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ABSTRACT

The urgent need to replace oil fired
electric generating stations in the Atlantic
region, together with international as well as
national concerns about "acid rain” make the setting
of an air emissions control guideline for new
coal fired electric generating stations mandatory.

Five papers are enclosed with this report
which discuss different aspects of this problem. A
guideline similar to that selected in the United
States for Noncontinental areas (U. S. Env. Protection
Agency, Fed. Register Vol. 44, No. 113, June 1979)
is recommended, i.e.: SO; emissions to the atmosphere
are to be limited to 1.20 1lb/million BTU; particulate
limits are 0.03 lb/million BTU; and NOy, limits are (.50
l1b/million BTU. These limits should be applied
for all planned generating stations, which receive
federal financial assistance.

The setting of these emissior. guidelines
now may strengthen Canada's position in international
discussions. They will demonstrate federal leadership
in interprovincial air pollution standards and
they will provide an environmental guideline in the
energy planning and development presently underway
in Provincial utilities.

The consequences of issuing these guide-
lines are:

1) That a start will have been made
on the control of future air emissions.

2) Provincial electric utilities may
make greater use of hydro, nuclear, and natural
gas, as well as conservation programs which are in
the long run more economic than coal fired electric
generation, as well as being more environmentally
attractive; greater co~operation between utilities
will develop.

3) Coal, if not used for thermal power
generation will be available for metallurgical,
petrochemical and other industrial uses over a
longer period of time, thus presenting other
social and economic benefits.
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INTRODUCTION

The purpose of this report is to recommend
that an air emission guideline be set now for those
new coal-fired thermal electric generation stations
in Atlantic Canada which receive any federal financial
assistance, or which use thermal coal under contracts
from the federal crown corporation, DEVCO. The
consequences of a proposed guideline are discussed.

Five separate papers are included with this
report which provide more detailed background information.

The papers are as follows:

1. Air Pollution and Acid Precipitation;
Rod W. Shaw.

2. Potential Aquatic Effects of Increased
Acid Deposition Due to Expanded Use of
Coal for Power Generation in the Atlantic
Region;

J. Wiltshire and J. Machell.

3. Changes in SO, Emissions and Sulphur
Depositions in the Atlantic Region -
from an Expanded Use in Coal for Power
Generation;

D. A. Lord

4. Design Criteria, Treatment Technology
and Costs;
K. Hamilton

5. Alternate Coal Use;
J. K. Day

The report summarizes the present thermal
electric energy situation in the Region and points out
that, as conversions of oil~-fired generation to
alternate systems are planned and underway, it is
essential that an emission control guideline be
established, particularly, as Federal money may be
used to assist in the conversion process. The
reasons for selecting a guideline are outlined,
as well as the consequences.
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PRESENT STATUS

There are three essential factors which
influence the coal thermal energy problem in the
Atlantic region. The first is the prevailing wind.
The second is the present thermal power generation
system and the third is the quality of the coal in
the mines of Nova Scotia and New Brunswick. These
three factors are summarized.

1) The prevailing winds in the Atlantic
region are from the west and the south. Figure 1,
which is a wind rose based on data provided by the
Atmospheric Environment Service, illustrates the
prevailing wind patterns. These winds tend to
transport airborne pollutants to the region from
southern Canada and from industrial areas of the
north-eastern United States. The winds also carry
some pollutants generated in this region and elsewhere
to the Atlantic Ocean. The paper by Shaw (1) indicates
that "the present rate of deposition of atmospheric
acid, and the potential effects upon fresh water
and forest soils is a matter of great concern”. The
paper by Wiltshire and Machell (2) concludes that
"the watersheds over much of the Atlantic region
provide little or no buffering capacity to surface
waters, with the result that these surface waters
are highly susceptible to the effects of increased
acid loading. There is evidence that many lakes and
rivers, particularly in Nova Scotia, have undergone
substantial pH declines during the past 20 to 30
years, and many of these freshwaters are currently
at pH levels where the survival of sensitive species
is either not possible or is endangered”.

2) The oil and coal thermal electric
generation rated capacities are as follows:

PROVINCE MW OIL MW COAL MW COAL/OIL
New Brunswick 1508 264

Nova Scotia 730 470 49
P.E.I. 50

Newfoundland 450

A more extensive list of thermal power sites
is listed in Table 1 and Figure 2 shows the locations
of large units such as Coleson Cove (N.B.) and Tufts
Cove (N.S.). A major addition to the New Brunswick
system will be the completion late in 1981 or early
in 1982 of the Lepreau 1 nuclear reactor.



It has been known for some time that major
conversions from oil to alternate power generation
must be carried on; this was confirmed again during
the past few days at the international level in Venice.
The "off-0il" program means more nuclear electric
generation or more coal electric generation where
hydro power is unavailable.

3) A major problem with use of coals from
mines in the Cape Breton area and from Minto in New
Brunswick is the high sulphur content found in many
seams.

Sulphur contents in some seams and mines in
Cape Breton are as follows:

Sulphur Sulphur
Harbour Seam Range % Average %
No. 26 0.7-2.0 1.4
Lingan 1.0-3.0 1.8
Donkin 2.6-6.1 4.3
Phalen Seam
Lingan-No. 26 1.5-4.0
Hub Seam
Donkin 4.4-6.4
Prince 2.0-6.05 5.2
Lloyd Cove Seam
Donkin 2.6-5.8 3.9

At Minto in New Brunswick the sulphur
contents are even greater, ranging from about 5.5-8.0%.

Most of these coals are far higher in sulphur
content than coals from many of the mines in Western
Canada.

The situation therefore is one where there
are prevailing winds bringing some acid precipitation to
the region, there are utilities heavily committed to
oilfired electric generation which must convert to
alternate generation and there are coal mines having
a high sulphur content of coal.



DEVELOPMENT PLANS

There are a number of electric energy
generation options in the region which can be
developed within this decade. These include:

a) Further hydroelectric development on
the Lower Churchill River, the Saint
John River and later, Fundy Tidal Power;

b) Nuclear Power from CANDU reactors;

c) Coal from Cape Breton with properly
installed treatment facilities and
even coal from western Canada;

d) Natural gas from off-shore;

e) Effective conservation will reduce
demands at peaks.

Each of these have their own economic
and environmental advantages and disadvantages which
are known to planners managing utilities. It should
be realized that coal development is not necessarily
the most economic source of electric energy, though
it is a source favoured in Nova Scotia. Figure 3,
taken from an information document released by the
New Brunswick Electric Power Commission (Dec. 1979)
illustrates estimated comparative energy costs of
oil-coal-nuclear power where the coal is excavated
by open pit mining in Minto, N. B. There are
indications to suggest that, comparatively, Cape
Breton coal costs would not be any more economic
than Minto coals from thermal power generation. In
order to make a proper economic as well as an
environmental comparison, information is provided
on the consequences of going ahead with development
of local coals with and without treatment together
with the costs of treatment in new plants. The
pPaper by Lord (3) reviews the changes in SO, emissions
which may occur under expanded coal fired generation in
the region without treatment and with treatment for
sulphur. The paper by Hamilton (4) reviews design
criteria and treatment costs for plants in the region.

It is apparent from the above studies that
expanded coal use without SO, emission control will
turn the region into a net exporter of sulphur causing
significant interprovincial and, under certain wind
conditions, international air pollution problems.



Comparisons have been made by the authors of

effects and costs if emissions are controlled to

1.2 1bs. SO0,/10°BTU or 1.6 lbs. S0,/10°BTU. Proper
treatment will raise the cost for power about

4-5 mills/kwhr. It is apparent from their

papers that a guideline for emission controls

is mandatory in order to assist in the power

planning and development decisions which are being
made now.



AN AIR EMISSION CONTROL GUIDELINE

There are four reasons for setting a control
guideline now. The first is for international
reasons, the second is for interprovincial reasons,
the third is because federal funds may be involved
and they must be properly spent locally; the fourth is
a matter of timing.

The reasons are discussed briefly:

1) International Reasons.

There are many precedents and principles in
transboundary pollution cases and there exists a
similarity between trans-boundary air pollution and
transboundary river pollution. The classic case in
air pollution in North America is the Trail Smelter case
when the United States government acted on behalf
of farmers and residents in part of Washington State.
In the Trail Smelter Arbitration Decision (United
States v. Canada) damages were awarded to the United
States and an injunction was granted restraining the
Trail Smelter from continuing its unlawful
practices. This case is particularly referred to
here because there is an element of hypocrisy in
some media reports about air pollution from the
United States into Canada. The old saying about
"the pot calling the kettle black" may be applied
to Canada if we do not set our house in order.

There are several diplomatic means of
negotiating transboundary disputes between Canada
and the United States, including especially the
International Joint Commission created under Article VII
of the 1909 Boundary Waters Treaty.

An ancient legal doctrine which can be

applied to many injurious activities carried out

in one state which may do harm to neighbouring
states is embraced in the phrase sic utere tuo ut non alienum
laedas - “thus thou shalt use thine own in order not
to injure others." This maxim was first suggested in
1688 and remained dormant in international law

until very recent times where it has been quoted as

a guiding principle in several cases. There is
inevitably a certain vagueness about a legal maxim of
this kind because it does, by implication, beg the
guestion of reasonable behaviour by both sides.
Fortunately in North America we have two nations with
very similar cultural, legal and economic
philosophies, so in broad generalities, we are

able to agree on reasonable behaviour. That is



not to say that on technical details we may always
agree, because either party may have local economic
or political reasons for being especially intract-
able over a period of time, and may seek to prolong
negotiations as much as possible.

Reasonableness between Canada and the United
States with respect to air pollution can first be
compared by an examination of the comparable air
pollution control regulations and the effectiveness
of their enforcement. 1In this respect, it would
appear that the United States is ahead of Canada and
is behaving more reasonably in that it has a formal
set of performance standards for electric utility
steam generating units. (U.S. Env. Protection Agency,
Federal Register, Vol. 44, No. 113, June 11, 1979,
Rules & Regulations, See Appendix 1). The effectiveness
with which these regulations are enforced has not
been checked from the Atlantic region as that is
primarily an Ottawa responsibility. However, the very
fact that such regulations exist while Canada has
no comparable regulations suggests that Canada is
not in a position to complain to the United States
about transboundary air pollution from coal-fired
electric generators until there are comparable
regulations here. The United States regulations are
strict and apply to a wide range of fuel types.

Bearing in mind that the prevailing winds
into the Atlantic region are from the southwest and
that at present the Atlantic Provinces are, in total,
receivers of sulphur emissions, it would seem that a
reasonable approach would be to use that portion
of the U.S. regulations which apply to Noncontinental
areas as a standard to work on in Canada as a start
for all new coal-fired generating stations. This would
permit a greater use of some western coals in the east;
but it is apparent that all coals found in the Maritimes
will have to be treated.

2) Interprovincial Reasons.

Here the Federal government is the arbitrator
between Provinces and the legal doctrine which applies
in international law must also apply interprovincially.
It is apparent that Newfoundland can be the receiver of
effluents from the Maritime Provinces and there has
already been some correspondence about this at the
Ministerial level. There would appear to be a need for
the Federal government to use its power and responsibility
to declare a guideline.



3) Local Expenditure of Federal Funds.

It is probable that incentives may be
provided to the Provinces in order to hasten the "off-
0il" program and to reduce the burden of the immense oil
import compensation payments. If this is done then
Environment Canada should see that those federal
funds are invested in an environmentally suitable
manner. Furthermore, at present the Federal government
has DEVCO, a crown company, operating in Cape Breton
with long term contracts to sell coal for thermal
power generation to the Nova Scotia Power Corporation.
Does a crown company have the responsibility to see
that its product is used in an environmentally
satisfactory manner? This is a question for the Minister
and Cabinet to decide; but if the answer is "yes"
then Environment Canada should be negotiating with
both DEVCO and the Nova Scotia Power Commission to
see that air emissions are controlled.

4) Timing.

Engineering plans are being made, future
power sales are being negotiated, financing is being
arranged, all for new electric power generation
projects. The cost of hydro, nuclear and coal
generating sites and the costs of transmission inter-
connections are continually being reviewed as each
decision is arrived at. An emission control standard
effects these costs and it is unreasonable to the
utilities to delay their decision while awaiting a
ruling from Environment Canada. If a ruling is
delayed, then follow-up action and various remedial
treatment facilities will also be delayed. Therefore,
if "acid rain" is deemed a problem by Environment Canada
it is appropriate that the Department act now to provide
a guideline on emission controls. '



CONSEQUENCES AND ALTERNATES

The consequences of issuing a control guide~
line may be briefly summarized in five sections:

1.

The guideline where federal funds are
being used will be a clear signal

to Provinces, the United States and
the :utilities as to the position of
the Federal Government. It will
benefit the future quality of the air.

The decision makers in utilities and
Provincial Governments as well as
Federal Departments, such as EM & R,
DREE and Finance will know one more
factor in their energy financing, which
effects electric power generation costs.

The cost of future power generation at
some proposed plants will rise by the
order of 4-5 mills kwh. Coal from

the west could be shipped by sea to
certain eastern power sites for mixing
with local coals.

The Atlantic Provinces, particularly

the three Maritime Provinces may see

the sense of making greater efforts to

pool their future electric power

planning instead of striving for energy
self sufficiency as is the case in Nova
Scotia. Alternate uses of energy devel-
opment and greater conservation programs
will be more attractive. It would seem
that nuclear power is at present comparable
to coal for baseload power generation

and, as coal costs rise, it will be far
cheaper than coal. Another CANDU reactor
for baseload power generation is an
attractive economic possibility as well
being more attractive environmentally.

(An earlier memorandum to the Department
has recommended a charge of one mill/kwh to
be made to fund nuclear waste disposal).

A regional mix of hydro, nuclear, coal

and later, tidal and other renewable
generation schemes are all good possibilities.
Much of the "energy crisis" in the region
is a crisis of inadequate co-operation.
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Future uses of Cape Breton coal as

a resource will not be prevented. The
coal may, in the long run, be used more
profitably. DEVCO are presently trying
to work out a development strategy for
coal. Their report, "Towards a Development
Strategy for Coal Mining in Cape Breton,
DREE Confidential Report, April 1980" is
evidence of this.

The last paper with this report by

J. K. Day discusses the technology and
alternate uses for coal. It is apparent
that other industrial uses may be
developed at a profit and with a higher
employment benefit than using sulphur
coal for thermal power. The most

recent edition of the Engineering
Journal of Canada (Vol:63, No. 3, June
1980) also devotes articles to coal
liquefaction and alternate uses. Research
on these alternates should continue.
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CONCLUSION

There should be no further delay in issuing
an air control emission guideline for new thermal
electric generation stations where federal funds are
involved. The guideline should be similar to the
U.S. Guideline for offshore utilities and should call
for an SO, limit of 1.2 1bs/10°BTU. Letters should
be sent at the Ministerial level to the appropriate
Federal departments and Provincial governments advising
them of this.

In the long run, there are environmental
benefits to be obtained by setting an emission control
limit and the Department of Environment has the
professional responsibility to set this limit as
early as possible.

The setting of a limit does not restrict
eastern electric energy development, for in reality,
much of the "energy crisis" in Canada is a crisis of
inadequate co-operation and inadequate planning.
There is plenty of "energy wealth". There is a
reluctance to share this wealth and to co-operate in
it's development.
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FIGURE 3
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onstrate the effect of project cost on the cost of
energy from that station. Nuclear fuel is escala-
ted at 5%/year to 1990 and 7% thereafter.

Dalhousie %2 is calculated at $135 million with
fuel escalated at 7%/year.

' Coleson Cove ié calculated at $244 million with
fuel escalated at $4.00 per barrel to 1985 and 10%
ver vear thereafter.



TABLE 1

OIL AND COAL GENERATING STATIONS

STATION NO. OF UNITS FUEL
MW

New Brunswick

Coleson Cove 3 x 372 OIL
Dalhousie 1 x 112 OIL
1 x 200 COAL (Minto)
Courtenay Bay 1 x 14 OIL
1 x 54 OIL
2 x 106 OIL
Grand Lake 1l x 64 COAL (Minto)
1 x 200 (1990?)
Nova Scotia
Lingan 1 & 2 2 x 150 COAL (Cape Breton )
Glace Bay 1 x 15 COAL/OIL
2 x 17 COAL/0il
Point Tupper 1 x 65 OIL
1 x 150 OIL
Tufts Cove 2 x 100 OIL
1 x 150 OIL
Trenton 1 x 20 COAL (Cape Breton)
1 x 150 COAL (Cape Breton)
Water Street 1 x 165 OIL
Prince Edward Island
Maritime Electric 1 x 10 OIL
2 x 20 OIL
Newfoundland
Holyrood 3 x 150 OIL

1 x 150 (1984)
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Federa! Register [ Vol. 44, No. 113 | Monday, }uné 11. 1979 / Rules and Regulations .

ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Part 60

{FRL 1246~7]

New Stationary Sources Performance
Standards; Eiectric Utility Steam

Generating Units

AGENCY: Environmeantal Protection
Agency {EPA).

Action: Final rule.

SUMMARY: These standards of
performance limit emissions of sulfur
dioxide {SO:). particulate matier. and
nitrogen oxides {NO,) from naw,
modified, anc. reconstructed electric
utility steam generating units capable of .
combusting moze than 73 megawails
{MW) heat input {250 million Btu/hour)
of fossil fuel. A new reference method
for determining continuous compliance
with SO: and NO, standards is aiso
established. The Clean Air Act
Amendments of 1977 require EPA o
revise the curreat standards of
performance for fossil-fuel-fired
stationary sources. The intended effect
of this regulation is to require new,
modified. and reconstructed electric
utility sleain generating uniis to use the
best demonstrated technological system
of coantinuous emission reduction and to
satisfy the requirements of the Clean Air
Act Amendmnents of 1977.

DATES: The effective date of this
regulation is June 11, 1979.

£0DRESSES: A Background Informaticn
Document (BID: EPA 450/3-79-021) bas
been prepared for the fina! standard.
Copies of the BiD may be obtaired from
the U.S. EPA Library (MD-35), Research
Triangle Park. N.C. 27711, telephcne
919-541-2777. In addition. & copy is
available for inspection in the Office of
Public Affairs in each Regiornal Cfice.
and in EPA's Central Dockat Section in
Washington, D.C. The BID contains (1} a
summary of ah the public comments
made on the sroposed regulatiex: (2) a
suvmmary of the data EPA has obtained |
since proposal or SO,. particulae )
matter, and NO, emissions; ang {3} the
final Environmental impact Statement
which summarizas the impacts of the
regulation. )
Docket No. OAQUS-78-1 cor‘eining
all supporting information used by EPA
in developing the standerds is evailable
for public inspection and copyin
between 8 a.m. and 4 p.m.. ge
a11jrd.co5Monday through Fridav. at
EPA's Central Dochet Section. room

20038, Waterside Mall, 401 M Street,
SW., Washiagton, D.C. 20260.

The docket is an organized and
complete file of all the information
submitied to or otherwise considered by
the Administrator in the development of
this rulemaking. The docketing system is
intenced to allow members of the public
and industries involved to readily
identify and locate documents so that
they can intelligently and effectively
participate in the rulemaking process.
Along with the statemeat of basis and
purpose of the promulgated rule and
EPA responses to significant ccmments,
the contents of the docket will serve as
the record in case of judicial review
{section 107(d}{a)}.

FOR FURTHER INFORMATION CONTACT:
Don R. Goodwin, Director, Emission
Standards and Ergineering Division
(MD-13}, Environmental Pratection

" Agency, Research Triangle Park. N.C.

27711, telephone 919-541-5271.

SUPSLEMENTARY INFORMATION: Ttis
preamble contains a detailed discuss:on
of this rulemaking under the {ollowing
headings: SUMMAKY OF STANDARDS,
RATIONALE, BACKGROUND. ;
APPLICABILITY, COMMENTS CN
PROPOSAL. REGULATORY

* ANALYSIS, PERFORMANCE TESTING,

MISCELLANEQUS.

- Summary of Standards

Applicability

The standards apply to electric utility
steam generating units capatle of firing
more than 73 MW (250 million Btu/hour)
heat input of fossil fuel, for which
construction is commenced after
September 18, 1978. Industrial
cogeneration facilities that seli less than
25 MW of electricity, or iess than one-
third of their potential electrical output
capacity, are not coverad. For electric
wtility combined cycle gas turbines,
applicahility of the standards is
determined on the tasis of the fossil-fuel
fired to the steam generator exclusive of
the heat input and electrical power
contribution of the gas turbine.

SO, Standards -

The SO. standards are as follows:

(1) Solid and solid-derived fuels
{except solid solvent refired coal): SO,
emissions to the atmosphere are hmited
to 520 ng/] (1.20 Ib/million Btu} heat
input, and a Q0 perceat reduction in
potential SO: emissions is reguired at 2ll
times except when emissions to the
atmosphere are less than 250 ng/J (0.60
)b/million Btu) heat input. When SO,
emissions are less than 260 mg/] (0.60
1b/million Btu) heat input, a 70 percent
reduction in polential emissions is

required Compliance with the emission "
limit and percent reduction requirements
is determined on a continuous basis by
using continuous monitors to obtain a
30-day rolling average. The percent
reduction is computed on the basis of
overall SO, removed by zll types of SO,
and sulfur removal tectnology. includiag
flue gas desulfurization (FGD) systems
and fuel pretreatrent systems (such as-
coal cleaning, coal gasification, and coal
liquefaction). Sulfur removed by a coal
pulverizer or in bottom ash and fly ash

* may be included in the ccmputation.

{2) Gaseous and liquid fuels not
derived from solid fuels: SO, emissions
into the atmosphere are limited to 350
ng/] (0.80 Ib/million Btu} heat input, and
a 99 percent reduction in potential SO,
emissions is required. The percent
reduction requirement does not apply if
S0. emissions into the atmosphere are
less than 86 ng/J (0.20 Ib/million Btu}
heat input. Compliance with the SO:
emission limitation and percent )
reduction is determined on a continuous
basis by using continuous monitors to
obtzin a 30-day rolling average.

{3) Anthracite coal: Electric utility
steam generating units firing anthracite
coal elone are exempt from the
percentage reduction reguirement of the
S0, standard but are subiect to the 520
na/}J (1.20 ib/million Bwu) keat input -
emission kimit on a 30-day rolling
average, and all other provisions of the
regulations including the particulate
matter and NO, standards.

{4) Noncontinental areas: Electric
utility steam generating units located i
noncontinenial areas (State of Hawaii,
the Virgin Islands, Guam. American
Samoa, the Commonwealth of Puerlo
Rico, and the Northern Mariana Islands)
are exempt from the percentage
recduction requiremnent of the SO,
standard but are subject to the
epplicable SO; emission limitation and
all other provisions of the regulations
including the particulate matter and NO
standards.

(5) Resource recovery facilities:
Resource recovery facilities that fire {ess
than 25 percent fossil-fuel o a querterly
(90-day) heat input basis are not subject
to the percentiage recduction
requirements but are subject to the 520
ng/] (1.20 Ib/million Btv) heat input
emssion limit. Compliance with the
emission limit is determined on a
continuous basis using continuous
monitoring to obtain a 30-day rolling
average. In addition, such facilities must
monitor and report their heat input by
fuel type.

{6) Solid solvent refined coal: Electric
utility steam generating units firing solid
solvent refined coal {SRC 1) are subject
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» the 520 ng/} (1.20 1b/million Blu] heat
1yput emission limit (30-day rolling
verage) 2nd &l requiremernts under the
'O, and particulate matler elandards.
:omplience with the emission limit is
‘etermined on a continuous basis using
_continuous monitor o obtain a 30-day
olling everage. The percentage

eduction requirement for SRC L, which

s 1o be obtained at the refining fecility
tself, is 85 percent reduction in polential
;05 emissicns on a 24-hour (daily)
wwereging besis. Compliance is to be
setermined by Method 18. Irnitial full
scale dermonstration facilities may be
granted a commercial demonsiration
permit establishing a requirement of 80
percent reduction in potential emissions
pn a z4-hour (daily) basis.

Porticulote Matter Standards

-The particulate matter standard Limits
emissions 10 13 ngf] {0.03 1b/million Btu)
beat input. The opacity standard limits
the opscity of emission to 2C percent (5-
sminule average). The standards are
based on the performance of a well-
designed snd cperated baghouse or
electostatic precipitator {(ESP).

NO, Standards

The NO, standards zre based on
combustion modification and vary
sccording to the fuel type. The
standards are:

{1) 85 ng/] (920 b/miliion Btu) heat
input from the combustion of any
gaseovs fuel, except gaseous fuel
derived from coak

{2) 130 ng/J (0.30 Ib/million Btu) heat
input from the combustion of any liquid
Suel, except shale oi! aad liquid fuel
<Lerived from coal -

{3) 210 ng/J (0.50 Ib/million Btu) heat
input from the combustion of
subbituminous coal, shale ail. or 2ny
solid, liquid. or gaseous fuel derived’

_ from coal .

(4} 240 ng/] (0.80 Ib/million Btu) heat
input from the combustion in a sizg tap
furnace of eny fuel containing more than
25 percent. by weight. lignite which has
been mined in Norih Dakota, Souvth . )
Dakote, or Montana:

{5) Combusticn of 2 fuel containing

- rnore than 25 percent, by weight. coal
refuse is exempt from the NO, standards
and monitoring requirements: and

{6) 260 ng/} (0.60 Ib/million Btu) heat .
input from the combustion of any sclid
fuel not specified under (3}, (4). or (5).

Cortinuous complience with the NO,
standards is required, besed on a 30-day -
rolling everage. Also, percent reductions
in uncontrolled NO, emissicn levels ere
vequired. The percent recuctions are not
conirolling. however, end compliance
with the NO, emission limits will assure

ppgreeiapuestnnapsivNPREEIINENEE S Gt

compliznce with the percent reduction
reguirements. :

Emerging Technuiogies

The standards include provisions
which allow the Administrator to grant
comnercial demonstration permits 1o
ellow less stringent requirements for the
iritial full-scale demonstration plents of
cer:zin technolegies. The standards
include the following provisions:

{1) Facilities vsing SRC ! would be -
subject to en emission limitation of 520
ng/] (1.20 1b/million Btu) heat input,
baced on a 30-dey rolling average, and
en emission reduction requirement of 85
percent, based on a 24-hour average.
However, the percentege reduction
allowed under a commercial
demonstration permit for the initial full-
scale demaons-ration plants, using SRCI
would be 80 percent {based on a 24-hour
average). The pient producing the SRC1
would monitor to insure thet the
required percentage reduction (24-hour
average] is achieved and the power
plant using the SRC I would moniter to
insure that the 520 ng/] heat input limit
{30-day rolling average) is ackieved.

{2) Facilities vsing fluidized bed
combustion {FEC) or coal liquefaction -

" would be subject to the emission
limitation and percentage reduction
requirement of the SO: stundard end {o
the particulate matler and NO;
stendards. However, the reduction in
potential SO. emissions allowed under a
commercial demonstration permit for
the initial full-scele demonstration
plents using FBC would be 85 percent
(based on a 33-day rolling average). The
NO, emissicn limitation allowed under a
commercial demonstration permit for -
the initial full-scale demonstration
plants using coal liquefaction would be
"300 ng/} (0.70 Ib/million Btu] heat input.
based on a 30-day rolling average.

(3) No more than 15,000 MW
equivalent electrical capacity would be
eliotied for the purpose of commercial
demonstration permits. The capacity
will be allocated es follows:

Equ-vaient
Tochnolopy Polistant  electnis! capatity
vwW
Sowd xolvenirefines ¢odl o SOy 6.000-10,000
. Fiazed bed SoToslin
{etmosphenc) €0, 400-3,000
Fardzed bed combuston
Cressurmel) £ 2091200
Cor’ hQIE ATUON e cesrimi - NO, 750-10,000
Cecmpliance Provisions

Continuous compliance with the SO,
and NO, standards is required and is to
be determined with continuous emission
rmonitors. Reference methods or other

b ~

gpproved procedures must be used to
supplement the emission Cata when the
continuous emigsion monitors
mslfunction, to previde emissions data
{or at least 18 hours cf each dey for at
Yeast 22 davs out of any 30 successive
days of bo:ler operation.

A melfunctioning FGD system may be
bypassed under emergency conditions.
Compliance with the pariiculate
standard is determined through
performance lests. Continuous moritors
are required to measure and record the
opacity of emissions. This datais to be
used to identify excess emissions to
insure that the particulate matter control

[SHT-R1

.gystem is being properiy operated and

meintained.
Ratiopale = . . -
80, Stardards ’ .

Under section 111{a) of the Act, a
stendard of performance for a fossil-
fuel-fired siationary source must reflect
the degree of emissicn limitation acd
percentage recduction achievable through
the applicetion of the best technological -
system of continuous emission reduction -
taking into consideration cost and any
nonair quzlity health and environmental
irmpacts and energy requirements. Ia
addition, credit muy be given for any
cleaning of the fuel, or reductionin -
pollutant cheracterisiics of the fuel. after
mining and prior to combustion.

" In the 1977 smendments to the Cleen
Air Act, Congress was severely critical
of the current standard of performance
for power piants, and especially of the
fact thet it could be met by the use of
untreated low-sulfur coal. The House, in
particular, {elt that the current stendard
{ailed to meet six of the purposes of
section 111. The six purposes are (H.
Rept. at 184~186):

1. The standards must not give & -
compelitive advantage lo one State over
enother in attracting industry. a

2. The standards must meximize the
potential {er long-term ecoromic growth
by reducing emissions as much es
practiceble. This would increase the
amount of industrial growth possidle
within the limits set by the air quality
standards.

3. The standards must to the extent

. precticel force the installation cf ell the

contro) technology that will ever be
necessery on new plants at the time of
construction when it is chezper to ~
install, thereby mirnimizing the nead for
retrofit in the future when air quality
standerds begin to set limits to growth.

4 anid 5. The standards to the extent
practical must force new sources o burn
high-sulfur fuel thus freeing low-sulfur
fuel for use in existing sources where it



Air Pollution and Acid Precipitation

Background

Emissions of air pollutants can result from
the mining and cleaning of coal, its transportation and
its combustion. Dust emitted from surface mining operations,
from hopper cars in transit and from storage piles can
be controlled by wetting the coal or by spraying on a
bituminous coating and by collection of dust at the transfer
points. The technology for such control is well established
and the cost is moderate.

On the other hand, the combustion of coal has
the greatest potential for serious environmental effects.
There can be both short term effects (up to one year) on
the air quality in the immediate vicinity of the source
(within 5-10 kilometers) and long term, long range effects
on a receiving area extending at least several hundred
kilometers from the source.

Local effects consist of increases in ambient
concentrations of particulate matter, sulphur dioxide
and nitrogen dioxide. These pollutants are emitted as a
result of incombustible mineral matter in the coal, the
oxidation of sulphur in the coal, and the oxidation of
nitrogen in the fuel and in the air used for combustion.
Excessive emissions of particulate matter resulting in
opaque chimney plumes can pose an aesthetic problem;
particulate matter co-existing with sulphur dioxide in
sufficient concentrations can result in an increase in
respiratory ailments. Sulphur dioxide in itself can
cause foliar damage to sensitive species of plants.
Nitrogen dioxide is associated with respiratory ailments
in humans and can, in conjunction with sulphur dioxide,
cause damage to plants. Other pollutants of concern are
polyaromatic hydrocarbon and heavy metals, both of
which have potential health effects.

It is possible to control local ambient con-
centrations of these pollutants by discharging them from
a smokestack sufficiently tall to allow adequate atmos-
pheric dilution to acceptable concentrations. According
to the Annual Summaries of the National Air Pollution
surveillance Network, concentrations of sulphur dioxide,
except for isolated brief periods comprising less than
0.12 of the year, are presently within the National
Ambient Air Quality Objectives. Nitrogen dioxide con-
centrations are even lower. Concentrations of particulate
matter exceed the National Air Quality Objectives more



frequently in the Atlantic Region, but the source is
usually dust raised by vehicular traffic, or in the case
of Sydney, Nova Scotia, emissions from the iron and steel
mill.

Generally speaking, therefore, the combination
of particulate controls on presently coal~burning plants,
the use of oil which contains practically no ash and
dispersion from tall stacks keeps ambient concentrations
within acceptable limits, but it does not address the
cumulative long range effects of some of these pollutants,
which are of greater concern. Sulphur dioxide and
nitrogen dioxide may be further oxidized slowly in the
atmosphere to sulphates and nitrates. The rate of
transformation, and the rate of deposition to the ground
(in the absence of precipitation) is relatively slow with
the result that these secondary pollutants may travel
several hundreds or thousands of kilometers through the
atmosphere. Indeed, sulphate particles are.an important
contributor to the familiar summertime haze that
reduces visibility not only in central Canada, but in the
Atlantic Region as well.

When precipitation occurs within the polluted
air mass, these sulphates and nitrates can be deposited
on soil and water bodies as only partially neutralized
dilute solutions of sulphuric and nitric acid. These
events are known as "long range transport of air pollution®
and "acid precipitation”, although one phenomenon can
occur without the other.

Potential effects of the deposition of free
hydrogen ions include the acidification of bodies of
fresh water with resulting reproductive failure and alter-
ation of the food supply of sensitive fish such as
salmon and trout. It may also cause a reduction in the
fertility of soil due to increased removal of nutrients
such as calcium from the top layers of the soil. It is
generally conceded that the oceans are well-buffered
against the effects of acid precipitation, and that
agricultural lands are already receiving enough lime
to counteract acid precipitation. The concern is with
fresh water and with forest land.

From data collected by the Canadian Network for
Sampling Precipitation (CANSAP) since 1975, precipitation
in the Atlantic Region is definitely acidic, with a
monthly pH ranging from 4.0 to 5.0 and a long term weighted
mean pH of about 4.5. This means that the concentration
of hydrogen ion is, on the average, about 12 times
greater than that of precipitation in equilibrium with
atmospheric carbon dioxide (pH = 5.6).



The CANSAP data indicate that the deposition
of sulphur by precipitation is about 1 g/mz/year. This
value is about the same as that measured in southern
Scandinavia (OECD, 1977).

The reported deposition by precipitation
of nitrogen is much less than that of sulphur, about
0.2 to 0.4 gN/mz/year. However, this value may be too
small due to the biological degradation of nitrate
in the monthly samples; the actual deposition may be
much larger.

The deposition of hydrogen ions by precip-
itation is this region is about 20 to 30 meq/m</year,
compared with 20 to 50 meq/mz/year in Scandinavia (OECD),
1977).

Not enough long term data exists in this
region to establish whether or not the acidity of pre-
cipitation is increasing. However, long term data in
the adjacent northeastern states (Likens, 1976)
and precipitation gathered in Kentville, Nova Scotia,
in the mid 1950's (Herman and Gorham, 1957)
suggest that it probably has increased here
during the past 25 years.

Because sulphur oxides (and to a lesser
degree nitrogen oxides) are the major precursors of
strong acid precipitation, the severity and extent of
acid precipitation is often gauged by the sulphate
and nitrate concentrations in precipitation, and the
determination of the relative importance of local
and distant sources in the deposition of acid is
determined by carrying out sulphur and nitrogen budgets
which often incorporate modelling, such as that done
by Wiltshire (1979) and Lord (Paper enclosed).

Wet deposition is by far the most important
process in this region for depositing sulphur from the
atmosphere. Deposition by "dry" processes such as
diffusion of sulphur dioxide gas and sulphate
particles are less important, accounting for only 7%
to 30% of the total deposition of sulphur (Wiltshire,
1979; Shaw, 1980). For this reason, the frequency and
amount of precipitation and the wind direction when it
occurs are important factors in the deposition of
atmospheric acid.

Although the effects of acid precipitation on
fish populations has been fairly well established in
Scandinavia and in the vicinity of the large smelter



complex in Sudbury, Ontario, no direct evidence

exists that acid precipitation has adversely affected
fish in this Region. It is known that the precipitation
is acidic, and has probably become increasingly so
during the past quarter century. It is also known

that the concentration of hydrogen ion in certain

rivers is southwestern Nova Scotia increased two to
ten-fold during a 10 to 20 year period (Altshuller

and McBean, 1979).

A survey of lakes in Nova Scotia and New
Brunswick indicate that acidity has increased two to
five times during the past 20 years (Wiltshire and Machell,
1980).

Therefore, while there is no direct evidence as
yet linking acid precipitation with acidification
of fresh water here in the Atlantic Region, the
circumstantial evidence is very strong indeed when
one considers the concurrent increases (since the
mid 1950's) of emissions of sulphur and nitrogen
oxides, and of acid levels in precipitation of fresh
waters.

There is little doubt that the fresh water
in this region has relatively little buffering capacity
to neutralize the effects of acid precipitation, as
shown by sensitivity maps based upon existing alkalinity,
conductance and the concentration of the bicarbonate
ion and calcium (Altshuller and McBean, 1979). Further
increases in the deposition of atmospheric acid may event-
ually use up what little buffering capacity exists in
these lakes, to be followed by even greater increased in
their acidity. The study of Wiltshire and Machell
(1980) has also revealed that the lakes in Nova Scotia
and southern New Brunswick have relatively little
buffering capacity left, and may undergo rapid increases
in acidity in the next 10 to 30 years at the present
rate of acidification. A more detailed assessment of
the effects of increased deposition of atmospheric acid
may be found in Wiltshire and Machell (Paper attached).

It is known that young salmon at a hatchery
on one river in Nova Scotia (the Mersey) had a high
mortality rate until the feed water to the hatchery was
rendered less acidic by running it through a bed of
limestone (G. Farmer, personal communication, 1979). It
is very likely that acid precipitation may have been an
important contributing factor to the mortality of the
salmon.



Adverse effects of acid precipitation on the
productivity of forest soils has not been established
anywhere in the world. not even in Scandinavia where a
lively debate rages as to the relative importance of
acid precipitation and other environmental stresses
such as forestry practices. It is felt that in Scan-~
dinavia any adverse effects from acid precipitation may
take 75 to 100 years to distinguish themselves from
other stresses such as improper forestry practices (0Odén,
1980).

Nevertheless, the soils in this region are
mostly acidic podzols from which nutrients are easily

reached by acid precipitation (Altshuller and McBean, 1979).

Because of the very high value of the forestry industry
in this region, even a 10% to 20% loss in forestry pro-
ductivity would be a significant economic loss.

In this report, Wiltshire and Machell (paper
attached) will examine only the effects upon fresh water.

In summary, the present rate of deposition of
atmospheric acid, and the potential effects upon fresh
water and forest soils is a matter of great concern. Any
increase in this deposition brought about by an increase
in the conbustion of coal without proper emission
controls in this region will only accelerate the effects
that are believed to be occuring at the present time. The
increase in effects due to the increase in coal combustion
without controls will be estimated, and the possible
alternate actions examined carefully.

Factors

Because the deposition of atmospheric acid in
this region is a result of emissions from sources both
within and outside the region (Wiltshire, 1979; Lord,
1980; Shaw, 1980) and from sources other than coal-burning
boilers, environmental factors to be considered in the
examination of alternative approaches are:

i) The contribution of regional power plants
to the present rate of deposition of atmos-
pheric acid;

ii) The potential increase of deposition due
to the conversion of presently oil-fired
regional power plants to coal and the
construction of new coal-burning units.



Wiltshire (1970) in his sulphur budget for Nova
Scotia, estimated that, in 1976, deposition from Nova
Scotia sources accounted for 25% of the total atmospheric
deposition of sulphur in the province; import from out-
side the province accounted for 75%. Shaw (1980) in a
meteorological analysis of the deposition of hydrogen ion
and sulphur at a sampling station 25 km west of Halifax
estimated that 60% of the deposition comes from the
direction of Halifax, to a large extent during storms.
with easterly winds. These results indicate that, although
the prevailing winds are westerly and are popularly though
to carry away emissions from regional sources, in fact
significant deposition of atmospheric acid from local
sources occurs often during precipitation accompanied by
easterly winds which carry the emissions inland rather
than out to sea.

Lord (1980) has extended Wiltshire's sulphur
budget to the remaining three provinces in the region.
His estimates of the present contribution of regional
sources to the deposition of sulphur within each province
is shown in his paper. Hamilton (Paper 5) and Lord (Paper 4)
estimate increases in emissions and depositions,
respectively, of acid forming compounds due to several
scenarios of conversion of power plants to coal,
Wiltshire and Machell (Paper 3) then use these
estimates of increases in deposition to predict decreases
in the pH of fresh water bodies in this region.
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Potential Aquatic Effects of Increased Acid
Deposition Due to an Expanded Use of Coal
for Power Generation in the Atlantic Region

Purgo se

The existing literature on the effects of
acid rain shows clearly that dilute aquatic ecosystems
are the first part of the environment to exhibit
readily observable adverse biological effects. The
purposes of this Appendix are to: a) provide information
on the sensitivity to acidification of fresh water systems
in the Atlantic Region; b) review the current evidence
for acidification of rivers and lakes in the region
during the past 20 to 30 years; and c) to assess the
possible increases in sulphur deposition identified in
the preceding Appendix* with respect to their
potential impact on aguatic communities.

Sensitivity of Surface Waters in the Atlantic
Region to Acidification

Recent surveys of the available date for rivers
and lakes in the Atlantic Provinces have pointed to the
high susceptibility to acidification of freshwater systems
over most of the region (Altshuller and McBean, 1979;
Clair et al, 1979). The relative sensitivities of
surface waters in the region are indicated in a general
way in Figures 1 and 2. The regions described as highly
sensitive and sensitive in these Figures are those
characterized by lakes and rivers with mean pH values
less than or equal to 6.5 and 7.0 respectively. The
Figures are based principally on the pH distribution maps
from Clair et al (1979) and the general picture is in
good agreement with the sensitivity maps in the earlier
study (Altshuller and McBean) which were based on a number
of other chemical criteria. In general, the potential for
acidification of freshwater systems due to continued acid
loading at current or increased rates exists over most of
New Brunswick, Nova Scotia and insular Newfoundland. of
particular concern are the broad regions in mainland Nova
Scotia, Newfoundland and portions of southern and central
New Brunswick, where pH, alkalinity and CSI* values of
lakes and rivers indicate minimal buffering capacity.

*Changes in SO Emissions and Sulphur Depositions in the
Atlantic Region from an Expanded Use of Coal for Power
Generation (D. A. Lord).

* The CSI (calcite saturation index) of a water is a measure
of its under-saturation with respect to calcium carbonate.



Geologically, these regions are characterized by igneous
and metamorphic bedrock types which are highly resistant
to weathering processes and lead to relatively non-
calcareous soils. Alkalinities of lakes in these regions
of Nova Scotia and New Brunswick have been found to be
typically less than 50 ueq/l, which is considerably

less than the level of 200 to 300 peg/l selected as a
criterion for high sensitivity in Altshuller and McBean
(1979). The pH frequency distributions of rivers and
lakes in Nova Scotia and New Brunswick are indicated in
Figure 3. The distributions shown are based on data
from a number of sources (Principally river water
quality data from the National Water Quality Data Bank
and preliminary data from an ongoing EPS study of

lakes in Nova Scotia and New Brunswick) and have been
smoothed by a graphical method. These histograms should
be regarded as preliminary, but are considered to be
representative of surface waters in the two provinces.
On the basis of the pH criteria employed in the
sensitivity map in Figure 1, essentially all of the
lakes and rivers in the histogram for Nova Scotia are
indicated to be sensitive to acidification (pH <7). The
cumulative percentages for highly sensitive freshwater
systems (pH <6.5) are approximately 70% for Nova Scotia
and 35% for New Brunswick. These percentages are in
generally good agreement with the areal sensitivities
indicated in Figure 1, and clearly demonstrated the much
lower pH values which characterize surface waters in
Nova Scotia.

of particular interest is the bimodal pH
distribution for Nova Scotia, a feature which is frequently
observed for softwater lakes in regions receiving acidic
precipitation (Wright and Gjessing, 1976). Such a pH dis-
tribution with a minimum in the region of pH 5.5 is
theoretically predictable for bicarbonate buffering in an
area where the net input of acids and bases is closely
balanced. Due to differences between individual
water sheds, the input of bases will in some cases
exceed that of acids (alkalinity > 0), and in other
cases the reverse will hold (alkalinity < 0). The
effect on pH of small differences in alkalinity is
greatest in the region [Alk]~0, with the result that a) the
pH probability curve passes through a minimum at pH ~ 5
(Figure 3(a)); b) the decrease in pH for a given addition
of acid increases as the pH approaches 5.5; and c) the
short-term fluctuations in pH increase in magnitude as
the pH approaches 5.5.



Current Evidence for Acidification of Surface
Waters in the Atlantic Region

The historical precipitation data suggests
that acidic precipitation became a synoptic phenomenon
in the Atlantic Region no earlier than the late 1950's
(Shaw, 1979). There is now considerable evidence for
a widespread decrease in the pH of surface waters in
Nova Scotia during the ensuing 20 to 30 years. Analysis
of the water quality data for 16 major rivers (Altshuller
and Bean, 1979; Elder, 1979) has shown declines in pH of
0.2 to 1.2 pH units since 1955. (Table 1). The decrease
in pH is particularly pronounced for rivers in southwestern
Nova Scotia where geological factors lead to high sensitivity
to acidification.

Watt (1979) resampled a number of lakes in the
Halifax area, for which reliable historical data exist
(Gorham, 1957), and found pH decreases varying between
0.1 and 0.8 pH units. (Table 1). These pH changes were
considered to be largely attributable to the effects of
local emissions, and there is a clear need for further
study in this area.

In Table 2 are presented the current and histor-
ical pH data for a number of lakes distributed through-
out mainland Nova Scotia and southern New Brunswick
(Wiltshire and Machell, 1980). The pH decreases are
seen to be confined to the post-1950's period, which is
consistent with the apparent history of the acidity of
precipitation in the region.

There is currently no clear indication that
comparable declines in the pH of surface waters has
occured in other parts of the Atlantic Region (Tom Clair,
I.W.D., pers. comm.). Preliminary analysis of
the historical data indicates that if pH levels have
decreased, the changes have been relatively small and
careful statistical treatments of the data are required
before any conclusions can be drawn. Work in this area
is currently in progress, with particular emphasis
being placed on the data for regions in New Brunswick
and Newfoundland, which have been identified as highly
sensitive (Figures 1 and 2).

Estimation of Surface Water pH Changes
Due to Increased Deposition of Acidic
Sulphur Compounds

Estimates of the annual rate of sulphur
deposition (current and projected) in the four Atlantic



provinces are given in the preceding Appendix. For
the three coal use alternatives described (A, B and C)
the changes in sulphur degosition from 1980 are small
(-.05 to +.01 tonnes S/kmeyr) if emission controls are
applied. However, in the absence of emission controls,
quite substantial increases in deposition have been
predicted for all three alternatives, particularly in
Nova Scotia, New Brunswick and Prince Edward Island
(Table 3).

The quantitative estimate given here of the
potential impact of these increased sulphur depositions
on surface waters in the region must be regarded as
highly speculative at this time. Our understanding of
the various geochemical and biological processes which
alter the chemical composition of precipitation both
pefore and after its entry into a freshwater body is
still highly imperfect. The manner in which the observed
acidification of surface waters in regions of North
America and Europe is related to atmospheric depositions,
other cultural effects, and natural acidifying
processes 1is currently an area of active discussion
and research.

A prediction of this nature will necessarily
involve the following three steps: -

1. Conversion of the projected increases
in sulphur deposition (Table 3) to projected increases
in atmospheric loading of acid to the aquatic regime.

2. Estimation of the changes which will
occur, as a consequence of increased atmospheric acid
imput, in the current net balance between acids and
bases provided to surface waters by other environmental
components (interactions with forest canopies, ion
exchange and biological processes in soils, bedrock
weathering processes, interactions with river and lake
sediments, etc.)

3. From the net change in the alkalinity of
surface waters resulting from the above two estimates,
calculation of the corresponding pH changes on the basis
of the pH-alkalinity relationship of surface waters in
the region.

In performing the convergion of increases in
sulphur deposition (in tonnes S/kmzyr) to increases in
hydrogen ion loading (veq/1), one mole of sulphur has
been treated as being equivalent to two moles of acid
(i.e., S» H,SO,), and the volume of surface water con-
taining this acid has been calculated assuming a mean



annual precipitation of 1300 mm/yr and an annual evap-
otranspiration effect of 30%. The latter values are
estimated means based on data for Nova Scotia (Hydro-
logical Atlas of Canada, 1978). The resulting increases
in strong acid of atmospheric origin for the three

coal use alternatives without emission controls are

given in Table 3. Only increases in deposition from the
estimated 1980 rate have been considered. Not included

in the calculations are the potential acid forming

effect of increased emissions of oxides of nitrogen, or
the possibility that a portion of the increased sulphur
emissions may be non-acidic (i.e. neutralized by increased
emissions of bases). The value shown in the table can
be compared with the current atmospheric acid loading
level which is estimated to be approximately 50 ueqg/1l (this
value is obtained from the current mean pH of 4.5 for
precipitation at CANSAP stations in Nova Scotia, adjusted
for dry deposition (R. Shaw, pers. comm.) and for a

30% mean evapotranspiration effect).

With respect to the second step in this
calculation, it has been assumed that the relatively
small increase in acid level due to atmospheric loading
(from 50 peq/l to 68 peq/l at most) will result in no
significant changes in the amount of neutralization
being provided by the various watersheds in the region.
In effect, an increase in acid loading of X peq/1l has
been assumed to result in a decrease in the alkalinities
of surface waters of X peq/l. To the extent that the
watersheds may have a reserve neutralizing capacity,
and will hence respond by an increased input of bases,
the calculated decreases in surface water pH will be in
error. In this sense the calculated effects should be
regarded as the maximum effects which may occur as a
result of the increased sulphur depositions being
considered.

Completion of the calculations involves correction
of the alkalinities of surface waters in the region
by the amounts calculated above, and then calculation
of new pH values from the appropriate pH-alkalinity
relationship. Difficulties arise here in that to our
knowledge, little of a guantitative nature is currently
known about the species which buffer the surface
waters in the region, and the methodology which has
been employed in routine alkalinity determinations does
not yield alkalinity values of adequate precision for
these calculations (particularly at the low levels which
characterize many of the rivers and lakes). The



alkalinities of soft-waters are generally considered

to be principally due to the bicarbonate ion (equation 1),
although in colored waters of low alkalinities, a con-
tribution by weak organic bases may become significant.

[a1k] = [HCOB-] - [H+] = Ky [H2C03] - [H] (1)
[H]

In a study of 16 lakes in Nova Scotia and New Brunswick
(pH range 4.4 to 7.0), the relationship between pH and
alkalinity (determined by the Gran method) was found

to be consistent with equation 1 either with CO, levels
at 2 to -4 times the calculated value for equibrium with
the atmosphere or with an additional contribution by
organic bases (Wiltshire and Machell, 1980). In cal-
culating the effect on pH of a decrease in alkalinity
(Figure 4), the surface waters of Nova Scotia and New
Brunswick has been assumed to follow the quantitative
pH-alkalinity relationship found by Wiltshire and
Machell.

As shown in Table 2, the three coal use
alternatives result in estimated increases in acid
loading to surface waters in Nova Scotia between 5 and
8 ueg/l. For New Brunswick surface waters, a similar
value (7 peg/l) is obtained under alternative A, but
significantly higher values (16 and 18 upeg/l) are ob-
tained under alternatives B and C. The pH changes
resulting from a decrease in alkalinity of 7 ueq/l have
thus been employed to represent the potential effects
in Nova Scotia under all three alternatives and in
New Brunswick under alternative A, while the effect of
a decrease in alkalinity of 17 peg/l1 has been employed
for New Brunswick surface waters undex alternative B
and C. That these seemingly minor potential changes
in alkalinity would have a considerable impact on fresh-
waters of low buffering capacity is demonstrated by the
curves in Figure 4. From curve a, which represents a
decrease in alkalinity of 17 peg/l) a maximum pH change
of 0.8 units is calculated (from pH 5.8 to 5.0), and from
curve b (A[Alk] = -7 upeg/l) a maximum pH change of 0.4
units is obtained (from pH 5.6 to 5.2). On the other
hand, as one considers lakes with progressively higher
current pH values, the ability to withstand increased
acid loading is seen to increase dramatically. For
example, a well buffered lake at pH 7.5 is calculated
to undergo a pH decrease of only.02 units as a result
of a decrease in alkalinity of 17 veq/l. These figures
demonstrate quite clearly how readily an aquatic system
may pass through the pH range 6 to 5, the reason for



considering a lake or river with pH 6.5 to be a very
fragile ecosystem, and the significance (with respect

to sensitivity to acidification) of the pH distributions
in Figure 3.

Potential Impact on Aquatic Communities

The potential effects of the three coal use
alternatives (without SO, controls) on the pH frequency
distribution of surface waters in Nova Scotia and New
Brunswick are shown in Figure 5. The current cumulative
distributions are based on the smoothed histograms in
Figure 3, and the projected distributions are based on
the calculated pH changes in Figure 4. For Nova Scotia,
all three coal use alternatives have been assumed to
result in a decrease in alkalinity of the order of 7
peq/l (curve b in figure 4). For New Brunswick, the
same alkalinity change (and corresponding pH changes)
has been assumed for coal use alternative A, while the
effects of alternatives B and C are based on a decrease
in alkalinity of 17 peg/l (curve a in Figure 4). The
changes in the percent of surface waters at a few select-
ed pH values (4.5, 5.0 and 6.0) have been interpolated
from Figure 5 and included in Table 3.

Should they occur, the projected pH changes
shown in Figure 5 and Table 3 would be expected to cause
significant changes in the ecology of many lakes and
rivers in the two provinces. For example, a decline in
pH to values below 6 may result in decreases in the diver-
sity of phytoplankton, zooplankton, benthic invertebrates
and fish populations by the gradual elimination of sensitive
species (Grahn, 1974; Wright and Gjessing, 1975; Beamish,
1976; Leivestad et al, 1978). Once pH levels reach 5.5 -
5.0, it has been reported that Atlantic Salmon reproduction
will be reduced (Jensen and Snekvik, 1972) and sublethal
effects such as histological damage to gill surfaces
can occur in Brook Trout (Daye and Garside, 1976).

The shift of waters below pH 5 is reported to
result in the eventual elimination of most fish species.
Decreased reproductive success is accompanied by increased
physiological stress due to lowered blood pH, body
sodium levels (Packer and Dunson, 1970, Neville, 1979)
and decreased tolerance to lowered oxygen levels (Wiebe
et al 1934). Elevated levels of certain metals
such as aluminum in Lake water may also result from
such a decrease (Dickson, 1979). Cronan and Schofield
(L979) in laboratory studies with Brook Trout report
toxic effects of aluminum concentrations above 200 ppb



and reduced growth at concentrations of 100 to 300 ppb.
Recent studies of Maritime lakes in the pH range 4.4 to
5.0 have recorded mean aluminum levels of 100 to 210 ppb
and maximum values of 380 ppb (Wiltshire and Machell,
1980).

Daye and Garside (1979) conclude that Atlantic
Salmon will decline and eventually disappear from fresh-
water areas when pH approaches 4.5 for an extended
period. Below pH 4.5, species such as Brown Bullhead,
White Sucker, Brook Trout, Yellow Perch and Lake Chub
are known to be eliminated (Beamish, 1976, Schofield, 1976) .

Conclusions

The watersheds over much of the Atlantic Region
provide little or no buffering capacity to surface waters,
with the result that these surface waters are highly
susceptible to the effects of increased acid loading.
There is evidence that many lakes and rivers, particularly
in Nova Scotia, have undergone substantial pH declines
during the past 20 to 30 years, and many of these fresh-
waters are currently at pH levels where the survival of
sensitive species is either not possible or is endangered.

Calculations based on the current pH frequency
distributions of surface waters in Nova Scotia and New
Brunswick indicate that with only minor decreases in
alkalinity the pH of many more lakes and rivers will
reach levels where reductions in the populations and
diversity of aquatic biota at various trophic levels
will occur.

Estimates have been made of the increased
atmospheric acid loading to the pedosphere and litho-
sphere which may result if sulphur emission controls
are not incorporated in the expanded use of coal for
power generation in the Region. If these increases in
acid deposition result in comparable declines in the
alkalinities of surface waters, a significant deter-
ioration in an already serious environmental problem
is to be expected.
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Table 2. Observed pH changes in Nova Scotia and New Brunswick
lakes during the period 1940 to 1979.

Lake pH ApH
ca 1940% 1950's® 1979°  pre-1950's post-1950's

Boarsback (N.S.) 4.7 4.7 4.4 .0 -.3
Jesse (N.S.) 6.5 6.5 5.8 .0 -.7
Lily (N.S.) 6.5 5.8 -.7
Kerr (N.B.) 6.8 6.6 6.0 -.2 -.6
Crecy (N.B.) 6.7 6.7 6.0 .0 -.7
Tedford (N.S.) 6.3 6.6 6.3 +.3 -.3
Sutherland (N.B.) 7.0 6.3 -.7
Gibson (N.B.) 7.0 '6.7 6.4 -.3 -.3
Blackbrook (N.S.) 6.8 6.4 -.4
Copper (N.S.) 7.3 7.0 -.3

Means .0 -.5

a) data from Smith (1937 a,b, 1948, 1952, 1961)
b) data from Hayes and Anthony (1958)
c) data from Wiltshire and Machell (1980)
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CHANGES IN SO, EMISSIONS AND SULPHUR
DEPOSITIONS IN THE ATLANTIC REGION
FROM AN EXPANDED USE IN COAL FOR POWER
GENERATION

by D. A. LORD



Changes in 502 Emissions and

Sulphur Depositions in the

Atlantic Region from an Ex-

panded Use of Coal for Power

Generation.

1. Introduction

Further expansion in the use of coal
for power generation in the Atlantic Provinces will
result in an increase of emissions to the atmos-
phere from power generating facilities unless ad-
equate emission controls are implemented. Emissions
will include oxides of sulphur (SO4), oxides of nit-
rogen (NOy), as well as particulates containing
heavy metals. An increase in emissions of complex
organics such as PAH's (polycyclic aromatic hydrocarbons)
is also anticipated.

Currently, the major concern with
atmospheric emissions centres on the resultant envir-
onmental damage which can occur through acidifi-
cation when the oxides of sulphur and nitrogen com-
bine with water to form weak mineral acid solutions
which are then deposited.! The transportation and
deposition patterns of sulphur compounds are better
understood. Consequently, the prediction of sulphur
loadings to receiving environments by the use of app-
ropriate numerical models is the principal method
currently used for providing information to assess the
extent of environmental changes that will result from
increased atmospheric emissions with fossil fuel com-
bustion.

1 It is generally acknowledged that sulphur
compounds contribute 2/3 of the total acidity
loading to a given receiving environment, while
nitrogen compounds contribute 1/3.
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A model describing the long range transport
and deposition patterns of sulphur compounds from
emissions within the Atlantic Provinces has been
developed. Depositions are described by an app-
ropriate decay curve (Figure 1), in which the
fraction of emitted sulphur still remaining in the
atmosphere with increasing distance, is detailed.
Major variations in meteorological conditions con-
trolling depositions are accounted for by estimating
both minimum as well as maximum rates of depos-
ition. Annualized deposition rates are computed
from the mean of the maximum and minimum deposition
rates. These maximum and minimum rates represent
the range of actual deposition rates which occur
under the normal variations of meteorological con-
ditions in the Maritimes during any one year.
Maximum rates would be expected to occur with
easterly winds and concurrent precipitation (where,
at specific sites close to sources, deposition rates
may exceed those indicated in Figure 1); while
minimum rates would be expected to occur with south-
westerly winds and good atmospheric mixing.

All of the above comments refer specif-
ically to the deposition of sulphur compounds of local
origin. 1Ironically, it is under conditions of
southwesterly winds that the maximum total depos-
ition of sulphur compounds will occur over the entire
Atlantic Region, due to the long range transport of
sulphur compounds from other regions of North America.

Ultimately, the interpretation of site specific
effects within the Atlantic Region, such as the in-
creased acidity of a freshwater lake, may well be more
readily linked to short periods of high deposition of
sulphur from nearby sources, while major long term
regional trends should be more closely associated
with total annual deposition fluxes.

The purpose of this paper is to present in-
formation on anticipated changes in depositions of
sulphur that will occur in the Atlantic Provinces
as a result of an expansion in the use of coal for
thermal power generation.
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2. Current Levels of Sulphur Loadings to
the Atlantic Provinces (1978)

Levels of sulphur emissions and deposi-
tions in the Atlantic Provinces in 1978 are shown
in Table 1. The majority of the sulphur being
deposited is from external sources, while the bulk
(approximately 80%) of the sulphur emitted within
any given province is 'exported' (i.e., not depos-
ited within that provincial boundary). 1In add-
ition, the data indicate that in 1978 all the
Atlantic Provinces are currently net importers of
sulphur compounds, as deposition fluxes are greater
than emission fluxes.

In 1978, the Atlantic Provinces of Canada
were considered to be 'moderate to low' emitters
of SO, by comparison with other industrialized areas
of the world. Emission fluxes from Great Britain
and Germany are up to an order of magnitude greater,
being 15.0 and 9.0 tonnes S/km2?/yr respectively;
while Norway and Sweden, who are considered to be
low emitters of SO,, have emission fluxes of 0.9 and
0.3 tonnes S/km?/yr respectively.

Rates of deposition of sulphur materials
in the Atlantic Provinces are similar to those
found in central Sweden and southern Norway (1.5 -
2.0 tonnes S/km?/yr); and considerably lower than
those found in central Europe and Great Britain
(5 - 10 tonnes S/km?/yr).

3. Changes in Sulphur Emissions and Depos-
itions within the Atlantic Provinces
Since 1978.

The calculation of changes in emissions
and depositions presented are all made with the
basic assumption that emissions and depositions
from all sources have remained constant at their
1978 level, and that the only changes to be con-
sidered are those due to an increase in coal com-
bustion for thermal power generation.

since 1978, two major coal burning fac-
ilities have commenced operation within the region,
these being Dalhousie # 2, New Brunswick, and
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3. (continued)

Lingan #1 and #2, Nova Scotia. No SO, controls
are installed at either of these facilities, and
their emissions are accurately known. For the
future (considered to be to the year 2,000), three
alternatives for conversion to coal for power gen-
eration have been identified. (See Paper Design
Criteria, Treatment Technology and Costs, where
reasons for their selection as well as predicted
changes in SO, emissions are given.) The first

of these, Alternative A, includes the most probable
conversions; the second, Alternative B, includes
those conversions which are possible by virtue of
their being technically feasible; while the third,
Alternative C, includes those that are unlikely to
occur other than with major modifications.

For each alternative, emissions (and
subsequent depositions) were calculated for three
levels of emission control; no SO; controls,
maximum SO, emissions of 1.2 1lb. SO, per 10° BTU
of fuel, and maximum SO, emissions of 1.6 1lb. SO;
per 10® BTU of fuel. For convenience of com-
parison, all emissions and depositions were cal-
culated per unit area (km?), and are all expressed
in terms of sulphur. The results are summarized in
Table 2, and are illustrated in Figure 2. (The
detailed information from which this table was
prepared is shown in Appendix I.) Changes in deposi-
tions of sulphur compounds in Labrador have not
been considered in this exercise, as these would
be minimal and difficult to estimate. It can be
assumed that such changes would be less than those
experienced in Newfoundland.

4. Discussion

This study has shown that an expansion
in the use of coal, without emission control, for
the generation of power in Atlantic Canada will
lead to major increases in SO, emissions and to
significant increases in sulphur depositions within
the Atlantic Provinces.

Since 1978, two major installations
(Lingan 1 and 2, Dalhousie 1) have been commiss-
ioned without any S0, emission controls. This
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4. (continued)

has resulted in substantial increases in SO

from Nova Scotia and New Brunswick (an increase

of 25-30% on total provincial SO, emissions).
Additional implementation of Alternatives A and

B in turn without emission control would further
increase SO, emissions in Nova Scotia and New
Brunswick to a point where they would have doubled
(88% and 113%, respectively, for Nova Scotia and
New Brunswick) since 1978. The major point sources
contributing to this increase will be Lingan in
Nova Scotia, and Coleson Cove, Dalhousie and Grand
Lake in New Brunswick.

On an absolute scale (using tonnes of
sulphur emitted per unit area for comparison),
in 1978 both Nova Scotia and New Brunswick were
considered to be 'low to moderate' emitters of S50
in the industrialized world, with emission levels
of approximately 1.5 tonnes S/km’. Increased
emissions between 1978 and 1980 have moved emission
levels to 1.8-1.9 tonnes/km?, a level no longer
considered low but, at best, moderate. Further
increases (Alternative A plus Alternative B) would
raise emission levels in Nova Scotia and New
Brunswick to 2.8 and 3.1 tonnes S/km? respect-
ively, at which point these two provinces could
be considered to be medium level emitters of SO;
in the industrial world.

The agplications of comtrols (to a level of
1.2 1b. S0,/10% BTU or 1.6 lb. S02/10° BTU) would
reduce emissions drastically. Again, considering
the implementation of both Alternatives A and B with
control, total provincial emissions would remain
approximately constant at 1980 levels. Reduction
of SO, emissions to 1978 levels would require major
modifications of existing power generating facil-
ities, or less total fossil fuel combustion.

It has been shown that the bulk (approx-
imately 70-80%) of the SO, emitted from each of
the Atlantic Provinces is exported (i.e., is not
deposited in the province of origin); consequently,
any increase in SO, emissions would not result in a
commensurate increase in sulphur depositions. In-
creases in emissions would affect the province of
origin most directly, but would also contribute
to depositions of neighbouring provinces, partic-
ularly those "downwind" of the source.
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Once again, assuming the implementation
of both Alternatives A and B with no controls, it is
estimated that from 1978, the depositions of sulphur
compounds would increase by the substantial amounts
of 8%, 14% and 11% for Nova Scotia, New Brunswick,
and Prince Edward Island respectively. In New-
foundland, it is estimated that under the same
conditons, depositions would increase by 6%. The
implementation of controls would allow depositions
to remain close to their 1980 levels, but would be
greater than the 1978 levels.

Finally, it is of some interest to observe
that, in 1978, all of the Atlantic Provinces re-
ceived substantially more sulphur per unit area than
they emitted. 1In particular, Newfoundland and Lab-
rador are virtual sinks for sulphur deposition.
However, if emissions were to increase by the extent
estimated by Alternatives A and B without SO: controls,
then both New Brunswick and Nova Scotia would have
SO, emissions (measured as sulphur) which exceed
sulphur depositions, and would be net exporters of
sulphur.

In the Atlantic Provinces, the prevailing
winds are southwesterly and, in fact, for

50% of the time the wind is from the 90°
sector WNW to SSW. Consequently, emissions
from Nova Scotia and New Brunswick are carried
directly over Prince Edward Island for a
significant portion of the time.



APPENDIX I

Changes in Sulphur Emissions and Depos-
itions in the Atlantic Region Since 1978
as a Result of an Expanded use of Coal in
Thermal Power Generation.

NOTES

1. Mean Annual Deposition Rates were used for all depos-
ition calculations.

2. Labrador is not considered in this exercise; effects
would be less than those experienced in Newfoundland.

3. Where incremental emissions (and depositions) are
negative, i.e., where the introduction of controls
upon conversion to coal at an existing facility
would result in a net decrease of SO, emissions,
all relevant data will be prefixed by a minus sign(-).
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DESIGN CRITERIA, TREATMENT TECHNOLOGY AND COSTS

by K. HAMILTON



The Steam-Electric Power Industry

In The Atlantic Region

Electrical power in the Atlantic Region is
generated from hydro resources, by fossil fuel combustion,
and within the near future, through nuclear fission at
Point Lepreau. In the Maritime Provinces and in Nova
Scotia in particular, the great amount of local elec-
trical power demand is met through generation at oil
and coal-fired thermal-electric stations (Table 1). It
is these stations and their emission into the ambient air
of oxides of nitrogen and sulphur, particulate matter,
heavy metals, etc., that have caused recent concern in
our Region. Not only can these installations lead to
a localized air quality problem, but they also contribute
in a significant way, as has been shown above, to the
"acid rain" problem.

Expansion of the coal-fired capacity through the
installation of new coal-fired units, together with the
possible conversion of a number of existing oil-fired
plants to coal, has led to added concern.

Design Criteria

For the purpose of this document, it has been
assumed that the Atlantic Canada contribution to the "acid
rain" problem can be kept at acceptable levels (and de-
fensible levels from a Canada - U.S. negotiating stance)
through the control at source of SO; emissions.

One can suggest numerous alternatives for es-
tablishing an acceptable emission rate for generating
facilities. One could use the U.S. E.P.A. New Source
Performance Standards (1979) (1.2 1b. of S0,/10° Btu heat
imput to boilers), proposed DOE Thermal Powér Guidelines
(1.6 1b. of 802/106 Btu), requirements derived from an
evaluation of acceptable environmental effects or some
other number related to the capability of control tech-
nology.

In this document, we shall assume that any new
thermal electric station or expansion of any existing
station will be required to either megt the U.S. E.P.A.
502 emission rate level of 1.2 1b./10° Btu heat imput or



the proposed but less str%ngent DOE Thermal Power Guide-
line of 1.6 1lb. of s0,/10° Btu. 1In addition, we shall
assume that any oil t% coal conversion will also be re-
quired to meet either of these emission rates. Further-
more, we shall assume that most existing oil-fired generat-
ing stations in the Atlantic Region could be converted.
Costing will be based on these assumptions. 'ngeral .
generating stations, e.g., Water Street, Maritime Electric
and Chatham will not be considered because of their small

size and/or age.

One should be aware that for various reasons, it
may prove prohibitively costly to carry on conversions to a
number of the existing generating facilities. Before decis-
ions on conversions could be made, detailed engineering feasi-
bility studies would have to be carried out by the utility
sector. A major consideration for utility planners would
be the loss of power plant availability during construction
periods.

While new facilities or modifications to existing
facilities would require appropriate particulate matter and
NO. air emission control and certainly control of liquid
diScharges, particularly the metals in these discharges, con-
sideration will not be given to these aspects in this report.
We have assumed that the emission of sulphur dioxide is the
major contributing factor to the "acid rain" problem. At this
time, much less is known about NOx emission contribution to
the problem.

SO. Emission Rates

2

Annual mass emissions of SO, for new thermal stationﬁ
with and without SO, controls (controiled to 1.2 or 1.6 1b./10
Btu) are given in Tgble 2. The definition of new installations
needs some consideration in that electric utility officials

would contend that anything that is presently on the drawing
board is no longer new, since decisions on equipment supply,
siting, etc., have already been made. Utilities in our Region
plan typically 6-8 years in advance. For the purposes of this
document, we shall assume that installations commissioned past
1983 will be considered new. The year 2000 is thought to be as
far into the future as we should presently predict due to various
considerations such as the nuclear/fossil-fired mix, likelihood
of additional power pooling, possibility of future purchases of
large blocks of power from Quebec, other sources of power such

as tidal, availability of natural gas in the future, etc.

Table 2 also gives annual mass emissions of SO, for
existing oil-fired thermal stations as well as for these same
stations after conversion to coal-firing and subsequent appli-
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cation of SO.control at source. In addition, an indication
is given of %he potential for conversion to coal based on a
consideration of existing boiler design, ease of installation
of auxiliaries (need for pulverizers, coal and ash handling

systems, etc.).

It is assumed that coal fired at these new and
"converted" stations will be high in sulphur (up to 7% in
New Brunswick and 3.5% in Nova Scotia). For column 2 in
Table 3, which indicates present estimated emissions on oil
without controls for SO.,, we have made estimations of 1980
emissions based on hist8rical fuel consumption data. For the
remainder of the columns in this table, a capacity factor of
70% was assumed which is considered to be representative of
plant use, both for new stations and newly "converted" (to coal)
stations. These assumptions do have weaknesses in that a
station use factor will obviously change with age ( and there-
fore efficiency of equipment), and in this case, most certainly
because of the conversion of oil to coal itself.

Sulphur Dioxide Control Technology

General

The control at source of sulphur dioxide from thermal
power plants (coal and oil-fired) can be achieved by treating
the fuel to remove the sulphur prior to combustion,by the in-
jection or use of certain reactive agents into the combustion
zone, and by treating the flue gas after it has left the boiler
unit (FGD systems). Many processes have been advanced as al-
ternatives for solution of the sulphur dioxide emission problem,
some of which are still at the research stage, others having been
developed to the point where they are operating on conventional
generating units.

The FGD systems most commonly in use at the present
time are lime/limestone scrubbers of various proprietary designs,
located in the U.S.A. or Japan. American units of this type are
predominantly of the "throwaway" kind; that is, they do not
attempt to reclaim any of the reagents, nor do they make a use-
ful by- product.

Table 3 outlines the various alternatives for SO
control, indicates the pollutant reduction efficiency and sﬁows
the time frame of applicability.

Alternate energy sources such as nuclear power,
natural gas, hydroelectric power, solar energy, etc., will,
for obvious reasons, reduce requirements for coal and oil
combustion and in so doing, reduce the emission loading of
802
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Low Sulphur Coal

Use of low-sulphur coal is one approach to
controlling the sulphur emissions from coal-fired power
plants. Most of the low-sulphur coal reserves in North
America are in the western regions of Canada and the U.S.
Maritime coals are almost always greater than 2% in
sulphur; fuels from the Minto coal field average above
5¢ sulphur content. Substantial quantities of coal less
than 1.5% do not exist in the Atlantic Region. Tables
4 and 5 outline present reserves and characteristics of
coals in the Atlantic Region.

Many of the low-sulphur western coals are also
low in heat content. This, together with distances in-
volved, makes the transportation costs of western fuels
to our Region prohobitively expensive.

Coal Cleaning

Established methods of crushing and washing/
separating (physically cleaning) coal can remove a sig-
nificant amount of sulphur at the mine. The “cleana-
bility of a coal depends on its composition. Coal washing
can remove only the "free" sulphur which occurs as ferric
sulphide Fe S, in the form of pyrites ox marcanite.

The ratio of free to organic sulphur varies widely from
one coal to another.

Coal washing can be carried out by both dry
techniques (air washing) or most commonly through wet
methods (dense media, froth flotation, mechanically) .

The applicability of these techniques to coals
in the Atlantic Region should be investigated further.
Work is presently being carried on in this area by the
federal Department of Energy, Mines and Resources,
provincial Department of Mines, various research councils,
universities, etc.

Chemical Coal Cleaning

These techniques have yet to be demonstrated
commercially; they are reported to have the potential
to remove virtually all pyrite sulphur and much of the
organic sulphur as well.

several of these are listed; they include
ferric ion leaching, organic solvent leaching, and
alkaline leaching.
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Flue Gas Desulphurization

The most promising sulphur-control technology
to date has been flue gas desulphurization. F.G.D.
processes fall roughly into two classes, recovery and non-
recoverable types. The former have the feature of re-
using the reagents, which are employed to isolate the
sulphur, by recycling them back to the system. The latter
rejects the spent reagents as a waste product, which must
be removed from the power plant flue gas cleaning system
and disposed of in an environmentally acceptable manner;
for this reason, they are often called "throw away” systems.
The "throw away" systems have proved most successful to
date. They also, of course, can lead to water pollution
problems if effluents (sludges) are not treated properly.

Table 6 lists costs (U.S. E.P.A. - 1977)
associated with various F.G.D. systems for a typical 500 MW
electrical generating station.

Table 7 outlines the status of scrubber tech-
nology in the U.S. as of December, 1979.

Coal Liquefaction

By artifically increasing its hydrogen content,
coal can be converted to liquid fuels. The process allows
the removal of sulphur and ash.

Coal liquefaction will not be generally appli-
cable for a number of years on a large scale for both
economic and technical reasons.

Coal Gasification

Coal gasification is not a novel concept, as
coal has been converted to "town gas" for decades. A more
efficient technigque, the Lurgi process is presently in
commercial use. In recent years, much research into
various techniques for gasification has been initiated to
improve conversion efficiency. Several of the most promis-
ing techniques are the "Hygas" process and the"Cogas"
process.

Fluidized Bed Combustion

For acceptable performance, coal-fired boiler
and emission control designs are closely tied to the com-
bustion properties of specific coals and to their nitrogen,
ash and sulphur content. Fluidized bed combustion may be
a way to reduce these dependencies. Fluidized by forced
air, the burning of coal in the presence of added lime-
stone yields heat at temperatures low enough to suppress
NOX formation and allow sulphur capture by the limestone.
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Utility demonstration boilers are to be built in the U.S.
and Canada in the early 1980's. It is likely that the
design will be available in the post 1990 period for full
scale application to the utility industry.

Present Option for Control

Practicable options for sulphur dioxide emission
control over the next 10 year period in our Region for the
utility sector would appear to be limited to:

(1) Modification of fuel characteristics physical
coal cleaning (PCC) or the substitution of lower sulphur
coal for higher sulphur coals and residual oils.

and (2) Flue gas treatment-limestone scrubbing flue
gas desulphurization (FGD).

Tt is possible that both physical coal cleaning
and FGD could be used at a given generating station to
meet a required emission rate. It is likely that for the
case of very high sulphur coal such as that from the Minto
field, both techniques would have to be used.

In the 1990-2000 period, application of a number
of the emerging technologies will be likely. For the sake
of simplicity in this study, these technologies will not be
considered in the cost analysis.

Costs of SO2 Controls for Thermal Electric

Stations in the Atlantic Region

Costs of SO., control for the various new coal-
fired stations, both fiew construction and newly converted
from oil to coal, are shown in Tables 8 and 9. These
cost figures are based on a Canadian Electrical Associat-
ion (C.E.A.) Research Report (78-98) entitled Air Emission
Control Options - Canadian Utility Cost Impacts. A de-
tailed description of the derivation of these figures can
be found in that report. The C.E.A. cost analysis is based
for the most part on the Tennessee Valley Authority and
Pedco cost models for limestone slurry systems. The gen-
eral level of accuracy of the C.E.A. figures is approxi-
mately *20%. Costs are shown for controls to meet either
the 1.2 1b. of $0,/10° Btu or 1.6 1b. of 50,/106 Btu
emission limits.

Table 8 presents total depreciable investment
in terms of 1979 dollars and includes both direct invest-
ment and indirect capital items. Examples of direct in-
vestment are materials and labour for equipment and ser-
vices, utilities, foundations, etc. Examples of indirect
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capital items include engineering design, contractor
fees, contingencies, construction expense, interest
during construction, etc. The three most important
direct cost factors are plant size, sulphur removal
rate and flue gas flow rate. Table 1 also indicates
depreciable investment in terms of dollars per net
kilowatt of installed electrical capacity for each
station listed.

Table 9 depicts annual operating costs and
should be appropriate for the base loaded case (above
50% capacity factor) in the 1991-2000 year period.
Here again the most important cost factors are sulphur
removal rates, flue gas flow rates and plant size.

The first two types of costs are, however, also
affected by hours of plant operation. For example,
if the plants noted were to be operated either in an
intermediate or peaking mode, the annualized cost
figures would be substantially higher.

By September, 1980, the Air Pollution
Control Directorate of the Environmental Protection
Service will have completed a number of studies which
will provide additional detailed information on costs
of such controls.



TABLE 1

ATLANTIC CANADA

- FOSSIL FUEL-FIRED THERMAL ELECTRIC STATIONS IN

GENERATING STATION NO. OF UNITS FUEL FIRED
SIZE (MW)
New Brunswick:
Coleson Cove 3 x 372 MW 0il
Dalhousie 1 x 112 MW 0il
1 x 200 MW Coal (Minto)
Courtenay Bay 1 x 14 MW 0il
1 x 54 MW 011
2 x 106 MW 0il
Grand Lake 1 x 64 MW Coal (Minto)
1 x 200 MW (1990)
Nova Scotia:
Lingan 2 x 150 MU Coal (Cape Breton)
2 x 300 MW (1986) Coal (Cape Breton)
Glace Bay 1 x 15 MW Coal/0i1
2 x 17 MW Coal/0il
Point Tupper 1 x 65 MW 011
1 x 150 MW 0i1l
Tufts Cove 2 x 100 MW 0il
1 x 150 MW 0i1l
Trenton 1 x 20 MW Coal (Cape Breton)
1 x 150 MW Coal (Cape Breton)
Water Street 1 x 45 MW 0i1l




TABLE 1 - Continued

GENERATING STATION NO. OF UNITS FUEL FIRED
SIZE (MW)

Prince Edward Island:

Maritime Electric 1 x 10 MW 0il
2 x 20 MW 0il

Newfoundland:

Holyroad 3 x 150 MW 0il
1 x 150 MW (1984)

Excluding Units Commissioned before 1958

Unit Sizes are in Gross Megawatts
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TABLE 3

- CONTROL OF SO

FROM UTILITY SIZED BOILER UNITS

SO CONTROL POLLUTANT TIME FRAME
TECHNOLOGY REDUCTION EFFICIENCY (%) OF APPLICABILITY
Flue Gas 80 95 Current (new and
Desulphurization existing)
Physical 20 40 Current
Coal Cleaning
Chemical Coal 10 60 Post - 1990

Cleaning

Use of Low
Sulphur Coal

Fluidized Bed
Combustion (with
Chemical Sorbent)

Coal Gasification
Low BTU

Coal Gasification
High BTU

Coal
Liquefaction

80

90

90

90

90

95

95

95

Current (limited
availability)

Post - 1990
(widely
applicable)

Post - 1985
(more applicable
to new units)

Post - 1990 (new
and existing
units - high
costs)

Post - 1990 (new
and existing
units)

Source: Modified from USEPA Decision Series Publication - EPS
- 600/9-77-041
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TABLE 6 - COST ASSOCIATED WITH VARIOUS F.G.D. SYSTEMS

FOR A 500 MW PLANT

ENERGY CAPITAL ADDED
PROCESS PENALTY COSTS OPERATING
% OF PLANT $/KW €OSTS
QUTPUT MILS/KWH
Lime 3-5% 87 4,7
Limestone 3-49% 97 4.0
Double 3-5% 101 4.2
Atkali
Magnesium 7-8% ~ 101 5.2
Oxide
WelImanlord 7-8% 113 5.9

Source: U.S. EPA - 600/9-77-041



TABLE 7 - NUMBER AND TOTAL CAPACITY OF F.G.D. SYSTEMS
IN THE U. S. (DECEMBER, 1979)

TOTAL EQUIVALENT
STATUS NO. OF CONTROLLED SCRUBBED
UNITS CAPACITY CAPACITY
MW MW
Operational 62 23,297 21,510
Under Construction 39 17,270 16,051
Planned:
Contract Awarded 23 11,949 11,651
Letter of Intent 2 842 842
Requesting/Evaluating 15 11,131 10,281
Bids
Considering only F.G.D. 35 20,022 19,902
Systems
TOTAL 176 84,511 80,237

Total Controlled Capacity (TCC) is the summation of the
gross unit capa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>