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INTRODUCTION TQ THE CQURSE

Audience and Prersguilsites

This course ig for Management and Professional staff as part of the
initial training program. For the most part, these people will be
Junior Engineers in Training who have recently graduated from an
Engineering or Honors science program at a university. From time to
time, there may alsco be some people who have joined the Nuclear
Generation Division in a more advanced position from another division
with Ontario Hydro or from an external location.

The preregquisites for this course are:

1. The course introduction to CANDU which outlines the Corporate
Objectives.
2. At least one of senior high school math, first year college or

university math, or NTC math courses 421, 321 and 221.

Course Content

As you start this course, you should ask yourself "Why am I learning
about Reliability?" If vou are not surse why, then it makes it
difficult to see the relevancy of this training. 8o, .let's start by
looking at WHY this course exists.

All training should be for cone purpose and one purpcse alone. That is-
to improve on-the-job performance. Therefore, this course should help
you, somaecne who will be working as an employee in Ontario Hydro in a
technical capacity in a production envircnment, do your job better.

Reliability is important for a number of reasons that we will be
discussing in this course - the main cnes being Safety and Cost. While
this course will not be attempting to make expert reliability
statisticians out of you, it is intended to give you the tools to do
your jobs more efficiently and effectively.

We will be covering some basic calculations, a few definitions and some
0f the technigques that are used to analyze systems in the operations
environment. The table of contents gives you an outline of the topics
in this course.

Cctober, 1989 (R-Q) Page 1 of 5
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The general aim of the course 1s to provide you with sufficient
background in rudimentary reliability theory so that you will be able
to:

a) When designing equipment or systems:

- Recognilize that cost and reliability are the two major
congiderations, the one usually weighing against the other

- Estimate system reliability from component reliabilities

- Estimate component redundancy required to meet target
reliability

b) When purchasing equipment:
- Interpret manufacturer's reliability specifications

- Ask for appropriate data if it is not supplied voluntarily

c) When commissioning equipment/gystems, devise means of
demonstrating equipment/system reliability.

a) When "operating” plant equipment/systems:
- Recognize the importance of collecting accurate data on

failures, outages and repairs

- Calculate component and system reliability from failure rate
data

- Rationalize the need for and design maintenance schedules
(especially for preventative maintenance and/or replacement
of components)

- Rationalize the need for and design test schedules for
passive safety systems

) Rationalize the role of station reliability in minimizing cost of
electricity and maximizing plant safety. -

£) Rationalize the existence of reliability departments in Ontario
Hydro and interpret reports published by such groups.

The figure on the next page is the Reliability Life Cycle. It shows
for each phase in the station's 1ife, the corresponding reliability
concerns. For the most part, we will be concentrating on those areas,
as shown highlighted, that deal with the operation of the station and
we will be referring back to this diagram from time to time throughout
the notes. However, reliability is a part of every phase of the
station's life.

October, 1989 (R-0) Page 2 of 5
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Course Structure

The course is made up ¢of the seven self-contained units of instruction
called "modules" as listed in the Table of Contents. Except for this
module, all the remaining six modules are divided into two parts:

October, 1989 (R-0) Page 3 of 5
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RELIABILITY LIFE CYCLE

STATION LIFE CYCLE RELIABILITY CONCERNS
SITING GUIDE The Siting Guide establishes
(AECB) Radiocactivity Release Limits.
STATION The Design must ensure that
DESIGN Safety/Reliability/Release

Limits are met.
Design Requilrements

Design

F]
T

Design Reviews and
Analyses —m—m————— _— SAFETY REPORT

Design to be Built

l

Construction QA to snsure that the station is
built as designed.

Commissioned to ensure that the
Commissioning station is built and operates as
designed. '

S8ite License

-~

Operated to Ensure That Designed
OPERATION Safety and Reliability is Achieved
Operations Per Manuals OPERATIONAL FEEDBACK
Safety Systems Tests —— [Quarterly Reports
Reliability/Failure Data SER's
Significant Events Etc.
October, 1989 (R-0) Page 4 of 5
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The Objiectives

These both specify the content of the module and define the scope of
the test you will write at the end of the course. The objectives are
based on discussgions with staff who are working in the environment that
you will be in and have been reviewed by Training and Technical
Superintendents to ensure that they are relevant to your job duties.

The Course Notes

To help you meet the objectives and pass the final test, this material
contains all the information that you will need. New terms and key
concepts are highllighted in the text and are reinforced in a summary at
the end of the module. Exercises along the way gilve you an opportunity
to look at the subject material in a little more detail or from a
different angle. The summaries are followed by assignment questions
based on the objectives to give you an oppertunity to practice what
you've learned. You can then check your answers by referring bhack to
the relevant parts of the text. If you still aren't sure about the
angwer, discuss it with the Instructor or your classmates., During

reviews 1in class, you may be called upon to give your answer to some of
the guestions.

Learning Format

The layout of the course notes makes self-studying a viable option. If
you choose to do this, make arrangements to write the final test when
you are ready for it. However, the course can also ba taught by an
Instructor using a balanced mixture of lecturing, self-studying, group-
discussions and review sessions. Along with audio-visual aids, this
approach can enhance the learning process.

This Module Prepared By: Richard Yun, WNTC

October, 1988 (R-0)
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AN INTRODUCTION TO RELIABILITY

OBJECTIVES

1.1 Explain the implications of station reliability for Ontario
Hydro's objectives in the following areas:

a) Worker Safety

b} Public Safety

c) Environmental Protection

da) Relliability of Electrical Supply
e) Cost

1,2 8tate the working definitions of:

a) Reliability
b) Availability

1.3 State two basic limitations on the applicability of reliability
. theory.

COURSE NOTES

As far as nuclear reactors go, our CANDU units have historically done
quite well when compared to other reactors around the world. This
performance is attributable in part to a comprehensive and co-ordinated
program of research and development, design, manufacturing,
congtruction and operationa. A sgsignificant feature of this program,
which has been operating since 1942, is fsedback of operating
experience to researchers, designers and manufacturers.

By 1986, Ontario Hydro had accumulated =156 reactor years of operating
experience with CANDU units. Right from the start, Nuclear Operations
at Ontario Hydro has followed a Management by Objectives approach.

This involves setting down objectives that describe where we are going
and what we are trying to achieve. The basic objectives fall under the
following headings: '

Worker Safety

Public Safety

Environmental Protection
Reliabllity of Electrical Supply
Cost

- & & & 9

Numerical indices have been established to quantify performance in each
of these five areas, so that performance can be measured, compared to
targets and analyzed for trends. The reliability for plant systems is
critically important to achieving objectives in all five arsas.

October, 1989 (R-0) Page 1 of 9
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How Plant Reliability Affects the Basic QObijectives

High reliabillity of plant systems 1is crucial to achieving NGD's five
baslc objectives as explained below.

1. Worker Safety

The safety of our emplovyees 1s affected both directly and
indirectly. Obviously the more reliable the plant equipment, the
less likely we will have equipment failure which can injure or
kill someone. Indirectly, if we have reliable eguipment, fewer
hours are required to maintain eguipment which then lessens the
exposure of workers to hazards which can cause injury or death.

2. Public Safety

The risk to public safety is low unless both process and zafety
systems faill simultanecusly. So, the more reliable these systems,
the safer the public. _ : _

3. Environmental Protection

- The more reliable the plant process and safety systems, the lower
the risk of damage to the environment resulting from releases of
radiation or chemicals, noise, high temperatures, etc.

4. Reliability of Electrical Supply

The more reliable the plant systems, the less iikely the unit wil
suddenly stop producing electrical power. : '

5. Cost
The more reliable the plant process systems:

a) The fewer maintenance personnel and replacement parts which
may be regquired, in other words, lower maintenance costs.

b) The less time that the unit is unable to produce power, the
better the return on plant investment. In the long-term, if
equipment is out of service, in need of modification, or
requires extra outages to maintain, there will be higher
‘costs in operating it.

It is important to note that although there are five objectives, they
are not all equally weilghted. The first three objectives dealing with
the safety and protection of the workers, the public and the
environment must always have higher priority than the two objectives
dealing with reliabillity of electrical supply and cost.

October, 1989 (R-0) Page 2 of 9
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However, it is c¢lear that obtaining and maintaining highly reliable
plant systems is a common objective to all five of the basic objectives
of nuclear operations. Achieving highly reliable plant systems
involves virtually every phase of the project: design, purchasing,
commissioning, operations and maintenance. '

EXERCISES

1. To minimize the cost of the plant and its operation, why don't we
minimize the number of safety devices and systems?

2. Can you give an example of where the first objedfive given below
must take precedence over the second?

a) Worker Safety vs Cost

October, 1989 (R-0) Page 3 of 9
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b) Public Safety vs Reliability of Electrical Supply

3. Explain how improved reliability of the overall station and
systems affacts:

a) Public Safety

b) Cost

Working Definition of Reliability of a Device

The term "reliability" has been used so far without definition because
its technical meaning is similar to its meaning in common usage.
However, a definition of reliability as a guantity which can be
calculated or measured is required for technical applications. The
working definition of reliability is therefore:

The probabllity that the device will perform
1t purpose adeguately for the periocd of time
intended under the operating conditions
encountered.

October, 1989 (R-0) Page 4 of 9
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Note that the reliability is a probabilility and has a numerical wvalue
ranging from 0. .for the impossible event, something totally unreliable
(cannot succeed) to 1 for the inevitable event, or something totally
reliable (always succeeds for the time intended). Note too that this
probability usually has a time dependency which can be mathematically
modelled. Although more advanced treatments model both degree of
performance and variations in operating conditions, this introductory
course assumes only two degrees of performance - elther the device is
fully capable of, or utterly incapable of, performing its intended
purpose. The operating conditions are assumed constant.

" Working Definition of the Availability of a Device

The term availability is often used interchangeably with reliability
but in fact it has a different meaning.

Availlability 1s the fraction of time that a
device 1is avallable to perform 1its function if
1t is called upon to do so.

This figure is also between 0, meaning that the device is never
availlable and 1, meaning that it is always available: The term
availability is often used in describing the devices or systems which
are normally not in operation but may be called upon to operate in some
circumstances. We also use the term unavailability, fraction of time
not available, when talking about safety systems.

To differentiate between these two terms, let's look at a new pump we
are going to put into service. We can estimate the reliability of the-
pump for, say, the first year of operation, by looking at historical
data for pervious pumps of this type. Say this is 0.99. This means
that there is a 0.99 (99%) probability that the pump will still be in
working order at the end of the year. Or again, a (1 -~ 0.99) = 0.01
(1%) chance that it will not be. Note that the longer the pump runs,
the lower will be its probability of working over the whole period. In
other words, the probability of running without failure is higher for
one year than for two (assuming, of course, no preventative
maintenance). 8o, you can see how reliliability is dependent on the time
period being look at.

We usually use the term availabillity when talking about systems which
are polsed, ready to operate (e.g., systems needed in an emergency).

It is measured by the fraction of time a system i1s available to perform
its function. The following figure shows a system with an availability
of 0.8 (this is only for illustration - CANDU systems must be much more
available than this!).

October, 1989 (R-Q) Page 5 of ¢
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Available

i e r ] — — Not Available

Time

w

Both reliability and availability are unit-less: relilabllity is a
probability and availability is a fraction. Note, however, that for
the system shown in the figure above, 1f you pick a time in the figure
at random, the probability that the system will be working at that time
is 0.8.

EXERCISES -

4. Without looking back, try to fill in the blanks in the following
definitions and then check your answers:

RELIABILITY: The that the device will
~_its adequately for the
of intended under the
encountered.
AVAILABILITY: The of ' that a
device is to its .

Limitations of Reliability Techniques

Reliability theory i1s the application of the methods of probability and
statistics to predict the system reliasblility on the basis of operating
experience (failure rates). There are two basic limitations on the
application of this theory in practice.

1. The validity of reliability theory calculations is based on the
assumption of statistical regularity in equipment failures due to
normal causes. Fallure due, for example, to sabotage or to
collisions between earth and other celestial bodies or to the
construction of an intergalactic bypass do not enter the picture.

2. Reliability theory cannot be used to predict precise events or
times thereof, only probabilities and statistical averages. For
example one could not calculate the precise time and duration of
the next forced outage on Bruce A Unit 3, but one could calculate
the expected frequency and average duration of forced outages on

Unit 3, or the probability that a forced outage will occur within
say, 90 days.

October, 1989 (R-0) Page 6 of 9
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SUMMARY

In this module we have looked at:

* The five major objectives of NGD:
1. Worker Safety
2, Public Safety
3. Environmental Protection
4. Reliability of Electrical Supply
5. Cost
and have seen how gstation reliability impacts on them. Refer to
the notes for a detailled look at these impacts.
¢ The Working Definition of Reliability is:
The probability that the device will
perform its purpose adequately for the
period of time intended under the
operating conditions encountered.
¢ The Working Definition of Availability is:
The fraction of time that a device 1is
available to perform 1ts function i1f 1t
is called upon to do so.
* Two limitations on the applicabillity of reliability theory are:
1. It assumes normal causes of fallures only (statistical
regularity).
2. It is only a statistical average and not a precise
prediction.
ASSIGNMENT
1. Which of the following are the five major objectives of NGD?
Environmental Protection Reliability
Trained Staff Production of Electricity
Worker Safety Cost
New Technology Public Safety
October, 1989 (R-0) ) Page 7 of 9
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2. What implications does station reliability have on:

a) Workar'Safety

- B) Cost
3. State the working definition of Availability.
October, 198% (R-0) Page 8 of 9
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4. What are the two limitations on the applicability of reliability
theory?

This Module Prepared By: Richard Yun, WNTC
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RELIABILITY CONCEPTS

OBJECTIVES

2.1 Using block models, calculate the reliability of simple networks
which include components in series and parallel.

2.2 Describe (mathematically if applicable) the effects of the
following design concepts on the reliability of a system:

Redundancy
Independence
Channelization

Two out of Three Logic
0dd/Even Components
Group 1/Group 2 Systems

HO OO OO

COURSE NOTES

As you no doubt remember from the last chapter, reliability is defined
as the probabllity of success. 50, it is a good idea to pause at this
time to go over some basic probability rules which we will be using
when analyzing systems and components.

First of all, what is probability anyway? Probability is quite simply
the chance or likelihood of something occurring. For example, "There's
a'50-50 chance that a coin will come up heads", "...an 85% chance of ~
rain" or "a one in a billion chance of winning the jackpot in the
lottery".

We use the format P(A) to represent the probability of A happéning.
So, the probability of a coin coming up heads 1s P(heads) = 1 in 2 or
0.5. Likewise the probability of a particular pump failing to start
when called upon to do so might be 1 in 500 or 0.002.

There will also be times when we need to look at the probability of
combinations of events. For example "What is the probability of your
brakes failing at the same time that you are approaching a step sign?*
Another example would be "What are the chances of a pump and its
discharge valve failing?" These two examples describe the combination
where one thing happens AND another thing happens.

There are alse situations where we are interested in the prokability of
a combination of events where cne thing happens OR another thing
happens such as "What is the chance of either the Argos winning or the
Jays winning?" Since either cutcome would result in happy Teronto

sports fans, we are only interested in the probability of one OR the
other.

October, 1989 (R-0) . Page 1 of 20
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The probabillity rules that cover these scenarios are referred to as AND
and OR. That 1s to say "What 1s the probability of one thing happening
AND another thing happening?” and "What 1s the probability of one thing
happening OR ancother thing happening?” The Venn diagrams below show
these two concepts graphically. '

AND (symbol, m)
P(AN B) = P(A) P(B)

The probability of A AND B is
equal to the probabllity of A

times the probability of B (for : /’ T
events that are independent of P(A)
each other). W P(An B) P(B)

Let's see an example of how this equation is used. If we say A, the
probabllity of a hockey plaver being Wayne Gretsky, is 1 in 1000 or
0.001 and B, the probability of a player being traded to the i

L.A. Kings, is 1 in 10 or 0.1, then the probability of a player being
traded to the L.A. Kings and that player belng Wayne Gretsky is

P{A) x P(B) = (0.001) x (0.1) = 0.0001., This is a pretty small number
which means that it is not very likely to happen but, of course, we all
know that not very likely doesn't mean never. '

For combinations that involve OR, we use
the following equation: '

OR (symbol, L)
P(AUB)

= P(A) + P(B) - P(An B)
= P(A) + P(B) - P(A) P(B)

The probability of A OR B is equal to the probability of A plus the
probability of B minus the probability of A AND B (because this area is
counted twice). Again this assumes that the events are independent of
each other.

Ag an example of this, let's look at the Olympics, If the probability
of Canadian sprinter Ben Johnscn running fast encugh t¢o win the gold
medal, P(G) is 0.7 and the prokability of running fast enough to win
the silver medal, P(S$) 1is 0.9, then the probabkility of running fast
enough to win the gold OR the silver medal is:

P(G) + P(8S) - P(G) P(S)
(0.7) + (0.9) ~ (0.7) (0.9)

= 1.6 - 0.63
= 0.97
October, 1989 (R-0) Page 2 of 20
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-EXERCISES

1. If the probability of a valve failing is 0.05 and the probability
of the pump downstream of the valve failing is 0.07, what is the
probabllity of the valve AND the pump failing?

2. The probability of a severe snow storm in the Winter is one in
twenty-five. What i1s the probability of a snowstorm occurring
during the weekend (Saturday and Sunday)?

3. The probability of a weekend social event occurring during Winter
ig 20%. What 1s the probability that a snowstorm will occur
during a weekend that there is a social event?

We use the letter R to represent Reliability, the probability of
working, and Q to represent Unreliability, the probability of not
working. Since we are assuming that a component can only be working or
not working, the probabllity of working plus the probability of not
working equals one.

October, 1989 (R-0) Page 3 of 20
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R+Q =1

The two equations for

calculating the probability of
combinations of events and the

equation given

basis for the analysis of more
complex systems which consist
of components operating in
geries and in parallel. When
locking at a system, you have
to step back and say to
yourself, "How does this system

work?" If you

Figure 1, you'll see that this

above, form the

take a look at

system consists of three 100% . Sy

pumps. This means that any one

of thése pumps

can handle the

flow requirements for the
system. So, this system works
if Pump A OR Pump B OR Pump C

work.

PI 21.02

3 x 100%
C pumps

Figure 1

So, the probability of the system working is determined as follows:

R
R(AU B UC)

nnwan#

Another way of

probability of working
R[(Ay B) U C] .
R[(R(A) + R(B) - R(A) R(B)) U C]
[R(A) + R(B) - R(A) R(B)] + R(C)
- [R(A) + R(B) - R(A) R(B)] R(C)

locking at it is

that the system doesn't work if
Pump A AND Pump B AND Pump C
don't work. - $o, the

probability of

it net working

is determined as follows:

Q = probability of not working
QAMBMC) = Q(A) Q(B) Q(C)

As another example, we can lock at the valve arrangement below. Here
we see that for flow to go through the pipe (probability of the system
working), we need Valve 311 AND Valve 313 AND Valve 315 to work.

D><

Valve 313

Valve 313

D}——D]

Valve 315

Qctober, 1989 (R-0)
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This meansg that the probabllity of the system working (provided a valve
does not faill open) 1s determined as follows:

R = probability of working
CR(311/M 3131315 = R(311) R(313) R(31%)

Again, there is another way of looking at this. The system will not
work if Valve 311 OR Valve 313 OR Valve 315 doesn’'t work. The eguation
for that is given as:

Q probability of not working
Q(311\ ) 313\ 315) = Q{311 313)\ /) 315]
= QU(Q{311) + Q(313) - Q(313))\ 315]
= [Q(311) + Q(313) - Q(311) Q(313)] + Q(315)
- [Q(311) + Q(313) - Q(311) Q(313)] Q(315)

Using these two equations for probabilities and with a bit of
mathematical manipulation, it is possible to determine the
reliabilities and unreliabilities for almost any configuration. Keep
in mind that although we've been using symbols to represent
reliability, in actual calculations, these are numerical values. On
the next few pages, there are some other examples showing the use of
these eguations.

October, 1989 (R-Q) Page 5 of 20
WP2644uu



PI 21.02

EXAMPLE ONE

In the valving arrangement shown on

the right, there are two flow paths : ><}
each capable of handling 100% of the

flow. The wvalves are all 1dentical — (2 x 100% flow pathsf——
and have a reliability of §.95,

calculate the reliability of the —><
arrangement.

Looking at the setup, we can see

that for the arrangement to work, either the top path OR the bottom
path must work. So, the reliabillity of the arrangement, being the
probability of it working, is given by:

R{total) = R{(top) + R(bottom) - R{top) x R(bottom)

For the top flowpath to work, the valve in that path must work (we
will assume that the piping is 100% reliable). So, the reliability
of the top path is simply the reliability of the valve. However,

for the bettom flow path to work, both the firgt walve AND the second
valve have to work. So, the reliability for the bottom flow path is:

R(bottom) = R{valve 1) x R{valve 2)
R{top) = R({(top valve)
Therefora,
R{total) = R{(top wvalve) + [R(valve 1) x R(valve 2)]

- R{top valve) x [R(valve 1) x R(valve 2)]

Since all the valves are identical then their reliabilities are all
0.95. Substituting these figures into the equation, we get:

R(total) = 0.95 + [0.95 x 0.95] - 0.95 x [0.95 x 0.95]
= 00,9951

So, you can see the overall reliability is higher than for the
individual valves. '

October, 198% (R-0) Page 6 of 20
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EXAMPLE TWO Motorized
Valve (MV303)

Thig valve arrangement is part of

the High Pressure Emergency Coolant

Injection System at Bruce B and is 2 x 100% flow paths

very similar to the arrangement ~—— -

used in the first example except
that we now have two motorized
valves in parallel.  This means Motorized
that the valve is opened and Valve (MV304)
closed using a motorized actuator

which can be controlled either

locally or remotely. From a reliability calculation point of view,
the difference is that now the reliabillity of the valves also depends
on the logic which opens and closes the valves. To show this we need
to draw a Reliability Block Diagram.

This type of diagram helps to visually show the interrelations of the
various components in the network. Components which are related in
an AND arrangement, where the reliability of the combination depends
on one AND the other working, are shown in series whereas components
which are related in an OR the other working, are shown In parallel.
The Reliability Block Diagram for the above arrangement is shown

Logic to Vaive
Ope‘r"gmvsoa MV303
—
Logic to Valve
Open MV30 MV304

Note that although the block diagram resembles the actual physical
layout of the system, it is not an exact physical representation.

For instance, we know that the actual fluid flow in the real system
doesn't go through the logic of the motorized wvalve. The flows shown
on a block diagram indicate logic flows.

Now to continue with the example, given that the reliability of the
valves are the same as for the last example, R{valve) = 0.95 and that
the reliability of the logic to operate the valve, R(logic) 1is 0.99,
calculate the reliability of the system.

R(total) = R(303) + R(304) - R(303) x R(304)
R(304) = R(valve) x R(logic)
R{303) = R(valve) x R(logic)
October, 1989 (R-0) Page 7 of 20
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Therefore,

R(total) = [R(valve) x R(leogic) + [R{valve)} x R(logic}]
- [R{(valve) x R{logic)] x [R(valve) X R{logic)]

Substituting the appropriate figures into the equation, we get:
R(total) = [0.95 x 0.99] + [0.95 x 0.99] .

- {[0.95 x 0.99] = [0.95 x 0.99]}
= 0.9966

EXERCISES
3. Draw a Reliability Block Diagram for the following system:

PICKERING NGS A
HIGH PRESSURE SERVICE WATER

CLASS 1l
POWER

4. If the reliability of the Class III pumps is 0.96, the reliability
of the Class IV pumps is 0.921, the reliability of the Class III
power supply is 0.99 and the reliability of the Class IV power
supply is 0.97, what is the reliability of the system in
Exercilse 3? :
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5. The system shown below requires two out of the three channsls to
operate for the system to operate. Fill in the c¢hart to show the
eight different combinations of channel success or failure and. for
each indicate whether the system as a whole will operate
successfully. The first one 1s done for you.

Channel G
Channel H
Channel J
Channel G . Channel H Channel J Overall System
v J X v

Key: + = operates successfully, X = faills

DESIGN PRINCIPLES WHICH IMPROVE RELIABILITY

Many of the considerations that go into making a reliable system
or station involve the physical layout of the equipment itself.
These aspects of reliability are designed into the station. The
design principles described below ensure a high degree of
reliability for essential systems. Although you are not likely to
"un-design" these systems during the operation and maintenance of
the station, there are many times that an Engineering Change
Notice (ECN) will be initiated which requires changes to the
degign of systems. These ECN's may require your input and/or
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review. It is for these reasons that i1t is important for people
like yourselves who are working in Operations to understand why
the systems are designed the way they are.

Redundancy

If we have a system where there 1s only one pump which must be
working for the system to work and we wanted the system to work
99.9% of the time, there would be a lot riding on that pump
working.. If it fails or needs to be repaired, the entire system
would be out of service. This problem can be eliminated if there
were two or more pumps which were capable of the jobk. This
redundancy generally gives the system greater reliability.

Mathematically we can compare the reliability of a sygstem with one

100% capacity pump versus one that has two 100% capacility pumps in
parallel.

Agssuming a pump reliability of 0.95,

Scenario 1 - Single Pump - 1 x 100%
‘ X pump

Rs = 0.85

Scenario 2 - Redﬁndant Punps i

2 x 100% pumps

Rg 0.95 + 0.95 - (0.95) x (0.95)

0.9975

So you can see the difference one redundant component makes. Many
of our essential systems have even greater redundancy. For
example, there are two identical digital control computers (DCC's)
which run concurrently to monitor and regulate the reactor. 1If

either one should fail, the other takes over and continues to run
the reactor.
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EXERCISES

6. How does redundancy help make a system more reliable?

Independence

So far, in our consideration of failures, we have looked at
- individual fallures such as a pump qultting or a valve not working
or a shutoff rod sticking. But what about failures such as a fire
which affects a lot of instrumentation lines or a steam line break
where the escaping steam causes widespread electrical faults or
flooding which shorts out all those redundant pumps we've been
talking about?7 These failures are referred to as common cause
failures, where a single fallure can cause other failures which
share a common location or connection.

Independence is the separation of systems or parts to minimize the
occurrence of common cause failures go that if one system doesn't
work, it doesn’'t incapacitate the redundant system. In other
words, it is a method of ensuring redundancy is maintained. This
can be achieved in a number of ways.

All critical systems, such as those which are required to shutdown
the reactor in case of an emergency, have redundant monitoring,
controlling and annunciating equipment. Channelization involves
running the separate instrumentation, wiring, piping, etc., so
that a failure on one channel does not affect the other channels.
This means physically separate pathways through the station so
that the signals for each channel go between the field and the
Contreol Room via a different route.
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.@ﬁwlﬁﬁy ChanngHzed

Detacto electrical supply
‘. s
+ * To Contol Room/
\ Cables “"\’h ather panels
Channel G | chamnel Logic Ralays  ——pp

Physlcally separaie
routes, cable frays

“~a
Channel H Sanies Channel Logic Relays g
t Separate relay pansls
In separata rooma
S Cabios .
Channel J Channel Logic Relays ~ ————»

Independent Redundant Channels

Channelization provides two other features besides that of
improved reliability. They involve the fourth and fifth NGD
objectives, namely Reliability of Electrical Supply and Product
Cost. To meet these objectives, it is necessary to avoid shutting
down the reactor when it doesn't need to be, for example, a faultiy
instrument reading, or testing a reactor trip circuit. If this
were to happen, it would mean that Ontario Hydro would have to
generate electricity by some other method. Since it is usually by
burning coal and since fuel costs for coal fired stations are
higher than that of nuclear stations, thisg means an overall
increase in the cost of electricity. As you can see, while we
want to ensure that we can reliably shutdown the reactor in the
event of an emergency, 1t is alsoc important that we aveoid
unnecessarily shutting down the reactor.
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