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Foreword

This courseisintended for a senior undergraduate or graduate engineeing or science student.
Some basic familiarity with nuclea power system design and operationis assumed. The hopeis
that the student will come avay with an owerall appredation d the goproach to nwclea reador
safety concepts and safety design. The focusis on concepts: the “know why” and some of the top
level “know how”. The detail s or the “know what” are glossed ower.

Where examples are used, we focus heavily on CANDU®?, for threereasons: we exped that the
CANDU reacor design will be of primary interest to students taking this course; there are
textbooks on Light Water Reador safety; and there ae no such textbooks on CANDU.

Nuclea reador safety isabroad field. It isfirst, bu nat only, based onscience sincein order to
make something safe, you haveto at least know how it works. Thus it happily uses physics,
chemistry, most fields of engineeing (process mechanicd, civil, instrumentation and control),
and hology. Some engineaing mathematicd todls have been developed spedficaly for safety,
such as Probabili stic Risk Assesanent (first used by NASA to determine the likelihoodand
consequences of failuresin spaceshuittles), and Safety Analysis, which predicts the resporse of
the plant to pcstulated acadents - the better to design against them.

The ourse ssumes that the student has a general engineeing or science badkgroundat the
senior undergraduate level, including basic cdculus and probability theory, bu does not assume
prior knowledge of reador physics, thermohydraulics, fuel, etc. Whenever scienceor engineaing
in these aeasis nealed to understand the safety concepts, it is Immarized very briefly; the
reader can consult the references for amore mmprehensive treament. It does however assume
the student knows (or can read upabout) the basic design of a CANDU reador; the student
shoud know the major pieces and hawv they work.

No engineeged system can be made &solutely safe, whether it be a ca, agoplane, toaster,
children’stoy, or nuclea reador. What society demandsis the such products be made ‘ safe
enouwgh’ or ‘accetably safe’. The definition and implementation of this goa for nuclea readors
iscdled ‘safety philosophy’, and we will i ndeed cover some of its elements.

However as even a brief survey of red acddents over the past four decales will reved, human
errors are bath the major contributor to acadents, and the major means of recvering from them.
We will nat cover in this course the evolving science of human behaviour, but instead will

'Acronym for CANadian Deuterium Uranium, although if you dorit know this, you
probably shoudn't be taking the course.
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concentrate on the way the design tries to elimi nate, compensate, or withstand human error.

In the end safety is as much of a state of mind as a hard science, particularly during actual
operation d anuclea power plant. Such a state of mind has been recognized as © important in
recent yeas that a name has been coined for it: “safety culture”, an attitude of plaang safety first
that permedes an organization.
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Expectations

The ourseiscompaosed o 13ledures covered in 9 chapters of this textbook. The EP-714 classes
will runabou threehous aweek for 13 sessons, with abrea& in the midde. Table F-1 below
shows atypicd plan for a13-week course, although the anount of discusson and interest will
(and shoud) change this plan as we proceal. The UNENE version runs typicaly over four two-
day weekends

The student’s mark onthe course will be determined by successul completion d the
assgnments, projeds, tests, and presentations. These ae dso shown in Table F-1 below and are
typicd. For the UNENE version, which is grealy compressed in terms of elapsed time but not in
content, arevised outline (Table F-2) and arevised marking scheme will be used (Table F-3) -
again, these aetypica. Attendance a and participationin the murse is aprerequisite for passng.

Please remember that McMaster requires a 70% mark (B-) to get credit for the aurse. Students
may work in pairs ontheir projed, aslong as the contribution d ead is clealy described, and
are dlowed to doso onthe asgnments, within reason, again with ead contribution delineaed.
Tests and exams are dore only by the individual.

In many cases the student will be aleto find “official” answers to some of the exercises-i.e.,
the same problem may have been addressed by AECL or a utility. Little aedit will be given for
relying heavily on such work, and nore for reproducing it - the course emphasisisto encourage
independent and logicd thinking abou reador safety. And who says that the industry has the best
answer anyway?

The student is grongly encouraged to read, o at least to skim, the text material beforehand. The
lecure will not consist of reading the text but we will discussvarious aspeds of it. The student
shoud plan onspending abou 10 hous per week realing the text, completing the assgnments
andthe projed (if chosen), and attending the ledures. The UNENE format may demand more.

Some of the projedsrequire & least a superficial knowledge of FORTRAN programming or a
similar language. While thisis not a cmputer programming course, scientific programming is
part of the safety analyst’ stoalkit, and for better or worse, most industry codes are written in
antique versions of this antique language. Public domain compilers and afree éedronic book on
FORTRAN are avail able onthe Internet and ore will be dhosen if needed.
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Lecture Chapter / Major Sections Assignment / Project / Presentation
1 Chapter 1 - Introduction Finalize aurse schedule, evaluation
. The Doulde-Edged Sword method present & discusspaossble
. What is the Hazard? projeds
. Effeds of Radiation
. How Radioadivity Can Escgoe
. That's Incredible
. Risk
2 Chapter 2 - Accidents Submit exercises at the end d
. Acddent Identification Chapter 1 (5% of total mark).
. Evolution d Canadian Safety
Phil osophy
. Single-Dual Failure Approac
. Probabili stic Safety Assessment
. Consultative Document C-6 &
Beyond
. Other Courtries/ Other Designs
3 Chapter 3 - Case Studies Submit exercises at end d Chapter 2
. Reacor Physics (5%). Student & classdiscusson o
. Criticdity Acddents and Power | approaches taken.
Excursions Deddeon pojed.
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Lecture Chapter / Major Sections Assignment / Project / Presentation

4 . Lossof Codlant Submit exercises at end o Chapter 3
. Power Runaway (10%). Student Presentation o
Exercise 2 from Chapter 3 & class
discusson.

Finalize Projed and assgn
resporsibility.

Discusshow projed isto bedore.
Chapter 4 - Probability Toolsand

Techniques
. Definitions and Rules
. The Bayes Equation
. Example - Core Monitoring
System
. Fail ure Rate Estimation When
No Failures Have Occurred
5 . Probability Distributions Student presentation o scope & plan
. Fault TreeExample of their projed; classand ledurer
. 2/ 3 Logic Example feedback.
. Ladder Logic
. Unavail ability Targets
. Dormant vs. Active Systems
6 Chapter 5 - Safety Systems Submit exercises at end d Chapter 4
. Shutdown Systems (5%).
Student initial discusson d
mathematicd modelsin their
projeds.
7 . Hea Removal Systems Student final detail ed written
. ECC submisson, pesentation &
. Containment & Sub-systems discusson d projed plan and scope.
. Monitoring (10%).
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Lecture Chapter / Major Sections Assignment / Project / Presentation
8 Chapter 6 - Safety Goals Submit exercises at end d Chapter 5
. Basis of Numericd Safety Goal | (10%)).
. Derivation d Numericd Safety Student presentation & submisson
Goal of the equations for their
. Other Safety Goals mathematicd models (10%).
. Limitations of the Risk
Approach
9 Chapter 7 - Accident Analysis Submit exercises at end d Chapter 6
. Seledion o Initiating Eventsby | (10%).
Pseudo-Frequency
. Categorization d Initiating
Events by Phenomena
. High Level AcceptanceCriteria
. Major Computer Analysis Todls
Required for DBA
. Seledion d Initial Condtions
. Typicd Initiating Events
. Large LOCA
10 > Small LOCA & Single Student presentation & submisson o
Channel Events flow charts and numericd methods
> Lossof Forced for their programme; seledion d test
Circulation cases & data (10%).
> Main Stean Line Bre&ks
11 Chapter 8 - Technology of Accident Submit exercise & end d Chapter 7
Analysis (5%); discusson d approaches taken
. Reacor Physics for this exercise.
. Fuel
12 . Hea Transport System Roundrobin on pojed: progress
. Fuel Channels problems
. Moderator
. Containment
. Fisson poductsy/Dispersion/
Dose
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Lecture

Chapter / Major Sections

Assignment / Project / Presentation

13

Chapter 9 - Whither Safety?
. IAEA

. International Nuclea Event
Scde

. INSAG & Safety Culture

. INPRO

. Generation IV

. Evolutionary & Pasgve Designs

. Categories of Passve Safety

. Pasgve Safety Desiderata

. AP600'1000

. Eskom PBMR

. Passve CANDU

Students present & submit their final
mathematica and computer models
and code predictions (20%).
Feedbadk oncourse - changes for
next time
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Table F-2 - Typical Course Plan (UNENE For mat)

The technical contents and detailed subjects are similar. However the time distribution differs
since the course is typically spread over four weekends:

Day 1

Chapter 1 Introduction

Chapter 2 Design Basis Accidents

Day 2

Chapter 3 Case Studies

Chapter 4 Probability Tools and Techniques
Day 3

Chapter 5 Safety Systems

Chapter 6 Safety Goals

Chapter 7 Accident Analysis

Day 4

Chapter 8 Technology of Accident Analysis
Chapter 9 Whither Safety? International Trends
Appendix Glossary & Acronyms

Test
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TableF-3 - Typical UNENE Marking Scheme

1st 2nd Project -

I1st home- 2nd |'home- 3rd Project - method- Project -

test work Test work test Scope ology Model

5 10 5 10 10 5 5
Project - Project - 4th
Project - Oscuss- Report  Project-  4th test home-
Results ion Quality Present /exam work TOTALS
5 5 5 5 15 5
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