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Over the past four years, considerable attention has been focused on design

criteria and methods of implementation for nuclear power plant protection
systems. Of particular difficulty has been the”estabiishmenﬁ-of suitable
crivteria to deal with the problems of single and multiple failures, channel
independence, Control and Protection System independence, and the deviation
of Protection System inputs. A key factor in this difficulty h§s Bgen the
conflict between the goal co'minimize the number of redundant measurements
@ for any single process varia:ble, with regard to the overall nuclear plant
requirements, and the goal to. establish a maximum degree of separation

between the Protecrion System and the Control System. i

Obtaining an accurate and reliable measurement of a particular process
variable is one of the most difficult aspects of an instrumentacion syscém.
There are significant problems associated with the physical mounting of the

Y
measurement devices including optimum location, supporting structures, access

to the equipment for maintenance, and protection against adverse environmental
factors. In the case of nuclear power plants, there is also the problem of
transmitting the cignals from the containment to the control room équipment.
All of these factors provide arguments for minimizing the number of separate

neasurements.




Most of the functions performed by the plant Control System require the same

process information as the Protection System. In these cases, Westinghouse
provides Control System inputs from Protection System channels. The "Proposed
IEEE Criteria for Nuclear Power Plant Protection Systems," IEEE No. 279, ’
permits this design approach, subject to certain restriccioﬁs. However, this
proposed resélution was not unanimously accepted by members of other United

States standards and regulatory agencies, in particular, USASI Sectional

Commitree N3 (N42), and the AEC-ACRS.

Westinghouse held meetings with members of the AEC to clarify the Wesc;nghouse‘
design approach and to identify the a@di:ional degién criteria applied by
Westinghouse, which go beyond the proposed IEEE criteria. These additional
criteria require separation and identification of control and protection
equipment and the use of isolation devices to transmit signals from the
Protection System to the Control System.‘ It is the position of Westinghouse
that these additional criteria offer a resolution to the stated design
conflict. Westinghouse has demonstrated by actual implemeuca;isg of these
cfiteria that a high degree of separation, inciuding proper identification,
can bé achieved between Protection System equipment and Control System

\

equipment.

More recently, the question of the failure mode changed from that of a single
random failure to common-mode failure - a failure mode which would adversely
affect all redundant channels of a particular protective function in the
Protection System. It is generally recognized that separation of control

and protection does not provide defense against the common-mode failures.




-

The nuclear power plant Control and Protection S&scem design employed by
Westinghouse was evaluated in detail with respect to the common-mode failure
and presented in a series of meetings to members of the AEC. This report
documents the information transmitted in these meetings and provides a
technical basis for the development of criteria for design of Protection

Systems with adequate consideration for common-mode failures.

The conclusion of Westinghouse based,upon actual éxperience, previous work,
and reinforced by the ;esults presented herein, is that design criteria for
nuclear power plant protection systems should permit maximum effective use
of process measurements both for control and protection functions ?ﬁﬁluding
the use of Protection System measurements in the Control.Syscé;.' Such
criteria significantly enhance the designer's capability to provide a system
with adequatae capability to deai with the majority of common-mode failures

¢
as well as to provide redundancy for critical control functions.

J. M. Gallagher,‘Jr.

Consulting Engineer - Control Technology




Westinghouse design philosophy for Reactor Protection and Control Systems

is to make maximum use, for both protection and control functions, of a

wide range of measurements. The Protection and COnt:::ol Systems 'are'séparate
and identifiable. The design approach permits not only redundancy of control,
- providing its own degsirable increment to overall pla;n: safety, but also
provides a Protection System which e.:ont:inuous'iy monitors numerous system

variables by different means; i.e., protection system diversity.

t
The extent of Protection System diversity has been evaluated for a wide
variety of pogtulated accidents. In most cases, two or more diverse pro-
tective functions. would t:erm:.i.nat:e an, acc.iden;: before intolerable congequences

could occur.
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L. INTRODUCTION

Wescinghouse design philosophy for.Reactor Protection and Control Systems is
co make maximum use, for both protection and control functions, of a wide
range of measurements. This results in a broad spectrum of redundant
protection and control functions. The design approach used permits all
equipment components to be identified as protection or control and located
accordingly, with electrical isolation and physical separation between them.
The design approach thus permits not only reduncancy of control, providing a
significant and desirable increment to overall plant safety, but also provides

a Procection System which continuously monitors numerous system variables by

different méans; i.e., Protaection System diversity. -

Although the Protection System design basis requiées only that random single
failurés not negate the Prgcaetion System, a congsiderable depth of protection
is achieved by the Wescinghouse design approach. Systems désigners and re-
viewers have recently emphasized the importance of achieving a suitable balance
of design objectives in regard to functional and equipment diversity, .
interaction of control and protection functions, testing, and surveillance to
achieve a Protection System design that has adequate capability to cope with
both random and systematic failure modes. (Systematic failures are also

known as common-mode, or nonrandom failures.)
1.1 COMMON-MODE FAILURES AND DIVERSITY

Common-mode, or systematic failures, are those that partially or completely

prevent identical instrument channels from perf;rming their function.
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3edundancy is net a

ﬁ ass

n answer to this type of failure, since all channels are

umed to be affected. Further, these failures cannot be evaluated by

p:obabilicy analysis or reliability data; indeed, they are characterized by

over

sights or deficiencies which presumably would be corrected when first .

detecced.

A The general categories of common-mode failures are:

a)

b)

c)

d)

Functional deficiency - The variable being monitored does not provide
the information intended during the course of an accident. This
deficiency could be caused by the accident's following a different course

than calculated by the designers, or by a change in the plant characterigtics

which changes the relation between the process and the variable being

monitored.

Maintenance error - This failure includes consistent miscalibration of all
channels of a type, and also circuit modification or repgir which

inadvertently renders the channelsﬂfunécionally inoperative.’

. w

Design deficiency — Failure of the equipment as installed to meec:%unctional
requirements. This could arise through unrecognized dependence on a single,
common element, such as ventilation; by an unexpected characteristic

(such as saturation or slow response) in all controllers of a type; or

by the instrumentation being disabled as a result of the accident.

External catastrophe — With proper isolation and separation between

redundant channels, this is confined to major disasters such as flood,
earthquake, fire, etc. Whera separation is not complete, less drastic
évents can have the same result. For example, a falling object could

conceivably sever all cables in a small area.

1-2
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Considerable effort is being made in Reactor Protection’ Systems design

to prevent these common-mode failures, as illustrated by the examples below.
However remote, the possibility of a common-mode failure must nevertheless
be considered. The likelihood of maintenance errors can be minimized by
proper administrative procedures, identification of Protection System
components, and complete documentation of the as—supplied Protection System,
including the design basis. Design deficiencies can be largely-eliminated
by equipment qualification testing and by careful review of all potential

common elements.

Redundancy is an accepted defengse against random féilureé which affect only
one component or channel at a time. Similarly, diversity is a defense
against common-mode failures which could affect multiple channels.

Such protective diversity g;p be achieved in gichgr Pf two ways: equipment
diveréicy, by providingkdifferent types of inscrum;ntaﬁioh'zo-monicor the
same variable, or functional diversity, by monitoring different plant

variables. Functional diversity entails some degree of equipment diversity,

primarily with respect to sensors and setpoints. More importantly, however,

" functional diversity is not dependent on the calculated regpense of any one

variable during an accident. As a converse of this, functional diversity
is more complex to demonstrate since the response of several variables must

be analyzed for each type of accident evaluated.

The Westinghouse Protection System is therefore evaluated in this report with

respect to functional diversity. To demonstrate diversity where protective

action is needed, it is necessary to show combinacions of two or more of the

1-3
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following "yarriers" for each accident. Some of these are addressed to the

probable need for protective action, rather than to the Instrumentation

Syscem itself. This is congidered a reasonable approach to judging the .,

adequacy of a Protection System. ]

a)

b)

c)

d)

Tolerable consequences for expected conditions - Although "worst

case" analysis might fa£i to prove that protection is not needed, the
vast maj;rity of cases may have acceptable consequences. Whether or
not this is a suitable barrier depends on the probability of adverse

conditions (such as excessive inserted rod worth) and the -design and

operating precautions taken to prevent them.

Low probability of accident -~ Probability of the initiating fault might
be considered, but only in conjunction with the probable consequences.
Thac‘is, a losgs=-of-coolant accident does not require l$ss protection

than a loss of flow accident simply because it is less liﬁely to occur.

<

Control interlocks - Rod stops or other devices which arrest or modify
spurious control action short of reactor trip can be part of the Protection
System. Protection System design standards, equipmenc gesting, and

Technical Specification limits would therefore be applied.

Manual action - Manual action can be considered a reliable backup co
automatic protection, depending on the accident rate, the complexity
of the problem and corrective action, and the alarms and indication

provided.

1~4
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3che three following events occurs:

.

e) Automatic reactor trip - Each accident may have a "principle” reactor

crip associated with it.

£) Backup reactor trip - A second reactor trip function, of a diverse type,

is an additional barrier.

In all but a few cases in the Westinghouse design, a specific reactor trip is
not categorically either "principle" or "backup": it serves as the principle

proctection against some accidents, and as backup protection against others.

1.2 PROTECTION SYSTEM-.EVALUATION

An accident-by=-accident evaluation has been performed in order to evaluate the "
“depch" or degree of diversity provided by current Westinghouse design. As
expecnea, diversity could not be dgmonstraced for all accidents. The results
in general, however, indicate a considerable degree of Protection System

diversity.

The evaluation, reported in-Section 5 of this report, analyzed each postulated

accident without credit for protective action to the point at which one of

\

a) Inherent plant characteristics terminated the accident;

) The consequences are clearly intolerable; or

¢) Existing analytical methods are no longer valid (for example, system

calculations cannot be performed with any degree of confidence if severe

core damage occurs).




ta chis type of evaluation, the amount of analytical rigor must be reduced

A tions become increasingly remote and safety limits are exceeded.

J as condi
v -nis is because present technology cannot rigorously support assumptions as
2 to syscem behavior for these remote cases. In large part, this fact explains

che reason why such conservative safety limits are selected for design purposes.

§
. »
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2. SUMMARY

rq che Westinghouse Reactor Control and Protection Systems, the Control

and distinct from the Protection System. Although .

Svscem= is separate

che Protedtion System is independent of che Control System, the Control
System is highly dependent upon signals derived from the Protection System
chrough isolation amplifiers: This interrelationship is illustrated in

cigure 2-1. The design of the Control and Protection Systems and the

inceraccions between them are discussed in detail in Sections 3 and 4 of

this report.

The design philosophy is to make maximum usage, for both control and
srotection purposes, of all measurements of plant variables. For each
variabie monitored, cﬁe best type of equipment available is selected as
the vehicle of measurement. Clearly, the requirements for measurements
for control or protection purposes so nearly overlap that the optimum

equipment for one purpose is also the optimum for the other,, '

« ~ ey

It is recogniéed by those responsible for Protection System design and

veview that little if any additional safecy is achieYed by utilizing
independent, but identical, measurements for control and pr;tection. In
fact, it is Wescinghousa's position that additional identical chanuels are
geriously disadvantageous in that more penetrations, maintenance, and control
room readouts are requiredQ For example, operator surveillance of protection

channels 'is necessarily dilucted when plant operation is dependent on other

indications.

2-1






+q a large pressurized water reactor plamt, it is almost axiomatic that

my per:urba:ion‘which encroaches on safety limits significantly affects

many variables. For example, a reactivity excursion - such as accidental rod

vichdrawal — causes not only an increase in neutron flux and core power,

yuc also an increase in coolant temperatures and in pressurizer pressure

and level. .

2eliable control is obviously the best approach to plant safety. The prime .
purpose of a control system is to limit excursions before protective action is

secessary. Since the control devices must be capable of limiting excursiomns,
they are also capable of causing an excursion - perhaps in ;he.oppositek
direccion - if spuriously actuated. Failure of the Control Systenm, ;ither
by.aoc acring when needed, or acting when not needed, decreases the level

of safety. ‘Redundancy;of control, where applicable, is therefore highly

desirable. i

-
-

Pressurizer pressure control is a prima example of effiCiént usé’ of -
tedundanc maasuremencs for safe operacion via a reliable Comcrol Syste;;
Two uower—operated pneunatic relief valves are provided to limit pressure
excursions within the normal operating range. Although not'essencial to
salety, these valves increase safety margins for system overpressure
(overpressure protection is provided by the high pressure reactor trip

and safety valves). Should either valve be actuated spuriously, however,

Protection against the reduction in pressure might also be required.

2-2
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four pressure control channels, derived form the four pressure protection
shannels, are used to insure that no single instrument failure can prevent
celief when needed, nor can any single instrument failure cause either

valve co reduce pressure to the point at which protection would be“needed.

Tuo pressure channels are used to control each valve. One pressure channel
serves as an interlock, blocking the air supply to the valve on a low
pressure alarm. Since the pneumatic valve requires air to open, this low
aressure alarm closes the valve (if open) ana holds it closed. In the

absence of a low pressure alarm on the first channel, a high pressure alarm

on the second channel opens the valve. '

s

-
.

from the P;oteccion Syséem viewpoint, the coroll;ry to maximum usag; of all
asasurements is that protection against any given accident is not necessarily
confined to measurement of just one variable. Thus the reactivity excursion
noted previously, the reactor trip on high pressurizer water level, also
provides a degree of protection, even though the bésic purﬁbqe of this crip
is to protect theipressurizer relief piping from water relief sqrééuthrough
the safety valves. Since comple:eiy different. types of measurement are used
for neutron f£lux and pressurizer w&fer level, divers;ty does exist in the

\
Protection Syscem.

The extent of such diversity is evaluated in Section 5 for a wide variecy

accidents. In most cases, two or more diverse reactor trips terminate

"

0

an accident before catastrophic consequences can occur. However, the
Second crip reached (the "backup") generally does not prevent the design

Sarey limit from being exceeded. In this context, the- design safety

2-3
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yimtz, such as a DNB ratio of 1.30, is itself a highly conservative

1iniz; exceeding this limit does not imply intolerable consequences.

[a one case evaluated = the hfbothetical rod ejection accident - protection
syscten diversity could not be adequately demonstrated for the worst case.
jowever, a rod ejection is cqnsidered to be an extremely unlikely accident -
cne caused by complet2 and instantaneous mechanical failure of a control

rod ;ressute houging. Further, the probable consequences, as distinct from

the worst case, are tolerable since most control rods are fully withdrawn

from the core. Even those rods that remain inserted are seldom inserted to

their ingertion limits. . . - 5

-

for another type of accident - complete loss of feedwater - diversity of
reactor trips does exist. However, automatic actuation of the auxiliary
feedwater system is not diverse for all of-the ways in whieh feedwater élaw
could be lost. For those cases, it is shown that manual actuation consti-

futes a reliable back-up to automatic actuatrion. T e .

2-4
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=cqcrxouAL DESCRIPTION, REACTOR CONTROL AND PROTECTION SYSTEM

3.

3.1 REACTOR PROTECTION SYSTEM

3.1.1 GENERAL
The following Reactor Control and Protection System functional description is
based on the Robert Emmert Ginna Nuclear Station of the Rochester

Gas and Electric Co. (RG&E). It is representative of Westinghouge

design practice.

"All reactor trips meet the following criteria:

a) A single failure shall not negate a reactor trip

b)  All channels are capable of calibration and maintenance

at power. '

3.1.2 REACTOR TRIPS _

-

"en

A resume of reactor trips, means of actuation and coincident

circuit requirements is given in Table 3.I-1.

Manual Trip

Depressing either of two manual push buttons on the main concrol

board actuates a reactor trip.

High Nuclear Power (Power Range)

Dua) crip sertings-are provided:

3 ol"l







a) Low (approximately 25%)

p) High (approximately 110%) .

The low sectting can be manually blocked when power increases above P-10%

(approximately 10% power) and is automatically reinstated when power

decreases below P-10.

These circuits trip the reactor when two of the four extermal ion

chamber average flux signals are above che'crip setpoint.

High Nuclear Power (Intermediate Range)

This -circuit trips the reactor when either of the two intermediate
channels indicate above the trip setpoint., It may be manually blocked
when power is above P-10 and is automatically reset when power

decreases below P-10. Expected trip setpoint is 25%.

High Nuclear Power (Source Range)

e

This circuit trips the reactor when either of ché two iﬁcefmedi;;e.
range channels indicate above the trip secpoiné. It may be manuaiiy
blocked when two intermediate range channels reads a value above
P-6 and is automatically reinstated when both intermediace\range
channels decrease below P-6. Trip setting is between P-6 and the

maximum source range power level.

* P~( ) designates a permissive circuit to block or activate a trip function.
These circuicts are defined in Section 3.1.3.

3.1-2
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av-r:caoera:ure At Trip

~na purpose of this trip is to protect the core against DNB for any

combinacion of power, pressure, temperature, and axial core power

disczibucion. Two~-out-of-four trip logic is used, with two channels
per reactor coolant loop. For each channel, the indicated AT is used

as a relative measure of reactor power and is compared with a continu-
ously calculated setpoint of the form:

ATsecpoint = Kl + Kz x Pressure - K3 x Tavg - £(AL)

When the reactor coolant loop AT exceeds the calculated setpoint, the

affected channel is tripped.

In che above equation, AL is'che difference between the top and bottom
power-r;née ion chamber gignals. This compensation signal automat-
ically reduces the trip setpoint if-adverse axial core power -
distribution exists. Dynamic compensation of the Tavg sigﬁal is

also provided to compensate for instrument and piping delays between

a

the reactor core and the‘loop temperature sensors..

A schematic representation of this circuit is shown on Figure 3.1-1.
|

An illustration of the setpoint is shown on Figure 5.1-6.

Overpower AT Trip

The purpose of this trip is to protect against excessive power (fuel

rod power density). Two~out-of-four trip logic is used; there are two

channels per reactor coolant loop.

) 3.1-3
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e secpoint for each channel is calculated as:

4 -7 )=
=K, - K T K, (T Tovg) ~ £(2D)

Lrsecpoint 4 5 dt Tavg - avg

*» chis equatiom, f(AI) is the same function as used in the overtemperature

.= secpoint equation. The term KS compensates for the piping and instrument

csse delay. The term K6 compensates for the change in density and heat

capacity of water with temperature ('1‘;vg is the nominal Tavg at full power).
3och K and K, are limited such that the rate- and/or magnitud% of Tavg can
cnly decrease the AT trip setpoint from its normal value at full power.

Expected steady-state trip setpoint is 110Z of the indicaﬁed AT at full

L)

sower; i.e., 110Z power.

-

A schematic representation of this cricuit is showm on figure 3.1-2.

iow Pressure Trip

<he purpose of ‘this trip is to protect against excessivg b9iling in the
core and to limit the pressure range in which core DNB procecnion.is
:equireg for the overtemperature AT reackor trip. This circuit triﬁé'the
Teacror on coincidence of two-of-four channels. It is automatically

Slocked below P-7. The expected setpoint is 1715 psig.

B1sh Pressure Trip

e purpose of this trip is to protect against overpressure and to limit the

Pressure range in which core DNB protection is required of the overtemperature

=T trip. Expectad setpoint is 2385 psig.

-als cireuit trips the reactor on coincidence of two-of-three channels.

3-1“6



High Pressurizer Water Level Trip

This trip provides a backup to the high pressure trip and also prevents the
pressurizer safety and relief valves from relieving water for credible

accident conditions. Expected setpoint is 92Z of span.

This circuit trips the reactor on coincidence of two-of-three chammels.

It is automatically blocked.below P-7.

~

Low Reactor Coolant Flow

This circuit is provided to protect the core from DNB following a loss
of coolant flow accident. The means of sensing a loss of coolanﬁhflow

accident are as follows:

x

a) Measured low flow in the reactor coolant piping
b) Reactor coolant pump circuit breaker open
c) Undervoltage on reactor coolant pump bus

d) Underfrequency on reactor coolant pump bus

-

-

The low flow trip signal is actuated by the coincidence of two~of-threé
signals per loop. Above P~7, reactor trip occurs for a loss of flow in
both loops; above P~8, reactor trip occurs for a loss of flow in either

loop. Expected setpoint is 90Z of indicated full flow.

The reactor trip signal derived from reactor coolant pump breaker position
is actuated by a single auxiliary contact for each reactor coolant pump
breaker., Trip logic is similar to the low flow trip; above P~7 reactor
trip occurs for a 'breaker open" signal from any two breakers; above P-8,

a signal from any one breaker actuates a reactor trip.

301-5




und rvol:a;e reactor trip provides additonal reactor protection against
AD e

jece loss of flow accident caused by loss of power., A reactor trip occurs
o cOTD ,

1ouw volcage on both reactor coolant pump buses, as sensed by either of two
o

wmdervolcage gensors on each bus. Expected setpoint is 70Z of normal voltage. -

I1a principle, a rapid decrease in electrical frequency can decelerate the
reaczor coalant pumps faster-than a complete loss of power. An underfrequency
condition on both reactor coolant buses, as sensed by either of two under-
¢requency relays on’ each bus, trips the reactor and opens both reactor

coolant pump circuit breakers. Expected setpoint is approximately 58 cps.

S

Safety Injection System Actuation Trip (SIS)

Upon actuation of the Safeﬁy Injection System, the reactor is tripped to
decrease the severity of the accident condition. The means of actuating

the Safety Injection System and thus tripping the reactor are as follows:
t

a) Lov pressurizer pressure (1715 psig) in coincidence with low
pressurizer water level (5% span). _Any'one of the three circuits
actuates the SIS. This function may be man;ally bypassed below
2000 psig.

53 Low Pressure (500 psig) in any steam line. A coincidenhe of
two-of-~chree signals for any steam line actuates this function.
This function can be manually bypassed when reactor coolant
pressure is below 2000 psig.

¢)  High containment pressure (6 psig). A coincidence of two-of-three
signals actuates che SIS.

d)  Manual Actuation.







~:ensne Trip
B

A zurbine crip, sensed by loss of autostop oil pressure or by turbine stop

valve closure, actuates a reactor trip during high power operation. Trip

is two-or-three for the autostop oil pressure switches and two-of-two

logic
sor che scop valve position switches. This trip is in coincidence with
ser=issive circuit P-7 (blocked below 10Z power) and permissive circuit P-9

(blocked below 50% power unless condenser steam dump is blocked).

tow Teedwater Flow Reactor Trip

for either steam generator, low feedwater flow (compared to steam flow) in

coracidence with low steam generator water level actuates a reactor trip.

This protects the reactor against a sudden loss of heat-sink.. This

condicion is sensed for either steam gemerator if either’ of two steam flow

aad feedwater flow channels indicate a difference greater than a setpoint

and either of two steam generator narrow-range level chaﬂnels indicate less
6

than a setpoint. Expected setpoints are 0.7 x.10 1lbs/hr and 30Z of span

tespectively.

Lov Steam Generator Water Level Trip

The purpose of this trip is to protect the reactor from a 1oss of heat sink
for the case of a sustained steam/feedwater f£low mismatch which is too

small to actuate the low feedwater flow trip.

'..i % 3 .
S Crip is actuated on coincidence of two-of~three low-low level signals

4
=3 any stean generator. Expected setpoint is 15Z of narrow range level span.
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3.2.3 PEBQISSIVE CIRCUITS

gefarence has been

made previously to permissive circuits,

-¢e=cuics are used to block certain activities as well as to permit other

accivities.

14sc of Permissive Circuits

N er

1

(L]

Function
LuneL o

Rod withdrawal stop
on overpower (Automatic

and manual)

Automatic rod with-
drawal stop at low

power.

Automatic rod with-
drawal stop on rod

drop

Selection of steam
dump controller mode

Permit manual block of
source range high
nuclear power trip

" Manual bypass on individual channels.

Inpuc

One-of-four high nuclear

power (power range)*;

one~of-two high nuclear

power (intermediace range*i'
one-of-four overtemperature AT*;

or one-of-four overpower AT*.

One-of-one turbine first stage

steam pressure

One-of-four raﬁid decrease of
nuclear power or rod bottom
indication

Turbine trip signal

-

One-of~two high Untermediate
range nuclear power allows
manual block, two-of-two low
intermediate range nuclear
power automatically reinstates

trip.

T Yay be manually blocked if permissive circuit P-10 is cleared.

3.1-8

The permissive






¢ of ?e;missive Circuits (Cont'd)

power

Three-of-four low nuclear power

and one-of-two low turbine

impulse stage pressure

Three-of-four low nuclear

Three-of~four low nuclear power

and condenser steam dump avail-

able (not locked out by high

condenser pressure or by loss of

both circulating water pumps)

=
Function
Suzber Function

7 Permissive power
(block various trips
at low power)

8 Block single primary
loop loss of flow
txrip

9 : Block reactor trip
on turbine trip

10 Permit manual block

of intermediate range
power level trip and
rod stop and low

power range trip

3.1.%5 ROD STOPS

A complete list of rod stops is noted below.

Xod Stop List

Funcrion

a) Rod drop

b) Nuclear

Overpower

Actuation Signal

One-of-four rapid power

range nuclear power
decrease or any rod
bottom signal

One-of-four high power

range nuclear power or

trips

Tw;-of-foui high nuclear power
allows manual block, three-of-
four low nuclear power
automatically reinstates the

t

Rod‘Mocion
to be Blocked

Automatic withdrawal
{redundant contacts)

Automatic and manual
withdrawal

one-of~-two high intermediate

range nuclear power

3.1“9
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god Stop List (Cont'd)

Rod Motion
function Actuation Signal to be Blocked
mm——

g -) High AT One-~of~four overpower Automatic and manual °
p;“ . AT or one-of-four withdrawal .
ir{ overtemperature: AT
e
2 (Manual bypass on indi-

vidual AT channels)
(Actuation of this rod stop inmitiates a continuous

%“. ' ' turbine load reduction until the actuation signal
2 , is removed).
: d) Low power One~of-one low turbine Automatic withdrawal
impulse stage pressure
e) T One-of~four T devia- Automatic withdrawal
avg . avg
deviation tion from average Tavg and insertion

3.1.5 INDICATION

Control Board Indicators and Recorder i

"All zransmitted analog signals which actuate reactor trips, rod stops,
or perzissive circuits are either indicated or recorded for every .channel.
Algo, variable trip setpoints (overpower AT and overtemperature AT) are ° :

{nadicaced or recorded for every channel.

Central Board Annunciator Panel

Any of the following conditions actuate an alarm:

3)  Reactor trip (first out amnunciator)
%) Pareial reactor, trip (any channel)
<)

Yajor deviation of any control variable (pressure, Tavg’ pressurizer

level, nuclear power, and steam generator level) for any channel.

3.1-10
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coaczol .30ard Status Panel E:
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a) The scgrus of each reacgo trip channel is continuously displayed
e '

4 .t

on che trip status panel:

N n',\_.g

2

%

y) The status of each permissive circuit is continuously displayed on

ﬂ ' wl
che permissive status panel .
< a3

IR

€ Zach, reacuor\czip chaonel - bypass is .continuously indicated on the

it bypass s:acus panel. SE U T .

b
f"’

PRy
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10a.
10b.
10c.
10d.
11.

12,

13,

14,

TRLY

Manual

Ilgh nuclear flux

High nuclear flux (inter-
mediate range)

High nuclear flux (source
range)

Overtemperature AT
Overpower AT
Low pressure
liigh pressure

liigh pressurizer °
water level

Low Flowy

Pump breaker trip
Undervoltage
Underfrequency
SIS actuation

Turbine trip
Low feedwater flow

Low-low S.G. water level

!AOL( yol- l
b (1)

COLNCIDENCE CIRCULTRY & INTERLOCKS
1/2, no futerlocks

2/4, no interlocks for high setting
P-~10 for low setting

- 1/2, P~10

1/2, p-6

’

2/4, no interlocks
2/4, no interlocks
2/4, blocked by P-7
2/3, no interlocks
2/3, blocked by P-7

2/3 per loop, p~7, P-8
1/1 per loop, P~7, P<8
1/2 + 1/2, B-7
1/2 + 1/2, -7

1/3 (low pressurizer pressure and low
pressurizer level); 2/3 Low pressure in
any steam line; or 2/3 high containment
pressure

2/3 autostop oil or 2/2 stop valves,
B~7, P-9 .

1/2 + 1/2 per loop, (flow mismatch in
coincidence with low leyel) -

2/3, per loop

O e

COMMERTS

High and low ueliings; manunl
block and aupomatic resct ‘of
low setting
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s7eaM JunP CONTROL SYSTEM

3.2

a0 cypes of steam dump are available: condenser dump and atmospheric
dtef.

~e sceam cycle valve arrangement is shown on Figure 3.2~-1.

~.2 CONDENSER STEAM DUMP SYSTEM

owe o

Svszem Design

Stean lines are installed to dump steam from the steam generators
direczly co the condemser, bypassing.che turbine. Connections wigh
the steam mains are downstream of the steam main isélaéion iélves.
dump valves and lines are sized to pass 35% of turbine maximum

calculated steam flow at full load steam pressure.

Condenser steam dump performs three functions:
;

a) Following a sudden loss of load of up to 210 MWe (about 45% of
=aximum caléulatpd turbine load), condenser dump acts as an
‘artificial load removing e;cess power and stored energy while
the reactor power is decreased to match the reduced turbine

]

load. In cthis manner, the condenser steam dump acts to preveant
2 reactor trip.

5) Condenser steam dump, together with feedwater addition, removes
stored energy in the Reactor Coolant System following a plant

=*ip, bringing the plant to equilibrium no load condition without

302-1




accuacion of the steam generator safety valves. It also maintaing

zne plant at hot shutdown by removing residual heat.

'c) Condenser steam dump is used for plant cooldown to cold shutdowm.
coodenser steam dump is used to improve operational flexibility. For

<«xample, a plant trip may occur following a large load reduction if

coodenser steam dump is not available.

“he condenser steam dump system uses modulating, linear-characteristics,
atr-operacted valves Sair to open). Their stroke time is approximately
$ seconds. In addiction, they can be tripped from the full closed to

tae full open position within 3 seconds after receiving an input
sleccTic trip sign;l. While this trip signal exists, the valves are
held in the fully open position. When the trip signal does not exist,

the valve position is determined by a variable input electrical signal.
t

Yor condenser protection, condenser steam dump is blocked by high
condenser pressure. Other interlocks (described below) are used

{n the same manner.to avoid spurious operation.

Spurious actuation of steam dump may cause a plant trip. ‘In addition,
4§ cthe valves stay open, an uncontrolled cooldown results. For these
rusons. the steam dump control syst:em is required to meet the criterion

that a0 signal failure shall cause spur:!.ous actuacion.

3.2-2
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concrol Svscenm
the functional block diagram for the Condenser Steam Dump Control

syscem is shown on Figure 3.2-2.

Load Rejection Control

for partial loss of turbine load, steam dump is controlled by the

error signal between Tav and Tref’ where Iavg is the average of four

4
reactor coolant average. temperatures and‘Tréf is the programmed set—

point for Tavg as a function of turbine load. (These signals are the
same as those used in the Reactor Coﬁcrol System.) Following a turbine

load decrease, T_,. is immediately reset to a lower value, ‘causing an

.oy

»

error signal. if the error signal exceeds the deadband for thezioad
rejection controller, the dump valves are modulated open: If the
error signal exceeds the HI ;etpoint, a trip.sigﬁal is g;nerated which
rapidly‘opégs fbur.of the eight valves to their fully-o?en position.

At’ the occurrence of a HI-HI txip signal, all eight valves trip open.

-
-

The distincrion between modulating and tripping valves ;pen is made
because of the difference in required time for both o% these actions.
If valves are alteady.modulaced open corresponding to the error signal
at the time a trip open signal is generated, no additional trip action

takes place.

Since the steam dump system requires a finite time to. act, am increase

in Ta is to be expected. Lead/lag compensa:ibn for Tavg increases

vg

3.2-3




cne etfect of Tavg on the error, thereby compensating for the lags

1a ther=al response and valve positioning.

*ne rod control system, also acting on the Tavg - rref erxor signal,

uces reactor power by control rod insertion. As Tavg approaches

steam dump is reduced.” The valves are fully

ced

1es aew secpoint
esated vhen the deviation-is small enough to be handled by the rod

coazvol system alone.

ia order to prevent actuation of steam dump on small load perturb'at:ions,

- s

& block is provided 'which prevents valve response to either -t:lze trip

or aodulate signal unless a turbine load reduction has occurred. All
elements of this channel, including the t:urbix.xe impulse chamber pressure
tap, are independent of the steam dump control system described above.

A tate/lag unit in this channel generates an output proportional to

the rate of decrease in turbine load. This output, when indicating a
loed rejection greater than 10% step or SZ/nﬂ_.put:e ramp, removes the
Slock. Once unblocked, this block is manually reset. Manual.control

of steam dump also removes this block.

Turbine Trip Control

3ecause of the large heat capacity of the Reactor Coolant System and

‘e digh T ac full load, the steam generator safety valves would

8
following a turbine trip if there were no other means of removing

he stored heac. - Condenser steam dump and subcooled feedwater flow

3.2"'4
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sed co bring the plant to thermal no-load equilibrium without
&8¢ ¢

prove.] -~elease €O a:mospher?.

rollowiag a curbine trip, monitored by loss of turbine autostop oil
gessure, the load rejection steam dump controller is defeated and
tae plant ¢rip concroller becomes active. In the Tavg control mode,
tae ervor signal is Tavg - T o-load’ and steam dump is proportional

¢o chis signal. "The same error signal is used for on~off control of.

-
I

the feedwater control valve, as described in 3.4, Steam Generator
tevel Concrol. As rhvg is reduced to its no-locad setpoint, séeam’
amp is reduced and feedwater is shut off. As in the casemof A
load rejection, if the error signal exceeds the HL setpoint, a trip
signal is generated which trips open four of the eight valves to their
fully-open position. At the occurrence of a HI-HIL trip signal, all
«ight valves trip opem. Generally, the valves are not closed completely
Yecause of decay”heac. No-load conditions are escablisged within

o =iautes.

?regsure Control .

For long term removal of residual heat at hot shutdown, or during plant
stariup or cooldown, the plant operator can manually switch to steam
header pressure control. In this control mode, condenser steam dump
acIs To maintain a presert pressure in the steam header. A manual
stacion is provided so that the operator can adjust che gectpoint

b of -
sressure or manually position the valves.

3-2"5.
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y.3.2 ATOSPHERIC STEAM RELIEF SYSTEM
acnospheric steam relief valves are mounted on the steam mains upstream
of e stean line isolation valves. At the set pressure for these
valves (abouc 1050 psig), their total capacity is 10%Z of maximum
calculaced turbine steam flow. These valves are modulating with a
1toear lcha.ract:erist:ic and have provision for remote adjustment of

<he sec pressure. Stroke time is less than 20 seconds.

Ataospheric steam relief is provided to reduce service on the steam
gmoeracor safety valves and to permit a plant cooldown when condenser
. I

sceam dump is not available. These functions are e:qalaiged below.

-
.

4) If a plant trip is caused by los.s of condenser vacuum, condenser
dump is bIock.ed:. The steam generator safety valves are available
0 remove stored energy from the Reactor Coolant System. Atmos-—
pheric steam relief red.uces .the steam pressure belov:x the safety
valve set pressure within two minutes after the trip. This

prevents’ continuous chattering of the safety valves as residual

Seat is removed from the reactor.

A}
%) ?lant cooldown is accomplished by steam dump. If condenser dump

£s not available, the atmospheric relief is adequate to cool down
to the temperature and pressure at which the residual heat removal

Systen can be used.

302"’6
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In the évent of a plant trip caused by an overpower/overtemperature

.
]
.

v
.

c)

ey vmonyn

condition or by a failure in the feedwater system, the atmospheric
gteam dump provides additidnal relief capacity, reducing the pro-

bability of safety valve actuatiom.

»

T Bt @ ya-wrwemtews smmar

Separate controllers are provided for the atmospheric dump valves

on the two steam generators, permitting independent pressure regu-~

3
»
=
h
?

lation if the steam generators are isolated.
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3.3 REACTOR CONTROL

The basic Reactor Control System consists of three channels, which

are temperature (Tavg)’ power mismatch (Q, - Q) and reactor coolant

;
H
i
!
1
H
i
'
}
L3
H

pressure (P). The output-of these three channels is used to drive
che control rods via the rod program. A schematic representation of

che control system is giver in Figure 3.3-1.

The functions of each of these channels are as follows:

B JeB AN A s L rmamvew sl Ay F s awn

a) To maintain the programmed Tavg as accurately as possible

E b) To be responsive to load perturbations without causing undue

movement and reactor trips

To take corrective action in the case of large load changes if

Q ; ?
< . the pressure exceeds the limits of the normal pressure control.

The Temperature Channel

The temperature channel functions to maintain the programmed temperature

‘v w rew A

: . ‘Tavg) as accurately as possible. The main requirements of this channel

are that it should be accurate, stable and repeatable. This is the

;i dominant control channel in steady-state conditioms. \

4
. -

The Power Mismatch Channel

v S wme .

The power mismatch channels provide control stability and fast response
to load perturbations. The output is proportional to the mismatch

between turbine power and nuclear power. A high-pass filter in this channel

ensures that steady-state calibration errors in the input power signals

has no effect on steady-state control.

3.3-1
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Another requirement of this channel is that its steady-state output should

be zero even though a fixed offset in power signals may exist.

The Pressure Channel

This channel is provided to prevent large pressure changes following a

large change in power. It retards the rate at which the controller

changes Tav to its new programmed set point. (If Tavg were to be changed

g ,
too rapidly, pressurizer pressure control might not be able to maintain

pressure within the normal operating range.)

The pressure control channel has an adjustable deadband, so that only

large pressure changes have an effect on rod motiomn.

This channel is not required for initial plant operation.

The Rod Speed Program

The rod speed program is made up of four parts: an adjustable deadband,
a minimum speed, a proportional speed, and a maximum speed. The maximum
speed is dictated by the mechanism design. All the other settings are
adjustable. Expected set points are + 1.5°F for the deadband and + S°F

for maximum rod speed demand.

3

The outputs from the three channels mentioned above feed into the summing

amplifier associated with the rod program.

3.3-2
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g+ SIEAM GENERATOR LEVEL CONTROL

——

r=al operation, the position of the main feedwater control valve is
n 20
led by the three-element controller (feedwater flow, steam flow,

axxt:Ol

wager level). AC low loads a bypass control valve is used.

wne secpoinc of the level controller is a function of load, programmed

¢o rise with load between 0Z and 20Z load. A deviation alarm provides

concinuous monitoring of the level channel used for control versus the

srogrammed level. o

All narrow-range level channels are indicated. The wide-range level

channel is recorded.

“he steam flow and feedwater flow signals are supplied by either of two

transmitters as gselected by a control board mounted selector switch. The
t

stean and feedwater flow signals used for control are recorded on a two-

W

pen recorder. oo .-

£ P

Following a turbine trip, automatic control of the feedwater valve is
sultched from the three-mode level controller to on-off Tavg control.

All feedwater control valves under automatic control are fully opened

approached to avoid excessive cooldown of the Reactor Coolant System.

Manual control of feedwater control valve position is available at the
control board. This mode of control overrides automatic control on

either lavel or T .

|
|
€0 admit maximum feedwater, then fully closed as no-load Tavg is |
avg

3.1‘-1
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ta order to prevent excessive moisture carryover caused by high steam
generator water level, a signal of high water level overrides all other
concrol and closes the feedwater control valve. The signal is obtained
érom coincidence of two-of-three-level channels above a preset value.
This override is a;tomatically removed from the main control valves as

che water level drops below the set value. Manual reset is required for

che bypass control valve.

The signals affecting feedwater valve control, in increasing the order of

priority, are listed below: | .
a) Three-element level control or on~off Tavg control (dependent on
whether or not-turbine is tripped) .

b) Manual control
c) High level override (clo;es feedwater valves)

d) Safety Injection System actuation (closes feedwater valves).

A wide-range level~channel,‘cglibra:ed for no-load conditions, i3 provided

to allow manual control at hot Shutdown and is alsd useful at cold shiitdown.

This channel includes a recorder.

30“"2
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,.j Sf?-i\-q

5.5.1 SAFETY INJECTION SYSTEM ACTUATTION

o

> of actuating the Safety Injection System have been noted in
Section 3.1.2. Those particularly concerned with steam line break pro-

ceccion are jow steam line pressure and high containment pressure.

he low scteam line pressure' signal is generated by the coincidence of

owo-of-chree channels below approximately 500 psig for either steam line.

high containment pressure signal is generated by the coincidence of

two~of~three channels above approximately ten per cent of containment

design pressure.

3.5.2 FEEDWATER LINE ISOLATION

Any safety inject:ion signal isolates the main feedwater lines by closing
all four main control valves, tripping the main feedwat:er pumps, and

closing the pump discharge valves.

3.5.3 STEAM LINE ISOLATION

a) High steam flow in coincidence with any safety :!..nject:ion signal closes
the isolation valve in that steam line.
1. One-out-of-two steam flow signals above a HI-HI trip point
(approximately 120% of full load steam £low)
2. One-out-of-two steam flow signals above a HI trip point (approx-
imately 20Z of full load steam flolw) in coincidence with two-
out-of-four l'ow Tavg s.:!.gna.ls (below approximately 540°F)

3.5-1 .
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ecmrCTz0N AND CONTROL SYSTEMS DESIGN PRINCIPLES .

s €

v PROTECTION SYSTEM FUNCTIONAL DESIGN
doa e holood

~e ceneral shilosophy for functional design Protection System i3 to derive

roceczion direccly srom the process variables of interast whenever possible.
ey znis nanner, safecy limit protection is assured independent of the

gaeziazing accident.

»
%

v averzemperature high delta-T trip protects the core against Deparfure
¢eom Sucleate Boiling (DNB) for all combinations of pressure, temperature,
sower, and axial power distribution. Thus, this single trip prevents DNB
{97 rod withdrawal aé;idents, boron dilution,_xenon oscillations, and
excessive load variacions. Protection against other limits, such as
axcessive powerfdensiéy and system overpressure, is also provided by close

asoniscoring of the variable of direct interest.

iz cerzain cases, however, these general protection func:ionsbarq,not rapid
etough, or complete anough, to assure protection against a épécific accident,
such as loss of coolant flow. In these cases, specific trip functions are

droviced, such as reactor coolant pump bus undervoltage and rgactor coolant

Y R AN r e a0l by sn e

oW 2lae,

for cerzain more credible transients, such as turbine trip, a reactor trip
is derived from che initiating event — even though safety limits would not
e exceeded if a2 reaczor trip were delayed unt:i:l an overpressure or over-—
emperazure tric ocsurred. In this manner, undesirable excursionms are

” tavented, rather than terminaced.

4.1=-1
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certain protective functions are provided primarily to ensure the

?mlly'
-oncinuing integrity of plant component and piping systems. Examples include
.eaczor trip on high pressurizer water level to protect safety valve relief

aiping, and reactor trip on loss of feedwater to any steam generator. (The

~uyclear safety requirement is to prevent complete loss of heat sink; i.e.,

10ss of feedwater to all steam generators.)

Tor equipment design purposes, no distinction is made between the various
categories of protection mentioned above. The same criteria an& design
sractice are applied to all channels. Other alternatives are neither.
defensible nor practical, since all of these protective functions enhance

auclear safety and complement or supplement one another.

This approach requires an instrumentation system that measures, on a timely,

accurate, and reliable basis, dominate nuclear plant process variables.
¢

Instrument ranges, sensitivity, and time response must be selected consistent

»

with cthe range and variation of each variable monitored. Also, since many

osrocess variables are monitored, considerable overlap in protection functions

is a natural consequence.

4,1-2
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4.2 CONTROL SYSTEM FUNCTIONAL DESIGN

power level and reactor coolant temperatures are concrelled automatically

in a Westinghouse PWR Plant. The reactor is controlled to follow any
turbine load perturbation. This is ideal for load frequency control. The
automatic Reactor Control System, therefore, forms an essential part of the
plant operation. It is basically a regulating system which maintains proper

sceady-stace‘operacing conditions, thereby assuring adequate margins to

trip settings for operational purposes and proper economic performance.

-

Other automatic control systems are pressurizer pressure and -level control,
feedwater control, and steam dump control. _These systems are also essential
to maintain normal operating conditions or to suppress excursions imposed by
overational transients without recourse to protective action. As in the
Protection System design, this requires an instrumentation system that
measures, on an accurate, timely, and reliable baéisf_déminaca nuclear plant
process variables. Thesge variables are, for the most pan:;.tﬁe same as
those required by the Protection S&scem: Ioop‘temperatures, neutron f£lux,
pressurizer pressure and level, steam generator level, sfeam flow and
feedwater flow. In addition, the time response, inéirumen& span, and
sensitivity requirements for measurement channels serving each of the two
Systems are similar. As a result, primary sensor and transducing equipment
that is acceptable for use with the Protection System should also be

employed with the Control System.

Failure of the Control System to act when needed, or spurious actuation

when not needed, generates a need for protection. The safest plant is

4.2-1
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cecognized to be one that requires the least protection. For this reason,
as well as the economic Fesirability of avoiding plant outages which could
wave been prevented by proper control actions, every eféort is made to
ensure reliable control. Wherever practical, control interlocks and/or
redundant control devices are provided to-ensure that control action takes

place when needed = but only ‘'when needed. Controller-induced excursions

caused.by a single sensor failure are largely eliminated in Westinghouse

design practice.
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..3 CONTROL AND PROTECTION INTERRELATION

rqa current Westinghouse PWR systems, the Protection and Control Systems are
separate and distinct and are identified as such. 'The Control System,

wowever, is dependent on signals derived from the Protection System through

isolacion devices. However, there is no feedback from the Control System

co the Protection System.

The equipment design philosophy, illustrated on Figure 2-1, is that the
Concrol System sensor is the output of the isolation amplifier. By this
srinciple, no components are shared - they are either part of the Protection
Sysctem and are located and designed as such, or they are part of ;he Control
System. This is a very important feature of the Westinghouse design, and
sermits a dividing line, both functionally and physically, to be drawn
between control and protection. It also ensures that inadvertent or

i

deliberate changes to the Control System have no more effect on the Pro-

tection System than if the Control System contained independent séﬁsorsﬂ

The design requirement for the analog isolation amplifiers is c; isolate the
Protecrion System from any electrical faults which might occyr in che
Control System. Extensive tests were performed to demonstrate this
capability. In these tests, shorts, grounds, and a-c and d-c voltages were
applied to the amplifier output. Even though some of these tests were
destrucrive (i.e., destroyed the ability of the amplifier to produce a
Meaningful output signal), in no cagse was any perceptible disturbance fed

back into the input circuit and hence to the Protection System.

4,.3-1







The presence or absence of regulating control devices on the downstream
side of the isolation amplifier has no effect on the isolation requirements.
The same equipment and design requirement would exist even if these signals
were brought out of the Protection System mereiy for remote readout and
data-logging purposes. Since channel isolation cannot be reliably main-
cained on the control board or at the input terminals to a data-logger, an
isolation device (amplifier‘pr impedance network) in the protection channel

represents the only feasible way to preserve protection channel independence.

Certain failures in the Protection System could conceivably negate a par-—
ticular channel of a proteétive function, simultaneously causing spurious
control ;ccion that might require protective action from that same function
~co prevent the excursion from exceeding design limits. Such possible

failure is dealt with in accordance with the proposed standaré, "Criteria
for Nuclear Power Plant Protection Systems", IEE No. 279, Section 4.7, which
Tequires that for such a fault, a second failure ge assumed’in the:Protection
Svstem. In moé: cases in'&hiéh control is derived from procéctién, Westing=-
house design meets this criterion by providing a two-out-of-four Proctection
System logic. For example, as shown in Figure 4.3-1,7a failQre can be
issuned in Protection Channel 1 which causes that channel to indicate high.
s defeats the low pressure reactor trip for the channel, and also may
€duse the Pressure Concrol System (relief valves and spray) to rapidly reduce
ressure, However, three of the pressure pr;ceccion channels are left

*Atacz, ang a reactor trip would automatically occur when any two of them

Teac
“hed the low pressure trip paint.

4.3=2
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cher cases, this additional redundancy is not necessary because such

ta O .
7gilure cannoC cause the safety limits to be exceeded. This fact can

s 1ai- .

280 be {1luscrated by Figure 4.3-1. A loss of signal (low indication)

can be assumed for Protection Channel 1. This defeats the high pressure
evsp for chat channel and may also energize the pressurizer heaters, causing

s slow increase in pressure. If an independent failure is assumed in Channel 2,

a0 reactor trip would occur when the pressure reached the high pressure trip
serooinc since only oné of the three high pressure trip channels is left
tagacz. However, under this condition the safety valves on the pressurizer

sre aore than adequate to ensure that the high pressure safety limit is not

«xceeded.

Seczion 4.4 discusses all such control and protection interactions for a '
specific plant design. In that section, it is noted that numerous operational
defenses against these failures exist in addition to the ptg.mary or "protection
zrade” defense. Many of these additional barriers to.an mflesir?ble excursion
are aade possible by making {:edundam: informatian availabﬁz to the Control

Svstem,

e possibility of common-mode failure cannot be compietely culed out; it is
cdnceivable chat all identical channels behave identically, but incorrectly.
@ thig case, the question of Control System dependence on the Protection
System is irrelevant. It has been recognized thacr little, if any, additional
degree of protection is achieved by having separate, but identical, inscru-
3ent channels for control and protection. Indeed, Westinghouse considers

*hat separation in this manmer actually deprives the Protection System of

Ac 3-3







gamé of the day-ﬁy-day, hour-by-hour surveillance given to instrument

_channels needed for routine plant operation. A further, although often

ignored disadvantage of proliferation of identical channels, is the attendant

.

increase in visual displays and information processing problems of significant

proportions. (Timely, accurate and compleégé nformation readout is required

by the IEEE criteria previously referenced.)’

prasig et

Nz

A frequently expressed concern is the need for assurance that the Protection

System will not be inadvertently modified during the 40-year life of the

e M PE AT A

e RN |
3 Formidre niawiess

plant. This is occasionally cited as an argumedn against control dependence

on Protection System information. Westinghouse comble&ely agrees that

every precaution must be taken to ensure adequate review of any future

modification that could affect the Protection System.

Such assurance can only be achieved by complete attention to details in

Protection System design, operation and maintenance. This must include

identification of system components on drawings and on' the equipment;

.
E2Y

documencation of the system design and design basis, and establishment of

groups to review all proposed instrument changes that could affect plant

safety or plant operations. It is fallacious to believe: that igdependenc

conFrol adds to this assurance. In fact, such independence could decrease

the probability that a necessary correction to the Protection System will be

made. Inadequacy of controller design requires correction to allow plant

operation to proceed; inadequacy of protection is sometimes discovered only

after an incident.




.

Control System modifications may be required to improve plant operationm.
For example, a filter may have to be added to achieve stability. As a
concrol modification, this would logically be performed in the Control
System; il.e., downstream of the isolation devices separating the Control
and Protection Systems. Physical separatio? and identification of
equipment (separate racks for gqncrol and Protection Systems) and admini-

strative precautions ensura that the logical route is, in fact, the one used.

.

Even advocates of complete independence between control and protection
recognize che desirability and feasibility of us;ng protection sign;ls for
non-protective f&nccions. Thig introduces the possibility'of ;hese,signals
being diverted for other pur§;ses unless a careful review a;d_adharenca to

design bases is enforch.

The division between control and protection is noc‘always clear. This
reflects difficulty.in defining the function achieved, rache; than in
equipment desig; implemencation. Definitions that place all reaccéi-crip and
safeguards a;tuation instrumentation in the' Protection Syétem, and all
automatic regulating instrumentation in the Control System, clearly leave
many important items in between. Another definition advanced‘is that the
Control System is "all instrumentation which is not protection,' and the
Protection System is "thar instrumentation which must work when needed (to

pPrevent unacceptable consequences).' This lacter definition has considerable
merit for general discussions and is useful in judging whether or not a
particular item is a "protection” item or not. However, if taken as a rigid

rule, it is difficult to apply to all design decails, as is shown below.

1‘03-5
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For example, alarms and/or control room indications derived from protection

T RS

channel information are essential if the operator is to be properly and

WISTEAE

safety. As previously noted, these alarms and indications are required by

the referenced IEEE criteria as a vital part of the Protection System. In

order to maintain protection channel isolation, ng:inghouse equipment design

practice associates remote indication with the output of the isolation device.

o ey

¥

LT Y ey

Other functions, such as control interlocks (e.g., rod stops) are often

P e r———

highly desirable, and may even be essential to plant safety if a number of

: { continuingly informed of the Protection System status and the status of plant
! malfunctions or maloperations should occur simultaneously (i.e., beyond the

normal design groundrules).

e vy - o 7o
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Westinghouse has used the rerm "supervisory' for that category of functions

that is neither clearly control or protection. (This is a functional

:
Lot ot IMTTIS T
ST

* i
designation only, and does not imply a third category for equipment design.)

Suvervisory gunccions can be further subdivided into two types: those chﬁc .

Ll

are informativ; ouly (iﬁ&icaéots,‘recotders, alarms, and data~logging);

and those which automatically act to arrest deteriorating conditions before
protective action is needed. (This latter type has been termed:"override",
or "protective override”.) Since the question is one of whether manual or
automatic intervention is intended, the value of distinction is limited to

£ailure mode analysis of automatic controllers.

"

4,3=-6
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westinghouse recognizes that each "supervisory" function must be considered

on its own merits to determine if it should form part of the Protection or

the Control System.

A complete list of protectionm, control, and "supervisory" functions is

»

inciuded in the Appendix.

4.3-7
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SPECIFIC CONTROL AND PROTECTION INTERACTIONS

LypA
he design basis for the Control and Protection System permits the use of

a dececcor for both protection and control functions. Where this is done,

all equipment common CoO both the protection and control fﬁnctions-a:e‘
classified as part of the Protection Syétem. Isolation amplifiers prevent

a Concrol System failure féom affecting the Protection System. In addition,
vhere failure of a Protection System component can caugse a process excursion
wvhich requires protective action, the Protection System can withstand another,
independent failure without loss of function. Generally, this is accomplished
wich ~wo-ouc-of-four trip logic. Also, wherever practical, provisions are
included in the Control or Protection System to prevent a plant ocutage

because of single failure of a sensor.

The following discussion of specific control and protection interactions
is based on the design for the Robert Emmett Ginna Nucle;r Station of the
Rochester Gas and Electric Co. (RGE). It is representative of'cn;{ent
Westinghouse design-practice. N

4.4.1 NUCLEAR FLUX

\

Four power-range nuclear flux channels are provided for overpower protection.
Isolated outputs from all four channels are averaged for automatic control
rod regulation of power. If any channel fails in such a way as to produce

8 low output, that channel is incapable of proper overpower protection. Inm
Principle, the same failure could cause rod withdrawal and overpower. Two-
out-of-four overpower trip logic insures an overpower trip if needed, even

with an independent failure in another channel.

404"‘1
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. the Control System responds only to rapid changes in indicated

In addition,

r flux; slow changes or drifts are overridden by the temperature control

guclea

signal. Also, 5 rapid decrease of any nuclear flux signal blocks automatic )

thdrawal as part of the rod drop protection circuitry. Finally, an

rod wi

overpower signal from any nuclear channel blocks automatic rod withdrawal.

The setpoint for this rod stop is below the reactor trip gsetpoint.

4.4.2 COOLANT TEMPERATURE

Four temperature channels, each containing a Tavg and a AT signal,are used

for overtemperacure-ovérpower protection. Isolated outputs from all four

swe

Thvg signals are also averaged for automatic control rod regulation of

power and temperature. In principal, a spuriously low Tavg gignal from one:

sensor would partially defeat this protection function and also cause rod

withdrawal and overtemperature. Two-out~of-four trip logic is used to

insure that an overtemperature trip occurs, if needed, even with an indepen-

dent failure in another chanmel. ‘ - i- -

In addition, channel deviation alarms in the Control Syste; block automatic

rod motion (insertion‘or withdrawal) if any Tavg signal deviates significantly

from the others. Automatic rod withdrawal blocks also occur if any one-of-

four nuclear channels indicates an overpower condition or if any one-of-four

temperature channels indicates an overtemperature or overpower condition.

Finally, as shown in Section 14.1.2, of the RGSE Final Safety ‘Analysis Report,

the combination of trips on nuclear overpower, high pressurizer water level,

and high pressurizer pressure also serve to limit an excursion for any rate

of reactivity insertion.
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3 PRESSURIZER PRESSURE

helre
four pressure channels are used for high and low pressure protection and
for overpower-oveitemperature protection. Isolated output signals from

chese channels also are used for pressure control and compemsation signals

for rod cantrol. These are discussed separately below.

Control of Rod Motion

One of the pressure channels is used for rod control with a low pressure
signal acting to withdraw rods. The discussion for coolant temperature is

applicable; i.e., two-out-of-four logic for overp6wer-ovértemperacure

»

protection as the primary proteccion; with backup from multiple rod stops
and "backup" trip circuits. In addirion, the pressure compensation signal is.
limited in the Control System such that failure of the pressure signal

cannot cause more than about a 10°F change in Tﬁvg' This change can be

accommodated at full power without a DNBR less.than 1.30. t Finally, the

~

pressurizer safety valves are adequately sized,to prevent system overpressure.

Pressure Control

Low Pregsure
\

A spurious high pressure signal from one channel can cause low pressure by
spurious actuation of spray and/or a relief valve. Additional redundancy
is provided in the Protection System to insure underpressura protection;
i.e., two-out-of-four low pressure reactor trip logic and one-ocut-of-three
logic for safety injection. (Safety injection is actuated on one-out-of=

three coincident low pressure and low level signals.)

4,4=3



- - ST S PR



B L I L e T L L T NPT P R L

a additioﬁ: interlocks are provided in the Pressure Control System such

enac a relief .valve closes if either of two independent pressure channels
indicates low.pressure. Spray reduces pressure at a lower rate, and some
cime is available for operator action (about three minutes at maximum sSpray

cace before a low pressure trip is required.)

High Pressure
The pressurizer heaters are incapable of overpressurizing the Regécor
COola;c System., Maximum steam generation rate with heaters is about
7500 lbs/hr., compared with a total capacity of 576,000 1bs/hr., for the
two safety valves and a total capacity of 179,000 lbs/hr., for':he two
power~operated relief valves. Therefore, overpressure-prot?ction is not
required for aiptessure control failure. Two-out-of-three high prassure

trip logic is used.

In addition, either of the two relief valves can easily maintain pressure
below the high pressure trip point., The two relief valves are controlled

by independent pressure: channels, one of vhich is independent of the

» DPressure channel used for heater control. Finally, the rate of pressure

rise achievable with heaters is slow, and ample time and pressure alarms

A Y
are available for operator action. .

4.4,4 PRESSURIZER LEVEL

K

Three pressurizer level channels are used for high level reactor trip
(2/3) and low level safety injection (1/3 logic level coincident with -
Presgure). Isolated output signals from these channels are used for

volume control, increasing or decreasing water level. A level control

4
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Zailure could £1ll or empty the pressurizer at a slow rate (on the order

of half an hour or more).

uigh Level
————————

'\ reactor trip on pressurizer high level is provided to prevent rapid
chermal expansions of reactor coolant éluid from £1illing the pressurizer;
che rapid change from higé rates of steam relief to water relief can be
damaging to the safety valves and the relief piping and pressure relief
cank. However, a level control failure cannot actuate the safety valves
because the high pressure reactor trip is set below the safecy vaive set
pressure, With the slow rate of charging available, overshoot in pressure
before the trip is effective is much less than the differenca between

reactor trip and safety valve set pressures. Therefore, a control failure

does not require Protection System action.

. {
In addition, ample time and- alarms are available for operator action.
Low Level

For control failures which tend to empty the pressurizer, one-cut—of-three
logic for safety injection actuation on low level insuress that the Protection

System can withstand an independent failure in another channel.

In additom, a si&nal of low level from either of two independent level
control channels isolates letdown, thus preventing the loss of coolant.

Also, ample time and alarms exist for operator action.

a . 4-5
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4.4.5 STEAM GENERATOR WATER LEVEL FEEDWATER FLOW

»

gefore describing control and protection interaction for these channels,
it is beneficial to review the Protection System basis for this instru- .

mentation. The system is shown schematically in Figure 4.4-1..

The basic function of the reactor protection circuits associated with

low steam generator water level and low feedwater flow is to preserve

the steam generator heat sink for removal of long term residual heat. .

Should a complete loas of feedwater occur with no protective action,

the steam generators would boil dry aﬁd cauge an Bvertemperanureég;e:pressure
excursion in the reactor coolant, Reactor trips on’ temperature, pressure,
and presauiizer~water level &:ip the pl&nc before there is any damage to

the core or Reactor Coolant System. However, residual heat after trip

causes Fhermal expansion and discharge of the reactor coolant to containment
thr?ugh the pressurizer relief valves. This would breach‘one of the barrierg.-
the Reactor Coolant SyatemJ'to'rei;aae of fission products. Redundant
emergency feedéater pumps are provided to prevent this. Raaqtor trips act
beforeiche-steam generators are dry to feduce”che requiréd cag;city and
starting time requirements of these pumps and to mini;ize the thermal
transient on thg Reactor Coolant System and steam ge;eratoﬁs. Independent
trip circuits are provided for the two steam gaenerators for the following
reasons: |

a) Should severe mechanical damage occur to the feeadwatar line to one

sSteam generator, it is difficult to insure the functional integrity

of level and flow instrumentation for that unit. For instance, a

4.4-6.
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ujlor pipe break between the feedwater flow element and the steam
generator would cause high flow through the flow element. The rapid
depressurizacion of the steam gemerator would drastically affect the
relacion between downcomer water level and steam generator water inven-
cory. However, the independent circuits on the second steam generator

are sufficient to actuate a reactor trip if needed.

' 3) It is desirable to minimize thermal transients on a steam generator for

credible loss of feedwater accidents.

Coatroller malfunctions caused by a Protection System failure affect only
one steam generator. Also, they do. not impair the capability of the main
{eedvater system under either manual control or automatic Tavg control.
dence, these failures are fa-:: from being the worst case with respect to

core decay heat removal with the steam generators.

~ .-

Yeedvater Tlow .

>

A spurious higli signél from. the feedwater flow channel being _used. for control

would cause a reduction in feedwater flow and prevent that channel from

=2Pping. A reactor trip on low-low water level, independept of indicated

&
seedvater £low, insures a reactor trip, if needed.

= addition, the three-element feedwater controller incorporates reset on
~&vel, such that with expected gains, a rapid increase in the flow signal
“ould cause only a 12-inch decrease in level before the controller re~opened

- ™e ¢
' E - € “eedvater valve. A slow increase in the feedwater gignal would have no
. *ffect at aig,

4.4=7




v
Steam Flow

A spurious low steam flow signal would have the same effect as a high

fgedwacer signal, discussed above. .

Level

A spurious high water level signal from the protection channel used for

concrol tends to close the feedwater valve. This level channel is inde-

sendent of the level and flow channelg used for reactor :rip on low flow
coincident with low Ievel.

a) A rapid increase in the ievel signal completely stops feedwater flow
and actuates a reactor trip on low feedwater flow coi&hidenc with
low level.

b) A slow drift in the level signal may not actuate a low feedwater signal.
Since the level decrease is siow, the operator has time to respond to
low level alarms, Since only one steam generator is atfected,
automatic protection is not mandatory and reactor trip.on two-out-of-

three low-low level is acceptable. ’ Lo

4.4.6 STEAM LINE PRESSURE

\

The three pressure channels per steam line are used for steam break
protection (two-out-of-three low pressure signals for any steam line
actuates safety injection). One of these channels is used to control the
Pover-operated relief valve on that steam line. These valves -are typically
tated at 107 of the safety valve capacity. A spurious high pressure signal
‘ from the channel used for control opens the relief valve and causes low

Pre3sure, This 18 a slow rate of sceam ralease, evaluated as a credible

4.4-8




sceam break‘in Section 14.2.5 of the RGSE Final Safety Analysis Report. '
In the analysis of steam breaks of this size, no credit is taken for the
sceam line pressure instrumentation. Safety injection is actuated by the
oregsurizer instrumentation. Therefore, a control failure does not create

a need for this protection, and two-out~of-three logic is acceptable.

B TR WY T B B4 Eed ) S Y e BN TR v W AT BT

M et e w e 4

i
2
13
1
i
1
]
!

4.4~9







GTTHDRAWAL ACCIDENT

-1 3 KO

System evaluation of the rod withdrawal accident is based

{

e procecsion

$GE planc parameters, protection system, and expected reactivity
. e

. ¢eciencs. The design basis for the Reactor Protection Syst.efn to
grotect the core for rod withdrawal accidents is to trip the reactor
Sefoce a 1.30 DNBR is reached in the hot channel. While diversity in
types of ipscrumentation is not a part of the design basis, the system
e peovided does p;ovide alarms, rod stops and cont::ol functions to
grevent the wichdrawal from ptoceeﬁding to the trip point. Because of °
taperent effect of overpower on all the process variables, addit:;:oﬁhl

txtp functions would' act to terminate the excursion, but not necessarily

sefore 1.30. Ext:end;.ng the course of the accident, a DNBR of 1.0 in the:

“NeoC sssembly" is arbit:-rarily* selected ag a limit for a seconﬁ level of
peocection. (The "hof asgembly" is essentially the hot channel without
allowance for engineering hot channel factors.) No credit!is taken for
power {lacctening or local.'void_react:ivit:y effects at overpower _corlxditions.

e wo8c pessimistic instrument error -and ‘set points are assumed for all

feactor trips.

Sestained overpower is of serious concern because of the potential damage

¢ the core and the Reactor Coolant System. System overpressure is prevented

¥y

"either the high pressure reactor trip or by the pressurizer safety
valves in conjunction with any reactor trip on high power, temperature,
OT water level. The diversity for core damage is not so obvious, and

<+ -
is evaluation ig focused on this concern.

S.1-1






e ?rocecnion against the rod withdrawal leading to undesirable conge-
cuences is in considerable depth, and there are indeed multiple levels
of proctection as listed below. Each of these levels could be independently
considered adequate, diverse protection against an accident.

a) Because the reactivity available by rod withdrawal is limited, only

in very rare cases could complete rod withdrawal cause core damage.

A single trip function with redundant chann;als protects against this

condition. No diversity or separation is required.

b)‘ Multiple, diverse rod stops are provided such that no failure can
cause a suét:ained automatic rod withdrawal. Therefore, a reactor.
crip could be considered as backup protection. ] Lt

¢) For "fast" excursions, two reactor trip functions prevent: all but
limited ‘core damage. For "slow" excursions, manual action is an
adequate backup to the automatic protection system.

d) For all rod withdrawal accidents, at least two reactor trip func;::!.ons

exist, either of which would again prevent all but lim:i:tied core damage.

Fault tree diagrams are shown on Figure 5.1-1 and 5.1-2.

5.1.1 PROBABLE CONSEQUENCES OF ACCIDENT -

-~

The adequacy, or &ept:h,k of protection required for an accidemt should
be measured against the probability of the accident and the probable

consequences of the unprotected accident. The probable consequences are

discussed here.

The rod reactivity available is intenrionally limited during operation

for several reasons (equalize burnup, maintain shutdown margin, improve

501-2
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er discribution, and reduce ejected rod worths). The design allowance

pov
tion at full power is 0.1% for "bite" plus 0.4Z for the man-

for rod inser

euvering band; i.e., rod insertion may be anywhere from 0.1Z to 0.5Z.

gich calculated values for moderator and power coefficients at beginning

of core life*, 0.3% reactivity insertion is required to reach a hot assembly

-

pNBR of 1.0. Also, after 207 core burnup, 0.5Z insertion does not cause
a hot assembly DNBR less than 1.0. Therefore, a.;‘randon;,, complete’ rod
vithdrawal from design full power conditions with no protection has about
5% probability of {causing, DNBR less t:ha.n 1.0. This is illustrated by
giéure 5.1.3. Although the figure and the above discussion are based
on full power, they are equally applicable to accidents starting from

-

less than full power since the additional inserted rod worth is needed
to achieve full pow'er. However, it may not be practical to guarantee )
these conditions bec.:ause allowances for calculation or measurement ‘

- uncertainties can significancly affect t;he results.. Figures 5.1.4

and S.1.5 shows a "worst case" complete rod withdiawal at 25Z.of core

. A
life from 102Z power, nominal ’I.'a plus 4°F, and nominal pressure less

341
30 psi. Reactivity insertion is assumed to be 0.6%, or 0.57 % L2}

(This 20% uncertainty could have been api:lied-,t:o the reactivity coefficients -

instead of the rod worth.) Minimm hot assembly DNBR is 0.91, or slightly .
less than the arbitrary limit of 1.0. The same transient at 6QZ of core

life is shown for comparison. Minimm hot assembly DNBR is 1.46.

*Reactivity coefficients based on Figures 3.2.1-8 and 3.2.1~10 in

Supplement 4 to the RGE FSAR, dated October 23, 1968.

5.1-3
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A comp
would dectermine a more valid value or the probability of exceeding any

given safety limit. If this value were sufficiently small, a comparatively

wehin' protection system might be justified.

5.1.2 PROBABILITY OF ACCIDENT

“he design intent of the Reactor Control System is to block automatic
cod withdrawal for any failure which can cause sustained rod withdrawal.
vhis is accomplished by rod stops on rapid nuclear flux decrease, Tav

4
channel deviation, spurious rod motion, and subsequent rod stops

x4

on high AT or high flux. . -

I£ rod stops were considered as independent protection, Protection System
criteria would be applied. These rod stops would then be classified fully

as part of the Protection System for a rod withdrawal accident.

5.1.3 MANUAL INTERVENTION - !

Manual action is reliable backup to automatic protection provided that
sugficient: time exists for operator response. The time requi__re'&‘-'c‘!epends

on the alarms available, the nature of the problem, and the required action.

\Y
figure 5.1~6 illustrates steady-state core limits and several alarm points

and trip points. Alarms are intentionally quite close to the design operating
conditions. Other alarms such as high pressura would be reached during a

transient. These alarms are tabulated on Table 5.1-1.

Although steam cyele heat removal may be the most limiting steady-state

festriction on reactor power, time is required to reach corresponding

5.1-4

Jete analysis, considering statistical variations in all wncertainties,



slarms and trip pointg. .(For instance, it would take about two minutes

ac 110% rTeactor pover with steam generator safaty valves blowing before

4 sceam generator low-low water level trip could be expected.) For this

ceason, this evaluation did not include these alarms and trips.

Figures 5.1-7 through 5.1~10 show the results of transient analysis for
various reactivity insertion rates at beginning of core life from maximum
full power (102Z, nominal Tavg +4°F, nominal pressure less 30 psia), and
érom nominal conditions at 80% power. A constant reactivity insertion
rate with unlimited available reactivity is assumed. Maximum settings

points for the alarms. (Note: the high AT rod stops are taken as 3°F

below their reactor trips rather than their nominal set points.) °

45k /sec,, (corresponding

For a reactivity insertioﬁ rate of 0.5 x 10
roughly to maximum rod speed at average rod worth), a hot assembly DNBR
of 1.0 is reached in abou; two minutes.' During this time, there.are
alarms on high Iavg’ pressurizer pressure, and pressurizer lével, as well

as rod stops and alarms on high flux and high‘AT.e Also, the steam safety

valves would be actuated. With the multiplicity.of alarms, it-is easy*co.
diagnose a major overpower—-overtemperature excursion. It is reagonable

to expect operator intervention (manual trip) during this timea

For faster reactivity insertion rates, reactor trip on high nuclear flux

i3 a reliable protection system barrier. Therefore, since the overtemperature

high AT trip protects for all excursions, one could classify it as the

Principal protection barrier with "backup" from high nuclear flux in con-

junction with manual action.

3
t
|
,Fj‘ ! and instrument errors are assumed for the reactor trips, and nominal set
S5.1-5




5.1.4 DIVERSITY OF REACIOR TRIPS

-

The p:oceccion system design.basis for the rod withdrawal accident for

core protection réquired that one trip function with redundant channels
prevent 2 minimum DNBR less than 1.30. ihis i3 accomplished with the
overtemperature AT trip for slow reactivity excursions, and the high nuclear

£lux trip for fast excursions. As shown by Figures 5.1-7 through 5.1-10,

these two trips meet the design basis.

The evaluation also shows that for all cases of sﬁs:aineg reactivity
ingertion for rates up to four times the maximum rate expected from rod f
withdrawal, any of the following prevent a hot assembly DNBR less
than 1.0. : .
a) High nuclear f£lux reactor trip
b) High AT trdip
1. Overpower AT
2. Overtemperature AT
c) High pressurizer level reactor trip plus high pressuriz;r pressure
reactor trip. (Not valid for high reactivity insertion rates :.
from near fuil power.) . E
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