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Editorials

The Axe Falls

At the time of writing Ontario Hydro has just announced
its sweeping changes. Perhaps by the time you read this the
program will be clearer, but we doubt it.

A first reaction is that the man considered by some as a
saviour of the environment turns out to be corporate hatchet-
man. While it is generally agreed that action needed to be
taken to curb Hydro’s debt some of the actions proposed
appear questionable, and many are ambiguous.

The official announcement by Ontario Hydro chairman
Maurice Strong stated that *“no commitment will be made
at this time to retube the Bruce ‘A’ reactors” but further
stated that the “retubing option remains open” even though
the “current review process will be suspended”. What does
that mean?

Subsequently it was made clear that no rehabilitation
work would be conducted on the Bruce ‘A’ station and that
the team that had been studying the problem and planning
the work would be disbanded. That decision was made de-
spite the strong evidence produced by the Bruce ‘A’ team
that rehabilitating the station was the most cost-effective
means of providing the 3000 M We represented by the sta-
tion. It also appears to have ignored the consequences on
the Bruce energy park.

The chairman’s statement went on to say that Bruce ‘A’
will “continue to be maintained and operated as long as
safety requirements permit”. However, one of the platforms
for saving money is a reduction of 25% in operations and
maintenance budgets. We have all seen the cost of not doing
maintenance. In the early 1980s Bruce ‘A’ was among the
top performers of nuclear plants in the world. Then the
maintenance budget was cut. There is almost a direct corre-
lation between the falling maintenance expenditures and

the subsequent falling performance of Bruce ‘A’ over the
balance of the 1980’.

Many will respond that the power of Bruce ‘A’ is not
needed and therefore it can be allowed to be shutdown.
That is true at the moment, largely because of the structural
nature of the recession of the past three years which has
seen manufacturing in Ontario decimated, and partly be-
cause of Ontario Hydro’s expensive program to pay people
not to use its product! The latter program defies logic and is
a testament to the power of political philosophies over eco-
nomic and technical facts,

Of major concern is, of course, what this Ontario Hydro
action means for the people involved (many of whom are
mermbers of the CNS) and the viability of an on-going Cana-
dian nuclear program. For professionals, such as CNS mem-
bers, even if they accept the “golden handshakes” apparently
being offered they will have great difficulty pursuing their
profession and all of that talent, expertise, and, very impor-
tant, their collective memory, will be lost.

Ontario Hydro officials state that the Bruce ‘A’ rehabili-
tation plans will be carefully documented and stored for
future use. Does anyone really believe that it will be feasible
for some completely new and inexperienced group, a decade
from now, to pick up and implement those plans?

If personnel costs must be reduced would it not be worth
exploring reductions in work week or income? At least the
hardship would be spread more evenly and the pool of
talent represented by Ontario Hydro’s nuclear groups would
be kept intact.

The next few months will be difficult ones for Ontariq
Hydro staff and for the entire Canadian nuclear industry.

On Being Politically Correct

An interesting aspect of Ontario Hydro's recent statements
is the use of “politically correct” (in certain political cultures
anyway) language.

As a test, count how often the adjective “sustainable” (or its
noun form “sustainability™) appears in the Statement by Onta-
rio Hydro chairman Maurice Strong or the discussion paper
“Hydro 21” (excerpts of which are published in this issue).

The phrase “sustainable development™ first gained in-
ternational prominence in the 1987 report “Our Common
Future” (often called the “Brundtiand report™ after its chair-
person). The term was never clearly defined and has been
the focus of much debate in environmental and development
forums, including the massive UNCED conference in Brazil
last summer chaired by Strong,

Now it crops up as a major criterion for Ontario Hydro’s

restructuring. Perbaps it is advantageous to have ambiguous
criteria — it certainly allows more “flexible” policies. As an
example, the “Hydro 21 document implies a move towards
short-term (read “no”) planning combined with privatiza-
tion, with a likely move to the use of natural gas. The fact
that gas is a valuable, limited, non-renewable resource is
lost in the “sustainability” rhetoric. Similarly, the obvious
inconsistency between “short-term” planning (or depend-
ence on “market place” decisions) and “long-term” resource
management is conveniently ignored.

Both of the Ontario Hydro publications state that the
Ontario Hydro board wishes to consult with “stakeholders™
(meaning all of us in Ontario). Even if that occurs (and we
remain sceptical), how can there be meaningful dialogue if
the basic objectives are obfuscated by ambiguity.




David and Goliath

Hans Tammemagi

Ed. Note: The following comment was written a few
months ago, well before the recent moves at Ontario Hy-
dro. Its basic message is, nevertheless, still relevant.

We all love to cheer for the underdog. For reasons hidden
deep in our psyches, the human spirit aligns itself virtually
automatically with the little guy. Conversely, we are suspi-
cious of things big. We are automatically cynical and dis-
trustful of big corporations. They are seen as faceless, with-
out pity or emotion, and worst of all, having the power that
we all secretly fear, yet crave,

So the question quickly springs to mind — what image
does the nuclear industry project? Is the nuclear industry
seen as the small guy that we hold dear to our bosom; or is
it seen as the big, impersonal corporation, so well parodied
on the Bart Simpson show. Well, that wasn’t a tough one to
answer. Ontario Hydro, with over 30,000 employees and
annual revenues in excess of six billion dollars is one of the
largest corporations in Canada. To embellish its corporate
image, Ontario Hydro chose one of the worst recessions in
recent history to increase its rates about 12%. In contrast,
Toronto municipal workers accepted a wage increase of 19%.
No wonder Ontario Hydro public relations people are bab-

bling incoherently and being led away by men in white coats. -

The other pillar of the Canadian nuclear industry is
AECL. Employing over 3000, it is one of the largest and,
sadly, one of the few, major research establishments in the
country. With its personnel carefully hidden away in remote
locations, well removed from the mainstreamn of Canadian
life, it is not surprising that many see AECL as a secretive,
elitist and perhaps even Machiavellian organization.

The task of creating a favorable public image for the
nuclear industry is akin to trying to make Ghengis Khan
look like Snow White. Nevertheless, many dollars are spent
annually by the Canadian Nuclear Association and its
member organizations in this pursuit. Some headway is
being achieved, but it is a difficult, uphill battle. Perhaps a

rethinking of the basic strategy should be considered. Per-
haps there is a way to distance the nuclear industry from the
“big” i image. Although this may seem inherently impossible,

there is a very personal and “small” side to the nuclear
personality — namely, nuclear medicine. It is time this char-
acter came out of the shadows and took centre stage.

Nuclear medicine is associated with individuals going to
their doctors or receiving treatment at a hospital. Nuclear
medicine is highly personal. It is associated with increase of
lifespan, the easing of pain, the curing of disease. Almost
everybody has either had nuclear medical treatment or has
had a friend or relative receive such treatment. People relate
to this as individuals and in a very positive manner. Whom
would you invite to your son’s Bar Mitzvah, the Ontario
Hydro Corporate Vice President of Nuclear Engineering or
your family doctor?

I suggest that the nuclear industry take steps to more
closely associate itself with nuclear medicine. Ways should
be sought in which to integrate the activities of health phys-
ics and nuclear medicine associations with those of the CNA
and CNS. Major sessions at the annual CNA conference
could be devoted to medical issues. Medical doctors and
biomedical researchers could be encouraged to represent
the nuclear industry in public forums. The public informa-
tion program could stress that there is a very real and direct
connection between nuclear power plants and, for example,
cobalt cancer therapy, that the radiopharmaceuticals sold
by Nordion to hospitals throughout the world are made in
AECL's research reactors; that PET scans and other diagnos-
tic medical tools are outcomes of nuclear research, and so
on. What other (energy) industry has had such remarkable
spinoffs?

By aligning itself with David, rather than Goliath, I feel
that the nuclear industry can achieve some success in not
only gaining public acceptance, but also in gaining recogni-
tion and respect for the important contributions it is making
to society.

in This Issue

There is no single theme in this issue. Rather we have a
collection of papers from various sources, One in particular,
that by Rudy Pauls, er a/, on acoustic modelling, is more
“technical” than most but deals with a very important prob-
lem: - the fuel channel vibrations in the Darlington reactors
- and is interesting reading even for the non-specialist. We
urge you to give it a try.

Non-technical but very relevant and having significant
implications are the recent statements and reports from On-
tario Hydro which are excerpted.

As a first we have a short paper from India on the use of
thorium in their heavy water reactors (which are evolutions
of the Douglas Point design) and hope that this will be only
the beginning of overseas contributions.

A paper (or more correctly, a talk) by Colin Allan gives

an overview of AECL's work on the concept for deep geolog-
ical disposal of nuclear fuel waste and his arguments for
proceeding with an actual facility. This is complemented by
a short report on a recent federal briefing on the concept
and its review under the Environmental Assessment and
Review Process.

Continuing our penchant for history, we have an anec-
dotal recollection from Ara Mooradian, who should need
no introduction.

Finally, there is a pot pourri of news and notices and, of
course, considerable news of the activity of the Society.

Our new associate editor, Ric Fluke, has had a signifi-
cant hand in this issue and we wish to thank him (and all
you other contributors). " .




Ontario Hydro Statements

Ed. Note: On 8 March 1993, the recently-appointed
Chairman of Ontario Hydro, Maurice Strong, issued a
statement outlining a drastic program of cost reduction
and restructuring. Just two weeks earlier Ontario Hydro
had issued a "discussion” paper titled “Hydro 21 - Options
Jfor Ontario Hydro”, subtitled " Present Situation and Op-
tions for the Future.” Since the general media has largely
ignored the latter and has put their own interpretations on
Strong’s statement, we are printing below some excerpis
Srom both documents, with emphasis on those sections
which most impinge on Ontario Hydro’s nuclear program
or on the fate of CNS members.)

Hydro 21 - Options for the Future

{excerpis)
1, Present Situation and Options for the Future

What made Ontario a successful utility in the 20th century
will not be adequate for the 21st. this century’s challenge
was to provide cheap and reliable power to a rapidly
growing Ontario.

Ontario Hydro grew in response to this challenge be-
coming one of the largest, most respected, utilities in the
world, and the most important single organization in On-
taric’s economy. In the last decade of the century, Hydro
faces a very different, more complex, and difficult set of
challenges as it works to enhance Ontario’s ability to be-
come a world-class, competitive, energy-efficient, and en-
vironmentally sustainable economy.

Hydro is now in the process of transition.

This paper is intended to initiated discussion between
Ontario Hydro and its stakeholder about options for the
future

Hydro’s Evolution

Ontario Hydro came into existence in 1906 as a result of
public response to rapidly growing needs for electric
power.

Cheap power, it was realized, was vital to the provin-
ces’s future economic development.

For the next 60 years the demand for power climbed
steeply and almost without interruption. Demand doubled
roughly every decade and was satisfied by building hydro-
euntil the mid-1950s, by which time the major hydro sites
had been developed. Hydro then turned to coal-fired sta-
tions and, by the end of the 1960s, to nuclear stations. By
the end of the 1970s energy and conservation had become
key issues. Growth in demand slowed and Hydro stretched
out its construction programs. By the end of the 1980s
demand was picking up and Hydro responded
by developing a 25-year plan.

Events overtook the plan as the demand for electricity
actually decreased. In January 1993 [ Hydro] withdrew its
application [regarding the plan] before the Environmental
Assessment Board.

Future Actions

A. Short Term

Ontario Hydro has a crucial role to play to help Ontario
compete economically and to do so in an environmentally
sustainable way.

A main consequence of these unforeseen conditions
[recession] is increased electricity rates. But there are a
number of other reasons for increased rates. Ageing
generating stations require more maintenance and the cost
of new facilities . . . has begun to be reflected in the rates.

A Hydro task force was directed to come up with an
urgent plan, These short-term initiatives are to be achieved
in a way that is consistent with the long-term need to
restructure Ontario Hydro for the 21st century.

B. Long-Term

Recent rate increases and declining demand may be an
urgent short-term issue, but they also reflect the undenia-
ble need for structural transformations of Ontario Hydro.,

Let us look at the choices facing Ontario Hydro within
the context of Ontario as a whole. It is widely accepted
that Ontaric must move away from its over-dependence
on raw material exports towards an economy in which
knowledge and technology will be the prime sources of
added value and competitive advantage.

Hydro has to help Ontario use electricity - and energy
generally — better by providing better energy services and
showing the way to inextricably connect efficiency and
sustainability.

The overall question is what sort of utility can best
meet Ontario’s needs for the 21st century?

2. Utility Structures to Meet Ontario’s Needs

The electric power business consists of four basic compo-
nents: generation, transmission, distribution and energy
services. (Energy services help customers lower their
energy costs through such activities as energy conserva-
tion, energy efficiency, and fuel switching.)

Ontaric Hydro largely follows the traditional utility
model, It is vertically integrated. Most of Hydro’s electric-
ity is sold to municipal electric utilities which distribute
[it]. Hydro is publicly owned and operates as a power
pool where the benefits and costs of electricity supply are
shared among users.

What is a suitable structure for Ontario Hydro? A
starting point is to judge options against criteria which
reflect customer and community expectations. Customers
tend to be concerned about cost, reliability, flexibility and
service. Communities want good corporate citizenship,
environmental protection, energy conservation, economic
development, universality of supply, and community in-
volvement. No structure can achieve all of these equally.

At one end of the spectrum is the large vertically-
integrated and centrally-coordinated utility, with monopoly
powers. At the other is a system of small, specialized,
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competing organizations which are only loosely connected.
And within this wide range, ownership may be public,
private or mixed,

Energy Services

It is possible to imagine energy services companies being
run by either a private or public utility.

Distribution

Distribution is usually carried out by local or regional
utilities. [It] may also be carried out by an arm of a large
vertically-integrated utility. Hydro Quebec is an example.

Some jurisdictions are beginning to introduce compe-
tition at the retail level. The local utility is required to
transmit electricity from rival suppliers. This process is
termed giving “third-party access” (TPA) and is said to
involve the “retail wheeling” of power.

Transmission

Transmission is usually seen by economists as a natural
monopoly, Given current technologies, it makes little sense
to duplicate the transmission network.

Access to the transmission system is therefore a key
issue. In some jurisdiction, utilities are being ordered to act
as a “common carrier” and allow third-party access. In
markets which are moving towards more open competition,
the transmission system is usually operated as a separate
and distinct monopoly.

Generation

Competition can be introduced into the generation sector -
facilitated by . . . third-party access to transmission services.
Intreducing new supply when there is already a surplus
may increase utility prices because fixed costs. .. have to be
recovered over a smaller rate base. Theoretically, in a fully
competitive system, a surplus could lead to lower prices.

Overall System Structure

There are many ways of linking the energy services, distri-
bution, transmission and generation sectors. There are also
many ways that public and private ownership can be mixed.

The vertically-integrated, monopoly structure maximizes
economies of scale and facilitates integrated planning and
operation.

The ties between the generation, transmission, distribu-
tion and energy services arms of an integrated system may
be loosened to establish competitive markets. For example,
a utility could maintain control over the transmission system
but give others the right to generate, A further step in this
direction is to break up integrated utilities into separate
businesses, as occurred in England.

3. Planning for Future Needs

Like all utilities, Ontario Hydro has to forecast future
electricity needs and then decide how to meet those needs.
The events of the last three years have caused Hydro to
rethink its approach to planning, [which] made two key
assumptions. One was the decision to base planning on a
25-year horizon. The other was to plan on high growth
[since] an oversupply was preferable to a shortage. A surplus
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of generating capacity is now forecast for the next ten years.
Planning must address how to manage the surplus, how to
deal with uncertainty, and how to meet future needs.

Options and Trade Offs

Integrated Plan vs “Let the Market Decide”

In many countries there is a trend toward integrated re-
source planning. The utility develops a comprehensive
overview of resources and identifies options to meet its
needs. An alternative to integrated planning is to let the
market place decide.

Coordinated planning makes it easier for society to in-
troduce policy direction into electricity planning. A market
place approach. . . is likely to be more flexible and respon-
sive to changes.

Short-term vs Long-term Perspective

A long-term perspective allows capital costs to be recovered
over an extended period and allows benefits and costs to be
traded off over long periods of time. At the other end of the
spectrum Is a short-term perspective relying on supply op-
tions with short lead times and short payback times.

A Few Large Stations vs Many Smaller Ones

Ontario’s system is based mainly on large centralized gener-
ating stations. A decentralized approach would put smaller
generators closer to where the electricity is used. The cost
advantages of Jarger stations are declining. Smaller combined-
cycle gas turbines have become more competitive with large
coal and nuclear stations as long as gas prices remain low.

Traditional Technologies vs Promising Alternatives

Traditional supply options are hydro-electric, nuclear and
natural gas of coal-fired generating stations. Alternative
supply technologies, such as solar, biomass and wind have
been uneconomic to date. But there could be technological
breakthroughs. Fuel cells in particular show promise of
becoming economic.

A Voice for the Public and Stakeholder

More public involvement earlier in the planning process can
lead to better understanding, acceptance and support.

Other Key Issues

Other questions arise in utility planning. For example,
should a utility pay incentives to customers to use less elec-
tricity when there is a surplus of power? Natural gas is a
non-renewable resource. How does its use relate to
sustainability?

4. How Should Electricity Costs Be Charged to Customers?

Attempts to restructure the way costs are recovered basically
hinge on three questions: (1) Who benefits? (2) Who pays?
(3) Do certain customers deserve special treatment?

The way electricity is priced today averages the relatively
cheap power from older stations with more expensive power
from newer ones. Pricing based on . . . marginal costs would
match new demand to the costs of new power.

The Power Corporation Act at present requires that




Hydro rates should be based on average costs.

There is a link between efficiency and sustainability. A
full-fledged approach to sustainability means that pricing
would include all external costs. Such a strategy would have
to assume that prices for all other resources would also
include full envirenmental and social costs.

One view of sustainable development is that the financial
health of our key industries must be restored. Hydro’s rates
could be “customized” to help industry develop or, in some
cases, just survive through a difficult period.

With surplus capacity, the costs of supplying additional
power is lower than our average costs. This could be taken
as an opportunity to discount rates in supporting business
development.

There is the issue of how promoting electricity use is
consistent with energy efficiency and sustainable develop-
ment goals.

Statement from Chairman Maurice Strong
{excerpts)

I am announcing today [8 March 1993] the next steps in a

broad plan moving Ontario Hydro to its goal of helping

Ontario become a world leader in developing an energy

efficient and competitive ¢conomy, by applying principles

of sustainable development.

Ontario Hydro’s Board of Directors has agreed on an
extensive program of cost reduction and restructuring which
will freeze rates in real terms for at least the remainder of
this decade, . ..and bring the increase in its debt to a halt
through a program of debt reduction designed to reduce
debt by at least $13 billion in the next 10 years.

These actions are designed to address the most urgent
and immediate priorities of Ontario Hydro, to bring to a
halt spiralling increases in its rates and its debt, and to
create a leaner, more efficient, business organization. This
will better serve the changing needs of our customers and
contribute to the revitalization of Ontario’s economy on an
environmentally sound and sustainable basis.

The measures now being undertaken are based upon
recommendations of an internal task force chaired by John
Wilson of Ernst & Young and involve cost reductions rang-
ing from $875 million in 1994 to $1.4 billion in 1996 as a
result of measures which include:

- a further reduction of at least $10 billion in currently
planned capital expenditures over the period 1998 to 2002.
this is in addition to the $10 billion announced in December,
effectively cutting Hydro’s planned capital program in half;
- improvements to Hydro’s debt/equity ratio to about
60/40;

- reductions of some 25 % in Operations, Maintenance and
Administrative costs over the period 1994-1996, and .-
.. through 2002;

- reductions in previously planned purchases from non-util-
ity generation of $460 million in the next three years.

Related measures include maintaining the stringent restric-
tions on hiring, a continued freeze on executive remunera-
tion and severe restrictions on discretionary purchases. Asa
result of this program and reductions effected in the past

few months, the Hydro workforce will be reduced by 6,000
to 28,000 regular staff. [ This] will involve staff reductions of
some 4,500 employees in addition to the 1,500 already
separated in recent months. This will be effected mainly
through a range of options for voluntary departure at an
estimated cost of $500 million.

As part of this program, no commitment will be made
at this time to retube the Bruce ‘A’ nuclear reactors, which
will continue to be maintained and operated as long as
safety requirements permit,

The Bruce Heavy Water Plant will be closed in 1994
unless export sales enable it to continue operation,

The current review process [ Bruce ‘A’] will be suspended
and the retubing option remain open, subject to reinstate-
ment of the review process prior to any future decision.

Hydro is currently projecting a surplus generating ca-
pacity of up to 8,500 megawatts. Additional future capacity
could be made available by proceeding with the Mattagami
and Niagara hydro-electric projects, through the continuing
option of prolonging the life of the Bruce ‘A’ reactors, and
by contracting for supplies of non-utility generation. These,
together with the effects of demand management, are suffi-
cient to ensure security of supply.

Accompanying and facilitating the cost reduction pro-
gram is a program of fundamental restructuring to make
the Corporation more cost effective, accountable and
market-oriented.

The new business structure recognizes three distinct but
closely related sets of functions:

- generation and delivery of electricity;
- provision of energy services;

- additional services which add value, including interna-
tional services and the development of green technology
related industrial opportunities.

Within this framework, each unit will be organized ona
line-of-business basis with responsibility and accountability
for its performance within overall corporate policies and
priorities.

Some Branches and Divisions will be discontinued and
those functions which continue to be required will be inte-
grated into the respective line-of-business units. The new
structure will be considered by the Hydro board at its April
[1993] meeting. Implementation would begin immediately.

The primary objective of Ontario Hydro, as I see it, is to
make Ontaric a world class, energy efficient and competitive
economy and a world leader in the transition to environ-
mentally sound and sustainable development.

A number of other major issues...remain to be ad-
dressed. These have been summarized in the paper “Hydro
21" prepared for a series of round tables that is now
underway.

I am convinced that the changes we will be making are
both necessary and feasible and that they will produce a
new Ontario Hydro better able to meet the needs and serve
the interests of its customers, contribute to the sustainable
development of the Ontario economy and provide challeng-
ing and rewarding careers for its employees.




Comments by OH’s Don Anderson

(Ed. Note: In a talk to the staff of his branch on March 10,
Don Anderson, Ontario Hydro’s vice-presidemt of Engi-
neering and Construction Services, reviewed Chairman
Strong’s statement of March 8 and commented on the im-
pact of the corporate moves on his branch. Although much
of his address dealt with the proposed arrangements for
staff reductions, he provided some further insights into the
possible restructuring of Ontario Hydro. The following ex-
cerpts from his talk concentrate on that aspect.)

The need for change is obvious. Hydro had banked on
inflationary growth that would require new capacity. We
were wrong. Industrial output {in Ontario] has fallen an
incredible 15% since the late 1980s. We predicted overall
growth to run 3 to 4% in the nineties and demand is actually
lower now than it was in 1989. We are now selling less
electrical energy than we did in 1988,

Qur survival depends upon getting our debt and costs
under control. While some long-term planning is always
necessary in the utility business, Hydro’s current focus has
to be short-term, on financial recovery.

The decision to hold off retubing Bruce ‘A’ unfortunately
affects our highiy skilled and effective retube team. We have
no idea when there will be a need to reinstate the project.
So, I have no choice but to shut down the entire project. We
will document our experiences and put it on the shelf. If the

project is reinstated sometime down the road we will have
plenty of time to retrain and staff-up for the program.

I envision the deferral of the Bruce unit 2 rehab.

Some cuts will come through the corporate restructur-
ing. The COG budget remains untouched.

On the positive side, [there is] the possibility of heavy
water sales to Korea and Quebec. In addition, our Board
approved the sale of our Pickering dry storage canisters to
Lithuania.

The new Ontaric Hydro will actually be three corpora-
tions — the Electricity Company; the Energy Services Com-
pany; and Ontario Hydro Enterprises. These are entirely
new business structures. Most of our existing branches will
be changed significantly and all branches will certainly op-
erate differently than they did before. The majority of Engi-
neering and Construction Services will move into the Elec-
tricity Company.

The proposed structures for the three businesses follow
a Jine of business approach. The new organization will look
like a customer-focused, business-like, cohesive team.

As we move into the new integrated business structure
there [is] a significant shift in our business from construction
to engineering. By and large, Ontario Hydro is getting out
of the construction business. The likelihood of the corpora-
tion building a major new project is remote. Our [Engineer-
ing and Construction Services] business direction is towards
engineering and project management.

The Canadian Nuclear Society will hold a
REACTOR SAFETY COURSE

in Toronto
17-19 May 1993

Reactor safety is a major concern of the public and a technical challenge to the nuclear industry.

This course will review generic international safety issues and concepts while concentrating on the Canadian
reactor safety philosophy, approach and implementation.

Special sessions will facilitate exchange of information related to the many facets of the safety of CANDU
nuclear power plants.

Lecturers will be senior professionals working in reactor safety or related fields.

Cost: CNS members 3315,
Others $375.
Students* $ 70. (*number limited to 10)

Joel Almon
Ontario Hydro
Tel. 416-506-6889
FAX 416-506-4240

For information contact:




Impelling Success

by Ric Fluke

It was just before the holiday season in December, 1990.
Parties were being planned, decorations were being hung,
and any problem at the new Darlington NGS was the last
thing on anyone’s mind. But at the Unit 2 reactor a fuelling
machine had become stuck on fuel channel “NI12” during
what should have been a routine fuelling operation. Fuel
had been damaged in the process, the fuelling machine could
not be moved, and most troubling, the cause of the problem
could not be determined. There was no option. The reactor
was shut down.

Thus began one of the most publicised financial crises
of Ontario Hydro. Likely causes were eagerly sought: the
fuel fabricator; the fuelling machine manufacturer; over-
ambitious engineers who “improved” the systems design;
Mrs. O’Leary’s cow; and the “mother of all scape-goats™, op-
erator error. However, after an intensive programme of eval-
uation, testing and data acquisition, the root cause of the
problem had been confirmed. Pressure pulses induced by the
rotation of the 5-vane impellers of the main heat transport
pumps were amplified in the reactor inlet header and some
fuel channels, causing the fuel bundles to resonate and the
end-plates to fail by cyclic fatigue. The solution was to change
to 7-vane impellers, thus shifting the resonant frequency to
well outside the operating conditions of the reactor.

Simple enough, even though it was rather expensive.
However, without confirmation of root cause, the reactors
might still be shut down because more and more “wrong”
solutions would be tested and rejected. The costs to ratepay-
ers exceed 31 million per day to replace the electrical output
of Darlington, not including the costs of labour, testing,
materials, hardware, cutting and welding, etc. This success
story, therefore, rested on the ability to quickly determine
and confirm root cause; it is the result of effective deploy-
ment of engineering talent and the availability of an R&D
infrastructure to respond to a crisis.

The public is well aware that a problem arose at Darling-
ton, and that expensive repairs were made. Anything that
affects electricity rates is big news these days. Some of the
better informed public understand that it was an acoustic
problem and that a change in pump design was the cure,
But few people are aware of the “inside story” within Onta-
rio Hydro and AECL. The details of events and analysis,
between revelation of the problem and confirmation of the
solution, were presented by Mr. Rudy Pauls, Senior Consul-
tant in Ontario Hydro's Nuclear Support Services (NSS) at
one of ENCON Services new Lunch-time Technical Semi-
nars. These seminars have been organised by NSS to keep
employees informed of technical issues and new develop-
ments. [ See Mr. Pauls’ technical report on Acoustic Model-
ling in this issue.]

Acoustic modelling is a relatively new and very complex
field of mechanics. Explanations are best left to the experts,
and readers are therefore referred to Mr. Pauls’ report. A
brief and simple summary of the problem is as follows. The
main pumps use a rotating impeller having several vanes to

circulate the heavy water. As each vane of the impeller
passes a discharge pipe, it imparts a small pressure pulse
into the system. The frequency of pulsations is given by the
impeller’s speed of rotation and number of blades. The Dar-
lington pumps operate at 1800 RPM, and with five vanes,
the pulse frequency is [50 Hz. Pulsations at 150 Hz would
therefore be expected in the reactor piping. Any piping sys-
tem will encounter similar pulsations, but at certain fre-
quencies, called harmonic frequencies, parts of the system
resonate. There can be several harmonic frequencies, as in a
flute or an organ pipe, and different harmonics can be stim-
ulated by applying a periodic “excitation”™ at one of these
natural frequencies. In a reactor, the pump provides the
periodic excitation and these pulsations can be amplified if
the pipe lengths are “tuned™ just right. The frequency at
which a resonance occurs is also affected by fluid properties
such as water temperature and pressure. As luck would
have it, the 150 Hz pressure pulses at Darlington will cause
a resonance oniy under a very narrow range of conditions:
yes, full power operating conditions! There are no resonan-
ces at 210 Hz under the operating conditions of the reactor,
and hence the attraction of the “7-vane™ solution.

The harmonics of the Darlington “pipe organ™ would
have been a challenge for Johann Sebastian Bach, who com-
posed Das Wohltemperierte Klavier (The Weli-tempered
Clavier) to demonstrate the advantages of an acoustic design
change to the new “equal temperament™ method of tuning.
Just as Darlington underwent a design change from a 5-vane
to a 7-vane impeller, the organ was modified by changing
from a “7-vane” (i.e. seven long white keys per octave) to a
“12-vane” (i.e. five short black keys added) keyboard. In a
way, Bach confirmed the root cause of the organ’s unpleas-
ant vibrations under certain operating conditions, and dem-
onstrated the solution. Two hundred years later, in 2 more
complicated “pipe organ”, a similar challenge arose: confirm
root cause and demonstrate a solution. As explained in Mr.
Pauls’ report, several theories were put forth but there was
not enough information to prove or disprove any of them.
A special team was set up consisting of experts within Onta-
rio Hydro, AECL and other specialists. This availability and
rapid deployment of engineering talent is only part of the
success story.

The other part is the availability of an R&D infrastruc-
ture, which proved to be a critical factor for success. The
test facility at Stern Laboratories Inc. in Hamilton, Ontario,
includes a full size Darlington fuel channel connected to a
test loop. Unirradiated fuel bundles were tested under con-
ditions simulating Darlington operation, and when a 150
Hz pulsation was introduced, the bundles were damaged in
the same way as those in the Darlington reactor. This con-
firmed root cause. Next, a solution was needed. Again, the
facility at Stern Labs was used to demonstrate the “7-vane™
solution by confirming that pressure pulsations at 210 Hz
would not lead to cyclic fatigue failures. Questions remained,
however, because Darlington fuel bundles were damaged
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only in certain locations within certain channels. Would the
7-vane impeller create problems elsewhere? A detailed ana-
lytical modelling effort was needed to answer these questions
before committing to a design change, This required more
data that could only be derived from full-scale testing.
Again, the availability of an R&D facility proved critical to
success. The full size pump test facility at Ontario Hydro
Research Division provided data needed to model the
“source” of both 5-vane and 7-vane impellers. Based on
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Abstract

The occurrence of the ‘N12’ incident at Darlington NGS
Unit 2 in December 1990 resulted in the initiation of a large
investigation effort into the cause of the fuel bundle end-
plate cracking by OH and AECL staff. One component of
this investigation consisted of acoustic modelling of the
Darlington heat transport circuit using the ABAQUS com-
puter code,

Acoustic modelling in conjunction with in-reactor pres-
sure measurements and out-reactor tests demonstrated that
the cause of the fuel damage was acoustic amplification of
pump vane-passing pressure pulsations.

Modelling with the ABAQUS code supported by in-reactor
testing provided a sufficient understanding of the acoustic
characteristics of the Darlington HT piping system to make
an engineering decision to replace the 5-Vane impellers with
7-Vane impellers. The change to 7-Vane impellers has resulted
in much reduced pressure pulsation levels in the system and
elimination of fuel bundle end-plate cracking at Darlington.

The paper discusses in some detail the main considera-
tions and assumptions made in this modelling effort.

Introduction

In December 1990, during routine on-power fuelling of Dar-
lington NGS Unit 2 channel N12, the fuelling machine be-
came stuck on that channel. Attempts to complete the fuel-
ling sequence were unsuccessful. By early January, 1991,
shutdown of that unit was required as the extent of fuel
damage became confirmed. Following shutdown of the unit,
investigations were initiated to determine the cause of the
fuelling machine becoming stuck.

Examinations of fuel in the irradiated fuel bay resulted
in the discovery of a number of cracks in the end-plates of
fuel bundles discharged from certain channels. The cause of
the fuelling machine becoming stuck was the fuel bundle
disassembly caused by the failure of all supporting webs in
the end plates at both ends of the downstream fuel bundle.

By May of 1991 as certain patterns in fuel damage
emerged, acoustic amplification of pump vane-passing pres-
sure pulsations was put forward as the likely cause of end-
plate cracking. It was postulated that acoustic pressure pul-
sations in certain channels were exciting axial vibrations of

the central portion of fuel within a fuel string causing fatigue
failure of the most highly stressed portions of fuel bundle
end-plates. The main evidence in support of acoustic reso-
nance at that time was as follows:

e crack characteristies indicated high cycle fatigue as the
end-plate failure mechanism,

° in channels with end-plate cracks, the complete fuel
string exhibited a high degree of fretting wear on the
end-plates, inter-element spacer pads and bearing pads,

e high frequency vibrations had been previously observed
in the emergency coolant injection (ECI) lines and certain
feeders and end-fittings.

As a result of this hypothesis the Darlington acoustics
investigation program was initiated. The activities initiated
were acoustic modelling using the ABAQUS computer code,
testing at STERN Laboratories Inc. and Ontario Hydro Re-
search Division (OHRD) and on-site testing at Darlington
Unit 2. Preliminary modelling with ABAQUS indicated that
strong acoustic resonances were expected under cold and
hot operating conditions with the 5-Vane pump.

In-reactor (Darlington Units 2/ 1) and out-reactor testing
conducted by May 1991, together with the acoustic model-
ling and other analysis being carried out concurrently, pro-
vided evidence that one of the key mechanisms causin g fuel
damage at the Station was acoustic resonance. In-reactor
tests demonstrated that significant acoustic amplification of
150 Hz pump-generated pressure pulsations was occurring
under cold and ZPH (Zero Power Hot) conditions.

In June 1991 Engineering Dynamics Incorporated (ED1),
a consultant based in San Antonio, Texas, with extensive
experience in acoustics, were asked to perform acoustic
modelling of the Darlington NGS piping system. Similarly
to the ABAQUS analysis, the EDI analysis also predicted the
existence of acoustic resonances under cold and hot operat-
ing conditions. EDI’s experience in modelling of acoustic
behaviour in piping systems allowed a first prediction of the
degree of amplification of the vane passing pressure pulsa-
tions expected in the Pump Discharge (PD) legs, Reactor
Inlet Header {R1H) and feeder/ channel assemblies.

It soon became clear that limitations in the EDI code
would not allow the model to be expanded into a compre-
hensive acoustic model of the plant, which was required to
explain why certain fuel channels experienced end-plate
cracking and others didn't. The ABAQUS model was then
developed into a more comprehensive acoustic model of the
plant. This modelling demonstrated a significant correlation
between predicted high pulsation channels and cracked
channels in Darlington NGS Unit 2.




Also during the summer of 1991 tests were performed in
the STERN ‘K 12’ fuel channel rig. These tests clearly showed
that acoustic pressure pulsations of the order of magnitude
believed to be occurring in Darlington fuel channels and at
a frequency near 150 hz were capable of cracking end-plates.

Acoustic modelling performed by EDI and Ontario Hydro
(OH) using ABAQUS predicted that replacement of the exist-
ing 5-Vane impellers with 7-Vane impellers would signifi-
cantly reduce the acoustic amplification within the system
and worst channels — particularly at the hot operating
condition. These three factors, ABAQUS acoustic modelling,
EPI acoustic modelling and STERN Laboratory tests were
major factors in the decision to implement the 7-Vane design
solution in Darlington.

In September 1991, the decision was made to replace the
existing 5-Vane impellers with 7-Vane replacement impellers
in all the HT pumps. The first set of four impellers arrived
at Darlington NGS in March 1992,

Tests were performed in the OHRD full-scale pump loop
in order to fully characterize the performance of the previous
5-Vane and the new 7-Vane impellers. These tests provided
a very important input to the modelling; the source
strength generated by the pump at their vane passing
frequency.

In order to fully characterize the plant acoustic response
with both 5-Vane and 7-Vane impellers, an extensive test
program was implemented in DNGS Unit 3. Acoustic pres-
sures were measured via fast acting pressure transducers at
the end of short instrument lines (10-20 cm in length). These
tests clearly showed that at ZPH maximum pressure levels
in the RIH were of the order of 40 kPa with the 5-Vane
impellers and 15 kPa with the 7-Vane impellers. Pressure in
the most responsive feeders were measured to be a factor of
5 lower with the 7-Vane impeller than in the case of the
5-Vane impeller. The fuel string axial vibration level was
found to be approximately an order of magnitude lower
with 7-Vane pump operation.

In this paper, the modelling of the Darlington Heat
Transport (HT) system for the RIH2 quadrant using the
ABAQUS program will be discussed. This quadrant is chosen
because it was fully instrumented during the Darlington
Unit 3 test. The paper will highlight the modelling consider-
ations, the finite element model, and comparison of ABAQUS
predictions with Darlington unit 3 tests and the effect of
changing the pump impeller from 5-Vane to 7-Vane. The
role of STERN rig tests and OHRD pump loop tests in
ABAQUS modelling is also briefly discussed.

The Finite Element Model

Computer Program

Three computer programs were used to perform acoustic
analysis of the Darlington HT system. PATRAN, an inter-
active graphic program (Ref. 1), was used to develop the
model; ABAQUS, a finite element program (Ref. 2), was
used to do the acoustic analysis; and a user developed
FORTRAN program to do the post processing.

The ABAQUS program was used for acoustic analysis of
the Darlington HT system because it provided the flexibility
that is required for modelling a complex HT system. ABAQUS
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rather than ANSYS or NASTRAN was selected for analysis
as it provided 1-Dimensional (1D}, 2D and 3D acoustic
elements, coupled structural acoustic analysis capabilities,
and greater control over problem parameters. ABAQUS does
the structural acoustic analysis using finite element formu-
lations and has both time domain (transient) and frequency
domain (steady-state) solution capabilities.

In the ABAQUS formulation for acoustic analysis, the
following equation is solved:

of1m®) 14 1 5.
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where p, ps K, and r are dynamic pressure, fluid density,
bulk modulus (pg2; ¢ = sonic speed), and volumetric drag.
In ABAQUS formulation, coolant flow effects are not
modelled. In the Darlington piping system, the Mach
number of the fluid flow is of the order of 0.01 to 0.02. At
these flow rates, use of ABAQUS formulation is appropriate.
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Figure 1: ABAQUS acoustic model of Darlington HT system; NW
quadrant (RIH2/ROH3)

Model Bounds

Fig. 1 shows the finite element model developed for the
RIH2 quadrant. Each quadrant was analyzed independently
because it was assumed to be acoustically decoupled from
the rest of the system. The model consisted of PD, RIH,
Reactor Outlet Header (ROH), Boiier Inlet (BI), Emergency
Coolant Injection (ECI), Shut Down Cooling (SDC), feed
line, and 120 feeder/fuel channel assemblies. The Pump
Discharge (PD) legs were modelled from the pump cutwater
to RIH, SDC from PD to the first upstream valve, ECI from
PD to the two upstream isolation valves, and Bl frozn ROH
to boiler inlet.

The modelling started from the pump cutwaters (See
Fig. 3) because the forcing was applied as a pressure source.
A P-source decouples the two sides of the load application



point. Therefore, only the discharge side of the pump was
modelled and the pump internals and pump suction side
were not modelled.

The model was terminated at the boiler inlet with a P=0
boundary condition caused by large volume of the boiler
bowl. The balance line {connected to the ROH) was not
modelled as it is expected to have a small effect on the ROH
response,

Element Type

The first cross mode of acoustic pressure propagation in the
HT system pipes (24” Diameter) was computed to occur at
1300 Hz. As the highest frequency of interest is 210 Hz, the
wave propagation within the piping system is expected to be
predominantly unidirectional {1D}. For a problem of this
kind, 1D linear acoustic elements, ACID?2 (Ref. 2), can
adequately represent the wave propagation behaviour.

A study of the modelling of tee connections was per-
formed in Ref. 3. This analysis showed that for the ratio of
wavelength over tee dimension (diameter of the run pipe) of
less than 15, results from 1D model and 2D model start
diverging. In the HT system, this limit is reached for large
diameter (» 21"} Tee connections at 150 Hz excitation and
becomes more important at 210 Hz,

The 2D elements were also required while performing
numerical studies of the OHRD loop. When the loop was
modelled using 1D elements, ABAQUS was able to deter-
mine the resonance for both 5-Vane and 7-Vane
impellers, but for 7-Vane impeller (210 Hz), ABAQUS under-
predicted the resonance temperature and over-predicted the
resonance magnitude. When the Y-connection between the
two discharge legs were replaced with 2D elements, or 3D
elements, ABAQUS predicted both the magnitude and re-
sonance temperature correctly.

Elerment Size

Numerical studies of an “organ pipe” had shown that with
0.2m long elements, the behaviour of acoustic modes with
frequencies up to 300 Hz can be accurately modelled. Since
the maximum frequency of interest is 210 Hz, the maximum
element size was restricted to 0.2m in this analysis. For the
regions of particular interest or expected to significantly
affect the system response, an element size of 0.lm was
used.

Material Properties

For acoustic analysis, ABAQUS requires the user to input
the fluid’s bulk modulus and density. Over the plant operat-
ing temperature range, 60 to 310°C, the fluid properties
change significantly. Therefore, even though the forcing
function is fixed, 150 Hz for 5-Vane impeller and 210 Hz for
7-Vane impeller, the HT system can cross a resonance region
as temperature is changed.

Pipe Wall Flexibifity

The pipe wall flexibility has an effect of reducing the effec-
tive wave speed within a pipe. To correctly account for this
effect, a coupled structural acoustic analysis has to be per-
formed. This makes analysis of the full HT system imprac-
tical with current computational technology. However, for

problems in which the wave transmission is mainly uni-
directional in nature, the reduction of wave speed can be
obtained by decreasing the bulk modulus of the fluid. The
bulk modulus of the fluid can be corrected for the pipe wall
flexibility using the following formula:
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where K’ is the corrected bulk modulus, K is bulk modulus
of fluid, A;is the flow area of the fluid, n is the number of
structural surfaces at a cross-section; and Agis b, D,, E; are
the pressurized cross-sectional area, thickness, pressurized
diameter and elastic modulus of structural-surface i,

The accuracy of the correction was tested using an axi-
symmetric coupled maodel for full pipe flow and annular
flow. The two modéls give the same results ( <19 difference)
for frequencies up to 250 Hz.

The pipe wall flexibility correction in the channel region
is significant. The channel consists of end fittings, shield
plugs, the fuel bundle region, and dead spaces between
shield plugs and closure plugs. The channel model was
developed based on numerical studies of a 2D axisymmetric
coupled structural acoustic model and a 1D acoustic model
with bulk modulus modified using eq. (2). In the 1D model,
the bulk modulus of the end fitting region was modified
assuming that the fluid on the other side of the pipe wall
does not affect the pipe flexibility. The results indicate that
1D model is adequate for modelling of the fuel channels.
For the range of frequency of interest, the 1D model shows
an accurate estimate of the fuel channel resonant frequencws
(within 5 Hz=2%). The magnitudes predicted using iD
models are generally lower (30%). The D channel model
was tested by comparing the ABAQUS predictions to the
STERN Loop tests for empty fuel channel and channel filled
with rigid fuel bundles. The channel was modelled from
inlet grayloc to outlet grayloc and experimental dynamic
pressures were applied at the two ends of the model. The
ABAQUS results are especially good for empty channel tests
which indicate that ABAQUS has appropriately modelled
the end fitting (see Fig. 2). For tests with rigid fuel bundles,
ABAQUS results are reasonably good for the hot condition.
In the fuel bundle region, the acoustic wave may be affected
by the fuel bundles in the channel. However, since the
response in the channel is approximately correct, a reason-
ably good result for the response magnitude in the channel
region is expected when the full feeder/channel assembly
is modelled.

Stress Stiffening

During operating conditions, the piping has a static pressure
of 10 MPa. This pressure will stiffen the pipe wall due to stress
stiffening. The effect of stress stiffness in the acoustic analysis
is to modify the Modulus of Elasticity (E) used for the pipe
wall flexibility. The regions most susceptible are the pressure

11




NORMALIZED PRESSURE

NORMALIZED PRESSURE

NORMALIZED PRESSURE

NORMALIZED PRESSURE

12

12

TAP #40 - INLET ANNULUS #1

| :

ABAQUS

——— STERN

| : | ;

| ' 1 '

50 100 150 00 250 300
TAP #15 - INLET SHIELD PLUG RING
s! % 1 | 1 | | [ 1
Q T
50 100 150 it %0 300
TAP #19 - PRESSURE TUBE BNDL #4
o (oo
° R B et M
50 190 150 200 250 308
TAP #22 - OUTLET ANNULUS #2
o T T B
50 300

FREQUENCY (HZ)

NORMALIZED PRESSURE NORMALIZED PRESSURE NORMAILIZED PRESSURE

NORMALIZED PRESSURE

12

TAP #14 - INLET ANNULUS #3

— T T T T

50 100 150 200 250 00
TAP #17 - PRESSURE TUBE BNDL #10
o . i . | : i ; | ;
° ' I Y T —
50 100 150 200 250 300
TAP #21 - QUTLET LATCH DOWNSTREAM
g ] i I | 1 [ ] l
< T
50 190 150 264 250 300
TAP #45 - QUTLET ANNULUS #4
s! 1] ; b l L ' 1 ! 4
° N Y A
50 100 150 200 250 300
FREQUENCY (HZ)

Figure 2: Acoustic response of STERN test fuel channel assembly with no fuel bundles at 290° C; ABAQUS meodel results versus test results
(reference pressure transducer: TAP #40)




tube and end fitting section of a fuel channel as they have
high diameter/thickness ratios and low E’s. As this effect is
considered to be secondary, it was not considered.

Damping

In the ABAQUS program, acoustic damping is applied using
volumetric drag (r). It is a single term used in ABAQUS to
account for dissipation of acoustic energy (due to viscous
losses, thermodynamic losses and any other losses in the
system). In estimating these losses, use of coefficients
developed for steady state static flow is not appropriate,
Experiments have to be performed to estimate the loss terms
for the appropriate thermal-hydraulic conditions.

ABAQUS simulations of the resonant conditions at
STERN rig, OHRI> pump loop and Darlington Unit 3 have
shown that the volumetric drag depends on cross-sectional
areas, mode shape, temperature, wetted surface area, and
flow rate. Damping increases with increasing flow velocity
and wetted surface area and decreases with increasing
temperatures.

Volumetric drag affects the resonant response of the
system by controlling the magnitude of response. In evalu-
ating the response, what is important is curmnulative volu-
metric drag in the total system. The cross-sectional areas
and mode shape are important in estimating the effective
cumulative volumetric drag. For sections of piping with no
flow (ECI & SDCS), the volumetric drag is small. The re-
sponse of these sections is controlled by the damping in the
rest of the system. In these sections, a low drag of r = 1500
keg/m3-s was used.

For large diameter piping, r = 12000 kg/ m3-s at 265°C
was used. The volumetric drag in this section was estimated
based on OHRD loop tests. Small perturbations of the vo-
lumetric drag values does not significantly affect response
as the feeders provide the bulk of damping to this system.

For feeders, heterogeneous volumetric drag was used.
The volumetric drag was changed on the basis of tempera-
ture, cross-sectional areas and wetted surface area. The vo-
lumetric drag values were estimated based on simulations
of STERN experiments.

Loading (Pump Impeller With Odd Number Of Vanes)

Fig. 3 shows a schematic of a Darlington pump which is a
double-volute, double discharge pump with two cutwaters.
The impeller rotates at 30 Hz (1800 rpm). A dynamic pres-
sure pulse is generated when a vane passes a cutwater. This
results in 150 Hz or 210 Hz pressure pulsations for a 5-Vane
or 7-Vane impeller, respectively.

When a vane passes a cutwater, the opposite cutwater is
between two vanes and therefore the pressure at this cut-
water is out of phase with the pressure at the other cutwater.
This kind of loading can be modelled using an anti-symmetric
loading at the cutwaters. An anti-symmetric loading was
applied at the pump cutwaters using sinusoidally varying
peak pressure of P=+/_I at the cutwaters. These values of
pressure amplitude at the cutwaters were used in Darlington
NGS acoustic modelling,

VOLUTE

CUTWATER

YeLulE

Figure 3: Schematic of Darlington 5-Vane impeller HT pump
(top view)

To estimate the actual pressures at the cutwaters, simu-
lations of experiments at the OHRD pump test loop was
performed. ABAQUS results at off-resonance conditions
yielded cutwater pressures of 21 kPa for 5-Vane and 14 kPa
for 7-Vane impellers.

Modelling Uncertainties

The PD/RIH sub-assembly of the system goes into reson-
ance at a certain operating range. These resonances are
affected by the lines attached to these piping. ECI, SDC, feed
line and feeders are attached to the PD/RIH sub-assembly.
The effect of an attached line is significant if the flow area
of the attached line is significant compared to the flow area
of the run pipe. The ECI & SDC line have 12” and 8” diameter
and significantly affect the resonance. These lines contain
stagnant fluid which makes it difficult to estimate sthe
temperature distribution in these lines. Therefore, acoustics
of these lines can only be modelled approximately. The
observed variation in resonant temperatures between quad-
rants and units of Darlington are believed to be due to
variations in the ECI/SDC lengths and/or temperature of
the ECI/SDC lines.

The results are sensitive to the lengths used in the analysis.

For example, a difference of 0.2m in the inlet and outlet
feeder lengths for a typical feeder-channel assembly can
result in a 2 Hz difference in the channel resonance frequen-
¢y in the 150 Hz range. High response in the feeder is ob-
tained when the feeder resonance and header resonance are
tuned. A 2 Hz error in computed feeder/channel frequency
can result in improper estimate of feeder tuning and thereby
channel pressures. As channel ranking for susceptibility to
cracking is based on maximum pressure in the channel,
improper estimate of channel pressure can lead to incorrect
ranking of channels.

The fluid properties within the fuel bundle region are
dependent on the fuel bundle flexibility. In addition, as the
fuel gets irradiated, its flexibility changes. This change in
fuel flexibility is expected to have a minimal effect on the
header resonance but will affect the feeder/channel
resonarnce,
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Figure 4: Darlington RTHZ acoustic response; 5-Vane impelier HT pump; ABAQUS model results versus Unit 3 test results




Analysis and Results

The analysis was done in two parts, which address different
objectives. The objective of the first part was to predict the
operating range at which the RIH goes into resonance and
to estimate the magnitude of the resonance. This analysis
was used to evaluate the effect of design changes on the
system response; e.g., 7-Vane impeller, resonators and stubs,

The second part of the analysis was to predict pressures
in the channels and to rank the channels based on maximum
pressure within the channel. For the second part of the
analysis, measured pressures in the header from Darlington
Unit 3 test were used. The channels were then ranked based
on calculated acoustic pressure amplitude.

The second part of the analysis was feasible because
each feeder {channel) assembly is a decoupled system with
RIH header acting as a P-source and ROH header acting as
P-sink. Decoupling of feeder/channel permits a more relia-
ble method of estimating pressures in the channel as it
properly accounts for tuning of feeder-channel frequency to
the actual measured response in the R1H.

5-Vane Impeller

Fig. 4 shows the trends in measured versus predicted values
of pressure in the RIH as the temperature changes. There
are two temperature regions of resenance: cold (80-150iC)
and hot (240-280iC). The hot condition resonances have
three peaks. The numerical analysis seems to indicate that
these peaks in the hot conditions are because the PD/RIH
has a resonance at 270°C and the ECI line and SDC lines
introduce additional resonances at 245°C and 265°C due to
closely coupled modes. There are minor differences in the
resonant temperatures obtained experimentally and those
predicted by ABAQUS. These differences may be due to
modelling uncertainties. The analysis is able to capture the
amplification of pressures in the RIH.
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Figure 5: Ranking of Darlington NW quadrant fuel channel assem-
blies (served by RIH2/ROH3) based on maximum acous-
tic pressure in channels at 265° C under 5-Vane impeller
HT pump operation

Fig. 5 shows the ranking of the 10 most responsive
channels served by RIH2 for ZPH conditions, The pressure
values in RIH were scaled with respect to the test values.

The ranking was based on the maximurmn pressure pulsation

magnitude in a channel (Grayloc to Grayloc). Maximum

pressure in all [20 channels were considered. The top 10

responsive channels within +/ -5C° of the ZPH temperature

(265°C) were selected. All channels connected to RIH2, that
have cracked bundles (K13, M13) have been captured by the
top ranked channels. This observation confirms the hy-
pothesis that the failure is due to acoustic pressure pulsation.

SYANE

T-VANE

PRESSURE (kPa}

L] 2;0 o t;ﬂ 58
TEMPERATURE (C)

Figure 6: ABAQUS prediction of maximum acoustic pressure in
Darlington NW quadrant fuel channels at zero power
hot condition (265° C)

7-Vane Impeller

Fig. 6 shows a plot of maximum pressure in the fuel channel
for the 5-Vane and 7-Vane impeller. The 7-Vane impeller
gives Y the pressure in the channels as compared to the
5-Vane impeller. This result is consistent with the plant
operating experience, 1., no end plate cracks observed with
the 7-Vane pump operation.

Conclusions

I. Modelling performed with the ABAQUS code in con-
junction with in-reactor and out-reactor testing deve-
loped a good understanding of the fuel failure mecha-
nisms that led to the *N 12’ incident at Darlington.

2. The multiple high amplitude, sharp resonant acoustic
responses observed under 5-Vane impeller hot operating
conditions were determined by ABAQUS modelling to
be due to the coincidence of an acoustic resonance in the
PD/RIH piping system, tuning in with acoustic reson-
ances in the ECI and SDC lines.

3. Modelling with the ABAQUS code supported by EDI
acoustic modelling and in-reactor testing provided a suf-
ficient understanding of the acoustic characteristics of
the Darlington HT piping system to make an engineering
decision to replace the 5-Vane impellers with 7-Vane
impellers.
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4. The acoustic response of individual feeder/channels be-
comes large when both the acoustic resonance of that
feeder/channel and the header resonance occur at the
same temperature, and the feeder is connected to a high
pressure region in the header.

This analysis was performed at zero power condition.
At power conditions, the PD/RIH temperature does not
change significantly. As resonance in this sub-assembly is
based on sonic speeds which is a function of temperature,
the resonance in the PD/ RIH leg is not expected to change
significantly as the power level in the system changes.

The Darlington Unit 3 tests have shown that the change
from 5-Vane impeller to a 7-Vane impeller has reduced the

pressure pulsation in the RIH by a factor of 3 and in the -

most active channel by a factor of 4 at Zero Power Hot
conditions. No fuel end-plate cracks attributable to 7-Vane
operation have been observed to-date.
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International Congress Scheduled for October

Ray Burge

Three years of planning will come to fruition in October
this year when the International Nuclear Congress {(INC93)
is held in Toronto. The Congress will bring together world
leaders, decision makers from business and government and
nuclear practitioners to explore the issues which must be
resolved to launch the second nuclear age.

The congress format provides maximum opportunity
for discussion and debate with a list of distinguished speak-
ers and panelists. Plenary Sessions will examine the major
policy issues facing the industry and a series of Technical
Sessions will provide pertinent data and information to
delegates which will be useful in their professional work.

INC93 will incorporate an exhibition, held in an exhibit
hall adjacent to the conference rooms so that ready access is
provided for all delegates to the manufacturers exhibits.

INC93 will be held Oct 3-6, 1993 at the Sheraton Hotel
& Towers in Toronto. A General Program will be distributed
to all members of CNA and CNS shortly. Meanwhile, further
information ¢an be obtained by calling the CNA Office (416)
977-6152 or John Boulton, (416) 823-9040.

World Energy leaders to address INC93

Keynote addresses at INC93 will introduce the sessions and
give delegates an overall perspective of the thematic content
of the program. Henrik Ager-Hanssen of Norway will de-
lineate the future energy needs of the world in his opening.
His address will be followed by a Jook at the environmental
and social impacts of those needs by James Hann, Scottish
Nuclear Chairman.

The economics and financing aspects will be dealt with
by Helga Steeg, The Executive Director of the International
Energy Agency, while Dr. Allan Bromley, former Advisor
to President Bush for Science and Technology will discuss
the technological developments which are likely to influence
industry prospects.
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INC93 will squarely face nuclear issues

The heart of the Congress consists of four sessions which
examine the environmental and social implications of nu-
clear energy. These sessions will examine reactor safety,
waste management, economics and financing and public
acceptance, In morning presentations experts will discuss
the environmental and social implications of these subjects
in a series of papers which set the stage for Round Table
discussions which take place in the afternoon.

The Round Tables consist of carefully selected panels of
experts, representing various viewpoints on these contro-
versial, crucial and imminent energy issues. The format is
such that both the platform experts and the audience can
interact to generate insights which can be developed into

new avenues of thought and initiatives for action.

Eminent speakers will address long ferm strategies

A highlight of the Congress program will be a Strategic
Energy Session which will take place on the final day. This
session is patterned after that of the highly successful World
Energy Congress in Montreal in 1989. The purpose is to
provide the audience with a basis for long range strategic
thinking and planning.

The subject chosen is “What strategies could meet Glo-
bal Energy Needs Through the 2Ist Century, Consistent
with Environmental and Resource Imperatives? What Role
for Nuclear Energy?”

Two very different viewpoints will be presented, both by
respected experts who are recognised world-wide. W. Ken-
neth Davis, former Deputy Secretary of Energy USA and
Professor Jose Goldemberg, former Brazilian Secretary of
State for the Environment are the speakers so that this
event promises to be a far-ranging and significant
discussion.




Partial Thorium Loading in the Initial Core
of Kakrapar Atomic Power Reactor

M.R. Balakrishnan*

1. Introduction

The first unit of the 2x220 Mwe Pressurized Heavy Water
Reactor nuclear power station at Kakrapar has become
critical. For the first time in the world, a heavy water power
reactor has become critical with part of the initial core
loaded with thorium oxide.

In a heavy water reactor, if the initial core has natural
uranium fuel loaded in all the channels, and has no substan-
tial quantity of neutron absorbing material spatially distrib-
uted specifically for the purpose of neutron flux flattening,
the neutron flux and consequently the heat generation, will
be maximum at the centre of the core. If no effort is made
to flatten the power distribution in the radial direction, the
maximum power rating of the reactor will be limited by the
highest permissible channel power at the centre of the reac-
tor. Hence, it is essential that the power distribution in the
reactor is made as flat as possible so that as large a number
of fuel channels can generate as high a power as possible,
without any channel power exceeding the maximum permis-
sible limit.

When the fuel burn up in the reactor core reaches equili-
brium condition, a certain degree of power flattening is
brought about by having two zones in the reactor core, with
the inner zone having an average fuel burn up substantially
higher than the average fuel burn up in the outer zone.
While the fuel in the inner zone has a discharge burnup of
about 10,200 MWD/ T, the rest of the core has an average dis-
charge burnup of about 5,350 MWD/ T. The fuel with a higher
burn up in the central zone has a higher neutron absorption
cross-section which nullifies the effect of the natural tendency
of the neutron flux to peak at the centre, However, in the
initial core, this strategy is obviously not feasible. In the
heavy water reactors built at Kalpakkam in Tamil Nadu,
Rana Prathap Sagar in Rajasthan and Narora in Uttar Pra-
desh, power flattening in the initial core was achieved by
loading the required quantity of depleted uranium, instead
of natural uranium, in some of the central channels.

2. Thorium Loading

The Reactor Engineering Division of Bhabha Atomic Re-
search Centre (BARC) proposed that thorium fuel bundles
could be loaded in the initial core, instead of depleted ura-
nium bundles, in order to achieve power flattening. Thorium
has a higher neutron absorption cross section than either
natural or depleted uranium. Consequently the total number
of thorium bundles needed is substantially lower than the
total number of depleted uranium bundles required. In addi-
tion to these advantages, the production of PHWR fuel bun-
dles is not affected. Fabrication of depleted uranium bundles

*  Bhabha Atomic Research Centre, Bombay 400 085

disrupts the normal operation of Nuclear Fuel Complex at
Hyderabad, since depleted uranium bundles are fabricated
using the same facilities which are used for the fabrication
of natural uranium bundles.

Although the higher neutron absorption by thorium
helps in reducing the total number of thorium fuel bundles
required, the locations in which thorium bundles are loaded
have to be chosen very carefully. Loading fuel bundles with
higher neutron absorption cross section at any space point
in the core leads to more depression of neutron flux at that
point and in its neighbourhood. If the neutron flux at a
point where a safety rod is located is depressed, the reactivity
worth of the safety rod gets reduced. In a heavy water reac-
tor, the total worth of all the reactivity mechanisms is not
much higher than the minimum required. This is so partly
because of the desire to minimise the total number of pene-
trations in the calandria vessel. As such, the locations in
which the thorium bundles are to be loaded have to be
critically optimised in such a way that the requisite power
flattening in the initial core is achieved without any adverse
impact on the reactivity worth of the safety mechanism
throughout the time until the core reaches equilibrium stage.
Using a Dynamic Programming approach, Reactor Engi-
neering Division worked out a satisfactory configuration
for loading the thorium bundles.

The Narora reactors had 384 depleted uranium bundles
in the initial core, while the Kakrapar reactor has just 35
bundles of thorium oxide. In the Narora units, in the initial
core, each of the 48 channels in the central region had 8
depleted uranium bundles. In the Kakrapar reactor core, the
35 thorium bundles have been loaded in 35 different chan-
nels with no channel having more than one thorium bundle.

3. Safety Systems

The safety system in the Kakrapar reactor, as in the case of
the Narora units, consists of a primary shut off system of
fourteen mechanical shut off rods, and a secondary shut
down system of twelve liquid poison tubes.

Each of the 14 primary shut off rods contains cadmium
sandwiched in stainless steel. These shut off rods of 7.65 cm
diameter move in zircalloy guide tubes of 9.1 cm diameter.
All the guide tubes are in the vertical direction passing
through the space between the horizontal fuel channels. The
14 rods constituting the primary shut down system together
have a reactivity worth of about 36 milli-k in the initial core,
and about 33 milli-k in the equilibrium core. It is the reactiv-
ity worths of 36 and 33 milli-k which had to be maintained
with the loading of thorium bundles in the initial core.
These mechanical shut off rods are normally outside the
core when the reactor is operating.

In the secondary shut down system of liquid poison,
neutron absorbing material boron in the form of lithium
pentaborate solution in heavy water, having about 20 gm of
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boron per litre of the solution, is injected into the zircalloy
tubes from the bottom when the secondary shutdown system
is to be actuated. The secondary shut down system comes
into action only in the event the primary shutoff rods do not
get inserted into the reactor core within the stipulated time
when the situation demands that the reactor is to be shut
down. The 12 liquid poison tubes have a joint reactivity
worth of about 32 milli-k in the initial core and about 28
milli-k in the equilibrium core. The reactivity worth of the
secondary shutdown system also is to be unaffected by load-
ing thorium loading in the specially chosen configuration.
These liquid poison tubes also pass vertically through the
reactor core.

It needs to be pointed out that the reactivity worth of
either of these two shutdown systems depends on a variety
of conditions such as the core burnup, whether any other
reactivity controlling mechanism is present in the reactor
core or not, etc. What needed to be ensured before loading
thorium in the initial core was that the presence of thorium
in the recommended configuration has no adverse effect on
the reactivity worths of these shutdown systems.

4. Regulating Systems

In addition to the primary and secondary shut down sys-
temns, there are four positions where adjuster rods can be
moved, one from the top and one from the bottom at each
of the four locations. The 8 adjuster rods, made of cobalt,
together have a total worth of about 8 milli-k. Unlike the
primary and secondary shutdown systems, the adjuster rods
are normally inside the reactor core when the reactor is
operating. When the reactor is running there is production
of xenon, which absorbs a large number of neutrons and 1s
termed a neutron poison. It is produced from the radioactive
decay of Iodine 135 produced in fission. While the reactor is
running, xenon gets destroyed too, due to neutron absorp-
tion. Once the reactor is shut down, during the initial period
xenon generation is continued. The adjuster rods are with-
drawn, and thereby positive reactivity is inserted into the
core, in order to overcome the negative reactivity due to the
xenon poison. If the reactor is not restarted within about 30
minutes after it is shut down, buiid up of xenon would have
gone beyond the value which can be nullified by withdraw-
ing the adjuster rods. Then, nothing can be done except
wait for about 36 hours when the xenon concentration
would have gone down to radicactive decay.

Two locations have two regulating rods each, made of
cobalt, one moving from the top and the other from the
bottom. The four regulating rods together have a total worth
of about 4 milli-k. During reactor operation the regulating
rods are partly inside the core, and the level to which they
are inserted is changed for regulating reactor power and
neutron flux shapes.

Two other locations have shim rods made of borated
stainless steel. Like the adjuster rods and regulating rods,
each location houses two rods, one inserted from the top and
the other from the bottom, The four shim rods have a total
worth of about 6 milli-k. The shim rods are normally outside
the reactor core. They are inserted into the reactor core
when reactivity is to be reduced even after all the regulating
rods are fully inside the core. However, they are not kept for
long intervals inside the reactor core. They are withdrawn
after sufficient quantity of boron is added to the moderator.

As in the case of the primary and secondary shutdown
systems, the reactivity worths of the regulating systems also
depend on a variety of parameters defining the reactor core
condition - such as what other neutron absorbing materials
are already present, where they are inserted and the fuel
burnup in the core.

5. Conclusion

Loading thorium in a heavy water power reactor is an impor-
tant milestone in the Indian nuclear power programme. Al-
though thorium has been irradiated in the Cirrus reactor
right from the beginning, this is the first time that thorium
oxide fuel bundles are going to be kept in a power reactor for
a long time, subjecting the thorium bundles to a fairly high
neutron fluence. The experience that will be gained from this
exercise will be of immense value in reasserting the confi-
dence that India has already acquired in the various facets of
thorium fuel cycle. India is one of the very few countries in
the world with large deposits of rich thorium ore but has
only limited deposits of uranium of low concentration.

Arriving at a thorium loading configuration that gives
satisfactory power flattening without reducing the reactivity
worths of any of the different systems of the safety mechan-
ism, either in the initial core or as fuel burnup progresses, is
a significant achievement in the neutronics analysis of pres-
surized heavy water reactors.

Annual General Meeting

The Annual General Meeting of the Canadian Nuclear Society will be held
Wednesday, 2 June 1993 o

in the Viger B room of

Le Chateau Champlain hotel

Reports should be submitted to the President by 15 May 1993.

Although the AGM is being held in conjunction with the 4th International Conference on Simulation Methods in
Nuclear Engineering, it is not necessary to register for that conference to attend the AGM which is open to all members.

at 1730 hrs

¢ Montreal, Quebec

i8




AECB reviewing CRL waste facility proposal

The Atomic Energy Control Board is presently reviewing
an application received from Atomic Energy of Canada
Limited (AECL) to construct a new radioactive waste dispo-
sal facility at the Chalk River Laboratories in Ontario.

The facility, named “Intrusion Resistant Underground
Structure” (IRUS), is intended for the disposal of low-level
radioactive waste originating from AECL’s nuclear facilities
and from various Canadian users of radioactive substances
for medical, industrial and research purposes.

The IRUS is different from any of the existing facilities
at Chalk River, where the waste is currently considered to
be in storage with the intention to retrieve it. In the case of
the IRUS, there will be no intention to retrieve the waste,
although this will still be technically possible.

AECL’s application initiated a comprehensive review of
the project by the Control Board as part of its formal licensing
process, to ensure the disposal facility can meet AECR require-

ments with respect to health, safety, security and the envir-
onment. As is normal practice during this process, the re-
view is being conducted in consultation with other federal
and provincial regulatory agencies invited by the Control
Board to assist within their respective areas of expertise.

The application was accompanied by detailed technical
documentation describing the proposed disposal facility and
its exact location within Chalk River Laboratories site.
AECL must also provide details of the public information
program required as part of the project.

The proposal is also subject to the Federal Environmen-
tal Assessment and Review Process and as part of that
procedure, the Control Board will assess the environmental
impacts and any related public concerns.

Documents pertaining to this project are available for
review in the AECB Office of Public Information in Ottawa.

(from AECB Reporter)

Nuclear Fuel Waste Disposal - AECL's Concept
and the Importance of Implementation

Colin J. Allan

Nuclear power now accounts
for 17% of the world’s electri-
city supply!. As with other
methods of generating electri-
city, environmental concerns
are an important issue that
must be addressed by the nu-
clear industry, and one of the
principal environmental issues
is that of nuclear fuel waste
management,

Over the past 14 years
Canada has been investigating
a Concept for permanently
dealing with our nuclear fuel
waste. The Concept is based
on disposing of the waste in a vault excavated 500 to 1000
metres deep in intrusive igneous rock of the Canadian
Shield.

AECL will soon be submitting an Environmental Impact
Statement (EIS) on the Concept to a federal environmental
assessment review Panel. In accordance with AECL’s man-
date and in keeping with the detailed requirements of the
Panel, AECL has conducted extensive studies on a wide
variety of technical and socio-economic issues associated
with the Concept. If the Panel recommends acceptance of
the Concept, the question will then arise, “When is the
appropriate time to proceed with implementation?”

[ believe that if the Concept is accepted following the
Panel's review, it is important to initiate the process of
implementation without delay. In this paper 1 will outline

Colin Allan

Colin Allan is AECL Research’s Vice-President in charge of the
nuclear fuel waste programme.

the reasons underlying this belief but first a brief outline of
the history of the program and the environmental review
that is now under way.

The Canadian Nuclear Fuel Waste Management
Program

Used fuel from Canadian nuclear generating stations is cur-
rently safely stored at the sites. Many years of experience
have been accumulated with both pool storage and dry
storage systems. Supporting R&D indicates that these prac-
tices can be safely continued for many decades to come23,
but because the used fuel remains hazardous for thousands
of years, it is recognized that such storage systems are not a
permanent solution.

Accordingly, in 1977 the federal Department of Energy,
Mines and Resources commissioned a study led by Profes-
sor Kenneth Hare of the University of Toronto to contribute
to the formation of a policy for the long~-term management
of nuclear fuel waste*. After considering a wide range of
alternatives, the study concluded:

“Of the various options for disposal of reactor wastes
and irradiated fuel, we consider underground disposal
in geological formations to be the most promising in
Canada. Igneous rocks are preferred ...”

As a step toward a national plan to deal with nuclear wastes,
the governments of Canada and Ontario established the
Canadian Nuclear Fuel Waste Management Program
(CNFWMP) in 1978, to investigate the safety, security, and
desirability of a Concept for permanent disposal of the fuel
waste in a deep underground repository constructed in intru-
sive, igneous (i.e., platonic) rock?.

In 1981 the two governments reaffirmed their commit-
ment to the program, but announced that the process for
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selecting a disposal site would not be undertaken until the
Concept had been reviewed and acceptedt. Thus, to date, the
R&D program and Concept development have been carried
out on a generic basis rather than a specific project basis.

Participants in the R&D program have included AECL,
which is the lead agency for research on disposal; Ontario
Hydro, which has advanced the technologies for storage
and transportation; Energy, Mines and Resources (EMR)
Canada; Environment Canada; scientists at Canadian vuni-
versities; consultants in the private sector; and the general
public and special interest groups through public consul-
tation and information programs. AECL has a continuing
program to brief the public on the work, to identify public
concerns, and to adjust the program to respond to them.
AECL's activities are co-funded by the federal government
and Ontario Hydro through the CANDU Owners” Group
(COG).

In common with the approach adopted in other coun-
tries, the Concept involves isolating the waste from the bio-
sphere by a series of engineered and natural barriers’. These
barriers include:

e the form of the waste itself,

e the container in which it is sealed,

e the surrounding buffer and backfill material, and,
o the overlying mass of host rock (the geosphere).

There is international consensus that this approach can best
achieve the goal of safely managing nuclear fuel waste in the
long-term. The biosphere is not a barrier per se, but it is an
important part of the overall system with which we are
dealing, and which we must understand and is therefore a
part of the research program.

The fuel waste, in the form of either used fuel bundles or
vitrified high-level waste from reprocessing, would be en-
closed in corrosion-resistant containers and emplaced in a
vault excavated 500 to 1000 metres deep in plutonic rock of
the Canadian Shield. Buffer materials would be packed
around the containers to impede groundwater flow and re-
tard movement of materials eventually leached from the
containers and the waste. The vault and access shafts and
tunnels would be backfilled and sealed. Such a system is
intended to be a permanent method of management. There
would be no intention to retrieve the waste or handle it
further in the future, although retrieval would be possible.

The choice of methods, materials and designs for an actual
disposal system will ultimately be made on the basis of perfor-
mance, taking into account the characteristics of the site
actually chosen, availability of materials, cost, and practicality.

Our approach to Concept development has been to em-
phasize the performance of the system asa whole and to retain
flexibility and robustness in implementation of the Concept.

Over the past fourteen years we have studied the compo-
nents of this disposal Concept in detail®. On the basis of this
work we have:

e demonstrated our ability to determine the surface and
subsurface characteristics of potential host rock forma-
tions;

e demonstrated important aspects of engineering a dispo-

sal system and assessing its impact, and we have illus-

trated this by developing a conceptual design for a used
fuel disposal centre;

¢ demonstrated our ability to assess the long-terim perfor-
mance of such a disposal facility.

In other words, we have developed the tools necessary to
design and assess the performance of a disposal facility,
tools that we are now ready to apply on a site-specific basis.

While it is not possible to provide complete full-scale
demonstrations of all aspects of a disposal facility without
actually building one, our case studies of the used fuel dispo-
sal facility and the performance assessments of implement-
ing such a facility are based on realistic, albeit hypothetical,
facility and site characteristics, using information obtained
from extensive laboratory and fieid research. These studies
provide us, and hopefully will provide the review Panel,
with confidence that the Concept can be implemented to
meet the primary objectives of radiocactive waste manage-
ment, namely: protecting human health, protecting the envi-
ronment, and minimizing the burden on future generations.

Conceptual design of the vault, showing all the disposal rooms
in the first panel and seven rooms in the second panel

The Environmental Review

To test this hypothesis, the Ministry of Energy, Mines and
Resources in 1988 referred the Concept for review under the
Environmental Assessment and Review Process (EARP)S.
AECL is the “Proponent™ for this review, and will submit an
Environmental Impact Statement (EIS) on the Concept to
an Environmental Assessment Review Panel.

The Panel will review AECL’s Concept and related nu-
clear fuel waste management issues, including:

o criteria for judging safety and acceptability;
e potential social, economic and environmental effects of
waste disposal; and

¢ the potential impact of recycling and other processes on
waste volume.

The Panel is also expected to make recommendations on the
approach to be taken to the process for siting such a facility.

A Scientific Review Group appointed by the Panel will
conduct a full technical review of the EIS to assist the Panel
in judging the technical validity and acceptability of the
Concept!9, All federal departments with a relevant interest
are expected to participate in the review. Environment Can-
ada has assembled two teams of experts to review the Con-
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cept in detail and assess its ability to protect the environ-
ment. Other reviews on specific aspects are expected from
the Atomic Energy Control Board; Energy, Mines and
Resources, (a task force is being established for this pur-
pose); Transport Canada; Health and Welifare; Fisheries
and Oceans; and the Department of National Defence. it
appears that the Concept will undergo the most extensive
scientific review of any project ever undertaken in Canada.
In addition, extensive public hearings will be held. The Panel
will then make recommendations on the acceptability of the
Concept and for future action.

After a four-year period during which the Panel familiar-
ized themselves with the issues and held hearings to obtain
public input, guidelines for the EIS were issued in March of
1992. AECL expects to submit its EIS by the end of 1993,
Assuming that there are no major deficiencies, we expect
that the public hearings could take place during 1994 and
early 1995, and that the Panel could issue its recommenda-
tions towards the end of 1995.

If the Panel recommends acceptance, I believe that it is
important to take the next steps towards implementation
without delay; for several basic reasons:

Environmental Leadership and Reducing the Burden
on Future Generations

Since the inception of the nuclear power industry, the indus-
try has shown environmental leadership in managing its
radioactive wastes, operating on an essentially closed fuel
cycle. The incentive for selecting a permanent disposal Con-
cept for managing long-lived fuel waste derives from two
fundamental ethical principles:

¢ the wastes must be managed in such a way that human
health and the environment are protected in the short
and long term, and

e as the principal beneficiaries of the energy which gives
rise to the waste, our generation should assume, to the
extent possible, the burden of managing the waste.

These principles underlie the objectives, criteria and guide-
lines that the Atomic Energy Control Board has set for judging
the safety and acceptability of radioactive waste disposal'!.

From the outset, the Canadian Nuclear Fuel Waste Man-
agement Program was founded on the principle that we have
an obligation to protect and avoid burdening future genera-
tions'2, Minimizing the burden on future generations means
more than simply making financial provisions. It means, to
the extent possible, providing the technology to implement
disposal and providing it in such a way that future genera-
tions may retain flexibility in their decision-making.

Fostering Public Confidence in Nuclear Energy

A second reason for proceeding along the path toward im-
mediate disposal following Concept acceptance is to respond
to public concerns associated with the use of nuclear energy.
AECL public opinion research shows that two-thirds of the
Canadian public say that nuclear power would be more
acceptable if a permanent solution could be found for the
disposal of nuclear fuel waste. Therefore, progress must
continue to be made towards addressing the long-standing
public concern about the final disposition of fuel waste.

With the extensive public process that has been followed
in developing the Concept, and the vigorous scientific scru-
tiny to which the Concept will have been subjected, I believe
that governmental acceptance followed by immediate steps
towards implementation would increase public confidence
in the nuclear industry and assist in resolving concerns and
controversy regarding nuclear energy.

Forestailing Inaction by Default

My third reason is that, unless there is a clear intention to
implement the Concept if it is accepted as a result of the
Panel’s review, there is a great potential for the review pro-
cess to fail to lead to a clear commitment to action. Without
an impetus towards implementing the disposal Concept,
Canada could fail to take any action by default.

Preserving the Knowledge Base

This risk of inaction by default leads me to my last reason
for proceeding; to meet our ethical responsibilities to future
generations it is important that we preserve the knowledge
base that has been generated from the investment that has
been made to date. A great deal of technical knowledge has
been developed in the course of this program. Tapping this
expertise will be essential to successful implementation.
While much of the information has been documented, of
even greater importance is the ability to interpret the results
of tests, measurements and other observations.

Thus for these reasons - our ethical responsibility to
future generations; the need to secure public acceptance;
the need to forestall inaction by default; and the need to
maintain a capability to implement the Concept - I am
convinced that, given a positive outcome to the Panel’s
review, it is important that we take the first steps towards
implementing Canada’s disposal Concept without delay.

Future Options

There are a number of options for the future in managing
Canada’s nuclear fuel waste. I believe that they will all in-
clude a requirement for geological disposal. The waste sub-
stances in used fuel can be disposed either by directly dispos-
ing of the used fuel bundles themselves, or by reprocessing
them to extract the wastes, incorporating them in a stable
matrix, and disposing of this stabilized material.

The question remains as to how we can leave open to
future generations the options of fuel reprocessing and re-
eycling, while meeting our ethical responsibility that we
not impose an unacceptable burden upon them. In Cana-
da’s case, I believe the answer is to be found in the nature
of implementation. The process leading to disposal involves
many phases. We are now approaching the end of the first
phase: Concept development and assessment. If it is judged
appropriate to proceed with implementation of the Con-
cept, the next step would likely be to begin site-specific
activities.

The process of evaluating specific sites will likely involve
ten to fifteen years of work before a commitment would be
made to initiate an underground excavation; a further ten to
fifteen years of site exploration and characterization would
be required before construction could begin: Thus waste
would not begin to be placed in a repository before about
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2025. By then one would have accumulated many years of
site-specific data and a series of increasingly refined evalua-
tions on which to base a decision to begin to emplace waste.

The decision to close and seal the repository would be
made taking into account allaccumulated evidence and expe-
rience gained throughout the siting, characterization and oper-
ational phases, a process extending over close to a century.

This process must retain flexibility in implementation
and provide opportunities for new technologies and processes
to be adopted as they are developed. Throughout the process
the option must be retained of stopping the direct disposal of
used fuel and substituting the disposal of vitrified waste.

Conclusion

To sum up - the nuclear fuel waste management program
was established to develop a sound technical solution for
nuclear fuel waste disposal to protect the public and the
environment from the harmful effects of wastes associated
with nuclear power generation and to relieve future genera-
tions of the burden of caring for the waste. The wastes exist
now and we have a responsibility in this generation to dis-
pose of them. From our R&D program we believe that we
have developed a sufficient level of technical understanding
and capability to continue through towards disposal follow-
ing the environmental review. If the Concept is accepted, we
can and should continue our responsible approach and take
the next steps towards constructing a disposal facility for
Canada’s used fuel wastes.
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Briefing on Deep Geological Nuclear Waste Disposal Concept

Representatives of several federal and Ontario departments
and agencies gathered in Ottawa recently for a “status brief-
ing” on the deep geological disposal concept for nuclear fuel
waste being pursued by Atomic Energy of Canada Limited
and on the review of that concept being conducted by the
Federal Environmental Assessment and Review Office
(FEARQ). The briefing took place January 25 and was re-
peated January 26, with about 30 attendees each day.

AECL is currently working on the Environmental Impact
Statement (EIS) required for the FEARO review. FEARO
issued the final guidelines for the EIS in March 1992. Colin
Allan, the AECL Research vice-president responsible for the
program, stated that AECL expected to submit the EIS by
the end of 1993.

On that basis, Guy Riverin, executive secretary of the
Environmental Assessment Panel established by FEARO to
review the deep geologic disposal concept, predicted that
public hearings might be held as early as the fall of 1994 and
the Panel report submitted by the summer of 1995. However,
if the Panel judges the submitted EIS to be inadequate that
timetable could slip by 6 months to a year, i.e., the panel
report may not be submitted until the end of 1995 or well
into 1996.

The long-term nature of the program was emphasized by
Bob Morrison, director-general of the electricity branch of
the Department of Energy, Mines and Resources, who served
as chairman of the meeting, “There is no technical urgency for
disposal”, Morrison said, “however, there is a need to identify
an option”. He noted that the earliest that any high-level
waste would be put into an actual depository would be 2025
and closure would not be for at least 50 years afterwards.
Jokingly he said he expected to be at the closure ceremony!

In his opening address Dr. Morrison referred to the
Hare report of 1977 which set out general factors and objec-
tives. The following year AECL and Ontario Hydro (OH)
agreed to a joint program with AECL to examine long-term
disposal of high-level waste and OH to concentrate on low
and mid-level wastes and transportation. In 1981 this ar-
rangement was re~confirmed, leading to major programs
totally about $45 million per year. AECL has concentrated
on proving out the concept of deep geologic disposal in
plutonic rocks of the Canadian shield.

In 1988 the Minister of Energy, Mines and Resources
referred the concept to the Minister of the Environment for
review by FEARO. In turn FEARO established an Environ-
mental Assessment Panel in 1989. The review of a concept
as distinct from an actual project was a new challenge for
FEARO. To assist in the review the Panel created a Scientific
Review Group in 1991 to conduct a critical analysis of the
scientific and technical aspects of the concept.

The Panel heid a series of public “scoping sessions” in
the fall of 1990 prior to issuing draft guidelines for an Envi-
ronmental Impact Statement in June 1991. After reviewing
many comments the Panel issued the final EIS Guidelines in

March 1992. _
The Panel's mandate includes topics which are outside

AECLs role. These “broader issues” include criteria for eval-
uating the safety and acceptability of the concept, other

?‘hr’s drgwr‘ng iliustrates the Underground Research Laboratory
in Manitoba, a major feature of AECL’s work on the concept for
Deep Geologic Disposal of nuclear fuel waste

approaches to high-level nuclear waste management, criteria
for siting a facility, and the social, economic and environ-
mental implications.

Regulatory criteria have been expressed by the Atomic
Energy Control Board in regulatory policy documents issued
in 1985 and 1987. Ken Bragg, head of nuclear fuel waste and
special assessments at the AECB, stated that there had been
no change in these criteria except for the radiation conversion
factor (deaths per Sievert of dose) which has been increased
by a factor of 5 in keeping with recent recommendations of
the International Commission on Radiological Protection
(ICRP). (The AECB has announced that it intends to revise
radiation dose limits to reflect these ICRP recommendations.)

When asked what FEARO would do if the Panel con-
cluded that the AECR criteria were not appropriate or ade-
quate Riverin said FEARO could make recommendations to
the government while acknowledging that FEARO had no
jurisdiction over the AECB which is established as an inde-
pendent regulatory agency.

Many of the attendees expressed their appreciation for
the updating, even if their departments or agencies were
unlikely to be involved directly. There appeared to be gen-
eral agreement with Morrison’s view that the work must
proceed even though there is no technical urgency.
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AECB reviews dose limits for pregnant ARWSs

(The following is extracted from an article in the AECB Reporter).

In early 1991, the International Commission on Radiological
Protection (ICRP) published recommendations for the re-
duction of radiation dose limits. This was followed by the
release by the Atomic Energy Control Board (AECB) of
Consultative Document C-122, Proposed Amendments to
the Atomic Energy Control Regulations for Reduced Radi-
ation Dose Limits Based on the 1991 Recommendations of
the International Commission on Radiological Protection.

The AECB received a number of responses. Almost half
the comments came from medical institutions, and all of
these expressed concerns about the proposed reduction in
the dose limit for pregnant atomic radiation workers (ARWS).

The ICRP recommended that once a worker declares a
pregnancy, the surface of the woman’s abdomen should not
be subjected to more than 2 mSv during the remainder of the
pregnancy. In the case of internal doses, a limit of 0.05 annual
limit of intake (ALI) implies that a level considerably lower
than this would have to be detectable for dose control. (An
ALI is the amount of radioactive substance taken into the
body in one year that will result in the individual reaching the
annual dose limit.) For several commonly used radiopharma-
ceuticals, no accepted method of bioassay is available.

The concerns raised by the commentaries focused on
two perceived problems.

The first was that compliance with such a low limit
would be difficult, if not impossible, to monitor. For exter-
nal dosimetry, the current limit of detection is 0.2 millisievert
(mSv) — doses smaller than this cannot be measured accu-
rately. If a pregnancy is declared one month after concep-
tion, up to 18 two-week periods would remain before the
birth of the child. Therefore, if the two-week schedule for
dosimeters is maintained for pregnant ARWs for dose con-
trol, about a 3.6 mSv dose would be “missed,” i.e., 18 x 0.2
mSyv or about 3.6 mSv would go unrecorded. This number
is greater than the proposed limit of 2 mSv, and some
additiona] dosimetry would therefore be required.

The second area of concern was about.employment.
With the difficulty of either meeting the proposed limit or
demonstrating compliance with it, employers would transfer
ARWs to non-radiation work if they became pregnant.
However, some employers, such as hospitals with small nu-
clear medicine departments, would be unable to transfer or
reassign workers to avoid radiation exposure and would be
forced to lay them off.

This scenario would present hardships to employees.
Only the Province of Quebec has a system in place to main-
tain such workers’ income. In addition, the hospital would
have to find a replacement and qualified people may be
hard to find. In the long term, it was feared that employers
would be reluctant to hire women for ARW positions.

Following a preliminary meeting in February 1992, it
was decided to hold a series of meetings across the country
with female radiation workers,

Meetings targeting nuclear medicine technologists along
with other medical workers were held in seven major cities
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during October and November 1992, In all, well over 300
concerned individuals attended. An additional meeting was
held in December at the Key Lake uranium mine. Some of
the gatherings were attended by female workers from power
utilities and various Canadian research establishments.

‘The meetings included a presentation by Dr. David Myers,

a consultant to the AECB, on the risks to the foetus and the

basis of the ICRP recommendations. A summary of the

written comments on C-122 was also presented. This was
followed by the opportunity for presentations from repre-
sentatives of professional associations, employers and
unions. Attendees then broke into small groups and pre-

pared suggestions for the formulation of a regulation. A

summary of their main comments follows.

1. Dosimetry must be improved. This is especially true of
internal dosimetry which at present is not adequate to
indicate compliance with the proposed limit.

2. In view of the problems with bioassay, contamination
surveys should be accepted instead of estimates of intake
based on bioassay.

3. More educational material, explaining the risks, is
needed for radiation workers.

4. The AECB should conduct a study on Canadian medical
radiation workers to examine their doses and the medi-
cal history of their children.

5. The AECB should prepare a compendium of low-cost
dose devices and practices used by hospitals and labora-
tories, and make the information available to all.

6. The social and economic impact of the C~122 proposal
should be determined by the AECB.

7. The philosophy of setting the dose limit for the foetus
the same as the public limit is acceptable, but the ICRP
recommendation on the public dose limit is too low,

8. The risks do not justify such a drastic change in the limit
(some groups felt there was justification in having no
change).

9. The strongest suggestions for the actual limit were for a
compromise between 2 and 10 mSv, but several groups
saw no reason to change the current limit of 10 mSv.

10. A few groups stated that the mandatory declaration of
pregnancy required by the Aromic Energy Control Reg-
ulations was an invasion of privacy.

It was apparent that nearly all felt that the ICRP recom-

mendation was too restrictive and was not justified by the

risks. If implemented, it would result in lay-offs and eventual
reluctance of employers to hire women in the nuclear medicine
field. Participants were also of the opinion that demonstrating
compliance would be impossible and recommended two options:
either a compromise limit of 4 mSv, or remaining with the
current limit of 10 mSv over the duration of the pregnancy.
AECB staff are developing a new proposal on the dose
limit for pregnant ARWs which will be included in the revised
C-122 proposals to be published in Part | of the Canada
Gazette. At that time further comments will be invited.




Reflections on the Canadian Program

Ara Mooradian*

Ed. Note: This paper is taken by Dr. Mooradian’s com-
ments to a special aneedotal session at the ANS conference
celebrating the 50th anniversary of the first nuclear reac-
tor, held in Chicago, November [992.

: ' Our story originates in France.
The first patents recognizing
the need to moderate fission
neutrons were issued in Paris
to the team of Joliot, Halban,
Kowarski and Perrin back in
May 1939. Recognizing the
unique attributes of heavy
water as a moderator, the
French cornered the world
supply (185 kg), and moved it
from Norway to France
(March 9, 1940) just a few
weeks before the invasion of
Norway. Shortly thereafter
(June 17, 1940) Halban and
Kowarski fled to the Cavendish Laboratories with their
heavy water to escape the German occupation and to con-
tinue their studies,

At the end of December 1940, Cockeroft wrote from
Cambridge, “Halban has obtained strong evidence that
D,0, U slow reactor will go . . .”

By 1942, the UK was itself vulnerable, and the govern-
ment proposed that the heavy water group led by Halban be
moved. Halban preferred the US. However, by this time, the
US role was well launched on its own program and offered
Halban a berth but not a leadership role for himself and his
team, which was fortunate for Canada, the second choice.

While Canada was able to contribute a group of first
rate scientists, there is little doubt that the key factors in
encouraging Canadian part1c1patlon were its friendly prox-
imity to the US and its rich uranium deposits at a time
when the element was thought to be scarce.

The Canadian program was effectively born on August
17, 1942 when C.J. MacKenzie (then president of the Na-
tional Research Council of Canada) sold the UK proposi-
tion to C.D. Howe, then Canada’s wartime “minister of
everything.” Shortly thereafter the heavy water took up
temporary headquarters in Montreal.

There followed a frustrating period until effective coop-
eration with the US was launched at the Quebec summit
{August 1943) by Roosevelt and Churchill.

In April 1944 Cockeroft arrived in Montreal to take
over the Anglo-Canadian team.

By July of that year, ZEEP (a low power D,O lattice
facility) was committed under Kowarski as project leader to
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set the nuclear parameters of NRX and later NRU. By Septem-
ber, the plant layout for Chalk River Nuclear Laboratories
(CRNL) was approved and the NRX design was well underway.

On September 5, 1945 ZEEP went critical (the first out-
side the US) almost precisely as predicted by J. Stewart and
G.M. Volkoff.

At the end of the war, the UK recalled Cockeroft to
head the UK program and W.B. Lewis (at age 38) was
appointed to replace Cockeroft at Chalk River. He arrived
September 18, 1946 and later told me that Cockceroft handed
him three sheets of foolscap with the essentials of how in
future the large store of energy in uranium and thorium
could be harnessed; all the instruction he needed to set in
motion Canada’s greatest scientific mission.

Power reactor development was the principal focus of
the program the moment the war was over. The first formal
step took place in 1954 when a feasibility study was launched
by a team of engineers from the utilities, industry and the
Chalk River laboratories,

There followed an incredible cascade of overlapping
commitment. First, NPD (a 20 MWe demonstration) plant
commissioned in 1962, followed by Douglas Point, {(a 200
MWe prototype) commissioned in 1967 followed by Picker-
ing, (4 x 515 MWe), our first commercial station commis-
sioned from 1971-73.

All are characterized by heavy water moderation, pres-
surized heavy water cooling, horizontal pressure tubes on-
power bidirectional fuelling and by a once-through natural
uranium fuel cycle. These essential elements continue to
characterize all CANDU reactors committed since then,

Now let’s examine how it was done.

Essential Components of Success:

{A) Just-In-Time Leadership:

From its inception the program was characterized by timely
and strong leadership. It’s hard to identify more appropriate
men than C.D. Howe and C.J. MacKenzie to appreciate
the significance of the atomic era. C.D. Howe, as head of
defence production had almost single-handedly launched
Canada’s industrial era. MacKenzie, his trusted technical
advisor, was leader of Canada’s scientific effort throughout
World War 11 and had done much to put science to work in
the national interest. Between them they had the vision to
appreciate the nuclear opportunity and the confidence to
seize the moment.

Although we did not have Sir John Cockeroft for long
(April 1944 to September 1946), we had him at a critical
time, first as scientific director of the Montreal Labs and
later the Chalk River laboratories. He organized an excellent
scientific team and laid the foundation for the Canadian
program. He had the reputation needed to commit the low
power ZEEP and NRX, Canada’s 40 MWt research flagship
into the nuclear era. More important, he persuaded W.B.
Lewis to succeed him as scientific director.
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Dr. Lewis provided the program’s intellectual driving
force. The breadth of his interests and contributions spanned
the entire spectrum from the fundamentals of all of the
physical disciplines to their application. We were never
without a clear vision of where we were, where we were
going and why our mission was sustainable. All who
touched him were left with a taste for fundamentals, for
significance and for excellence. He is our most decorated
nuclear scientist and recognized both in Canada and abroad
as father of the CANDU concept.

Less well recognized internationally but crucially im-
portant to the Canadian program was J.L. Gray who was
appointed general manager of AECL in 1952 and subse-
quently president from 1958 to 1974, the period over which
CANDU was transformed from a concept to a commercial
reality. It was Gray who earned the confidence of govern-
ments, utilities and of the commercial community both at
home and abroad to the extent needed to successfully man-
age and finance the program. When you remember that it
took 20 years before we registered the first clear commercial
success in power generation, it will give you some indication
of the qualities of this man.

Together Lewis and Gray struck the right balance be-
tween scientific drive and practicality. For example, while
Lewis recognized the importance of establishing the feasibil-
ity of high performance fuel cycles, Gray recognized the
market significance of the simple once-through natural ur-
anium fuel cycle. The result was a strategy of evolutionary
development now proven appropriate to the time and
ICSOUICES.

(B) Cohesion

Possibly the most important single attribute of the Canadian
program is the one most difficult to identify, i.e., cohesion.
Long before we heard about “team Japan” we had a “team
Canada” in the nuclear power program. Its importance was
recognized from the earliest moments. For example, when
the program was brought under the umbrella of a crown
corporation in 1952, the Board of Directors was composed
of the leaders of Canada’s major electrical utilities, and of
the commercial and academic sector. A strong utility re-
presentation was maintained throughout the conceptual
studies and subsequent engineering of the first plants. The
operators and suppliers were all brought into the picture at
a very early stage, and participated in the development of
the concept. It is therefore no surprise that the program
enjoyed a lobby of support which was hard to ignore, Per-
haps our smaller size had something to do with avoiding the
fragmentation which proved worrisome to the larger nuclear
nations. Whatever the reason, cohesion proved our strongest
asset.

(C) International Cooperation

International cooperation was extremely important both
from a political and technical point of view. For the politi-
cians it was comforting to know that the Canadian program
had the benefit of the best international contacts., Since
Canada had no pretensions of becoming a nuclear weapons
state, there was little impediment to the exchange of
information.
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Our excellent test facilities, NRX and NRU were attrac-
tive to our offshore colleagues and did much to encourage
collaboration.

As a tangible indication of the cooperation that charac-
terized the 50s and 60s, I recall an occasion when Admiral
Rickover paid us a visit in August 1956, While touring my
Engineering Development Branch, he made what appeared
to be an off-the-cuff offer of help, if needed, to get NRU up

Model of “ZEEP"

and running. One of the important problems that we had in
NRU (which was on-power fuelled) was a drive nut for the
fuel shroud needed to retain the integrity of coolant flow
while fuel was being extracted. This nut operated on a 316
stainless steel screw, 10 feet long, lubricated with clean warm
heavy water. The only material that looked as though it
could do the job was oxidized zirconium metal of which
Canada had but a minor precious supply at the time.

I called the Admiral’s office, introducing myself and to
my surprise was immediately put through. The conversation
lasted all of one minute. I told him that we badly needed
300 pieces of zirconium of certain minimum dimensions
and that we needed them in three weeks, Incredibly, these
came to us from all over the United States on time, on
dimension, and without a bill. Small wonder we called these
“the good old days.” Incidentally, the zirconium drive nuts
are still in-service today - over 30 years later.

(D) Natural Uranium

A hidden advantage we had in Canada was the absence of a
uranium enrichment capability. This drove us to the natural
uranivm system and a discipline that had a profound influ-
ence on the reactor development program. It established a
culture of neutron economy that has prevailed to this day.
Even more important, it resulted in a very sharply focused
program. We flirted with uranium metal as a fuel but not
for long. It was barely tolerable in the warm water envir-
onments of NRX and NRU but clearly not acceptable for
power reactor service.

We also examined low nickel aluminum alloys for clad-
ding and uranium silicide fuels. The possibilities were so
few that it was not hard to recognize the excellent prospects
for UQ, fuel and zirconium alloys for cladding and pressure
tubes when they were brought to our attention by the US
program.




It was not all one way. Our program has made notable
contributions to the US as well. I recount but one to
illustrate.

In the late 50s and early 60s, American designers were in
the process of selecting cladding materials for enriched reac-
tors. The candidates were stainless steel and Zircaloy. At a
critical period, the Vallecitos group reported a test which
indicated that Zircaloy clad fuel fell apart in a matter of
hours when operated in a defected condition. These results
were in direct conflict with our experiments, which indicated
that (UO,) fuel with defected Zircaloy cladding could live
without catastrophic damage under power reactor condi-
tions for weeks, not hours. We judged the consequences of
the Vallecitos experiments could be far reaching. If zirconi-
um prices were to come down to a level required for eco-
nomic fuel, it was important to establish a large, interna-
tional market for the material. Unchallenged, the Vallecitos
results could turn US workers away from zirconium and
Canadian fuel producers would have to pay much higher
prices for zirconium products. By some detective work we
were able to determine that the Vallecitos fuel had likely
been contaminated with fluorine, Since it was known that
fluorine destroyed the corrosion resistance of Zircaloy, we
reasoned that the combination of steam and fluorine could
result in rapid deterioration of the cladding. What was
needed was a rapid experimental confirmation which could
be published in time to restore confidence in Zircaloy. In a
matter of three months, tests were set up in an NRX loop in
which two fuel elements were irradiated together under
power reactor conditions. They were identical in all respects
save that one was contaminated with fluorine. The results
came quickly. Within hours, the fluorine contaminated
element suffered severe damage while the uncontaminated
element reconfirmed our earlier results. A repetition gave
identical results. These findings were quickly published and,
we believe, did much to ensure that Zircaloy remained the
cladding of choice.

(E) Heavy Water Cooling

The use of pressurized heavy water as coolant proved to be
an extremely important discipline on the entire development
program. Because it is expensive and obviously so, the pro-
gram had to pay particular attention to its containment.
This forced us to examine the entire design to remove and
control as many points of leakage as possible, to concentrate
on the corrosion and chemistry control of large surface areas
such as steam generators, heat exchangers and pipes, {0 in-
vent non-leaking valves and to develop the science underlying
pump seal design. The results have been nothing short of
dramatic. If a less valuable coolant had been chosen we
would not have been forced into the technology of coolant
system integrity at such an early stage in our program. As
matters have evolved, it appears that the integrity of the
primary coolant system is an important consideration in any
practical power reactor design, whatever the coolant. The
excellent boiler performance and control of coolant chemistry
which characterizes CANDU systems is directly attributable
to the discipline imposed by the value of heavy water.

Diversions:

It would be erroneous to leave you with the impression that
the Canadian program was so finely focused, that we suf-
fered no significant diversions.

(A) Fuel Recycle

In the early stages of the program, like others, we were
sensitive to the possible shortage of affordable uranium and
hence, the need to demonstrate improved utilization of natu-
ral uranium by plutonium recycle, We had already devel-
oped fuel processing to extract Pu from NRX fuel for the
military program so it was a natural extension to examine
the feasibility of plutonium recycle. Also, both Cockeroft
and Lewis foresaw the possibility of a thermal breeder by
combining the thorium-U233 ¢ycle with a tightly engineered
heavy water reactor. It made a lot of sense to explore the
flexibility of invoking progressively more efficient fuel cycles
up to and including self-sustaining cycles without having to
invoke a convulsive change in reactor technology.

While it was valuable to establish the feasibility of the
CANDU recycle options, in retrospect we probably had a
more active experimental program than now seems appro-
priate. Certainly in today’s environment there is no commer-
cial contest with the simple and inexpensive once-through
uranium cycle,

(B) Alternative CANDU Concepts

Other significant diversions occurred throughout the late
50s and 60s. Having launched the reference Pressurized
Heavy Water cooled (CANDU-PHW) line, we set up a Power
Reactor Development Program Evaluation Committee in
1962 to examine the relative merits of alternative coolants.
Two candidates emerged both of which we took to an ad-
vanced state of development.

CANDU-OCR (Organic Cooled Reactor)

One of these was the so-called CANDU-OCR {for Organit
Cooled Reactor). We were not alone in our interest in or-
ganic coolants. Euratom had its ORGEL project; the US,
PIQUA; and the Soviets ARBUS.

Canadian interest dates back to 1958 at Canadian Gen-
eral Electric. Subsequently, we built several loops, both in
and out pile and mounted a significant program which ul-
timately led to the commissioning in 1965 of WR-1, a D,0O
moderated, organic cooled, pressure tube experimental
reactor (initially 40 MWt and subsequently stretched to 60
MWt). It was designed and built by Canadian General
Electric and was the centrepicce of the new Whiteshell Nu-
clear Research Establishment at Pinawa, Manitoba, Qver
the period of its operation from 1965 onward, it proved to
be a remarkably tolerant system. The coolant we chose was
a partially hydrogenated terphenyl called HB-40, which was
liquid at room temperature.

It is possible to use zirconium alloys in this system as
both cladding material and pressure tubes. Indeed we oper-
ated for 20 years at coolant temperatures in the range 350°C-
400° C using these materials.

Remarkably, the system displayed virtually no activity
transport. After years of operation, we were able to maintain
the primary circuit with contact maintenance.
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Alas, timing is everything and despite its exceptional
promise, the organic cooled reactor was simply too late to
overtake the water cooled systems. WR-1 survived as an
excellent test reactor and gave many years of useful service
following the decision to shelve the CANDU-OCR in 1973.

CANDU-BLW (Boiling Light Water Cooling)

What could be more attractive in concept than the marriage
of the neutron economy of heavy water moderation with
the practicality of light water cooling? We went even further
down the BLW road than we did with the OCR. We actually
built a 250 MWe prototype (G-1) plant at the Gentilly site
in Quebec. Commissioned in 1971, the plant worked quite
well. However, units larger than this (of the capacity now
required) would need some enrichment to give sufficient
control stability. By this time, the benefit of the simple
natural uranium fuel cycle was firmly established as a com-
pelling attribute of the first generation plants and no further
commitments were made in Canada to the BLW concept.

While both the OCR and BLW were certainly diversions,
they served the important function of keeping intact a co-
herent and pertinent R&D capability later needed to support
the commercial line of development.

A view of the NRX reactor, circa the 1960's. Photo provided by
Public Affairs Office, Chalk River Laboratories, AECL Research.

(C) The Intense Neutron Generator (ING)

The Canadian story is incomplete without some comment
on a very imaginative proposal which was developed during
the early 60s. Dr. Lewis was committed to a dynamic basic
research capability as an imperative of a productive labora-
tory, and equally committed to the related need for world-
class facilities to attract and stimulate the best minds. Con-
sistent with this philosophy Chalk River was not allowed to
relax its claim as a world class neutron flux generator. When
NRX was commissioned in 1947 it was recognized as the
world’s leading test reactor (first operated up to 30 MWt

and subsequently 40 MWt). It was barely commissioned
before thought was given to the next advance which resulted
in the 200 MW NRU (startup in 1958) which offered a large
enough volume of neutron flux, an order of magnitude
higher than NRX, high enough to execute experiments under
full power reactor conditions. Consistent with this philo-
sophy, attention in the early 60s began to focus on the next
major step. A group was assembled to examine 4ll alterna-
tives including fission and fast reactors as high flux genera-
tors. What emerged in 1964 as the preferred choice was the
Intense Neutron Generator (ING), a concept based on the
spallation reaction.

The proposal consisted of generating a 65 MW beam of
1 GeV protons in a mile-long linear accelerator and firing
this beam into a liquid bismuth target. This would cause
neutrons (about 20/ collision) to boil off the target materials
and simultaneously generate enough power to make the
beam essentially self-sustaining while producing U233 from
a surrounding fertile Th blanket. The thermal flux would be
in the order of 10'¢ neutrons per square centimetre per
second. A project of this magnitude inevitably attracted a
nationwide technical debate. The timing was not auspicious,
University science budgets were threatened and insufficient
support was marshalled before the question was put, In
September, 1968, AECL was instructed to terminate the ING
project.

Conclusions

Throughout the last 40 years, the consistent Canadian stra-
tegy has.been to develop to commercial viability a neutron
conserving heavy water system on a once-through natural
uranium cycle and to subsequently evolve more efficient
fuel cycles for the same reactor system when needed. History
has proven this to be a sensible strategy which has avoided
the trap of premature industrialization of fuel recycle while
retaining confidence in long term fuel supply.

The first two decades were a wonderful time. The pio-
neers were individuals, their work was apparent, the public
was friendly, the regulators were knowledgeable and focused
on “real” safety, the few accountants and lawyers in the
decision chains were looking for ways to support programs,
and governments were enthusiastic and supportive. Very
little of the creative resources of the period were wasted on
accountability for diversions or mistakes. Why, we actually
had premiers of Ontario elected on platforms which openly
endorsed nuclear power. We even had a Royal visit at Chalk
River on July 28, 1964.

It was Lew Kowarski who best captured the essence of
the spirit which has kept the Canadian program a “GO”
proposition over this past five decades. During a 1971 visit
to Chalk River, in response to a question regarding the
prospects for heavy water reactors, he answered, “Pliysics is
immutable, business will adjust.”




CNA/CNS Winter Meeting

Ottawa was again the venue for the annual winter meeting
of the Canadian Nuclear Association (CNA) which was held
February 9. This year the meeting was billed as a seminar,
with the theme “Energy Politics”, and was co-sponsored by
the Canadian Nuclear Society (CNS).

As has become the pattern for the past few years, the
evening of February 8 saw a reception in the west block of
the parliament buildings with a number of members of par-
liament attending.

Rudy Stigl, Tom Drolet and Bill Midvidy share a moment during
the cNA/CNS Winter Meeting in Ottawa.

The seminar included: a talk by Ken Talbot, Manager of
the Bruce “A” plant; Tom Drolet speaking on Ontario Hy-
dro’s international activities; Gerald Grandey, vice president
of CAMECO, reviewing the uranium scene; John Marchildon
of the Ontario Allied Construction Trades Council giving a
union perspective on Ontario Hydro’s nuclear program,
Roxanne Summers, of the CNA, commenting on the CNA’s
public information programs; and Dave Sinden of the Ato-
mic Energy Control Board defending the AECB's cost recov-
ery policy.

Dr. Angus Reid, of public polling fame, intrigued his
luncheon audience with his comments on the changing polit-
ical and public perceptions. He noted a concept of “energy
correctness” paralleling that of “political correctness”, which
includes thoughts such as: “small is beautiful” (e.g. co-
generation); “‘don’t trust the big guys in suits”; “‘experts are
wrong”. Observing that we are in a political grid-lock he
commented that there is little political concern about the
supply of energy. He predicted that new forces will soon
come into force and we need to maintain our capability for
the nuclear option.

Grandey noted that world uranium prices remain low,
despite no new production in the western world, largely
because two producers in the former USSR are now offering
uranium on the world market. Nevertheless he predicted
that price recovery was inevitable since (western world)
consumption far exceeds production (123 million lbs U308

NBPower’s Roger Mackenzie makes a poirit to Bob Keating, AEC,
ve Atlantic, while EMR's Bob Morrison {back to camera) looks on,
at the CNaAJCNS Winter Meeting in Ottawa, 9 February 1993,

per year vs. 61). Canada is now the leading producer in the
western world with 38 % of the total,

Sinden stated that the federal government first mandated
the cost recovery policy in 1984 and applied it to many
programs, not just the AECBs. The AECB held extensive
consultations between 1987 and 1989 before introducing its
program in 1990. Fees are based on historical (previous year)
costs and are reviewed by Treasury Board. The AECH's staff
expansion {about 509 over the past three years) was a case
of *unfortunate timing” according to Sinden who insisted
that the AECB does not have “carte blanche” to expand at
will. He said that while the AECB is interested in further
dialogue with the industry it cannot be perceived as being
controlled by the industry. When asked about accountability
he stated that the AECB is audited by the Auditor General.

There were 114 registrants for the seminar but, despite the
co-sponsorship by the CNS, very few CNS members present.

David Sinden explains the AECB’s cost recovery program &t the
CNA/CNS Winter Meeting, 9 February 1983.
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The CNS in a ‘lean and mean’ industry

Ed. Note: Following is the text of CNS President Bill
Midvidy's address to the CNA| CNS Winter Seminar held
in Ottawa, February 9, 1993.

The main point of my presen-
tation is that the CNS can help
high-tech organizations in the
nuclear industry be lean and
mean.

First Some Background

The Canadian Nuclear Society
was founded in 1979 to provide
a forum for individuals inter-
ested in the exchange of exper-
tise, knowledge and informa-
tion on nuclear science, engin-
eering and technology. In
addition to organizing confer-
ences and seminars, the Soci-
ety publishes a quarterly bulletin which includes news items,
announcements, reports, editorials, and technical papers.

Regular conferences include the CNS/CNA Annual Con-
ference, the Annual Student Conference, and the annual CNS
Simulation Symposium on Reactor Dynamics and Plant
Control. Several topical conferences and short courses are
also sponsored by the CNS. We frequently co-sponsor confer-
ences organized by the Nuclear Societies of other countries.

To best meet local interests, the CNS has created ten
regional branches in five provinces, from Saskatchewan to
New Brunswick. Each has its own executive committee,
budget and program of activities which may include invited
speakers, tours and social functions. In addition, the CNS
has four technical divisions which organize conferences on
specific topics.

Bitl Midvidy

Major Activities in 1992

In 1992, excluding the annual conference in Saint John, the
CNS sponsored or co-sponsored five conferences or sympo-
sia. In March the annual Student Conference was held at
McMaster University in Hamilton. The conference attracted
55 attendees, of which 43 were students, for the two-day
meeting. Six technical sessions with a total of 33 papers (26
graduate and seven undergraduate) were presented. The
strong student involvement in most of our events is by de-
sign, not accident, '

In May, the meeting on Radiation Safety in Uranium
Mining was held in Saskatoon. It was well attended with
117 delegates from 9 countries. The strong presence of off-
shore delegates is also by design. Good quality presentations
were the norm covering uranium mining epidemiology, radi-
ation protection procedures and lung dosimetry models.
The Annua} Conference in Saint John was a technical suc-
cess with about 106 papers in 16 sessions offered to atten-
dees. The CNS Simulation Symposium was held at the Royal
Military College, Kingston, in August, 60 participants were
attracted to this annual event.
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The latter part of the year saw two very successful con-
ferences. In October, the Third International Conference in
CANDU fuel was held in Pembroke, The event attracted 91
delegates from 6 countries with over 50 papers presented.
The success of this conference was reflected in the expressed
desire of the attendees to hold a fourth conference in two
years’ time.

The best attended conference of the year was the Second
International Conference on CANDU Maintenance, held in
‘Toronto. It attracted over 300 delegates for the 2 day event
in late November. The conference content and format elic-
ited favourable comment from the attendees and it was
obvious the conference needs to be held every 2 to 3 years.
It is 5 years since the first conference.

One course, the Regional Overpower Trip Course, was
held in Mississauga in March. We, and in particular the
Nuclear Science and Engineering Division, have been trying
for several years to organize other courses but have run into
difficulties. The main problem is finding qualified volunteers
to lecture at these events. I'll be discussing this problem in
more detail shortly.

Preparations for the INC93 Conference are proceeding
well. The CNS is heavily involved in arranging the technical
and educational programs.

1992 has been an active year in most of the ten local

. Branches of CNS. These are now spread across Canada

from Saskatchewan and Manitoba to Quebec and New
Brunswick, with six branches in Ontario. The general CNS
thrust to reach out and interact with the public is being led
by a number of these Branches, with greater involvement in
educational activities and public policy forums. One impor-
tant activity in several of these Branches was to organize
and sponsor activities with local schools which are funded
by the CNA/CNS Educational Fund.

Particular highlights from 1992 include the excellent
program of activities organized again this year by the To-
ronto branch in collaboration with the University of Toron-
to’s Centre for Nuclear Engineering. Another highlight
would be the resurgence of the Chalk River Branch under
the very active executive led by Aslam Lone. The branch
not only established a very successful program of guest
speakers, but have initiated joint programs with Algonquin
College and other local Societies. They have also established
a “Science Writers Group” on nuclear topics. This group
assisted with the preparation of the CNS submission to the
Ontario Demand/ Supply hearings. .

The Saskatchewan Branch focused on public education,
with four high profile and well attended presentations. The
branch was a formal participant in the Environmental Im-
pact study for the proposed Rabbit Lake Mine Develop-
ment, and has made presentations and briefs on behalf of
the nuclear industry to both Municipal and Provincial
Government officials, as well as participating in several
public discussions and debates. This intense public activity
by members of the Saskatchewan Branch helped to create
the atmosphere which permitted the Saskatchewan Govern-
ment to reopen negotiations with the Federal Government




and AECL regarding an expansion of the nuclear industry
in Saskatchewan.

The Future

During the coming year, we will work to help the other

Branches approach this level of activity.

In addition, the CNS continued to present the views of
its members to enquiries and commissions, both national
and provincial, by submitting briefs and arranging appear-
ances by representatives,

I firmly believe that the CNS should be useful to almost
any company in Canada’s nuclear industry, particularly
lean and mean high-tech companies. The reasons/benefits
are as follows:

—the CNS provides an inexpensive forum for people or
organizations interested in nuclear science, engineering
and technology

—-the CNS organizes conferences, seminars and courses
which are a relatively inexpensive way of providing train-
ing, professional development

CNS News

More details on these generalizations. CNS conferences
provide:

- recognition and credibility of our work
- an opportunity to maintain and build expertise

- an opportunity to learn from our colleagues working for
other companies and other countries

Organizations hoping to be leaders and provide expertise in
the nuclear field have a symbiotic relationship with the Can-
adian Nuclear Society. Very few formal training opportuni-
ties exist in many of the highly specialized fields found in
our industry. The CNS can help your organizations be “lean
and mean” by providing cost-effective training and profes-
sional development. However, to do so requires dedicated
volunteers. Executives should be encouraging involvement
in the CNS.

Even Marc Eliesen, who is not exactly the strongest
proponent of our industry, recognized that companies in
the nuclear business should support the Canadian Nuclear
Saciety!

Speaking with Students

Jerry Cuttler

January 15 was a fun day. I visited two high schools in
Burlington, Ontario and spoke with two large groups of
students.

The visits had been arranged by Troy Lassau of ORTECH
International, who is a member of the CNS Education and
Public Affairs Committee and also a trustee to the Halton
Separate School Board. Troy had been in contact with the
curriculum coordinators of both the public and separate
school boards in Halton Region and had given them a list
of six general topics which the CNS could address. Three
schools requested speakers in January on two of the topics.
Stephen Rogers undertook “Nuclear Energy - Societal
Benefits and Risks” at E.C. Drury Secondary School in
Milton, and I volunteered to speak on *“Nuclear Energy and
the Environment.”

My morning talk was at Aldershot Secondary School.
The science teacher, Dave McKay, had graduated from
McMaster University in the early *60s. He had majored in
physics and his thesis was on lithium-drifted germanium
detectors. When I informed him of my background and that
I had made these detectors for three years, we became, in-
stant friends. He packed two science classes (40 students)
into his classroom and gave me a warm, prestigious intro-
duction. ’

I started with a short excerpt from a video by Joel
Barker, titled “Discovering the Future.” The video pointed
out that all people develop paradigms and block out infor-
mation that does not conform to their paradigms. Then I
proceeded with a slide presentation to explain the main
barrier to public acceptance of nuclear technology — the
resistance of many people, especially those with back-
grounds in the humanities, who still associate nuclear tech-

nology with its first major application, weapons of mass
destruction, and who are overly frightened of the risks of
any exposure to radiation, I pointed out that this barrier is
magnified by the media, which employed reporters with an
“arts” background. Information which did not fit their
paradigm of nuclear holocaust was generally blocked out.
Further difficulty was caused by the media’s hunt for sensa-
tional “npews” that would increase readership and TV
ratings.

I also referred to the phenomenon identified by C.P.
Snow of the “two cultures,” the technical world and the
humanistic one. They had problems communicating with
one another. 1 explained that scientists and engineers were
“too technical” — they generally used jargon in public that
non-technical people were unable to understand. Similarly,
humanists often used terminology that technical people
could not comprehend.

I described nuclear fission and radioactivity in simple
terms and explained how CANDU reactors work. After
pointing out the extent to which nuclear energy was used to
generate electricity in Ontario, I circulated a fuel pellet and
a bundle. The students were informed that one bundle cost
$5,000, but had enough energy for $50,000 worth of electricity.
This was enough to supply an average family in Ontario
with electricity for a lifetime.

Furthermore, the radioactive waste remained in the fuel
bundles, which were first stored in pools of water and later
in concrete silos. I described the concept for eventual dispo-
sal of the bundles, deep in the granite rock of the Canadian
Shield. I explained that only negligible amounts of radicac-
tivity would ever reach the surface, unless there was an
extremely rare cataclysmic event, such as a direct hit by a
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large meteor. Such a hypothetical event would cause envi-
ronmental effects far worse than those resulting from the
radioactivity released.

We discussed the importance of “sustainable develop-
ment” for preserving our environment and referred to hydro-
electric power from Niagara Falls as a good example of
sustainable development. I explained that it was becoming
more and more difficult to find a good hydro site that
would not involve flooding a large area of land that someone
was not concerned about for environmental reasons.

I showed the amount of solid and gaseous waste created
each day by a coal-fired power station the size of Pickering.
Burning oil would be more costly and would also produce
huge amounts of waste gases. We talked about the use of
natural gas for electricity generation. 1 pointed out that we
already burn large amounts of this cleaner fuel for heating,
and indicated that our supply of natural gas would probably
last for only 50 years, without using it to make electricity.
Oil would iast a bit longer, but nuclear energy could supply
our needs for many centuries, without major releases of
pollution. Even with conservation, we would still need nu-
clear energy.

At this point, I returned to the problem of public accep-
tance and employed the material I had received from Sir
Walter Marshall to explain the problem of vocabulary, re-
lating to the use of the words “could” and “kill.” The likeli-
hood of nuclear accidents was compared with airline acci-
dents, and the hazard of radiation was compared with the
adverse effect of cigarette smoking. The students appeared
to understand this readily. They asked how large a dose
would be fatal in the short term, This led to a discussion
about the relationship between dose and hazard. I explained
that receiving a dose over a long period of time was less
hazardous than receiving the same dose in a short time. An
analogy was made with taking aspirins.

Finally, I spent some time giving examples of other
applications of nuclear technology in industry, archaeology,
food irradiation and medicine. I showed three slides of brain
scans that compared X-ray computed tomography (CT) and
magnetic resonance images with nuclear medicine brain
scans. The CT and MRI scans revealed only changes in
brain anatomy, while the nuclear medicine brain scans
showed abnormal brain function. This allowed doctors to
diagnose seizures, traumas and strokes, quickly and
accurately.

The whole presentation lasted just under an hour, and I
answered questions for a further 15 minutes before the stu-
dents had to leave for the next class. The teacher was very
excited and pleased with the talk. He was very grateful that
I had taken the time to come out and.speak with his
students.

I gave the same presentation in the afternoon at M.M.
Robinson Secondary School. The teacher, Mrs. Knight,
was also excited to see me. She mentioned that Dave McKay
of Aldershot had just called to inform her that MMR would
be in for a real treat. Mrs. Knight explained that she teaches
a special course on issues in society. She stimulates her stu-
dents to learn the facts about social problems and get in-
volved in creating a better world. She filled her classroom
with 60 students, and we had a great tirne. The students were
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more lively here, and I felt we could have gone on and on.

I spoke with Mrs. Knight two weeks later. She told me
her students were very pleased with my talk. In fact they
brought in clippings about the newspaper reports on the “1
in 17 chance™ of a Chernobyl-like accident at one of Ontario
Hydro’s 20 reactors. They pointed out the sentence, “a melt-
down at Darlington. .. could result in 200,000 radiation-
related deaths. .. " and were thrilled that they could under-
stand what these news reports really meant.

I called Troy Lassau to find out what feedback he had
received. He stated that all three schools were very pleased
with the CNS presentations and that many invitations to
visit other schools could be expected.

In conclusion, I would urge the other members of the
CNS (now 800 in number) to consider sacrificing a bit of
their time to volunteer to talk with the students in our
schools. These people will soon be the ones making the
choices that will decide the future of our technology.

Nominations for 1993-94 CNS Council

The following list of candidates has been proposed by the
Nominating Committee for the 1993-94 CNS Council:

Past President W.I. Midvidy, Ontario Hydro, Toronto

President P.J. Fehrenbach, AECL Research,
Chalk River Laboratories

Ist vP E.G. Price, AECL CANDU, Mississauga

2nd VP J.M. Cuttler, AECL CANDU, Pickering

Secretary S. Kupca, DND, Ottawa

Treasurer B. Rouben, AECL CANDU, Mississauga

At Large O. Akalin, Ontario Hydro, Toronto

H. Huynh, Hydro Quebec, Montreal

T. Lassau, ORTECH, Mississauga

F. Lipsett, AECL Research, Chalk River
A. Lone, AECL Research, Chalk River Lab.
D. Rozon, Ecole Polytechnique, Montreal
K.L. Smith, Consultant, Mississauga

S. Smith, Wardrop Engineering

J. Sobolewski, CANTECH

Paul Fehrenbach is the CNS president-elect for 1993-94.




Hugh Irvine and Bill Penn say Goodbye
Ric Fluke

Some 248 members of Ontario Hydro’s ENCON Services
Branch opted to take early retirement, including Hugh Ir-
vine and Bill Penn, who are well known in the nuclear
business. Both Hugh and Bill will be missed by the hundreds
of staff and friends who enjoyed working during some of
the toughest times of the industry ~ through the Porter
commission, Hare commission, and until recently, the Demand/
Supply Plan Hearirigs. Hugh’s most recent position was
Chief Engineer, and Bill was Senior Consultant for Public
Hearings and Commissions.

Hugh joined Ontario Hydro from Canadian General
Electric and managed the newly formed Nuclear Studies
and Safety Department. At that time, the department
Christmas party was held in the living room of his home in
Ajax! Such a venue was short-lived however, as the de-
partment grew to meet the ever increasing demands of li-
censing new facilities, Hugh later moved on to head the
Nuclear Engineering Department, and became group man-
ager for several departments, He was later appointed Direc-
tor of Design and Development Division ~ Generation, until
the branch restructuring in 1992, when Hugh was appointed
Chief Engineer. He is now relaxing with his family. Being a
traditional Scot, Hugh plans to pursue his musical ambi-
tions with a well known Scottish instrument, the saxophone.

Bill is also a former CGE employee who joined the Nu-
clear Studies and Safety Department to carry out studies of
advanced fuel cycles using thorium and low enriched Ura-
nium. Studies at the time indicated that Ontario would run
out of economic uranium cre by the year 2000 {yeah right,
eh?). He soon became manager of NSSD. Having the de-
partment picnics at his home was no problem, since he has
a farm in Pontypool. These summer events are fondly re-
membered by kids and parents alike. He moved on to be-
come Group Manager of Generation Planning and Devel-
opment, where much of his time was taken up by the public
hearings on Ontario Hydro’s Demand/Supply Plan. With
the branch restructuring in 1992, Bill was appointed to Se-
nior Consultant, in charge of Public Hearings and Com-
missions. Bill plans to do some travelling and spend time
with his family, but later, will expand his horizons as a
“man out standing in his field,” i.e., as a shepherd. Popular
rumour, however, will see his timely return to the industry,
but his rates will be higher.

News of Members

Dan Meneley, chief engineer at AECL CANDU, is off to
Korea on a 10 month loan to the newly formed Korea Insti-
tute of Advanced Engineering in Seoul.

John Hewitt, one of the founders of the NS and a former
president, has joined the Electricity Branch of Energy, Mines
and Resources Canada as a senior adviser.

Don Lawson, president of AECL CANDU, has been awarded
the 1992 Engineering Medal for Management by the Associ-
ation of Professional Engineers of Ontario (APEO} in recog-

nition of his “successful leadership and management of one
of the most complex industries in Canada™.

Augustine Mao, of AECL CANDU, was presented with a
125th Anniversary of Confederation medal from the Governor
General of Canada for his work with the Chinese community.

Paul Lafreniére est nommeé, en juin 1992, Chef de Service
“Services Techniques”, & Gentilly 2 en remplacement de
Monsieur Denis Delorme qui a quitté Hydro-Quebec pour
rejoindre 'équipe du projet Cernovoda en Roumanie.

Martial Doyen est nommé, aussi en juin 1992, Chef de
Service “Formation Technique” a Gentilly 2 en remplace-
ment de Monsieur Claude Bourbonnais qui, aussi, a rejoint
'équipe du projet Cernovoda.

News of the Branches

Almost all of the ten local branches of the Canadian Nuclear
Society have been active this season. Following is a summary
of some of that activity.

Bruce .

Although the Bruce branch has not held any meetings lately
chairman Karel Mika organized a letter writing campaign
in support of the rehabilitation of the Bruce ‘A’ station and
has set up a group to counter “misinformation” in the media
and to offer speakers to local groups.

Central Lake Ontario

Members of the Central Lake Ontario were involved in the
CANDU Maintenance Conference last November and have
been very occupied in getting the Darlington units on line.
Chairman Dan Meraw reports that a special meeting is
scheduled for March 30 with a talk on “Nuclear Power
Plant Training Simulators” to be held at Ontario Hydro’s
Eastern Nuclear Training Centre.

Chalk River

Chairman Aslom Lone and his group have organized a full
schedule of meetings this season. In January, Don Lawson,
president of AECL CANDU spoke January 14; Sean Conway,
Liberal MPP for Renfrew and a former member of the On-
tario Cabinet gave his views on “Current Issues Concerning
Ontario Hydro on February 3; and just a week later, Feb-
ruary 10, Roxanne Summers, of the Canadian Nuclear As-
sociation reviewed the CNA public information program.
On March 17 Dr. W.H. Hannum of the Argonne National
Laboratory in the USA was scheduled to speak on the
“USA Integral Fast Reactor Program”.

Golden Horseshoe

The Golden Horseshoe branch, based at McMaster Univer-
sity in Hamilton, and re-vitalized under co-chairmen Jeremy
Whitlock and Glenn Harvel, held its first meeting as a trip
to Darlington and a seminar by Fred Dermarkar. In Janu-
ary the focus was International Marketing with Mike
McAskie of AECL CANDU.

Manitoba

The Manitoba branch, centred at the Whiteshell Laborato-

ries, is regrouping. A successful lunch-hour meeting was
held in the fall.
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New Brunswick

Paul Thompson is the new chairman of the New Brunswick
branch. The next meeting is scheduled for late March with
J. Nathwani of COG speaking on Risk,

Ottawa

Under chajrman Stefan Kupca of DND two meetings were
held, in December with a presentation by Andrew Stirling
of AECL Accelerators, and in February with Paul Fehren-
bach of AECL Research speaking on AECL’s Advanced
CANDU R & D Program with some members of the CNS
executive attending. A closing dinner meeting is scheduled
for April 29.

Quebec

Hong Hyunh, of AECL Montreal, and a member of the CNS
Council, is leading the effort to re-organize the Quebec
branch with more focus on members at the Gentilly station.

Saskatchewan

The luncheon meeting in December, with Dr. Tore Straum
as the speaker drew almost 100. Scheduled for March 17 is
Dr. Margaret Maxey on “Ethics in Environmental Cleanli-
ness”. Chairman David Malcolm presented a brief to the
FEARO panel examining the McArthur River exploration
program.

Toronto

The CNS's largest branch, Toronto, continues its successful
Science and Technology seminar series. In January Dr.
Norm Gentner of AECL Research spoke on “Update on the
Health Effects of Chernobyl: Fact or Fiction”, and in Feb-
ruary, Dr. Brian Stewart provided “An Update on the Dar-
lington Fuel Damage Problem™. Scheduled for March 23 is
Dr. Rosalyn Yalow, a Nobel prize winner in medicine,
speaking on “The Societal Benefits and Risks of Radiation”.
Planned for April 20 is Dr. Rene Levesque, recently retired
president of the Atomic Energy Control Board, speaking on
“Nuclear Regulation in the 1990's™.

Membership Time

Membership fees for 1993 are now overdue. If you have not
sent in your cheque (or credit card number) do so as soon as
you have finished reading this.

If you are not yet a member, copy the form included in
this issue and send it in. Members enjoy discounted registra-
tion fees at CNS meetings, receive the Bulletin quarterly,
and, most important, share in the fellowship and develop-
ment of the Canadian nuclear community.

R.E. Jervis Award

The Canadian Nuclear Society is sponsoring an award to
recognize the contribution of Prof. Robert E. Jervis who
retired from the University of Toronto last year. Dr. Jervis’
research career centred on radiochemical and radioactivation
techiques and their applications to interdisciplinary fields.
The award has a value of $500 and will be given annually.
Candidates must be a full-time graduate student at a
Canadian university, pursuing research involving the devel-
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opment of radiochemistry or its application and be a Cana-
dian citizen or landed immigrant.

A.E. Jervis

For further information contact Prof. G.J. Evans, U. of
T. Tel. (416) 978-1821: FAX (416) 978-8605.

Calls for Papers

International Topical Meeting
on Safety of Advanced Reactors
Pittsburgh, USA - 17-21 April 1994

Abstracts (300 to 600 words) should be sent to:

D. Squarer

Westinghouse Science and Technology Center
1310 Beulah Road

Pittsburgh, PA., USA 15235-5098

Tel. (412) 256-2063

FAX ({(412) 256-1348

DEADLINEIS 10 JUNE 1993
2y

8th International Conference
on Radiation Shielding
Arlington, Texas - 24-27 April 1994
Abstracts should be sent to:

Dr. Richard M. Rubin
Dallas, Texas

Tel, (214) 812-8247
FAX (214) 812-8687

DEADLINE IS 21993
Ja

RECOD 94 4th International Conference
on Nuclear Fuel Reprocessing
and Waste Management
London, England - 24-28 April 1994
Abstracts should be sent to:

RECOD 94 Conference Secretariat
Tel 071-828-0116
FAX 071-828-0110

DEADLINE IS 31 MARCH 1993




Book Review

Qwerty and Shrdlu And All That

The Design of Everyday Things, D.A. Norman, Doubleday
Currency, New York, 1990 (ppbk).

Reviewed by Keith Weaver

A somewhat effusive quote praising this book appears on
its back cover. The quote is from Tom Peters and it almost
deterred me from buying, let alone reading, the book. For-
tunately for me, I bought and read it.

In what now seems almost another life, David Mosey
and I studied and reported on something we referred to as
“institutional failure” (and which Norman seems to refer to
as “system failure™). That work led me to authors such as
Reason, Rasmussen (a different one), Searle, and a lot of
other people nobody else seems to have heard of. This earlier
work made me familiar with the questions that Norman
unveils, those maddeningly vague kinds of question such as,
How much can someone remember? How do people do
things? Why do people sometimes do things incorrectly?
How does one define an error or mistake? However, [ wasn’t
prepared for the overall impact that this innocuous-looking
volume would have.

For anyone who knows little or nothing about human
factors, this book is likely to be an eye-opener. Ever find
yourself struggling to determine how to operate a coffee
machine, a photocopier, someone else’s CD player? Norman
comes out bluntly. It's not your fault that you have difficulty.
It’s more likely the result of bad design. He supports his
thesis in a most engaging way by examining a number of
everyday things which display their own “psychopathology.”
They range from telephones, to faucets, to doors, to light
switch, to electric appliance controls, to . . ..

In fact, it seems that there are surprisingly few well
designed products out there, and the book sets out to lodge
something of a complaint. Products may meet any one of
the requirements of cost, aesthetics, durability, ease of

manufacturing, or usability. The first-mentioned of these
usually wins out, the last is usually left out. Having set up
this situation, Norman then takes the reader on a fascinating
tour that includes a description of how people do things,
the nature of tasks, and how the good design of a product
takes advantage of both the nature of the task and the
nature of humans. The things that stand out here arc the
down-to-earth presentation, the forthright nature of the
complaint, and the epidemic nature of the disorder which
the author decries. Human factors considerations are either
overlooked, paid lip service, swamped by corporate or de-
sign excesses, or ineffectually tacked on when it’s too late.

It takes very little time to become engrossed in this
interesting book. One might easily agree with the author
and utter a concerned tut-tut or two. Eventually, however, a
question may rise up. When was the last time you had the
opportunity to talk to a human factors expert in the course
of your work, i.e., in a professional capacity to help fashion,
improve or optimise your product, the fruits of your la-
bours? At that point, you may take a renewed interest in
what Norman has to say. You may even have to backtrack a
bit. Some of his statements may seem questionable. But
there is a very considerable amount of food for thought.

This is an extraordinary, revealing and accessible little
book. It also raises a couple of questions: Is human factors
as much a poor relation in the nuclear industry as Norman
seems to feel it is everywhere else? Is there some reason why
the local human factors people haven’t been flogging this
engaging book wherever they can, or at least ensuring that
each of our industry’s libraries has a few copies?

Domaratzki Heads Insag

A Canadian now heads the most prestigious nuclear safety
group in the world,

Zigmund Domaratzki, Director-General, Reactors, at
the Atomic Energy Control Board was chosen as chairman
of the International Nuclear Safety Advisory Group
(INSAG) of the International Atomic energy Agency last
fall. INSAG is a special, very senior-level, group first estab-
lished by the IAEA after the Chernobyl accident of 1986 to
advise on broad generic aspects of the safety of nuclear
reactors.

Canada’s first representative on INSAG was Dr. Dan
Meneley, then a professor of nuclear engineering at the

University of New Brunswick, now chief engineer at AECL
CANDU. Domaratzki joined INSAG in 1989 when the 1AFA
reconstituted the group for a further three years. Last
summer when it became time for a subsequent three year
arrangement Domaratzki was reappointed and shortly
thereafter named acting chairman. That position was confirmed
in the fall,

INSAG has produced a number of reports, of which the
best known is INSAG-3, “Basic Safety Principles for Nuclear
Power Plants”, published in 1988. Recently the group has
refeased INSAG-7, a further review of the Chernobyl
accident,
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Comment
The Obijectivity Crisis

George E. Brown

Ed. Note: Last fall the American Journal of Physics ran an
essay by congressman George E. Brown, Jr., chairman of
the House Committee on Science, Space and Technology
in the USA, entitled “The Objecrivity Crisis”. Excerpts
Jfrom that essay were printed in the publication Physics
and Society published by the American Institute of Phys-
ics. A leading member of the CNS noted the latter, read
the essay, and was sufficiently impressed that he passed
them on to the CNS Bulletin for our consideration. We are
pleased to present here our excerpts from the original
essay. Much of the full article referred 1o the particular
situation of research, -especially physics research, in the
USA. However, Brown presents some pertinent thoughts
applicable to science and technology and their practition-
ers everywhere. Following, with acknowledgement 1o the
above journals and thanks to the American Institute of
Physics, is our excerpt,

Science does not exist in a vacuum; it is inextricably linked
with nonscientific elements of society - politics, history,
economics, emotion, luck. This is obvious, though it is often
not adequately appreciated. More significant, and more
troubling, is that we have elevated science — or, more pre-
cisely, scientific knowledge - to a position of predominance
over other types of cognition and experience; that we have,
unconsciously and ironically, imbued science with more
value than other types of understanding which are overtly
and explicitly value based.

The Czech philosopher and playwright (and president)
Vaclav Havel has called this the “crisis of objectivity”, be-
cause we have subjugated our subjective humanity - our
“sense of justice ... archetypal wisdom, good taste, courage,
compassion and faith” to a process (scientific research) that
not only cannot help us distinguish between good and bad,
but strongly asserts that its results are, and should be, value
free.

We already have much of the knowledge and many of
the technologies necessary to: decrease population growth;
increase energy efficiency; reduce and recycle wastes; and,
improve public health and education throughout the world.
The real problem is implementation: adapting our social
and economic systems so that they are capable of assimilat-
ing and using this information and hardware. There has

never in human history been a long-term technological fix.
We will only change this progression when we understand
that our problems are those of human or cultural behaviour,
not inadequate machines.

The current debate over issues such as global climate
change; energy production, consumption and conservation,;
and disposal of hazardous wastes, all hinge on the expecta-
tion that science will provide data that will dictate policy, or
provide technology that will obviate the consequences of
our past actions. But science — which always generates new
questions in answering old ones - is often uniquely unsuited
for these tasks.

The pursuit of wisdom in human culture has embraced
truth, beauty, and justice as the highest goals. In the pursuit
of science, truth, about the observable world, is the single
highest goal, beauty is a serendipitous by-product of the
search for truth, and justice is considered outside the realm
of scientific consideration. But our philosophers assert that,
without justice, human societies are prone to violent conflict
and self-destruction as they compete for the resources ne-
cessary for survival, The problem then is to visualize and
create linkages between the search for scientific truth and
the desire to achieve justice in society.

If we are to reduce inequity of social and economic
opportunity throughout the world (that is, to achieve jus-
tice), and reverse the degradation of the earth’s ecosystems
(that is, further our capacity for self-realization and survi-
val), then we must adopt specific goals that define an overall
context for research; zero population growth; less waste;
less armed conflict; less consumption of nonrenewable re-
sources; less dependence on material goods as a metric of
wealth or success.

My personal view - subjective in the extreme - is that
the ultimate enrichment of the human spirit comes from
our ability to expand our realm of experience and knowl-
edge. Scientists must seek to share the privilege of their
enrichment with others, not by promising more, faster,
stronger, machines, but by sharing what they know and
how they feel. This demands a renewed commitment to
education as the ultimate mechanism for individual em-
powerment, and a critical prerequisite for social justice. This
is a commitment that all scientists can make, in their own
backyards, starting now.

Deadline

The deadhine for the next issue of the
CNS Bulletin, Vol. 14, No. 2, Summer 1993,
is 28 May 1993.
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1993
April 2-3

April 21

May 17-19

June 2-4

June 20-24

June 22-24

June 28 - July 3

September 5-11

September 8-10

September 13-14

CNA/CNS Student Conference
Ecole Polytechnique, Montréal, Québec
contact: Dr. D. Rozon

Tel,; 514-340-4803

Seminar, “Fusion Energy: Technological
Challenges and Opportunities for Industry”
Toronto, Ontario

contact: Shayne Smith
Tel.: 416-673-3788
Fax: 416-673-8007

CANDU Reactor Safety Course
Toronto, Ontario
contact: Joel Almon

Ontario Hydro

Tel.: 416-506-6889

4th International Conference on Simula-
tion Methods in Nuclear Engineering
Montreal, Quebec
contact: A.F. Oliva

Ontario Hydro

Tel.; 416-592-7676

ANS Annual Meeting

San Diego, California

contact: Dr. W.I. Midvidy
Ontario Hydro
Tel.: 416-592-5543
Fax: 416-978-0193

Annual Conference: Canadian Radiation
Protection Association
Toronto, Ontario
contact: Shirley Coyne
Tel.: 416-683-7516

Nuclear Energy and Human Safety
Nizhni Novgorod, Russia
contact: Andrel Yu Gagarinski
Nuclear Society RRC, Moscow
Fax: 007 (095) 196-2073

International Conference on Nuclear Waste
Management & Environmental Remediation
Prague, Czechoslovakia
contact: Radovan Kahout

Ontario Hydro

Tel.: 416-592-5384

8th Annual Symposium of the Uranium
Institute
London, England
contact: Uranium Institute, London
Fax: 071-225-0308

International Conference on Expanded

and Rolled Joint Technology

Toronto, Ontario

contact: G. Kharshafdjian
AECL-CANDU
Tel.: 416-823-9040, Ext. 2102
Fax: 416-823-8006

Calendar

September 12-16

September 20-24

September 27-30

October 3-8

November 14-19

1994
April 3-6

April17-30

Aprii 24-28

Future Nuclear Systems: Emerging Fuel
Cycles and Waste Disposal Options
Seattle, Washington
contact: Alan Walter

Richland, Washington

Tel.: 509-376-5514

Fax: 509-376-6282

7th Internationat Conference on Emerging
Nuclear Energy Systems
Makuhari, Japan
contact: Dr. T. Hiraoka
Japan Atomic Energy Research
Institute
Tokai-mura, Japan
Tel.: 81-292-82-5517
Fax: 81-292-82-6122

Topical Meeting on the Technical Basis for
Measuring, Modelling and Mitigating
Toxic Aerasols
Albuquerque, New Mexico
contact: Mark Hoover

Inhalation Toxicology Research

Institute

P.O. Box 5890

Albuquerque, NM, USA 87185-5890
International Nuclear Congress - INC ’93
Toronto, Ontario
contact: Dr. Ben Rouben

AECL-CANDU

Tel.: 416-823-9040

Fax; 416-823-8006

ANS Winter Meeting

San Francisco, California

contact: Dr. W.I. Midvidy
Ontario Hydro
Tel.: 416-592-5543
Fax: 416-978-0193

4th International Topical Meeting on
Nuclear Thermal Hydraulics
Taipei, Taiwan
contact; Justice Liu
PG & E, San Francisco, CA, USA
Tel.: 415-972-4592
International Meeting on Advanced
Reactor Safety
Pittsburgh, Pennsylvania
contact: D. Squarer
Westinghouse Electric Corp.
Tel.: 412-256-2063
4th International Conference on Nuclear
Fuel Reprocessing & Waste Management
London, England
contact: British Nuclear Forum
22 Buckingham Gate
London, SW1 E6LB, UK
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1994 cont.
Aprii 24-27

April 27-29

May 1-6

May 30 - June 2

June 5-8

8¢h International Conference on Radiation

Shielding

Arlington, Texas

contact; Richard Rubin
Dallas, TX, USA June 13-15
Tel.: 214-812-8247

Chemistry in Water Reactors

Nice, France

contact: French Nuclear Society
Bureaux 48, rue de la Procession
F 75724 Paris Cedex 15, France

9th Pacific Basin Nuclear Conference

Sydney, Australia

contact: 9PBNC Conference Secretariat
Fax: INT 61-6-273-2918

Cctober 19-21

International Conference on Nuclear
System Thermathydraulics
Pisa, [taly
contact: N. Spinks
AECL Research, CRL
Tel.: 613-584-3311

CNA/CNS Annual Conference
Montreal, Quebec
contact: Kathy Murphy
CNA/CNS
Fax: 416-979-8356

Steam Generator Conference
Toronto, Ontario
contact: D. Lister

UNB

Tel.: 506-453-5138

3rd International Containment Conference
Toronto, Ontario
contact: D. Pendergast

AECL-CANDU

Tel: 416-823-9040

Fax: 416-823-8006

Aerial view of the Darfington NGS. Photo courtesy of AECL




4th International Conference
on

Simulation Methods in Nuclear Engineering
Montreal, Quebec @ 2 -4 June 1993

Co-sponsored by the Canadian Nuclear Society and the American Nuclear Society

For information contact: Hong Huynh Tel. (514) 344-0561 FAX (514) 344-1538
or the CNS office,
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1992-1993
President / Président Members-at-large / Membres sans portefeuiiie @ Mining, Manufacturing & Operations /
Bill Midvidy (416) 592-5543 Oguz Akalin (416) 592-5997 Explaf'tatf'on miniére, fabrication, et
1st Vice-President / fier Vice-Président Hugues Bonin (613) 541-6613 ;"]”L";ﬁ;’ Von des centrales (613) 584-3311
Paul Fehrenbach (613) 584-3311 Hong Huynh (514} 344-0561
2nd Vice-President / 2igme Vice-Président V.S. Krishnan (416) 823-9040 © Design & Materials / Conception el matériaux
Ed. Price (416)823-9040 Stefan Kupca (613)992-7446 -
Past President / Président sortant Troy Lassau (416)822-411! ® Waste Management & Environmental
Git Phillips (613)584-432] Aslam Lone (613) 584-3311 Affairs / Gestion des déchets radioactifs
Secretary / Secrétai, Daniel Rozon (514) 340-4803 el environnement

ecretary / Secrétaire . . -
Ben Rouben (416)823-9040 ~ KenSmith (416)828-8216

JoeSobolewski (416)569-0928  NA Linison / Agent de lizison de PANC

Treasurer & Membership Chairman / Trésorier
el Président du Comité de adhésion
Jerry Cuttler (416) 823-9040

Education & Public Affairs / Education
et relations publigues

Shayne Smith (416) 673-3788

International Liaison / Relations internationales
Ken Talbot (519} 368-7031

Ex-Officio / Ex-Officio

CNSDivision Chairs / Présidents des
divisions technigues de la SNC

@ Nuclear Science & Engineering / Science et
pénienuclégires

Joel Almon (416) 506-8669

Kathy Murphy
John Reid

(416)977-6152
(416}977-6152

Past Presidents’ Commiittee / Comité des
ex-Présidents

Phil Ross-Ross (613) 584-2535

CNS Bulletin Editor / Rédacteur du Bulletin SNC
Fred Boyd (613) 592-2256

CNS Branch Chairs o Responsables des sections locales de la SNC

1992-1993

Bruce Karel Mika {519)368-703]
Central Lake Ontario  Dan Meraw (416)697-7218
Chalk River Aslam Lone {613)584-3311

Golden Horseshoe Glenn Harvel  (416) 525-9140

Manitoba Chuck Vandergraal  (204)753-2311
Mew Brunswick Harry Storey (506) 659-2122
Ottawa Stefan Kupea (6[3) 992-7446

Québee Pierre Wolfshagen (514)B71-1116
Saskatchewan BobMacleod {306)931-7767
Toronto Lisa Anzil (416) 592-4533






