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1* Introduction

This submission is presented on behalf of the 350 members of the Society

of AECL Professional Employees (SAPE) at the Chalk River Nuclear Laborato-

ries. Among our membership are those whose professional expertise has been

used in the brief by AECL supporting the technical aspects of the safety of

CANDU reactors. We do not intend to repeat such information here. Suffice

it to reiterate that, as responsible members of society and as professional

scientists and engineers involved in research, development and implementation

of nuclear technology, we are convinced that the benefits of CANDU far

outweigh the risks. Our belief that CANDU is acceptably safe does not imply

that we consider the question of reactor safety to be a closed subject.

Rather, we believe that a continuing program of analysis, testing and review

will reduce areas of uncertainty and further enhance safety in a

cost-effective way.

In this brief we will address three general topics: nuclear safety as a

component of public safety; factors contributing to CANDU safety; and the

importance of public education in nuclear safety.

2. Nuclear Safety as Part of Public Safety

Nuclear safety is but one component of the overall survival of mankind.

A judgement of nuclear safety requires two steps: the first is agreement on

a standard through the social and political processes; the second is

comparison of the design and performance to the standard, which is a highly
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technical process. The setting of prudent standards in the best interests of

society requires a knowledge of the nature of the risks, the relative risks

of competing technologies and the societal consequences of foregoing the

nuclear option. No activity is without risk but the greatest harm to society

would be to leave it without the energy needed to survive and prosper.

We are entering the declining decades of oil and gas - presently our

major energy sources. Energy experts are viewing with increasing concern the

prospect for adequate energy supplies in the 21st century and beyond. The

only long-term options known to science are coal, fission, possibly fusion

anJ renewable?. All will be required. We can ill-afford to forego any

proven method that can deliver economical and secure energy when, where, and

in the amounts required. A limitation of nuclear energy would accelerate the

depletion of oil, exacerbate global environmental damage and leave society

ill-prepared to enter the post-petroleum age. One need not look only to the

long term in the assessment of the safety of nuclear energy. In most areas,

including Ontario, the only realistic alternative to nuclear power for large

scale electricity generation is the use of coal. Many studies have shown

that coal burning is far more hazardous than nuclear energy in terms of human

health not to mention the drastic global changes threatened by the C02 build

up in the atmosphere. We believe that the important arguments against the

massive burning of coal for electricity production are the global ones:

greenhouse effect, acid rain, and its future value as a chemical feedstock.

Its health effects, while substantially worse than that of nuclear energy,

are still microscopic relative to the health and social problems endemic to

societies with chronic and severe energy shortages.



3. Foundations of CANDU Safety

In this section we shall discuss some of the factors that we, as workers

in the industry, feel make CANDU a safe technology for energy generation.

3.1 Well-Established Science and Engineering

The first foundation of reactor safety is an indepth understanding of

reactor science. Nuclear reactors are not capricious, unpredictable devices;

rather, they behave predictably and are generally easily controlled. This is

illustrated by the successful operation of reactors within a few years of the

discovery of nuclear fission in 1939. The basic science underlying reactor

operation is well understood; much of the progress of recent years has been

in the application of the fundamental principles to more complicated systems

through better models and more accurate numerical calculations. This allows

reliable predictions of behaviour during accident sequences and these predic-

tions have in turn been tested in the laboratory and reactor loop tests.

The major hazards of nuclear energy result from possible exposure to

radiation in accident conditions. The effects of radiation are better known

than for any other toxic agent and it is easily detected at levels orders of

magnitude below those that create a serious hazard. Reactor physics and

health physics are well developed disciplines that underpin safety design and

evaluation.



3.2 Performance and Safety Records

A second reason for confidence In CANDU safety Is Its performance

record. Year after year several CANDUs are among the top ten in world per-

formance. CANDU was recently honoured as one of the best ten Canadian engi-

neering achievements in the last one hundred years. This superior

performance implies a level of excellence in design, manufacture and

operation that Is a necessary component of good nuclear safety.

The public and worker safety records of nuclear energy in the western

world are much more than a matter of chance. From the beginning safety has

been an important consideration in power reactor development. Safety plan-

ning is not based on the assumption that everything will always work as de-

signed. Instead, it is assumed that things will go wrong, and components

will fail. The overall system is designed to limit damage and protect the

public and the environment. This is the concept of defense in depth;

multiple-safety systems, containment, exclusion zones and finally evacua-

tion plans if failure of all other systems poses a significant public

threat. The effectiveness of this approach was shown at TMI where equipment

failure and human error led to serious core damage and building contamination

but no significant exposure to workers or public.

3.3 Chernobyl

The accident at Chernobyl deserves separate comment. It illustrates an

outcome of poor design, engineering, management and operation. This was
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nuclear energy's most serious accident - the first event with loss of life

from radiation exposure and the first with significant exposure to the

public. This accident should not have happened-but it did. Every facet of

it is under review and every system around the world is being re-examined in

the light of Chernobyl to see what lessons are to be learned.

The accident was not caused by some unknown or unexpected aspect of

reactor physics but by the violation of well-established operating rules.

The explosion, and fire that followed, released and dispersed a substantial

fraction of the reactor core inventory of radioactivity. In spite of this

the immediate death toll was low as major accidents go. The mean radiation

dose to the 135 000 evacuees was about 12 rein. This is large by radiation

protection standards but it translates to about a 1 in 1 000 probability of

fatal cancer over the next several decades, comparable to the estimated

average hazard of second-hand smoke to Canadians and significantly smaller

than the hazard most of us face from radon in our own homes. We do not wish

to play down the human tragedy of the accident but only to put its health

effects into perspective relative to other common hazards.

Chernobyl was caused by design and operating deficiencies that would not

have been tolerated in Canada or probably any western country. It has shown

the consequences that can occur from improper use of nuclear technology; at

the same time It illustrates that in objective health terms such a serious

accident is not a global catastrophe and the effects, while serious, are not

sufficient cause to forego the many advantages of nuclear energy.
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3.4 Organizational Support of CANDU

Another factor contributing to the success and safety of the CANDU sys-

tem is the nature of the nuclear industry in Canada. There are three sectors

- AECL, a federal crown corporation with world class R and D programs in all

nuclear related fields; provincial utilities, particularly Ontario Hydro with

its own R and D staff and operating experience; and private industries. All

have pooled their efforts in the development of a single power reactor system

with results second to none and at a development cost far below that of other

nations. The mix of fundamental and applied science, engineering expertise

and operational experience offers rapid solution of problems and provides a

strong base for excellence in both the technical and human performance

aspects of nuclear safety. The maintenance of this effective infrastructure

is a key requirement for continued development of CANDU technology and

safety.

3.5 Safety Review Processes

One of the most important foundations of nuclear safety is the multi-

level review system: scientific, regulatory and public. Each will be ad-

dressed in turn.

Major reasons for the success of the scientific method in understanding

the world around us are peer review and traceability. Scientific results are

generally reviewed by colleagues and, in many organizations, by internal

referees. Before publication in professional journals results are examined
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by other experts in the field. When the results are published the primary

data must be shown or at least be available and the conclusions must be

logically traceable to their origins. If the results are particularly

important or unexpected other investigators may repeat the experiment or do

related work. These principles and practices are the guarantors of

scientific accuracy and they are applied in nuclear science and technology as

rigorously as in other fields.

Another level of review is the regulatory level. In Canada the AECB is

charged with setting and enforcing standards. The Canadian system has worked

well - with a healthy adversarial balance between the AECB and the industry.

The role of the AECB is centred on safety while the mission of the utilities

is the reliable, safe and economic generation of electrical energy. The

public interest is well served by debate amongst the parties with the AECB

as the final arbiter.

The final level of review is public scrutiny. AECL and the utilities

are publicly owned and are thus responsible to elected governments. More

directly, nuclear activities are often subject to inquiries by legislative

committees and special commissions such as the Porter Commission or the

present Ontario Nuclear Safety Review. In our democratic society we also

have review by members of the public and various special interest groups.

We i.eel that this multi-level review system is important for continued

nuclear safety. It brings new perspectives to the problems and enforces

overall scientific and technical accuracy and accountability.
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4. Nuclear Safety and Public Education

There is no toxic agent in the environment whose effects are as well

quantified as those of ionizing radiation. The facts have been established

through decades of study. The effects from typical exposures are so small as

to be undetectable yet it is a surprising and potentially tragic fact that a

radiation phobia permeates our technologically advanced society. This is a

regrettable situation for a number of reasons.

In recent years there has been a growing distrust in "authority" and a

move toward "participatory democracy". This change has both benefits and

dangers* The world is facing growing challenges for which there are no

simple answers. Decision making without rational understanding of the issues

is a blue-print for disaster.

Fear-induced stress is very bad for individual health - it likely has a

comparable or greater influence on longevity than typical radiation exposures

and a much greater effect on the individual's quality of life. This can be

seen in the area of TMI where many people live in fear of delayed effects

from the tiny radiation exposures received from the accident even though

they have experienced many times as much natural exposure since th&t time.

Planning for nuclear or other emergencies requires public education.

Most nuclear emergencies would not be acutely life-threatening to the general

public. The purpose of evacuation is to minimize population dose and hence

the potential for long-term harm. A key part of emergency planning
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must be an appreciation by the public of the nature of the risks. A calm

populace is crucial for safe evacuation.

5. Suaaary

As nuclear scientists and engineers we are proud of CANDU's contribution

to Canada's long-term energy security, as well as the benefits to our health

and prosperity from nuclear medicine and other applications. We are also

aware of our responsibility to develop and implement these technologies

safely. We welcome this review and the opportunity to contribute to it. We

hope that any safety areas requiring improvement will be identified and

suggestions made for their correction.

In this brief we have suggested the necessity of setting nuclear safety

standards with due regard for overall societal safety. We have recounted

several contributory factors to CANDU safety - particularly open, honest and

accountable review at every level. Lastly we have looked at improved public

information and education in nuclear matters as a contribution to the welfare

of society.

We are prepared to do all we can toward public education. We welcome

questions and we shall answer them as clearly and accurately as possible.

All the participants in the energy debate have an immense responsibility -

the industries, the workers, the media and the special interest groups.

When the issue is nuclear safety, let us discuss nuclear safety in

quantitative terms; when the issue is radiation hazards, let us discuss

radiation hazards in quantitative terms; when the goal is change to a society

based on decentralized energy sources, let us discuss such a society - not

nuclear safety and radiation hazards. Our collective duty demands no less.


