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1. INTRODUCTION - THE ENERGY DEBATE

The Society of AECL Professionals (SAFE) is a voluntary association

with a membership of about 700 that represents approximately 90% of the

non-management professional personnel at Atomic Energy of Canada's Chalk

Kiver Nuclear Laboratories (CRNL) and Whiteshell Nuclear Research

Establishment (WNRE). Most of our members are professional engineers and

scientists in R and D of peaceful uses of nuclear phenomena. This brief

reflects our belief that the outcome of the continuing nuclear energy

debate will dramatically fleet the health, safety and prosperity of both

this and future generations.

Although we are professionals in the nuclear industry, we love the

earth and fear for its future no less than do "environmentalists"; and we

speak in the public interest, as we understand it, no less than do the

members of the various "public interest" groups. The fact that we

receive our income from nuclear R and L) makes us no less honest, ethical,

and objective than those who earn their livings as energy or

environmental critics or as advocates of "soft-energy paths". In fact we

have been shocked by those who preach the dangers of low-level radiation

from nuclear power, but advocate tight home insulation without a mention

of the hundred-or thousand-fold greater radiological hazard from radon

gas; or by those who fight to delay nuclear power in the name of the

Environment, but who encovir.'i.;e ttie burning of wood and force the burning

of extra coal by their tactics. Radon in homes and the combustion of

wood and coal are far greater health hazards than nuclear power

generation.
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The directions Canadian society take are political matters to be

decided through the ballot box. Those who publicly debate er.^rgy-related

matters nave a duty to make clear their long-term goals. As scientists

and engineers in the energy field we know that the provision of adequate

energy at a reasonable price is not easy. The flow of energy obeys the

laws of physics, to which there are no exceptions. To ensure our future

requirements we oast base decisions on facts not fears and performance

not promises.

For our part we believe in democratic government through an

informed populace, and in a country with freedoms and opportunities

unlimited by energy shortage.

In this brief we shall address two topics. The first is the

relationship between the depletion of oil and gas reserves and

electricity demand. The second is the future role and present viability

of nuclear energy.
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2. CANADIAN ENERGY TO 2005 AND BEYOND

2.1 Petroleum and Natural Gas

The overall Canadian energy picture has been reviewed recently by

the National Energy Board in its report "Canadian Energy Supply and

Demand, 1983-2005." ) This report is based on data and projections from

major suppliers and users of energy; from these data it develops supply

and demand scenarios for the next 20 years.

Canada has a very large petroleum resource base but only about 4%

of it is in known pools of conventional crude oil; 90% is in the form of

crude bitumen (tar sands) that must be recovered by strip mining for

surface deposits and by in situ methods for deep deposits. Tables 1 and

2 summarize Che situation for crude oil and natural gas from conventional

and frontier areas. We have already produced more conventional oil than

is believed to remain; in the next few years more and more of our supply

will have to come from bitumen, frontier and off-shore areas. In fact

the tables show that only relatively small additions of oil and gas are

expected from the non-conventional areas.

Table 3 shows the relative amounts of Canadian oil and gas demand

that can be met by presently established domestic resources over the next

20 years. For both commodities, in the year 2005 only 30% of the demand

can be met by presently known sources. With the steady depletion of our

proven reserves, the adequacy of future supply becomes less certain.

Predicted supplies have been subject to large corrections. For example

the Hibernia oil estimate has recently been reduced by a factor of 22)

and in the USA estimates of off-shore oil and gas have been reduced from

21 to U billion barrels and 167 to 90 trillion cubic feet respectively

between 19«1 and 19tt!>3).
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The NEB balance of supply and demand for natural gas is shown in

fig. 1. By 2005 there is rough balance, bun si-ort-falls cou^d occur as

early as 2000. The ominous aspect of this figure is the relative trend

of supply and demand. From 1990 on, demand is increasing, while gas

deliverability is steadily decreasing. These projections cast doubt on

gas as a long term option and raise questions about our current gas

export and marketing policies.

2.2 Projections of Electricity Demand

Throughout the world, electricity demands have grown steadily with

increasing gross national products. In Canada electricity growth has

been faster than GNP. The curve fitted to the data in fig. 2 implies

that the electrical growth rate has been about 1.3 times that of the

GNP ). Since 1979 the difference in growth rates has been even higher.

Canadian growth rates in electrical demand were 7-8% per year until

about 1975 when contractions in the economy began as a result of the

large incrases in oil prices, inflation and recession. Projection of

future energy demand is fraught with uncertainty and the extrapolation of

recent experience has led to rather low predicitions. For example the

1984 Ontario Hydro Load forcast to 2000 is 2.h% per year. Another

approach has been introduced by the Electric Power Researcn Institute

(.KPKI) ). It is a minimum social expectation case, namely that future

workers expect a real income no less than workers of the same age and

education level today. In the USA this model predicts a growth of 1.64

in GNP from 1980 to 2000, which corresponds to an annual growth rate of

2.9%. The corresponding growth in electricity demand, from Canadian

experience, would be 3.8% Ccf. fig. 2).
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Two comments on these growth projections should be made. The first

is that the historic trend toward electrification of the economy was

driven largely by the economic and technical advantages of electricity

over other energy sources. In the future the move to electricity will be

driven also by real or perceived shortages of other energy forms,

particularly natural gas. In 2005, the NEB shows that Ontario will get

21% of its energy from electricity and 35X from gas. (NEB assumes an

increase of 162% in electricity demand from 1985 to 2005). What will

happen to electricity demand when residential and industrial customers

begin to appreciate the long-term prospects for gas supplies? The second

comment is that it has proven difficult enough to maintain a healthy

economy even with stable energy supplies; it will be much more difficult

to do so in the future with energy shortages. Ontario's only significant

indigenous energy sources are hydro and nuclear generated electricity.

Prudence demands that they be available in ample supply in the difficult

times ahead. The locations chosen by industry will be decided not only

on the cost of energy but on the security of its supply. Ontario can

maintain a competitive edge in both respects.

Table 4 summarizes the results of the growth projections. Because

of the size of the Ontario system it should be noted that the addition of

one barlington-sized reactor (900 MWe) represents only a 3.9% increase in

capacity; this is between 1 and 2 years growth depending on the growth

rate assumed. With even a modest growth rate, significant new capacity

will be required in the next 20 years. More realistic rates will require

substantial building programs for new generating units. It is likely

that only a small fraction of this demand can be met by better load

management and greater conservation. These savings could easily be

nullified by a concerted move, to electrical energy in the face of a
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3. NUCLEAR ENERGY

3.1 The future role of Nuclear Energy

The only realistic long-term choices for reliable electricity

generation are hydro, coal and nuclear power. It is not expected that

solar-based renewables (other than hydro) will make any significant

contribution in the next 20 years. The problems with direct conversion

of solar energy, bio-mass, and wind energy are low energy densities that

make collection of large amounts difficult, and expensive undertakings.

The exception is passive solar space heating in new homes and buildings

that can save substantial energy in that sector.

Remaining economically useful hydro resources are very limited in

Ontario, and the burning of coal, which is not an indigenous resource,

has severe environmental and health impacts. Furthermore, coal will be a

vuluble feedstock for synthetic fuels and other chemical purposes. In

our opinion, nuclear energy is the only proven option that can produce as

much energy as needed with minimal impacts on health, safety and

environmental quality.

We are particularly fortunate to have at our disposal CANOU, the

world's aost successful reactor system. Because of its flexibility in

fueling, it can use a thorium cycle to supply electricity thousands of

years into the future. Nuclear energy, through CANUU (or the fast

breeder) is effectively a renewable energy source, since there is

adequate fuel available for any human time horizon. Thus nuclear energy,

in conjunction with conservation, the development of bio-mass for

chemical feedstocks, and renewable energy sources where practical, can

torn a cornerstone of a sustainable society.
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3.2 The Present State of Nuclear Energy

To paraphrase Mark Twain: "reports of the death of nuclear power

are greatly exaggerated". In fact it is playing an increasingly

important role in electricity generation in various areas of the world.

This is illustrated in fig. 3 which shows nuclear as a percent of all

electricity generated on a country by country basis ) . Within Ontario,

nuclear generation supplies more than a third of electricity at present

and this is projected to reach about two thirds in the early 1990's.

Global cumulative installed nuclear capacity is shown in fig. 47) Here

CPEA refers to the "centrally planned economies" (Eastern Bloc) and WOCA

is the non-communist world. Fig. 5 shows the world-wide rate of

installation of nuclear capacity by year ). The rate of installation is

now dropping - this doesn't reflect a failure of nuclear power, but

simply that earlier demand estimates did not anticipate the recent

recessionary period. As demand grows, new stations will be committed.

The chief competitor of nuclear power is coal. Coal has a lower

capital cost but a much higher fueling cost, so that in the long-term it

increases in expense relative to nuclear energy. Table 5 shows a recent

comparison between coal and nuclear for various European nations ). The

total cost ratio, coal to nuclear, varies from 1.71 to 1.24 with an

average ratio of 1.47. Thus, for Europe, in addition to its

environmental benefits, nuclear has a clear cost advantage over coal.

The sai.ie holds true in Ontario as shown inTable 6. )

Reports of the impending demise of nuclear energy emanate from the

United States. There have been many articles in the press about

cancellations of orders for nuclear plants. There have been 105 nuclear

cancellations but also 75 cancellations for coal-burning plants ). The



nuclear cancellations have arisen from a number of factors including

reduced growth in demand, large cost overruns and delays, a.id weakened

utility finances. Fig. 6 shows the construction costs of US plants

according to the year of completion ). The trend is steadily upward but

in the 1980*s several plants stand out far above the average and the cost

differs by about a factor of four between the best and worst cases.

One of the major causes of the high cost of Araerican Nuclear power

is long construction time and resulting high interest costs. Fig. 7

compares US and French construction time and fig. 8, the on-site manpower

for comparable projects ). The construction times (1978) and manpower

requirements both are about four times higher in the USA than France.

What are the explanations for these differences? There is no

reason to believe that the French are inherently more technically capable

than the Americans. Part of the answer may be utility ineptitude and

financial weakness but the general regulatory and political climate is

also to blame. It has been said that in the USA energy policy is being

effected by regulatory rather than politicial means. There is a

concerted effort by some advocacy groups to weaken the position of

nuclear energy by every delaying tactic available to them. In the USA

they have largely succeeded with ultimate harm to the populace though

environmental and health problems, high electricity prices, and future

power shortages.
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4. SUMMARY AND RECOMMENDATIONS

In this brief we have examined our energy options and suggested

that the increasing difficulties with oil and gas supplies will induce a

growth in electricity demands beyond that presently projected. In the

long term we feel that nuclear power is the only option that can supply

as much energy as needed for as long as needed at predictable costs and

with minimal environmental effects. It is equivalent to a renewable

energy resource.

We have also looked at the world-wide situation for nuclear

energy. It is playing an increasingly important role and we believe its

growth will continue, subject to the usual supply and demand

fluctuations. The United States represents a special case where

political actions, the fragmented nature of their electrical supply

system, and the recession have acted together to weaken the position of

nuclear energy. We are confident that the realities of energy

supply/demand and a popular reaction to some of the more bizarre excesses

of the intervenors will ultimately lead to a stronger and better American

nuclear industry. The American experience should be used as a model to

be avoided rather than embraced.

Ue recommend to the Select Committee for their consideration that:

1) their deliberations should take full account of impending

energy supply problems both in Canada and abroad.

2) CANMIJ can give Ontario a competitive advantage through

long-terra stability of energy price and supply.

3) decisions made for short-term savings may have much greater

long-term costs.
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A) electricity substitutioa is a future necessity and should be

encouraged now to ease the transition from depleting faels, and

to stabilize the nuclear market.

5) the construction of additional nuclear units for electricity

export be seriously considered; with appropriate export

contracts, these stations will provide capacity for Ontario

when required.

6) planning for electricity capacity be generous because surplus

capacity is valuable insurance against the uncertain times

ahead.

7) and a strong Canadian nuclear R&D program so benefits Ontario

that the province should act decisively to help mantain it.

In conclusion we believe that a recommendation to continue the

Darlington project will be a recognition of energy realities, and a

well-aeserved vote of confidence in Ontario Hydro and the CANDU system; a

recommendation to cancel would, in our opinion, be a serious blow against

the nuclear option and the energy security it can provide.
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FIGURE CAPTIONS

1. NEB Projections of natural £as supply and demand ranges to 2005.

2. The relationship between electrical demand and GNP in Canada. The

fitted power-law curve shows that electricity demand has grown at a

rate 1.1 times greater than that of GUP.
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3. Nuclear energy as a percentage of total electrical energy

generation in various countries.

4. Cumulative installed nuclear capacity for the world, the Communist

world (CPEA) and non-communist world (WOCA).

3. The annual installation of nuclear capacity by energy output and

numDer of reactors.

b. Linear plot of construction costs for LV7R plants in the USA by year

of completion.

7. Average nuclear plant construction times in USA and Prance.

B. On-site work forces for comparable French and US nuclear plants.



Table I

Canada's Oil Reserves (Dec. 3l/82)a>

Sources Reserve (106«3) Years of Supply

Conventional Areas
Established 736 10
Enhanced recovery 362 5
Additional discoveries 316 4

1414 19

Non-conventional (estimated)
Bast Coast off-shore 244 3
Arctic Islands 80 1
MacKenzle-Beaufort 210 3

534 7

Grand Totals 1948 26
Production To-date 1830

(a) Values from National Energy Board Report "Canadian Energy Supply and
Demand 1983-2005" (September 1984).

(b) Conventional reserves are primarily In Alberta and Saskatchewan.

(c) Assuming average consumption of 73 x 106 m 3 per year (from NEB report)

(d) Averages of estimates from submitters to NEB report.



Table II

Canada'* Gas Raa*rv*a (Dae. 3I/82)*>

Sources

Established reserves

Reserve additions .
Conventional areas

Mackenzie Beaufort

Arctic Islands

East Coast Off-shore

Reserve (1018 Joules)

81.4

45.5

8.7

14.5

9.2

Years of Supplyb)

23.3

13.0

2.5

4.1

2.6

159.3 45.5

Natural gas production to date - 55 x 1018 Joules

a) See note (a), Table I.

18
b) Assuming average production of 3.5 x 10 Joules per year (approximate

average NEB future projection)

c) NEB estimate

d) Average of estimates submitted to NEB.



TABLE 3

PERCENT OF OIL AND GAS SUPPLY FROM PRESENTLY ESTABLISHED

CANADIAN SOURCES*

YEAR

1985

1990

1995

2000

2005

*PROVEN CONVENTIONAL RESERVES AND OPERATING TAR SANDS PLANTS.

OIL

1001

541

401

30Z

GAS

1001

591

401

30Z



TABLE 4

ELECTRICITY DEMAND ACCORDING TO VARIOUS GROWTH PROJECTIONS

1985 - 2005

PROJECTION

ONTARIO HYDRO2>

NEB

EPRI-13)

EPRI-2*1)

ANNUAL

2.41

2-41

2.9Z

3.81

RATE

(AVE)

RATIO OF DEMANDS
2005/1985

1.61

1.62

1.77

2.11

ABSOLUTE1)
INCREASE

(MM)

14 000

14 000

17 700

25 500

ROUNDED NUMBER OF
DARLIN6T0N SIZEb STATIONS

(3600 HW)

4

4

5

7

NOTES

*) BASED ON 1984 CAPACITY REQUIRED TO OPERATE SYSTEM (23054 HW). THE SURPLUS CAPACITY IN 1984 WAS

2) 1984 PROJECTION.
3) EPR1 MINIMUM SGCIAL EXPECTATION GROWTH RATE (ASSUMED TO APPLY TO CANADA).

*) EPRI-1 RATE MULTIPLIED BY l o TO ACCOUNT FOR HISTORICAL CANADIAN REUTIONSHIP BETWEEN
ELECTRICITY DEMAND AND GNP GROWTH RATES.



TABLE 5

COMPARATIVE COSTS OF COAL AND NUCLEAR POWER IN EUROPE*

COAL

NUCLEAR

RA110

UNITED KINGDOM

608

4-91/3.95

1.30/1.62

GERMANY

5.79

3.68

1.57

ITALY

4.29

3.21

1.34

NETHERLANDS

4.10

3.30

1.24

BELGIUM

4-52

k.95

1.53

FRANCE

4.56

z-67

1.71

CGSTS IN HUNDUDTHS OF EUROPEAN CURRENCY UNITS (1984 VALUES) ASSUMING 6 600 HOURS/YR AFTER 3 YEARS FO
20 YEARS. DISCOUNT RATE 5Z- PLANTS bUILT FOR 1995.

*UN!PEDE STUDY (UNION INTERNATIONAL DES PRODUCTEURS ET DISTRIBUTEES D'ENERGIE ELECTRIQUE).



TAfcLE b

ONTARIO

ELECTRICITY COSTS FOR FUTURE PUNTS (*/KWH)

YEAR

1990

20G0

2010

2020

NUCLEAR1

6.2

7.2

8.9

13.5

FOSSIL2

6-1

8.7

14.6

26.9

HYDRO3

13.b

11-5

11-1

12-G

1 BASED OK DARLINGTON NGS IN-SERVICE iiATES 1988-1992 (ACF ZQV-
2 DASED OK A NEW 4xb00 HH COAL PLANT KITH SIMILAR IN-SERVICE DATES

(ACF 40%).
3 tiASED ON LITTLE JACKFISH THE FIRST PLANT 1M THE NONCOHMTTED HYDRAULIC
PROGRAM. IK-SERVICE DATES COMPARABLE TO DARLINGTON (ACF SOS)



Plausible Ranges of Gas Supply and Demand
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Nuclear as a per cent of aH electricity generation
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Fig 7. Comparison of US and French actual
or expected project durations for LWRS refer-
enced to prime contract award date.
Note: LWR project duration is taken as the time
from "award of prime contract" to "commercial
operation date".
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HIGH LEVEL BADIOACTIVE WASTE - A SOLUBLE PROBLEM

presented as an addendum to the brief to the Select Committee on Energy
by the Society of AECL Professional Employees

(Dr. U.K. Andrews and Dr. H. Harvey) September 18, 1985

In some of the briefs presented over the period September 17

and 18, and during the discussions, it was most apparent that there is a

belief that the disposal of high level radioactive waste is an insoluble

problem. In fact the safe disposal of the waste is technically and

practically feasible*

To understand how this waste can be disposed of one must

first understand what it is, and how much of it there is.

23s
When a heavy atom (like U) fissions, it breaks up into

lighter atoms (like xenon, strontium, cesium, etc.)* Atoms that fission we

call fissile. In a nuclear reactor the fissile fuel put into the fuel

2 35
bundle is the 0.7% U found in natural uranium. Natural uranium is made

0 1 ft

up mainly of U which is capable of being changed in a reactor to

Plutonium - another fissile atom.

When a fuel bundle is removed from a reactor it still con-

tains about 50% of the original fissile fuel 235U and over 99% of the fer-

tile fuel U. In addition it contains various plutonium isotopes, which

have been bred in the reactor, and the products that remain as a result of

the fissile fuel that has fissioned. The plutonium and most of the fission

products are radioactive and it is the radiation emerging from these that
23b

represent the danger in a spent fuel bundle. The fissile U is also

radioactive but the activity is so low that it presents no real hazard.
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2 3 b.
The fuel bundle with its full compliment of u was handled by hand during

its fabrication.

Of all Che radioactive elements that have been produced in

the spent fuel bundle, plutonium has the smallest activity but lasts the

2 35
longest. But plutonium, like U, is a fissile material and with known

chemical techniques can be removed from the spent fuel for reintroduction

into the fuel chain as new fuel. During the reprocessing, most of the

remaining U plus the fertile U can also be removed to be reintroduced

into the fuel chain. The spent fuel bundle should be recognized as a

"resource" for future fuel supplies.

The real "waste" from the fuel bundle are the fission pro-

ducts (xenons, strontiums, etc.). Although these contribute much of the

activity in the early life of spent fuel, they do not survivs nearly as

long as plutonium. In fact, after about 200 years, the level of activity

235
(gram for gram) is about the same as U and is rapidly decreasing. In

disposing of the real waste therefore one must have ways of isolating it

from the environment for a few hundred years. These methods exist.

In Canada the plan is to incorporate the real waste into

glass blocks. Such a process was done over 30 years ago now with waste

from the research reactors at Chalk River and the rate of leaching of the

radioactive elements from the blocks by ground water found to be negli-

gible. Thus the glass blocks successfully Immobilize the waste. Such

glass blocks, with power reactor waste, will be encased in sealed steel

canisters and these will be placed in vaults deep underground in granite

rock formations (called plutons) which have been geologically stable for

millions of years. The vaults will be backfilled with a clay that again
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will delay the migration of any radioactive element that manages to find

Its way out of the glass blocks and steel canisters. Remember that the

delay time we are talking about Is only a few hundred years which is

negligible on a geological tine scale.

The disposal of high level radioactive waste is not a tech-

nical or practical problem. It is also not very expensive because there is

very little of It. Over a 30 year period the accumulated waste from the

eight reactors at the Pickering site will fill a cube with side about 4

metres. At the moment, the spent fuel bundles are kept safely in pools at

the site ui Che power reactors. They will remain there for several decades

to allow the major activity to die away. Nuclear power development in

Canada is so recent that little waste has been accumulated, up till now, to

warrant permanent disposal. In fact, the permanent disposal is not neces-

sary until the early part of the 21st Century giving us time to explore in

greater detail the geology and hydrology associated with plutons.

We have tried to give you an insight into the safe deposit

of high level radioactive waste as nuclear physicists. We recommend to the

Select Committee, however, that they call as expert witnesses those in

Atomic Energy of Canada Limited who have the mandate from the Federal

Government to oversee the safe disposal of high level radioactive waste.


