








POLLUTION FROM ENERGY CONVERSION

Energy Consumption ,

The average Canadian used 214 x 10° Btu of energy
during the year 1970, and in doing 80 was responsible
for 17 tons of pollution, which includes CO,**%,
Energy sources as a percentage of total energy con-
sumption are given in Table 1. -

TABLE l-’}Energy Sources, 1970

of Total Energy -
nSUMXion on 8
Fuel v . BtuBasis -~

Pollution Potential of Fuel Combustion

The factors which influence fuel selection have been
described elsewhere'”, but the pressures to “high-
grade” (the use of premium low-pollution fuels) as an
expedient for environmental protection are best un-
derstood by comparing the pollution potentials of com-
mercial and industrial fuels shown in Table 2. It should
be pointed out that the sulphur content of many West- *
ern Canadian coals is low and at the same time it {s
neutralized to different degrees by cations in the coal
ash®, Thus, the principle environmental problem is
one of fly-ash removal, an area of research which has
potential for significant environmental improvement.

0il does not have the same advantage of a buflt-in
sulphur neutralizing agent, so the Canadian Combus-
tion Research Laboratory (CCRL) developed an ad-
ditive which completely neutralizes SO, produced in
flames, leaving SO, in a dilute phase (no more than
1200 ppm) to be dispersed‘®. '

" Both Western Canadian coal and oil have physical
and chemical properties which complement one an-
other; therefore, coal-in-oil fuel was proposed as a
means for extending petroleum resources. It is a re-
latively low-polluting fuel, especially with electrostatic
precipitation of the small amount of ash involved‘”,
It could be substituted for natural gas in large indus-
trial and utility boilers or processes which can tolerate
a small amount of innocuous ash.

TABLE 3 — Diesel Exhaust Emission*

Pollutants ‘ ‘ 1200 rpm, | 1600
b/10° Btu SR Y load' | full load

150800 -
3439
1.810
0.072

- WAfter L. R. Rickner, W. E. Scatt and W. F. Biller, “The Composition and
Odour of Diesel Exhaust’, APl Mesting, Montreal, Quebec, May 1965,
(Data are not necessaril e!{ph'.al. but are for an inter-urban bus engine
and acommerdia! diese! fuel). :
*Includes hydrocarbons calculated as hexane (CoHa o), ethylene, acetylene,

fomdehyde. acrolein, benzene-soluble and benzene-insoluble parti-
culates. .

C

Despite the magnitude of our great country we
have, per capita, only 7.6 acres of farmland, of which
4.8 acres are food-producing. Clearly, if we are to
have an adequate and balanced diet we must have
highly mechanized farming and extensive transpor-
tation systems. Both are based on the internal combus-
tion engine, the largest single source of air pollution
from energy conversion,

Table 8 presents the pollution potential of an inter-
urban bus engine burning a commercial diesel fuel;
Table 4 presents the pollution potential of an auto-
mobile engine burning gasoline, liquified petroleum
gas (LPG) or liquefied natural gas (LNG). None of
the examples selected for Tables 8 and 4 are intended
to be typical.

Energy Budget and Assoclated Poliution

The pollution from fuel energy conversion in Can-
ada for the year 1970 is given in Table 5, together with
that of the United States and the world to facilitate
comparisons, This {s not intended to justify our pollu-
tion, which is small in an over-all comparison but large
on an individual personal basis. Instead, it fs intended
to show where we stand on both & North American and
a global scale. However, it is not possible {n Table 5
to fllustrate the influence of geography on either the
rate of energy consumption or the asaimilation capa-
city of the environment. Table 6 shows the physical
magnitude of our environment in comparison with the

TABLE 2 — Pollution Potentlal of Commerclal-industrial Fuels
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TABLE 4 — Comparative Emissions from Motor Vehicles Using Gasoline and Gaseous Fuels

. Emissions, g/mi Evaporative
Miles per Emissions
Fuel U.S. gal Btu/lb HC! co NO, g/test
Gasoline, pre 1968................................. 16.5 18,500 8.05(16.8)> | 79.1 (125)2 383 (4.5 60)2
Gasoline, 1969. . ........................... e 165 18,500 283 (3.2 226 (338 55 “9 (-—)
PG, e 145 19,900 1.38 9.03 5.5 NA
LNG. ..o e 1214 21,500 3713 1.75 0.5 NA
Gasoline, 1973-74. . ... .. ... . . ... .. ... ....... 14.5 (est.) 18,500 (3.4)3 (3.9)3 3.0p (2.0)3
Gasoling, 1978, . ............... ... ... ..., 13.2 (est.) 18,500 ( Al (3.49)* (0.4) (2.0)%
YCalculated as hexane (CoHy4).
U.S. Vehicle Emission Standards — 1968-1976
2Using 1968 Federal Test Procedure (7 mode).
3Using 1972 Emission Test Procedure (CVS-72).
4Using 1975 Mass Emission Test Procedure (CVS-75).
TABLE 5 — Energy Budget and Pollution from Fuel Combustion — 1970
Continental USA! Canzda
World -
Total Total ] % World Total % World & USA
Fuel and Energy Consumption’
Fuel Consumption....................... Btu X 1015 7 65.9 304 42 19 64
Per-Capita Fuel Consumption............. Btu X 10¢ 60.3 319.0 529.0 1935 320.9 60.6
Energy Consumption..................... Btu X 1015 2 267 68.6 - 257 464 17 6.8
Per-Capita Energy Consumption........... Btu < 108 2 722 337 460 214 296 64.5
Heat Budget — Solar Energy and Energy Conversion — below Latitude 60°N
Solar Energy Received. . .Btu X 10¢/acreyr.............. 63,450 24,078 13,339
Fuel Energy Conversioy. .. Btu X 108/acreyr............ 21 29.2 25
Ratio Solar: Man-Made Energy.......................... 30,214 8246 $335.7
Total Solar (108 Btu) Q/yr...voeeeeeeeeeeeeeann, 4,000 56.6 21.7
Pollution from Fuel Energy Conversion (Combustion), Short Tons X 106 3 ¢
Total Products of Combustion. .......................... 23,285 78033 335 505 63 22 6.5
B0 15,900 4845.0 .. 305 346.0 22 1.1
Water. ..o, 6,620 2730.0 412 135.0 20 49
Total Harmful Pollutants................................ 765.6 2283 298 12.3 1.6 LY ]
................................................... 27140 1253 45.7 6.8 25 5.4
N u. e 53.0 214 404 12 23 5.6
S0 .. 220.0 330 50 20 0.9 6.0
Particulates................................... 2186 486 222 23 1.0 47
Air Shed Contamination (Troposphere) per Year, lb/Ib Air X 102
Total Products of Combustion e 5.88 107.63 - 6.52 — —
Harmful Pollution............... ... ... .............. 0.19 3.15 — 0.16 - —

'ASME Energy Crisis Forum, New York, November 1972 and Encyclopaedia Britannica.
2Includes efectric power from hydro and nuclear sources.

3Eric G. Walther, “'A Rating of the Major Pollutants and Their Sources by Effect”, Jour. APCA, Vol. 22, N5, May 1972.

<E. Robinson and R. C. Robbins, “Sources, Abundance and Fate of Gaseous Atmospheric Pollutants”
°E. R. Mitchell, “Fuel Combustion Trends and Resulting Air Poliution in Canada, 1965 to 1980,
Adele, Quebec, May 28-30,1972. (Does not include process pollutants such as SO, from sulphi

» Stanford Research Institute Project PR-6755.
. Proceedings Quebec Branch APCA Symposium, Ste.
de ore roasting.)

TABLE 6 — Physical Magnitude of the Environment and Population®

Continental USA? Canada

World T

Total Total % World Total % World %% USA
Magnitude of the Environment
Air Shed Capacity (Troposphere), Ib XX 10'% 7908 14.5 18 15.5 20 106.8
Total Land, Water and Forest, Acres X 10% 126,080 2348.6 19 24649 20 1049
Land, less Forest............ Acres X 108 26,285 1508.9 5.7 1668.6 6.3 1106
Forest...................... Acres X 108 10,195 758.9 14 796.3 1.8 1049
Farmland................... Acres X 10¢ — 1117.8 - 162.5 - 145
Water...................... Acres X 10¢ 89,600 814 — 200.8 — 256.3
Population X 108........... 3,700 203.2 5.6 217 0.6 105

*Misprint - should read (1018 Btu) Q/yr. 3

Encyclopaedia Britannica, 1970,
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United States and the world. One factor that stands
out is that our sparse population in 1970 was only
0.6% of the world’s population but produced 1.6%
of the world’s harmful pollution. " '

Having examined the pollution potential of fuel
combustion it is important to understand the “effect
factor” or “severity factor” of each of the major pol-
lutants. A number of experts on the subject have de-
veloped effect factors which were compiled by Bab-
cock and Nagda and are repeated in Table 7’. The
factors which seem most appropriate to Canada are
those in Column 8 by Babcock (1970). The emphasis
placed on hydrocarbons by Walther® may suit the
California climate, but it seems excessive for Canada
when it is realized that compounds of the terpene
class (C;Hs)a» are produced in nature in such large
quantities that they cast the bluish haze often seen
over our large forest regions and cause no concern.

IMPACT OF POLLUTION
ON THE ENVIRONMENT

Air and Land Scavenging Mechanisms

The environment has built-in scavenging mechan-
isms, some of which are described in another paper by
the present author"®, Some of the mechanisms that
are understood or may be reasonably postulated are
described briefly, but there are likely other mechan-

isms, yet unknown. In any event, it is clear that the

total Canadian environment can scavenge much more
pollution than is now produced in energy conversion
while the climate is temperate. However, our severe
winter climate restricts these scavenging mechanisms
and introduces the possible risk, albeit highly localized,
of pollution concentration in snow which runs off to
the water in the spring. In this way we could be con-
tributing to the global deterioration of the oceans.

The concentration of pollution sources and popula-
tion, typical of highly industrialized areas of Canada,
introduces problems specific to urban air sheds, to
certain land areas and to the water environment, where
possibly the greatest rate of deterioration is occurring.

Environmental Deterioration Dictates Restraints

A measure of the impact of pollution on the air
environment is the first step toward an understanding
of potential environmental deterioration, keeping in
mind the previous discussion. There is no direct meth-
od of measuring this impact, but it helps to understand
the extent to which pollution may accumulate in the

atmosphere in relation to the concentration of both
population and pollution sources. In such a model
study, one should assume stagnating weather condi-
tions during which there have been no ventilation and
a persistent inversion for 24 hours. This is referred
to here as a 24-hour static model in which there is no
provision for atmospheric scavenging of pollutants;
such conditions might occur in a severe winter climate.

Fortunately, high wind velocities and good ventila-
tion occur periodically during our northern winters.
However, the worst combination has been chosen for
the 24-hour static model summarized in Table 8 in
which a fairly liberal inversion height of 500 m has
been chosen. Pollutant concentrations are given in
pg/m? for convenient comparison with provincial reg-
ulations. ‘

Dispersion Capacity of Air Sheds

Although our air and land environments are large,
problems arise from the concentration of sources.
People congregate in urban communities, and it is this
concentration, illustrated in Table 8 and Figure 1 (a),
that requires special attention. If the capacity of the
air and land environment are to be used efficiently,
there is no alternative to the proper dispersion of com-
bustion-source pollution. This can be achieved through
a knowledge of the dispersion capacity of air sheds
and is the reason why CCRL undertoock a plume dis-
persion research program. When dispersion capacities
of air sheds are understood, stacks may be designed to
avoid localized fumigation by CO, NO,, SO. and small
particulates ', By dispersing the gases properly,
concentrations are reduced everywhere, and maximpym
use is made of the total environment.

In Figure 1 (b), the highest ground-level concentra-
tions of SO, from two thermal power stations — one
in the U.K. and one in Toronto — are compared with
the levels of concentration which may cause damage
to sensitive plants. These high concentrations occur
29% of the time in the U.K. and less frequently in To-
ronto. It is a matter of judgment what frequency of
fumigation incidents, if any, should be tolerated and
whether stack heights should be selected on this basis.
The alternative is to continue current fuel practices
of using high-quality, low-sulphur fuels which will
eventually lead to the kind of energy crisis now being
experienced in the U.S.A. Although this may be ex-
pedient for the moment, it contributes to a crisis
situation later unless alternate clean sources of
electric power are available in sufficient time, and that
is a debatable proposition at present,

TABLE 7 — Comparison of Pollution Tolerance and Severity Factors

Severity Factors
Apparent Babcock
Tolerance Nagda Babcock Caretto
Pollutant Factors 1972 1970 Sawyer RECAT Walther

Carbon Monoxide 7800 1 1 1 1 1
Hydrocarbons...........cooeeeeenninnnn 788 10 2 62 60 124
Nitrogen Oxides................ 330 b1} 78 44 100 22 .
Sulphur Oxides................. 266 29 28 27 120 15-21 ,
Particulate Matter 150 52 107 38 133 21-37

1After Babcock, Lyndon R., and Nagda, Niren L., "'Cost Effectiveness of Emission Control”, Jour. APCA, Vol. 23, N3, March 1973.

*Pimary-Secondary Standards.
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Fuel Combustion and Process Sources

TABLE 8 — Air Shed Pollution Burden — 24-Hour Static*Mode! at <00-Meter Mixing Height* —

Canad_a Industrial Area Continental
Below Latitude North of Canadian U.S.A. Below
60°N Great Lakes City Latitude 60°N
Land Area, km2... ... ... ... . ... ... ... 6,584,257 259,000 6216 9,051,696
Population Density, people/km2........................ .. 33 50.2 3032 224
Air P19IIu}ion, Iugc())( 1018
ofal, incl. COz............... . 921.6 556.
Harmful, excl. CO, 4238 zg.gz 5223 1222(153
COz.vvvvvannnnnn... 851%3 5333 5?.37 11735
e, 1 . 077 .
Particulates............ 6.0 36 0.382 ?;[2)9
NOx.oovovviiiii 30 18 0.191 53.1
SOg.evviieniiannn. ... 169 98 1077 82.0
Pollution Burden, n.g/m3 '
Total, incl. CO, 281.76 42913 190,800 2717.94
3. i 331
S 3,466

INo allowance has been made in this mode! for either natural scavenging of the environment or dilution factor by normat ventilation, which has been
measured in Ontario at 1600 at 14 km and in Alberta at 7000 at 3.1 km downwind from industrial sources.
*Add 15% — for miscellaneo:ss pollution from incineration, forest fires, agricultural burning, coal and other waste-bank fires.

3Add 189 — for same

Also plotted in Figure 1 (b) is the mean concentra-
tion of 8Os at 4 km downwind from the Toronto power
station, as recorded by Environment Canada. This
mean concentration is well below pollution control
limits and is too low to be of any harm. Those who ob-
ject to properly designed stacks usually refer to the
“tall stack” concept with the intention of emphasizing
that dispersion does not stop the total pollution emis-
sion. This is certainly true, but nature disperses its
pollutants on a global scale. Furthermore, low concen-
trations of SO. from energy conversion are beneficial
to the land environment“* ' and until we have either
perfect non-polluting fuels, or processes which defy
natural physical laws, we must use “tall stacks” to
make full use of the assimilative capacity of our air
and land environments. Chimneys designed to properly
disperse SO: will permit the use of Western Canadian
coal and oil, without sulphur removal in modern
process equipment.

The pollution due to population concentrations in a
city may eventually reach the limit of the capacity of
its air shed. If this happens after all stacks in the
community have been properly designed and the auto-
mobile has been adequately controlled, the final solu-
tion, after energy conservation, is to stop the popula-
tion concentration.

The effect of concentrating population and industry
is illustrated in Figure 1 (a). The curves plotted on
this figure are maximum concentrations of SO, from
all sources in Chicago, Inner London, Montreal and
Toronto where population concentrations are 15,800,
424,000, 13,500 and 7,850 people/sq. mi. respectively.
The data for Montreal and Toronto were calculated
from the 1971 Monthly Summary Reports of National
Air Pollution Surveillance by Environment Canada.
These maxima occur infrequently and the Ontario
Ministry of Environment, as an example, has instituted
a system whereby warnings are issued to major indus-

—_5—

try to reduce operations until the normal ventilating
conditions return. ’

If all first-line corrective measures will not protect
the environment, it would be logical to limit the con-
centration of both pollution sources and population and
make provision for new town sites. This has been done
in the United Kingdom through the “Towns Act of
1946”* 19, By this Act, 30 new towns have been
created to date. In France, there is a National Commis-
sion on Towns which is planning nine new towns, five
of them in the Paris region and four in the provinces.
The first such town is named Vaudreuil, near Paris,
and will eventually have a population of 150,000 peo-
ple. It will be the first urban community without noise
and pollution. It will have underground smoke and
refuse ducts and the controlled burning of refuse will
be part of the future city’s central heating system‘®- 1%,
In Canada, we have a Canadian Council of Urban and
Regional Research and it is hoped that this compre-
hensive urban information centre may contribute to
systematic urban development in Canada.

Quality of Life Dictates Environmental Restraints

Having examined the pollutant effect factors and
scavenging mechanisms of the air and land environ-
ments it seems that quality of life, as well as environ-
mental deterioration, dictates environmental restraints
on all technology, of which energy conversion is a very .
large part.

Considering the quality of life, it is well to remem-
ber that we have covered 9 x 10°® acres of land with
roads and town sites"” in dedication to progress.
Therefore, it may be argued that there is justification
for using a certain amount of the environment to
provide the basic ingredients of technology upon which
we depend for survival. However, the warnings of
ecologists have been heeded following incidents in in-
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dustrialized areas of the country, and all agree that
environmental deterioration should be avoided wher-
start with conservation and, then, maximize produc-
tivity in relation to energy consumption.

Although we admit responsibility for a high rate
of individual pollution, the energy vplaced at our dis-
posal has helped to increase the Canadian (male) life
expectancy from about 40 years in 1900 to 68 years
today; i.e., for those who avoid obesity, are non-
smokers and are careful motorists“®, Dr. Bates con-

servatively estimated health costs for Canadians attri-
butable to air pollution to be $50 million per year\®,
By extrapolating experience in the United States, the
health cost to Canadians could be escalated, theore-
tically, to the unlikely cost of $190 million ($2.30 to
$8.75 per person per year average).

Comparing this with either 5,400 deaths and 200,000
injured in automobile accidents® that cost possibly
more than $1 billion per year or respiratory diseases
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—6—




e A A

i
i

v AR A R R S S R R R

from other causes, air pollution from energy conver-
sion, although not condoned by anyone, is not very
serious. Actually, of all the industrialized nations,
Canada’s air environment is the cleanest on aver-
age®, although urban problems are recognized and
are being corrected.

Water Environment Scavenging Mechanisms

The water environment is much larger than the land
environment, occupying, as it does, 71% of the earth’s
surface. It is also a dynamic system and, unfortunately,
the final repository of our pollution. The oceans are a
major 8ink for CO., which becomes involved in both
mineral and biological activity. Either way carbon
ends up on the ocean floor both as calcium carbonate,
for example, and as organisms.

The oceans, being alive with micro-organisms, plants
and higher vertebrate life forms which are more abun-
dant than any one class of land vertebrates, have al-
ways been an important source of food. For this reas-
on, there should be concern over oil spills and heavy
metals such as lead, arsenic, mercury and cadmium,
not to mention man-made chemical formulations like
DDT which do not exist in nature but all of which be-
come lethal by accumulation.

Microbial biodegradation of pollutants is a complex
scavenging mechanism which is being explored on a
number of fronts. It is postulated that inorganic mer-
cury may be converted to soluble methyl mercury, albeit
at an extremely slow rate, by certain microbes®®; if
true, it will add to the poisoning of fish. In the matter
of oil spills, the scourge of the oceans, 62 species of
bacteria which consume oil have been identified.

However, a new cause for concern is cadmium, which
is the most lethal of all metals to man because it ac-
cumulates in the body, especially the kidneys, and it
has been associated with hypertension and heart di-
gease. It is a minor pollutant from energy conversion
and associated functions such as vehicle tire wear,
scrapped automobile radiators and combustion of motor
oil. Its oxide and sulphide escape from smelters that
refine lead, zine and copper ores which contain cad-
mium. Other sources are cadmium plating of iron and
steel, compounding of cadmium pigments, plastic
stabilizers, fertilizers and pesticides®.

Cadmium is converted to soluble form and migrates
through soil to the roots of plants more rapidly than
either mercury or lead. Having entered the food chain
it is appearing in the solid residue of sewage treat-
ment plants, and there is concern about its use in
fertilizers.

Waste Heat

All of man’s energy conversion, no matter how it is
used in the first place, ends up as heat added to the
environment. However, if the CO: greenhouse effect
can be avoided®® and if the ozone of the stratosphere
remains unaltered, there is no need for concern at
this time about man’s addition of heat to the air en-
vironment, except for the waste of fuel that it repre-
sents in thermal power generation. In 1970, the total
heat-energy produced in Canada from thermal, hydro
and nuclear power generation amounted to 2.5 x 10
Btu/acre/yr below latitude 60°N. This compares with
13,339 x 10* Btu/acre/yr received from the sun giving
a ratio of solar:man-made energy of 5335.6, as shown
in Table 5.

Waste heat in Canada is now insignificant, but it
should be put to use wherever possible both to con-

serve fuel and to minimize fuel combustion pollu-
tion®®. In thermal power generation, almost 709% of
fuel input is lost to condenser cooling water, whereas
it could be usefully applied either in district heating
with no more than 380% loss or, possibly, for acceler-
ating the growth of sea fish, as is being done at Hink-
ley Point Power Station in England and at another
large station in San Diego, California.

The use of waste heat from power stations has been
discussed for years and a World Energy Conference
Committee examined the feasibility of long-distant
transport of waste heat, It is a concept having many
possibilities when it is considered that the waste heat
of the Pickering nuclear power station, when in full
operation, could heat 680,000 homes like that of the
author’s in the Ottawa climate.

The production of fish in ponds has been an indus-
try in China for many years. With over-fishing of the
oceans it would be convenient if we could have an
inland fish industry using either fresh or salt water
and waste heat from power stations to maximize fish
growth rate. However, it is a complex subject where
careful control of maximum water temperature would
be necessary to maintain microscopic phytoplankton

and algae which are the food source of higher organ-
isms'®® 2,

This is only one phase of the broad subject of
energy conservation which needs innovation more
urgently than any other phase of technology.

Nuclear Energy

The dilemma of the world’s imbalance between ener-
gy consumption and clean conventional fuel resources
can only serve to place greater emphasis on the gen-
eration of electric power by nuclear means™’, Indeed,
it promises to be an endless source of energy®’. How-
ever, some- environmentalists have already impeded
the nuclear program in the United States and have
made the message very clear that they fear fission
reactors as the greatest threat to the environment of
all of man’s technalogy.

It is reassuring to speak with experts who can show
that the Canadian CANDU process is the cleanest of
all nuclear power plants because the small amount of
plutonium produced in its fuel cell can be processed
without any problems®. As yet, there is no known
way of preventing the build-up of radiation in the
secondary power-generating hardware.

Other light-water reactors (LWR’s), in which less
than 1% of the energy in naturally occurring uranium
is used, consume the fissionable U** isotope while con-
verting only small amounts of the more plentiful U**
into fissionable plutonium. For this reason, LWR’s
were never considered more than a stop-gap by early
proponents of nuclear power. On the other hand, fast
breeder reactors, which seem to be the direction of
development in the U.S.A. and the U.K,, produce more
fissionable plutonium than they consume. However,
their great advantage is that they can theoretically
utilize between 50 and 80% of the uranium and tho-
rium resources®?’. Plutonium does not exist in nature

.and for this reason we call it the DDT of the energy

system. It is a permanent pollutant with a half-life of
24,400 years®’. Another environmental consideration
is the disposal of large amounts of waste heat, as pre-
viously discussed, but it will be a long time before
there are serious environmental thermal restraints in
Canada. ) '
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The electric utility industry in the United States
faces a grave decision because of the present embar-
rassing energy situation. It must decide whether (a)
to back the fast breeder reactor (which may be 15
years in development) in the face of both its pollution
potential and problems of plutonium security or (b)
to wait as long as 60 years for the fusion reactor,
which does not produce persistent radioactive wastes,
but still has the problem of build-up of radioactivity in
structural materjals. There is a problem of confining
the reacting fuel (deuterium — tritium) at tempera-
tures ranging from 100,000,000°C to 1,000,000,000°C.
The most recent development is laser-induced fusion in
which small pellets of fuel are so rapidly heated with
a laser pulse that fusion conditions are reached before
the heat is dissipated®* *»,

Regardless of the merits of the several fission reac-
tors and the yet undeveleped fusion reactor, it seems
evident that to meet the world’s energy demand after
the year 2000, only 27 years in the future, a 1,000-MWe

" nuclear power station will be erected every day some-

where in the world until a steady-state situation is
achieved®®. Judging by today’s power use, the pre-
dominance of these stations will be in the northern
hemisphere, although several countries in the southern
hemisphere could benefit most from nuclear power.

No other field of science and technology in all of
human endeavour has applied such intensive voluntary
restraints as nuclear power engineering to ensure
safety. Nonetheless, there remain nagging doubts in
the minds of the public about the safety of the fission
reactor. Actually, man’s susceptibility to radiation
places him in the position of being the early warning
system of potential damage to the biosphere by radia-
tion.

If present safety standards can be maintained with-
out detrimental effect on the ecosystem, Canada has
the unique possibility of a nation-wide energy cor-
ridor comprising nuclear in conjunction with thermal
and hydro (with pumped storage) electrical gener-
ating systems, but a way must be found to control the
build-up of radioactivity in nuclear station hardware.

It is often forgotten that we are all exposed conti-
nuously to natural sources of alpha, beta and gamma
radiation. Some is normally contained in body tissue,
most of which originates as gamma rays from the
earth and cosmic radiation from outer space. The total
natural background radiation, at sea level, which
amounts to 0.125 roentgen per year (r/yr), increases
with altitude. By comparison, an ordinary X-ray gives
0.2 rem (rem is the amount of radiation which will
have the same biological effect on man as the exposure
to one roentgen of ordinary X-ray). Lethal radiation
dosage is about 450 rems and the recommended aver-
age annual exposure for radiation workers is 5 rems.
The recommended limit for the general public is 0.5
rems per year, although the genetic dose for a total
population should not exceed 0.17 rems®®,

ARCTIC INDUSTRIAL ACTIVITY

With the discovery of oil and natural gas in the

Arctic North Slope there was a strong incentive to-

apply, by direct extrapolation, southern technology and
to hope that the ecosystem possesses sufficient flex-
ibility to adjust to it. The developers saw, primarily,
a solution to the energy crisis in the U.S.A. and the
only obstacles were thought to be those of distance
and an inhospitable environment.

Others had learned from experience during World
War II that the ecosystem of the north is extremely
fragile because of its unique simplicity; i.e., there are
few species but large numbers of each. Its vulnerabil-
ity to damage became evident by the scars left on the
landscape by tracked vehicles, by accumulation of
waste, by fuel and oil that drained into lakes, and by
the accumulation of the Alaska-Flower (oil drums).
It has been reported that the odour of oil has been de-
tected 15 years after a spill on the permafrost®®,

In past years, vehicular traffic in arctic regions has
destroyed thin vegetation to expose the permafrost to
solar radiation. These vehicle tracks have, in many
cases, been transformed into deep gullies, causing
some drainage of lakes and changes in the landscape.
The reason is that migration of water in the arctic
silt results in the growth of ice lenses which lose
volume on melting and cause gullies that fill with
water or unmanageable mud.

Resource companies, in an awareness of the fragility
of the north, have initiated conservation measures and
research in an effort to protect the environment.

Conservationists have made known their concern
about the construction of pipelines and roads, so much
so that they are impeding the spread of technology in
the arctic. CCRL measurements of plume dispersion
under arctic-like winter conditions have revealed the
existence of a thick and persistent inversion layer
through which plumes cannot penetrate. Therefore,
pollutants will remain intact and tconcentrate in a
thin layer above the ground, and they can be expected
to accumulate on snow-covered land most of the year
and then drain into the myriad of bogs and small lakes
with little or no assimilation in the soil. The products
of energy conversion, therefore, will likely add some-
what to the acidity of already acidic water and land
on which the subarctic black spruce and cedar thrive.
On the other hand, lichens of the arctic tundra, which
are essential in the fragile ecosystem, could be easily
destroyed by SO; emissions from fuel combustion.

One cannot generalize about environmental re-
straints of a physical and chemical nature in the far
north and each district must be separately evaluated to
minimize damage that could be irreparable. Despite
all precautions it seems evident that all technological
activity in the north (as well as the south) will result
in an alteration of the environment; so, it is really a
question of how much alteration can be accepted. Care-
ful design is required to ensure that a downward spiral
of productivity of the land and water is not brought

about.

PROSPECTS FOR THE FUTURE

The magnitude of the Canadian environments and
their natural scavenging mechanisms can accom-
modate more pollution than is produced, despite our
lavish use of energy. The only exceptions arise in
specific locations where less than the best energy con-
version processes are used, where the dispersion capa-
city of air sheds is not utilized to full advantage and
where population concentration is excessive.

Severe winter and arctic conditions likely affect
scavenging mechanisms of the environments and may
result in the concentration of pollution in the waters
during the spring run-off. The significance of this
depends on the natural setting and will have the lga§t
negative effect where waters are naturally acidic
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and where plant life and trees, like the black spruce,
thrive on acidic waters, as happens in some southern
regions of the sub-arctic. The negative effects of pol-
lution from energy conversion in Canada are currently
less significant than other man-made and natural di-
sasters.

The world needs either more technology or better
distribution of existing technology to support its

present population, but there are danger signs in .

specific areas where the biosphere and its capacity to
support naturally occurring abundant and diverse
forms of life seem to be deteriorating. Somehow this
situation must be corrected, so the first logical step
seems to be conservation, which might require more
use of solar energy®®, because technology based on
fuel combustion will likely be needed for another 60
years. By that time, conventional fuels will be in short
supply and too valuable as feedstock for chemical pro-
duction to be used as a source of energy as we now use
it. .

Whether it be 60 or 100 years from now, it seems
obvious that a new way of life will be based on elec-
tricity from clean nuclear power generation. How-
ever, there will still remain a need for fuel in trans-
portation and similar special applications. This has
raised discussion on the hydrogen energy cycle in
which hydrogen will serve as an energy carrier. The
postulated cycle starts with large nuclear power
sources that provide the energy to break water down
into its basic components: hydrogen and oxygen. The
hydrogen would be distributed in pipelines to major
urban centers as a portable energy carrier®®. It is not
a primary energy source because large amounts of
energy are used to produce it, but this energy is
recovered when the hydrogen is burned. If it is burned
in air, the only pollutants are oxides of nitrogen, but
their concentrations in the products of combustion are
lower than from burning other fuels. When hydrogen
is burned in oxygen, the only product is water and
there are no pollutants at all.
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