypess
brezkers are arranged in a series-parallel arrancement &s shown in
Figure 1. During normel operation, reactor trip breskers RTA and RTE
are closed and power from the rod drive motor gererateor sets must pass
through both trip breakers., During testing, a trip bypess brezker,
either BYA cor BYE, is closed to allow testing of the essociatec reector
trip breeker. In this condition, 2 singcle logic train supplies botn the ©
normz) reector trip brzzker anc the cppesite trip typass bresker, This
errangement 2llows one logic trzin te be testec t¢ tre reéctor trip
breeker. The trip bypass breekers are electrically interlockec to
prevent more than one bypass treaker from being closed at & time, If
one typass breeker is closed, closing the other bypass brezker causes
toth bypess breekers tn trip. '

The reactor trip breakers are operated by 125 VOC from separate DC
sources. To close a reactor trip breaker or trip bypess breaker, DOC
power must te available and the undervoltage coil must be energized.

Manua) reactor trip is provided by two trip switches in the control
room. These switches deenergize the trip breaker undervoltege coils
through the logic system and energize separete trip coils which are part
of the breaker control circuit. An individual trip switch for each
brezker et the breaker panels mechenically trips the reactor trip or
reactor trip bypass breakers.

Power from the rod drive motor generator sets is supplied through the
reactor trip breakers to the rod control panels. The roc control penels
convert the power from AC to DC and distribute it to the individual
control rod drive mechanisms. During normal cperation the control rods
are fully witncrawn from tne reéctor core and the stationaery gripper
coils are energized from the rod¢ control p2nels. Upon a loss of power,
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all coil assemblies are ceenergized, the stetionéry gripper latches
disengage from trhe control rod drive sheft, and the contrgcl rod drive
chaft znd rod control cluster essemblies crop into the active core
region, thus shutting down the reactor.

B.3 TECHNICAL SPECIFICATIONS - -

The plent tecnnical specificetions jgentify:

The maximum or minimum trip setpoints.

The frequency of testing of the various RPS components.

The number of out-of-service instrumentation or logic channels.
Limits on the number of channel tests thet may be performed at the
same time,

B.4 SUPPORT SYSTEMS

Trhe RPS is incependent of any supporting systems.

8.5 INTERFACING SYSTEMS

The 2PS interfaces with the 120 VAC instrument pOwer supply system and
the 125 VOC battery power system,

The instrument buses supply power to the RPS instrument traing as snhown
in Table €. Teble 4 2also shows the bettery system supplies to the RPS
logic treins and the reector trip énc bypass treakers. '

B.& TESTILG AND WAINTENANCE

The various components in the reector protection system uncergoe periocic
testing end surveillance. Maintenance is performec as required.

1. The process instrumentation trains are periodically tested to
setisfy plant tecnnicai specifications as indicaeted telow:

a. Trein checks are performed every shift (8 hours). A train check
is a aualitative cetermination of acceptable operability by
observation of the instrument behavior during operation.

b. Train functional tests are performec monthly. A train
functional test involves the injection of a simulated signal(s)
into the train to verify operability, including elerm, and/or

trip initiating signals.

¢. Train calitretion for the instrumentation loops is performed
guring refueling outeges. Train calitration is the adjustment
of train output(s) such that it responds, within acceptable
rence and accuracy, to known values of the parameter(s) which
the trein monitors. Celibration encompeasses tne entire train,
including all train outputs, and incluces the train functional
test.
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2. The resctor protecticn lcgic traing are periogically tested to
setisfy plent technica) specificetion requirements as incicated
telow:

Logic Train Functional Test. _Logic train functional tests are
performed monthly, A logic tr2in functional test is the application
of input signals, or the operaticn of relays or switch contacts, in
all the combingtions required to produce the recuired decision
outputs including the operation of all actuation devices.' For the
resctor protection system logic trains, the actuated cevices incluce
the reactor trip breakers. Ouring the logic train test the bypass
reactor trip breaker for the logic train under test is racked into
positicn ang closed. Testing of the train then proceeds with the
final actuation device, the reactor trip breaker, tripping as the
recuireg trip logic is mcde up. After the first trip actuation, the
reactor trip brezker remeins open, and the required logic actuetion
is verified by test lights. This testing normally requires 6 hours
per trein with a rance of 4 to & hours. The histogrem presented
below is based on discussions with plant personnel and presents the
frequency distritution of test duration.
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The meen duration from the above histogram iy 6.15 hours. Since the
tests are performed once per montn, this histogram leads to an

- unavailability distritution characterized by the following mean and
variance: .

6.15 hrs./month | g cp 10°3 Single train
720 hrs,/month s unavailability due
to test

Meean:

Variance: 1.79 x 10-6.
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The rod drive riechanisms and rod control cluster assemblies are
exercised biweekly if no other rog insertion nas occured durirg the
past two-week period to ensure freedom of movement and tQ satisfy
technical specification requirements, -

B.7 OPERATOR INTERACTION

Operator action to manually scram the plant is excluded from this
analysis. Operator errors during calibration are quantified in
Section D.4, Common Cause Failure.

8.8 COMMON CAUSE EFFECT

The logic and instrumentation cabinets associated with the RPS are
located in the centrol room behind the flight panels at Indiar Point 3.

The reactor trip brezkers and the rod drive motor generator sets are
located at elevation 15' of the control builaing.

Common generic components of the RPS are supplied by the same
manufacturers, are subject to common test and maintenance procadures,
and have common susceptibility to secondary causes of failure (grit,
moisture, vibration, etc.).

Further discussion of the effects of common cause failures on system
failures is presented in Section 0.4 of this analysis.
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C. LOGIC MODEL

C.1 TOP EVENT

The fault tree is developed for the event "Reactor Protection System
Failure to Scram." This event appears in the smal) LOCA event tree and
all transient event trees.

C.2 SYSTEM FAULT TREE

Figure & presents the fault tree developed for the RPS. The tree
identifies the hardware failures that must occur to fail the ROS.
Discussion of these events is presented in Section D of this report.

The fault tree was developed for the event "Turbine irip Without
Bypass." A1l other transient events which require FPS action have
similar fault tree logic.

C.3 FAULT TREE CODING

Table 5 identifies the basic events and the basic event coding that was
used in this analysis. Also included in Table 5 are the failure rateés
associated with the basic events.
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D. QUANTIFICATION
D.1 SINGLE FATLURES

Three single failures are identified and defined for the RPS. These
cefined events are: -

o Reactor Core Misalignment Causes Rod Not to Insert. For the smal)
LOCA and the transient event trees that require RPS action the
probability of this failure occuring is quantitatively insignificant
( «< 10-8) and does not contridbute to system failure to scram,

¢ MWiring Fault Provides Sufficient Power to Kold RCCAs in Position.
The rod drive motor generator sets supply three phase,
nonsynchronous power to the rod control panels through the reactor
trip brezkers. No power source exists at the plant that is czpatle
of being paralleled with the rod control pewer, In adcition, ‘the
bus itself is compietely metal enclosed from the rod drive
motor-generator sets to the rod control panels. For these reasons,
the probability of this failure occurring is quantitatively
insignificant ( < 10-8) and does not contribute to system failure
to scram,

@ Roc Control Cluster Assemblies Fail to Insert. In NUREG/CR-1331 a
review of Licensee Svent Reports for control rods anc arives is
presented. Our use of this repert is presentad below.

There have been three reported failures of roc control cluster
essemblies (RCCAs) to fully insert* curing a reactor scram condition
for Westinghouse pressurized water reactors for the period

reviewed. Using the data from NUREG/CR-1331, there were 50,987
individua) rod cemande (number of rods per p\ant times the number of
scrams per plant) in this period. This data is used to establish a
prior population variability distribution. For Indian Point 3 there
have been zero failures in 1,908 demands (through June, 1980). A
population variability analysis and update based on Indian Point 3
experience was performed. The recults of this procedure lead to the
following mean and variance for the rate of failure of an individual
RCCA to insert on demand:

Mean: 4,72 x 10°5
Variance: 4.92 x 10-9.

Using the binomial probability theorem, the probability of any two
or more RCCAs not fully inserting on demang is:

Mean: ¢.19 x 10-6,

*Fully insert 1s cefined as inserting to SEX position.

9
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This result cescribes the random coincident failure of two or more
rods., We must note however, that failure of two RCCAs to insert
does not constitute failure to scram. In fact, failure of ten to
twenty RCCAs to fully insert.would probably not constitute failure
to scram as those RCCAs that do insert may reduce power sufficiently
to allow mitigation of the accicent. .

With respect to common cause failures, we are only considering here
failures of the RCCAs themselves, the logic, inctrumentation and the
trip breaker contritutions to common cause failure are considered in
Section D.4 of this analysis. We have for evidence the fact that
there has not been a multiple rod failure to insert during scram in
westingnouse reactors. (From NUREG/CR-1331 zero multiple rod
failures in 1,110 scrams and zero multiple rod failures in 50,987
individual rod scrams.) We cannot envision any creditle mechanism
by which such a common cause failure could occur for the events of
interest (external events, such as earthquake, are treated
separately in this report). Common mechanisms for such common cause
failures as wearout or manufacturing cefects are possible; however,
the following points should be mace:

¢ During refueling, the drive mechanisms and RCCAs are inspected
and replaced if excessive wear or other unusual conditions are
present.

o If these mechanisms for failure exist they will occur in the
plents with similar mechanisms that nave Leen on-line for 2
ionger period of time than Indian Point 3,

For the above rcasons we assign as the protadility of multiple rog
failures to insert during scram, the value obtained from the
dbinomial theorem for failure of two or more rods to fully insert on
¢emand, of:

Mean: ¢.19 x 10°6 .

Variance: 5.58 x 10-9,

D.2 DOUBLE FAILURES

Ooutle failures consist of failures in RPS train A and train B. The
wuantification for 2 single train and the train comoination are
presented below.

Train A consists of the following basic components:

Reactor Trip Breaker A - RTA.
Reactor Trip Bypass Brezker A - BYA,

Legic Train h which consists of the logic matrix and trip releys for
Train A. ’

10
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o Wiring for the logic train end trip brezkers.

-

Train B containe similar components,

NOTE: The analog instrumentation system is common to trains A and B.
Discussion of the effect of failure of tne instrumentation portion.of
the RPS is discussed in Section D.2.1.f.

The train arrangement simplifies the calculations for system failure. A
train can be thought of as a block of series connected basic events,
failure of any one basic event results in train failure. Quentification
of the basic events is presented below.

1. RTA fails closed. Based upon a review of plant data, the
probability of this event occurring is:

Mean: Yol 10-3
Variance: 8.86 x 10°9,

2. BYA fails closed. This event is separate from the test or
maintenance .ondition where the bypass brezkers are intentionally
closed to facilitate testing.

(NOTE: Recause the bypass breakers are manually operatea, normally
open, racked out, and locked in the racked out pcsition, no
precbability of failure is assigned.)

3. Logic train A failures. This event consists of logic matrix
failures or trip relay failures.

a. Trip relay failures. Our mean and variance for the probability
of failing to open for a trip relay is: ‘

Mean: 6.28 x 106
Variance: 2.49 x 10“‘.

Failure of a2 ¢. gle trip relay to cpen on demand does not cause
system failure. Although the relays for a particulir screm are
arranged in parallel, diversity of scram signals requires
coincident failure of two or more relays in series. This
results in a mcan and variance for trip relay contribution to

. RPS failure of:

Mean: 6.33 x 10-1
Variance: 2.28 x 10-20,
b. Logic matrix failures. The logic matrices for the reactor trip

signals consist of groupings of contacts which are opened by
relays actuated by the analog instrumentation system. Failure

1
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Lesheca relays to open will resuit in matrix failure. From

; 2a the minimum number of relay failures thet will cause
failure of a logic matrix is two for the small LOCA and
transient events under consideration. These relays are similar
to the reactor trip relays and the same mean and variance for
two relays failing to open on demzne is assigned. Diversity of
scram signals requires coincident failure of two or more logic
matrices in orcer to fail the RPS logic. The coincident failyre
of two matrices occurs with a mean frequency of:

Mean: - 2.68 x 10-20,

This value is insignificant when compared to other causes of RPS
failure.

4. Wiring faults leading to RPS failure. Two genera) locations exist
for possible wiring faults that fail tve RPS.

a.

Wiring shorts to power. Undervoltage trip coil - a wiring short
to power in the rortion of the reactor trip circuit that

supplies the undervoltage trip device could result in power
teing maintained to this trip device when a reactor trip is
demanded. Our mean anc variance for this event is:

Mean: 3.22 x 10-6 Failures per hour

Variance: 8.96 x 10-11,

To cetermine the contritution to system failure, we must convert
from a probability of failure per nour to a frequency of failure
on demand. The fault cetection time (MTTR) for this event is
one half the test cycle (t = 360 hours), This results in the
following frecuency of failure on demand due to wiring shorts to
power:

Mean: 1.16 x 10-3
Variance: 1.16 x 10-5,

Wiring shorts to ground. WASH-1400 postulated nine possitle
locations where a possible short to ground weulg result in
failure of the RPS. Our review of the RPS did not reveal a
location where a single wiring fault to ground results in
failure of the system, due primarily to the fact that the RPS
logic and breaker power supplies are ungrounded., To set up a
parallel loop whicn would bypass contacts and maintain current
flow, at least two shorts to ground in the correct location are
required. Our mean and variance for this event is:

7.52 x 108 Fféiiures per nour

ariance: . x 16-10,
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To determine the contribution to system failure, we must convert
from 2 probability of failure per hour to a frequency of failure
on demand. The fault detection time (MITR) for this event is
one half the test cycle (t = 260 hours). This results in the
following frequency of failure on cemand due to 2 single wiring
short to ground:

Mean: 2.71 x 10-3

Variance: 5.63 x 10-5,
For two faults tc ground we obtain for mean and variance:

Mean: 5.77 x 10-5

Variance: 3.35 x 106,
And for nine possitle locations we have:

Mean: 5.20 x 10-4

Variance: 4.43 x 10-4,
The total contribution to train failure due to wiring faults is
the sum of wiring faults to power anc wiring faults to ground,’
which is:

vMean: 1.68 x 10°3

Variance: 5.41 x 10°5.

5. For Train A failure using DPD arithmetic we have:
0Train e ORTA " 0BYA = 0Logic 4 OHiring to power
g OHiring to und

O yin p * 2-85 % 10°3

B2Train A = 7.06 x 103,

Train B mean and variance are the same. For the couble contridbution to
RPS failure, we have:

Oag = 2.08 x 10-5
a%g = 3.18 x 10-5,

13
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6. To this value we must include the probebility of failure of the
instrumentation trains. We use for the protability of a singl
instrument train failing to provice a trip signal, A= 1 x 10-
failures per demand. We take the value as a median value and assign |
én error factor of 10 to express our uncertainty concerning this |
value. Taking the values obtained with this error factor as our Sth |
and S5th percentiles we obtain for a single instrument train failure |
the following mean and variance:

Mean: 2.66 x 10-4
Variance: 4.32 x 10-7.

two out of three instruments to cause a single scram signal

|
As was the case for logic matrices failure, we must fail at least
failure. For two instruments failing we have for mean ang variance: -

Mean: 4.61 x 10~7

Variance: 1.43 x 10-10,

Scram signal diversity requires failure of two or more different
instrumentation groups. For failure of two instrumentation groups

we have the following mean valye:
Mean: 1.43 x 10-10
<
which is insignificant when compared to other causes of RPS failure.

0.3 TEST AND MAINTENANCE FATLURE

The test contribution to RPS failure is obtained by multiplying the
ungvailability of a single train due to test times the probability of

wiring faults in the other logic train. This results in a mean and
variance of:

Mean: 4.44 x 10-6
Variance: 3.34 x 10-9.

For the total system contribution we must doubie the contribution of a
single train. This results in the following mean and varian ¢:

Mean: 8.87 x 10-6

Variance: 1,34 x 10-8,
MaTntenance on the RPS is not quantified for the following reasons:
¢ The components requiring the most maintenance are those located in

the logic trains. Prior to performing maintenance on a compenent in
the logic trein, the associated trip relay is placed in the

' 14
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“tripped” condition which sets up pert of the logic matrix required
fo- scram signal cevelopment. This maintenance does not affect the
RPS analysis. s

e Maintenance on the reactor trip breakers occurs infrequently. If we
assume one maintenance act per year lasting for four hours, the
resulting unavailability due to maintenance is 1/12 the contribution
due to testing. This does not significantly affect the results of
the system analysis.

0.4 COMMON CAUSE FAILURE

D.4.1 INSTRUMENT TRAIN MISCALIBRATION

There is a potential for common miscalibration errors to be applied to
all instruments of a particular set. During the periodic calibrations,
a single technician or group of techniciens perform the tests necessary
to ensure instrument accuracy. These tests are usually performed
cequentially among icentical trains. This leads to an extremely close
coupling between the acts. However, mc<t calibration activities, even
if performed in error do not result in an instrument that fails to
prcvide a trip. In addition, the diversity in the types of instruments
that provide trip signals limit the effect of these common c2use
miscalitrations. If we take the value of a single instrument train
failing, 2.66 x 10-4, as the probability of common cause
miscalitration of a set of instruments, failure of twe sets of
instrumentation due to miscalibration of this type woula result in 2
mean <no veriance of:

Mean: 4,61 x 10-7

Variance: 1.43 x 10“0.

This value is used as the probability of common cause miscalibration
errors. -

D.4,2 MONTHLY LOGIC TRAIN TESTING

During the monthly logic train testing, it can be seen from the fault
tree that a single logic train failure can cause failure of the RPS.
Both trains of logic are tested sequentially which, in principle, could
introduce common cause coupling between the trains, However, the logic
testing does not involve the changing of trip set points or logic
arringements. For this reason, these testing failures are trested as

incependent events which do not affect system unavailability.

15
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0.5 SYSTEM QUANTIFICATION

The probability of the RPS failing to scram on demand is presented below:

QRPS w QS'ingIes g QDoubles g QTest and Maintenance * oCounnn Cause

= 3.93 x 1072

Bips = 1.78 x 1078,

Table 6 summarizes the results of the quantification of the RPS by cause.

16
0468404088171



L1

TABLE 1

RESULTS TABLE - REACTOR PROTECTIUN SYSTEM FAILURE TO SCRAM

WASH-1400

Mean Variance Percgggile PerggEQile Hedian (Median
Values)
Singles 9.2 x 106 5.6 x109 1.8x108 2.2x10% 8.9x10°7 1.7 x 105
Doubles 2.1 x 105 3.2x10-9 1.3x108 1.2 x10-% 9.8x 10-7 5.4 x 10-6
Test and Maintenance 8.9 x 10-6 1.3 x10-8 6.6 x 10-10 1.0 x 10-5 1.7 x 107 1.2 x 10-5
Comnon Cause 4.6 x 1007 1.4 x 10-10 5.0 x 10-11 6.0 x 10-7 1.0 x 10-8 €*
System Failure to 3.9x 1005 1.8x108 6.0x 107 1.7 x 10-% 6.5 x 106 3.4 x 10-5

Scram on Demand .

*Eps}lon used in WASH-1400 to signify insignificant contributors Lo failure.
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TABLE 2

REACTOR PROTECTION SYSTEM INSTRUMENTATION LOGIC AND SETPOINTS

Reactor Trip

Coincidence Circui try

Comments

3’
4.

81

5.

6.

Hanual

High power range
neutron flux
Overtemperature AT
Overpower AT

Low pressurizer
pressure

ailgh pressurizer
pressure

High pressurizer
water level

Low reactor coolant
flow

and Interlocks Setpoint
1/2, no interlocks NA
2/4, low setpoint Hi £109% power
interlocked with P-10. Low <25% power
2/4, no interlocks AT > program
2/4, no interlocks AT > program
2/4, blocked by P-7 21,800 psig
2/3, no interlocks < 2,385 psig
2/3, interlocked with p-7 < 92% span
2/3 signals per loop, >290% flow

interlocked with P-7,
P-8, respectively

Low power range setting
manual block. Automatic
reset by P-10.

Blocked below P-7. Low

flow in 1'100p permitted
below P-8. -

0536A040781 /1
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REACTOR PROTECTION SYSTEM INSTRUMENTATION LOGIC AND SETPOINTS

TABLE 2 (continued)

Coincidence Circuitry

Reactor Trip and Interlocks Setpoint* Comnents
9. Monitored electrical
supply to reactor
coolant pumps:
9a. Undervoltage 6.9 KV bus 2/4, interlocked with p-7 2 70% normal 1/bus.
9b. Low frequency 2/4, interlocked with P-7 2 55.0 cps 2/4 underfrequency
6.9 KV bus signals will trip all
reactor coolant pumps '
and indirectly acti-
vate reactor trip.
9¢c. Reactor coolant pump Interlocked with P-7 and P-8 Blocked below P-7.
breakers K
10. Safety injection signal 2/3 low pressurizer 21,700 psig Trips main feedwater
2/3 high containment pressure < 3.5 psig pump. Closes all feed-
2/3 differential steam line > 150 psid water control valves.
pressure low compared to Closes feedwater iso-
two high, four channels lation valves and
2/4 high steam flow in programaed i itiates Phase A
coincidence with: isolation.
2/4 Tow Tayg > 540%F
2/4 low steam line pressure 2 600 psig
1/2 manual NA ’

11.  Turbine generator tri,

2/3 low auto stop oil
pressure interlocked with
P-7 or all stop valves closed.

. 0536A040781 1



TABLE 2 (continued)

REACTOR PROTECTION SYSTEM INSTRUMENTATION LOGIC AND SETPOINTS

Reactor Trip

Coincidence Circuitry
and Interlocks

Setpoint* ‘ Comaents

12.

0z

13.

4.

15.

Low feedwater flow and
low S/G water level

Low-Tow steam
generator water level

Intermediate range
neutron flux

Source range neutron
flux

1/2 steam/feedwater flow
mismatch in Coincidence
with 1/2 low steam
generator water level
per loop.

2/3, per loop
1/2, manual block
permitted by P-10

1/2, manual block
permitted by P-10 and P-6

2 5.8 x 105 1b/hy.
and 30% of span

217% span

< 25% power Manual block and
automatic reset.

<105 ¢ps Manual block and

automatic reset.
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TABLE 3
LOGIC MATRIX TO REACTOR TRIP RELAY MATCHING

Trip Relay Number* Reactor Trip Logic Matrix

RT1,2 Intermediate range trip
Source range trip
Power range low level trip

R73,4 Overtemperature AT trip
Overpressure AT trip
Safety injection trip

RTS5,6 Steam generator low-low level trip
RT7,8 Steam generator feedflow/level mismatch trib
RT9,10 High pressurizer level trip

Power range high level trip
High pressurizer pressure trip
Ow pressurizer pressurs trip

RT11,12 Low locp flow trip

Manual trip
RT13,14 Undervoltage RCP breakers trip
RT'5,16 Turbine trip

*See Figures 1 or 2 for the arrangement of the Trip Relays in the logic
matrix,

21
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INSTRUMENT

TABLE 4

AND LOGIC POMER SUPPLIES

Instrument Bus 32
Reactor Analog Prot, Train 1
Nuclear Inst. Train )
Steam Generator Analog Train 1

Instrument Bus 31
Reactor Analog Prot, Train 2
Nuclear Inst. Train 2

Steam Generator Analog Train 2
Reactor Protection Cabinets £E-6, F-6

Containment Inst, & Prot. Train 1

Instrument Bus 34

Reactor Prot, Analog Train 3
Nuclear Inst, Train 3

Sefequarg Relay Test (F-7, €£-8)
Reactor Prot, Cabinets £-4, F.4

0C Cistribution Panel 3)

Reactor irip Sreaker Open/Close
Circuits

Legic B (RT8 ang BYA)

Reactor Protection Logic Status'Lignts
Containment Inst. & prot, Train 2

Instrument Bus 33

Reactor Prot, Analog Train ¢

SIS Inst, Anelog

Nuclear Inc:. Train 4

Reactor Prot, Catinets £-3, F.3
0C Distritution Panel 32

Reactor Trip Bresker Open/Close

Circuits
Logic A (RTA ang 8Y8)

053620407811
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Figure 1. Simplified Block Diagram, Reactor Protection System
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